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Preface

This book includes the papers presented at the 13th European-Japanese Conference on
Information Modelling and Knowledge Bases. The conference held in June 2003 in
Kitakyushu, Japan, continues the series of events that originally started as a co-operation
initiative between Japan and Finland, as early as the second half of the 1980°s. By 1991, the
geographical scope of these conferences had expanded to cover the whole of Europe and
other countries, too.

The aim of this series of conferences is to provide research communities in Europe and
Japan with a forum for the exchange of scientific results and experiences achieved using
innovative methods and approaches in computer science and other disciplines. These
communities have a common interest in understanding and solving problems on
information modelling and knowledge bases, as well as applying the results of research to
practice.

The research topics at this conference belong to the domain of the theory and practice of
information modelling, conceptual modelling, design and specification of information
systems, software engineering, databases and knowledge bases. We also aim to recognize
and study new areas of modelling and knowledge bases, such as philosophy and logic,
cognitive science, knowledge management, linguistics and management science. They are
relevant too, and should be paid more attention. This time the selected papers cover many
areas of information modelling, e.g.:

e concept theories
database semantics
knowledge bases and systems
WWW information managements
context-based information access spaces
ontological technology
3D visualization
temporal and spatial databases
document data managements.

The published papers are formally reviewed by an international program committee and
selected for the annual conference, a forum for presentations, criticism and discussions. All
this is taken into account in the final published versions. Each paper has been reviewed by
three or four reviewers. The selected papers are printed in this volume.

This effort had not been possible without support from many people and organizations.
In the Program Committee there were 28 well-known researchers from the areas of
information modelling, logic, philosophy, concept theories, conceptual modelling,
databases, knowledge bases, information systems, linguistics, and related fields important
for information modelling. In addition, 24 external referees gave invaluable help and
support in the reviewing process. We are very grateful for their careful work in reviewing
the papers. Professor Yasushi Kiyoki and Professor Hannu Kangassalo acted as co-
chairmen of the program committee.



vi

Kyushu Institute of Technology at Kitakyushu, Japan hosted the conference. Professor
Eiji Kawaguchi acted as conference leader. His team took care of the practical aspects
which were necessary to run the conference, as well as all those things which were
important to create an innovative and creative atmosphere for the hard work during the
conference days.
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VOLYNE: Viewpoint Oriented Requirement
Engineering for Lyee Methodology

Pierre-Jean CHARREL, Laurent PERRUSSEL, Christophe SIBERTIN-BLANC
Université Toulouse 1 & Institut de Recherche en Informatique de Toulouse,
21 Allée de Brienne, F-31042 Toulouse Cedex, France.

Tel: (33) 561 12 87 99. Fax: (33) 561 12 88 80
Email: charrel@univ-tisel fr

Abstract. Lyee methodology regards the requirements elicitation process of new
software from the principle that each actor of the project expresses intentions on an
object to be designed. In order to improve the process, these actors are here considered
from the so-called Viewpoint Paradigm, which considers the conditions for an object
to be designed to acquire sense from multiple sources. The base of this paradigm is
stated as follows: the sense of an object to be designed is the integration of the
viewpoints which are exerted on it. The two concepts of Viewpoint and of Viewpoint
Correlation are considered. Two Correlations are presented. The first aims at
recognizing Viewpoints and their Correlations starting from the written documents
produced during the requirements elicitation process. The second aims at managing the
inconsistencies which occur during the process. The implementation specifications of
these principles in LyecAll™ CASE are finally addressed.

1. Introduction

The Lyee' methodology is a method for software generation, based on the principle that
software reflects the intentions of all people interested by the future product, i.e. the clients
and users. Practically, LyeeAll™ CASE is able to automatically generate programs from a set
of specifications [16], [21]. These specifications are issued from an interactive requirements
elicitation stage.

The aim of a requirement engineering activity is to define what future software must do.
So the goal is to obtain a complete and consistent set of its features [20]. Viewpoint Oriented
Requirements Engineering has been aiming since the early 90s' at handling in a better way a
software specification and thus improving the quality of the output produced by the
requirements elicitation and modeling stage. At the end of the requirements process, the
resulting specification — of the services that has to be provided by future software — has to be
consistent and complete. In a distributed specification activity, each Actor produces a
specification fragment of future software [20]. Each fragment must have the ability to fit in
with the others so as to produce at the end of the process a complete and consistent set of
specifications. This managing principle spares the obligation to seek global consistency
permanently but implies to tolerate inconsistencies during the process. Global consistency is
only needed at the end of the process. Nothing dictates that the two tasks should be conducted
simultaneously [5], [8].

1 This paper hereof is contributed to the Lyee International Collaborative Research Project
sponsored by Catena Corp. and The Institute of Computer Based Software Methodology and
Technology. Lyee stands for Governmental. Methodology for SoftwarE ProvidencE.
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Within Viewpoint Oriented Requirements Engineering, each Actor — individual or group
— produces a specification fragment. I. Sommerville and P. Sawyer [23] propose to
distinguish two kinds of Viewpoints:

1. Viewpoints associated with the stakeholders, i.e. the Actors;
2. Viewpoints associated with organizational approach; they usually bring constraints on
future software (cost, safety...).

The first kind of Viewpoints is close to the principle of Lyee since it directly addresses
the entries of each individual Actor of a designing project. Thus we focus on this first case
where each Viewpoint is exerted by one Actor. A Lyee requirements engineer elicits the data
and their associated processes and takes into account the particular requirements related to
LyeeAll™ environment. Usually a Viewpoint maintains high level goals describing its needs.
Goals help to scope the Viewpoint [24] (cf. Fig. 1).

&
&

Client ,users and
their intentions

"User" requirements

ntentions
Capture

Lyee
Methodology

Software
Generation

Eliciting Viewpoints Eliciting Modelling &
goals Identification Requirements Validation

Lyee Requirement Engineer

Lyee Program

Fig. 1. Principle of a Multi-Viewpoint requirement process in Lyee

During the early designing phases, i.e. the phases during which requirements are elicited
and analyzed, software exists only from the intentions of all the Acfors of the project: the
client, the future users, the contractor, and the members of the project team. In order to design
software, these Actors will be called upon to come up with a series of intermediate, transitory
and accessory artefacts, as well as specifications, prototypes, test sets, beta versions, etc.,
which can be seen as traces of the different Viewpoints exerting an influence on future
software. These artefacts appear during the validation phases of the project when the Actors
confront their own Viewpoints each other, correlate them, and at last let them converge
towards a final consensual valid set of specifications. These artefacts are a series of
Representations of future software. In other words, they are the traces of software
signification process, i.e. the constitution process of its sense.

Section 2 describes the priniple of Lyee methodology. Section 3 presents the elements of
the Viewpoint Paradigm and reconciles the precepts of semiotics on the conditions necessary
for an Actor to give an Object sense. Section 4 defines the two key elements issued from the
Viewpoint Paradigm when used in a requirements elicitation process: the two concepts of
Viewpoint and Viewpoints Correlation. Section 5 presents two models of Viewpoint and
Viewpoints Correlation closely related to Lyee methodology: sub-section 5.1 describes an
experimental framework aiming at eliciting Viewpoints and their relationships on the basis of
written documents produced during the requirement collecting stage. It gives rise to
operational concerns related to the intelligibility and control of the requirement process; sub-
section 5.2 presents a model of Correlation which aims at managing inconsistencies during
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the process by means of a logical framework. Section 6 sketches the implementation of these
principles in LyeeAlI™ CASE. Finally, we present issues to pursue this work.

2. Basic Principles of Lyee Software Generation Methodology

Lyee methodology [21] aims at transforming into executable code user requirements
which are mainly described in terms of variables (words), control structures between
variables (functions), sources (screen, database). When the requirements are defined, Lyee
leaves all subsequent processing to predefined algorithms. The LyeeAll™ tool offers an
interactive interface for a requirements engineer to enter the appropriate Lyee terms and
generates corresponding software. The present LyeeAll™ tool generates VB code. Other
target fanguages are planned to be implemented.

The Lyee designer needs to enter the Defined and its components, which are called the
Items. A Defined corresponds to a window or a database access description. An Item is a
database field or a button on a screen. An Item in LyeeAll tool has a type (numeric, text,
buttons, mage). Then the designer creates the Process Route Diagram (PRD). A PRD
specifies the navigation between the various components of the application. A PRD is an
ordered graph with a unique start node, intermediate nodes and one or several ending nodes.
The nodes, which are called Scenario functions, have three control modules, called Pallets:
W04 Pallet controls the display of information to screens or insert in databases, including data
manipulation and output generation; W02 pallet controls the recovery of input from the
screens or databases, including data-validity checking; W03 controls the conditions for
displaying information, including pre conditions checking and routing to another control
Pallet. Another control! strucutre, called the Routing word, is used to distribute the control
over the various Scenario Functions of a PRD. In particular, these Words are handling over
the control from one Pallet to another.

1. DEFINED DATA
2. ITEMS DATA
3. PROCESS ROUTE DIAGRAM DATA
4. SCENARIO FUNCTION DATA
5. LOGICAL UNITS (PALLETS) DATA
6. DOMAIN WORDS (SIGNIFICATION VECTORS) DATA
7. ACTION VECTORS DATA
7(a). Input Vectors
7(b). Output Vectors
7(c). Structural Vectors
7(d). Routing Vectors

Fig. 2. Data Elements in LyeAll Requirements [1]

Pallets components are called Domain Words, and Words are grouped into Logical Units.
Logical Units implement the behaviours of Defineds, and Words implement the behaviour of
Items. Vectors can also be regarded as Words. There are two main classes of Vectors:
Signification Vectors are composed of Domain Words; Action Vectors implement input and
output actions, the initialization of screen elements such as fields or buttons, and the
navigation between the application components. Figure 2 [1] shows the data elements for the
LyeeAll™ input requirements and the steps to be followed in entering data into the
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LyeeAll™ tool: the numbering of the data elements specifies the order to be followed in
entering data. For instance: a Defined needs to be entered before entering its Items; a PRD
must be defined before its Scenario functions are entered, followed by Logical Units and
Domain Words.

3. Viewpoints as a Paradigm to Design Requirements: a Semiotic Foundation

The sense of a paradigm given by Thomas Kuhn and whose characteristics are defined by
Edgar Morin in [15] is the following: a paradigm is a vision of the world that is neither
verifiable nor disprovable, which is accepted as an axiom, excludes the issues it does not
recognize, generates a feeling of reality and is recursively connected to the reasoning and
systems it generates. Viewpoints, as a social issue, could be the key of such a paradigm. The
statement on which this so-called Viewpoint Paradigm is founded is the following:

The sense of an object to be is the integration of the viewpoints exerted on it.

Two key points give rise to a definition of the elements in this paradigm: the Viewpoint
concept is central to two processes, the process whereby Actors in the requirement elicitation
process communicate amongst each other and the process whereby software, as a particular
Object to be, achieves sense.

The first key point arises out of the following observation: the act of eliciting
requirements brings into play a great many technical, organizational and financial skills to
find solutions to problems such as technical constraints, controlling cost prices, managing and
coordinating teams, over a period that may last for a very long time. It can be said that all
Actors contributing one of these skills to the project has his/her "own" software that must be
integrated with that of his/her partners. The quality of communications between project
participants is therefore a key factor to the success of the requirement elicitation process.
Indeed, in this concurrent engineering activity, the Actors are exchanging partial, incomplete
and even contradictory information.

The second key point is to take into consideration the sense of an Object and the Actors
that give this Object sense. In this way, the Object to be designed and an Actor participating
in the project are not isolated entities: the Object gets sense when it is connected to how it is
interpreted by an Actor in a Context through a Representation that takes on the form of a
statement using a symbology. Any Representation of an Object is thus subjective and
contextual.

This position is conducive to a global — systemic — view of Objects, Actors,
Representations and the requirement elicitation process: it identifies the Object's sense and
the result of the process used to design this Object.

3.1. Viewpoints and Communication Process

The first steps in software requirement elicitation process generally involve producing
documents in natural language. "Formal" specification documents are only produced at the
end of the process. We encounter the first semiotic foundation of the Viewpoint concept, in
connection with the French approach of semiotics.

According to this approach [3], [11], semiotics provides a tool for visiting a document
like a monument. It thus presents text as being inseparable from the author and the reader: the
sense of a text is that given to it by its author, which is also the sense retrieved by the reader.
Thus we may observe that a text is a communication medium if a reader is able to retrieve a
sense from it, albeit a different one. A text thus only contains conditions placed by the author
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for retrieving the sense, these conditions being relative to the form — structure, presentation —,
the literary genre, the language — English, terminology —, the style, etc. A co-authored text is
the product of a pooling of several sense retrieval conditions, i.e. those recognized by its
authors.

The French semiotic method is conducive to highlighting the differences in a text. These
differences are considered as the very sources of sense. They are elicited using three types of
analysis. The first analysis consists of identifying narrative programs or contracts: these
feature an actant — person or thing — that performs or has an action performed which is then
evaluated. Its opposite is an anti-narrative program which creates an opposition and is a
source of sense. The second analysis looks at how the roles and interaction of the actants
combine. Roles are expressed on the basis of canonical types. The third analysis identifies the
isotopies of the text, i.e. its themes and the related elements of the text.

All these constructions are Representations of the text. They throw direct light on
invisible aspects of it. These are, in fact, relationships that can be presented in the form of
graphs showing terms and concepts that although present in the text, cannot be isolated from
it because of the latter's linear form.

Elements linked to the Viewpoint concept are thus found in these French semiotic
analysis schemas: Actor, Object, Representation, and relations between Actors and Objects.

3.2. Viewpoints and Signification Process

Peirce's semiotics defines a sign as "something that takes the place of something for
someone with some respect for some reason” [18]. According to Umberto Eco [6] "With some
respect” means "that the sign does not represent the entirety of the object but rather — through
various abstractions — represents it from a certain viewpoint or with a view to a certain
practical use". Thus, according to Peirce, "nothing is a sign if it is not interpreted as such”,
and a sign only acquires the status of a Representation of an Object in a relationship of three
terms encompassing the Object, the sign as a signifier or Expression, and the signified as the
Content of the Expression. The triad < Object, Expression, Content > is often represented in
the semiotic triad. Fig. 2 shows this triad and gives some of the equivalent terms used by
Saussure, Morris, and Hjelmslev [6].

Object
Signified
Signifier 7 Clog:;ele
. pt
Symbol Expression ———————  Content Mental image
Sign Interpretant

Fig. 2. Peirce's semiotic triad

Peirce adds two notions to his semiotic triad: the first is that a Content can itself be an
Expression (a sign), and the second is that the Context decides which Content has to be
associated with the Expression to give it sense.

In the archetype of the signification process represented by the semiotic triad we find
several elements connected with our Viewpoint concept: the Object and the conditions for an
Expression to be qualified to be a Representation of this Object.



6 P.-J. Charrel et al. / VOLYNE

4. Viewpoint and Viewpoints Correlation in a Requirement Elicitation Process: Semi-
formal Definitions

Reconciling the Viewpoint notion with semiotics first leads to a set based representation
of the basic concept of Viewpoint and then to this of Viewpoint Correlation. Let us assume a
given universe of discourse.

Viewpoint. A Viewpoint implements the conditions for an Actor A to interpret the sense of an
Object O to be: it is defined by the Object on which the interpretation is performed, the Actor
performing it, the Expression E and Content CO of the interpretation of the Object by the
Actor, and the Context C in which this interpretation is performed.

A Viewpoint thus comprises five poles: the Actor holds at least one Viewpoint, in the
Context of which he/she produces an interpretation of the Object to be; the Object is
interpreted by an Actor exerting a Viewpoint on it; the Context is the condition governing the
way the Actor exerts his/her Viewpoint — e.g. the place from which the Viewpoint is exerted,
the moment in time it is exerted, the tool used by the Actor to exert his/her Viewpoint, etc —;
the Expression is a statement, formalised in a symbolic system, that is attached to the Object
by the Actor within the Context of the Viewpoint to express his/her interpretation of the
Object; the Content is the sense given within the Context by the Actor to the Object by means
of Expression.

The semiotic triad does neither mention the Context in which the Expression — the
signifier — is produced nor the Actor that produces it. A Viewpoint can be considered to be a
semiotic triad situated for its Actor in his/her interpretation Context (cf. Fig. 3). The Content,
certainly the most "abstract” of the five poles, contributes knowledge given by the Viewpoint
on the Object. When the symbolic system used in Expression is a formal one, i.e. when
semantics is associated with each statement, the two poles Expression and Content merge and
correspond to what we already termed Representation at an earlier stage. In the following, R
designates the Representation of a Viewpoint.

Actor A

Expression E
Obj

Context C

Content CO

Fig. 3. Viewpoint and semiotic triad

Universe of Viewpoints. The Universe P of Viewpoints is the Cartesian product:
P=AxO0OxCxExCO

in which A, O, C, E, CO designate respectively the aggregate of Actors, Objects, Contexts,
Expressions, and Contents, each one being referred as a pole of the Universe.

We use dotted notation to designate one component of a Viewpoint. For example, p.a
designates Actor a of Viewpoint p in universe P.

For the following definitions, the Universe is implicit. Actually, it is the reference from
which all the Viewpoints can be defined.
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<X>-Correlation. We use <X>-Correlation to designate any transitive relationship on X x X,
where X designates one of the five poles.

This notion is extended to Viewpoints in the following way: two Viewpoints pl and p2
are said to be <X>-correlated if an <X>-Correlation exists between two of their
corresponding poles.

<X>-Correlator. An <X>-Correlator is a function:
c: X2X
where X is one of the poles.

Remark

The transitive closure of each <X>-Correlator cr defines an <X>-Correlation:
{(x,cr(x)),x € X}
This notion is extended to Viewpoints in the same way as <X>-Correlation.

Examples

In the universe of an information system to be computerized, the relationship "works in the
same department” is an <A>-Correlation; "is the hierarchical superior of" is an <A>-
Correlator over all Viewpoints; if the Expressions of Viewpoints pl and p2 are two
knowledge bases made of logical formulae, an <E>-Correlator can define the formulae of p2
deducible from the formulae of p1.

System of Viewpoints. A System of Viewpoints is defined as the couple:
S=<P,CR>
where P is a universe of Viewpoints and CR is a set of <X>-Correlators defined on P.

Graph of Viewpoints. A System S of Viewpoints is called a Graph of Viewpoints iff each
Viewpoint in S is <X>-Correlated to another through an <X>-Correlator of CR :
vpl,p2 e P,dcreCR,(pl,p2) ecror(p2,pl) ecr

A Requirement Elicitation Process as a Graph of Viewpoints. According to the Viewpoint
Paradigm, the process whereby requirements are collectively designed gives rise to a
particular subset of <X>-Correlated Viewpoints which can be represented by a graph.

Reasoning on Viewpoints and the process facilitates the discovery and management of all
significant differences. Here, the Contexts of all Viewpoints are the various milestones of the
requirement elicitation process. The first and last nodes of the Graph respectively relate to
two Viewpoints whose Actor is the project's customer, and the intermediate nodes are the
various Viewpoints exerted throughout the process (cf. Fig, 4)..

For the initial Viewpoint of the graph, the Object is the assignment on the Actor-client's
purchase order, the Context is the instant the project is launched, and the Representation is
the entire set of documents produced by the Actor-client to the Requirements team.

For the final Viewpoint of the graph, the Object is the produced set of requirements — and
all knowledge acquired on its maintenance and operation —, the Expression is the integration
of all the Expressions of the Viewpoints in the final Context, and the Content then represents
the formal acceptance by the Actor-client of the Object. The process is complete when the
final Viewpoint of the Actor-client is able to prevail. At last, the Object acquires its sense for
all the Actors involved in the requirements elicitation process, who exerted a Viewpoint on it.
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Actor i.a
project's client Initial Viewpoint i
Representation i.r Object Lo
entire set of assignment on the
de customer’s
produced : purchase order
for the customer
and
the design team Context i.c Actor f.a
initial instant project’s client
Representation f.r . Objectfo
integration of all integration of all
the Representations e Expressions of the
of the Viewpoints Viewpoints
in the final Context and fom;)al N
i ii acceptance by the
Einal Viewpoint f Context f.c plance by

€ customer
final instant

Fig. 4. Initial and final nodes of the Graph of Viewpoints of a requirement process

Dynamic and Static <X>-Correlators in a Requirement Elicitation Process.

We classify the <X>-Correlators into Dynamic and Static ones. Dynamic <X>-Correlators
are relative to the requirements elicitation process and support the intelligibility of the
process: they ensure its visibility and consistency. The Context pole represents the time scale
of the process. So, Dynamic <X>-Correlators are <C>-Correlators, where Context is Time.
Static <X>-Correlators are all <X>-Correlators defined at the other poles. They can take on
the form of reasoning on Viewpoints to organize, when necessary, their consistency.

Examples

- "Validate a Representation” is a Static <R>-Correlator which links the Viewpoint p1 of the
Actor who produces the Representation to be validated and the Viewpoint p2 of the Actor
who validates it. The <E> component is the identity relationship, and the <CO> component is
the Boolean function: pl.co > {true, false} (cf. Fig. 5).

- Objects are created throughout the process. They are assembled and modified in order to
constitute the final body of requirements. Let us consider the history of the different versions
of an Object produced by the same Actor during the process. Each version is related to one
Viewpoint, and all these Viewpoints are linked to each other by <A,0,C>-Correlators where
the <A> and <O> components are the identity relationship, and the <C> component is the
relationship "next step” (cf. Fig.6).



P.-J. Charrel et al. / VOLYNE 9

pla
Produces a

Representagion Viewpoint pl

ple pl.;co
N pl.co 2 {true, false}
p2_a ~
ple ™ % Validates the™

Representgtion ™

Fig. 6. An <A, O, C>-Correlator "History of the versions of an Object produced an Actor"

5. The Viewpoint Paradigm for the Intelligibility of a Lyee Requirements Elicitation
Process

The Viewpoint Paradigm generates specific representation models: Viewpoint models
and Correlation models. Two Correlation models are presented in this section, associated to
issues relative to managing knowledge generated by Viewpoints exerted in a requirements
elicitation process in the context of Lyee methodology. The first model is particularly adapted
to Lyee because it aims at improving the elicitation of the Words by the production of
significant lexical networks from which Words can be extracted. The second model uses a
logical framework to address the management of consistency between requirements.
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5.1 Infometrical Correlation

The first <X>-Correlation aims at gathering the so-called Words of Lyee from the written
documents produced during the requirements elicitation process.

Let us summarize a research experience the overall objective of which was to
demonstrate that the notions of Viewpoint and Viewpoint Correlation could be used and
useful to structure, understand and process the results of the content analysis of a discourse
[9]. The discourse was the transcript of a conversation between three space technology
engineers, in the framework of a project for designing the architecture of a new small sized
spacecraft. The objective was to provide tools to elicit the Viewpoints brought into play
during the requirements elicitation process and to highlight those which have effectively
contributed to the success of the process.

A proposition for a specification was drawn up during a meeting between the project
manager, named D1, and two engineers, named D2 and D3. The meeting lasted three hours.
An audio-video recording and the written transcription of the discussions held during the
meeting constitute the raw data collected during the process.

Several analyses were carried out on the discussion transcript. We stress one of them,
carried out by C. Vogel [9]. This analysis used a statistical representation of the text — by
means of SEMIOLEX™ tool — as the source and not the text itself. The text was divided into
six periods of thirty minutes. A glossary of keywords, called the terms, was selected from the
general index of keywords constructed automatically from the transcript. The keywords in the
glossary occur at least twice in the index. On the basis of this glossary, the statistical analysis
combines the two data representation planes built from the various samples: frequency
distribution tables and co-occurrence tables of the keywords.

Part of the results of statistical analysis is represented graphically by networks of terms,
which are named lexical networks (cf. Fig. 7). Each of them is composed of at most ten terms
attached to the co-occurrences. The analysis categorized several shapes of networks,
according to the links between terms and the links with the neighbouring networks. Fig. 7
illustrates an example of a network and the excerpts from the relevant text: this example
shows the term "shielding" as central for neighbouring terms such as "pumped propellant" or
"pressure” and so defines a kind of proximity between them. Other terms like "impact”" or
"technology" join this network to neighbouring networks where they also take a part of.
These lexical networks allowed terms of the discourse appear brightly to the analyst — the
requirement engineer — and the three designers across the experiment.

Let us formulate this situation in the Viewpoint Paradigm. The conversation transcript is
the trace of the interventions of the Actors D1, D2 and D3, but also of other Actors
mentioned by D1, D2 and D3 - individuals, companies —, of Objects produced by the latter —
“shielding”, “pumped propellant” —, and of their interactions during the process with respect
to the components of the Object being designed — layout of the satellite’s propellant tanks,
size of the antennae, mass of the components, etc. This transcription can be interpreted as the
trace of the requirements elicitation process of this Object and its operating environment.

The analyst of the situation — the requirement engineer — is himself/herself an Actor of
the requirements elicitation process who exerts a peculiar Viewpoint: its Object is this
process and its related graph of Viewpoints; the Context is the period of time the meeting
lasted between the initial instant at which the Object was non-existent and the final instant at
which the conversation was stopped by the project manager D1; and the Representation is the
transcription of the discussion. This Representation is also that of the Viewpoints exerted by
the three Actors in the meeting on the Object to be designed. The Representations of these
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Viewpoints are the transcripted interventions of the Actors during the meeting, and their
Contexts are the instants at which these interventions took place. The Object is constructed as
dialogue progresses by adding and updating Representations in the Viewpoints brought into
play.

-- excerpt 472 -~ DI1: I would like to know
if we shouldn't 1look deeper into  the

impact shielding thickness that would be required
to significantly reduce the impact

pumped propellants ~- excerpt 487 -- D2: Let me tell you. I
don't understand why we don't use the---
since we're using pumped propellants,
there's no pressure so we can make a
square box! And place the electronics in

pressure ﬂuddmg it!. lLet's put square boxes right there!
-~ excerpt 870 -- D3: for the missions
square box we're talking about, we need a minimum

strength at these rates because that puts
technology a constraint on technology at some point!
Or maybe on the mass, since, if we have to
mass increase the shielding, well, maybe not
the shielding, you can see how quickly we
reach the max!

Fig. 7. Text excerpts with the lexical network which represent them

This experiment led to define a general Dynamic <R>-Correlation, the Infometrical
Correlation based on these lexical networks. The infomretrical aspect of the Viewpoints
enriches the analysis, by offering selected views of the corpus owing to the networks of co-
occurrences. Among these views are: the network local to a Viewpoint, by selecting terms
which co-occur with the Actor of the Viewpoint; the network limited to a given instant of the
designing project; the networks whose shape stand out.

Let us consider how this experimental framework can contribute to Lyee methodology.
First let us sum up another view of the major features of Lyee and LyeeAll™ tool. This
complements former section 2

According to Lyee methodology, software automatic generation requires (1) the
reduction of software requirements to the description of so-called Words and (2) to generate
the control structure that processes these words to produce the expected result. Classical
approaches design data structures and associated control structures, but LyeeAll™ generates
the control structures from an "appropriate description of the former" [21]. This approach is
close to declarative approaches: Lyee distinguishes input and output Words; the former are
information provided by the environment, the latter are produced information. Lyee uses
formulae to produce output Words; the production order is not required. LyeeAll™ is similar
to a forward inference engine which saturates formulae until all the output Words are
determined. But these formulae are not inference rules: they are procedural rules activated by
the so-called Process Route Diagram (PRD) Lyee specific program structure. A PRD is
composed of Scenario Functions, which are composed of Pallets, which are composed of
Vectors. The PRD generates its own Words to distribute the control over the various
components of a PRD.

The notion of term has to be replaced by the Lyee Words, such that Lyee engineer is able
to recognize easily the Lyee concepts in the final lexical networks. They are to be recognized
in the transcriptions of interviews of the Actors-clients and Actors-users and so improve the
capture of the corresponding entries of LyeeAlI™ CASE tool. For example, the term client
ID is expected to meet the other terms screen, database, input, and output in lexical networks
such as this of Fig. 7.

Fig. 8 presents an excerpt of the class schema in the UML notation [22] which suits as
the Infometrical Correlation of the Viewpoints. The corpuses of written documents, from
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which words are issued, are accessible via the source documents method of class
Representation. The classification method of Viewpoint class represents the access to
classification tools like that used in the experiment described above.

Infometrical Correlation

Viewpoint
* *
N Classification
*
*
Lexical network
11 1L} 1,1 1,1 * Id
Actor Object Context Representation e
name N
e extract number
name time extract number
* Y »
source document &

*

*

L* Lo Words | |
Pallet Name ~/
; H
Network of all
Scenario function lexical networks
Process Route Diagram o "
* | * |
H
Flow

Fig. 8. Object-oriented conceptual model of an Infometrical Correlator in Lyee

This Infometrical <R>-Correlator, according to its implementation model, gives access to
several analyses. A query language or a navigation tool may give access to the number of
links between a Word and other Words or other networks; the integration or isolation of a
network — number of adjacent networks —, the density of a network — number of linked
Words, number of links in the network; the dimension of the network constituted by all the
networks — number of nodes, number of links; the network density — maximal distance
between two nodes, ratio number of networks / number of terms, ratio number of networks /
number of links.

In the requirements elicitation process of a software designing project, chronology is a
significant parameter of the corpus of related written documents. A computer-aided
management tool of the history of the Representations of the Viewpoints would provide
qualitative measures like: the trajectory of a Word in the different Viewpoints, i.e. its
appearance and disappearance, increase of co-occurrences with other Words or progressive
isolation; scenarios issued from an infometrical analysis, i.e. recognition of regularities in the
networks with reference to types of scenarios, acquisition of new scenarios.

5.2 Management of Consistency between Requirements

The Viewpoint Paradigm gets rid us of the constraint of a permanent and total
consistency between the different Representations. This tolerance for inconsistencies allows
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to not restraining prematurely the requirements elicitation process, and, for example, allows a
better investigation of alternatives. In contrast with a centralized process whose goal is to
prevent any inconsistency in the requirements, the goal in a Viewpoint oriented approach is
to manage the inconsistencies. These characteristics are also found in the ideas put forward
by S. Easterbrook et al. [5], [4] or by B. Nuseibeh et al. [8], [17]. Notably they claim that
removing the perfect consistency constraint allows a better concentration on the requirement
activity. Thus, the requirement expression appears less important than the expression of
relationships between different Representations, i.e. the <R>-Correlations of the Viewpoint
Paradigm. Here, we focus on the Expression of particular <R>-Correlations.

At some instants of the requirements elicitation process, Actors must confront part of
their produced requirements with those of the other Actors. In concrete terms, in each
Representation, there are some elements which allow establishing an <R>-Correlator cr with
some elements of the other Representations:

Vpl,3p2,plr#p2rand (pl,p2)ecr

A similar formulation of these <R>-Correlations is also found in [17]. Now, we have to
deal with the different kinds of <R>-Correlations. For instance, let us consider semantic links
where Actors agree — or seem to agree — according to a common ontology.

Let pl.r and p2.r the respective Representations of two Viewpoints pl and p2 of P. Each
Representation is a set of items (e.g. the statement of an atomic requirement expressed as a
logical formula). The consistency of Viewpoints pl and p2 can be evaluated by means of
<R>-Correlations like the following six ones [19], where e is an element of pl.r and ' is an
element of p2.r deduced from e by means of some transformation:

e (pl,p2)eRl iff plr#g=p2r=¢; if the Representation pl.r exists then the
Representation p2.r must also exist;

e (pl,p2)eR2 iff eepl.r=> p2.r=¢; if an element e is present in pl.r then p2.r is not
empty;

¢ (pl,p2)eR3 iff eeplor=>e'eplr; if an element e is present in pl.r then another
clement ' must be present in p2.1;

o (pl,p2)eR4 iff eepl.r = e p2.r; if an element ¢ is present in pl.r then e must also be
present in p2.r.

e (pl,p2)eRS iff eeplr=>e€'ep2r; if an element ¢ is present in pl.r then another
element €' must not be present in p2.r;

e (pl,p2)eR6 iff eepl.r = e¢ p2.r; if an element € is present in pl.r then e must not be
present in p2.r.

These general rules allow detecting inconsistencies. These rules represent templates
which can be instantiated according to the formalism of Lyee like in the following examples.

Examples

e R2: if there is a Process Route Diagram prd which is not atomic, then there must exist a
second Process Route Diagram prd' which must describe it;

¢ R4:if a Word w is linked to a W02 Pallet, there exists a Scenario Function which produces
w3

e R6: if a Word is produced by a Pallet, then this Word cannot be produced by another.
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6. Implementation of the Viewpoint Paradigm to Lyee

We share with researchers in the Requirement Engineering field [4], [7], [8], [12], [13],
[14], [17], [24], [25] the opinion that diversity is an unavoidable feature of new software
system to be designed. But two statements distinguish the quoted works from our proposition.
At first, Requirement Engineering is generally considered as the earliest stage of a design
process. In the Viewpoint Paradigm applied to Lyee methodology, we try to act still earlier,
i.e. on requirements expressed by natural language. The Viewpoint Paradigm allows
dissociating Expression and Content, and thus allows us to consider Expressions which are
not provided with formal semantics, like those of natural language.

The second statement is concerned with the relationships between Viewpoints. In many
works, the objective is to ensure above all the formal consistency between Viewpoints. We
consider that consistency is one possible <E>-Correlation, but is far from being the only
pertinent one. In fact, the Infometrical Correlation is a tool to manage consistency, as one of
the parameters of the completeness state of a requirements elicitation process.

Lyee methodology mainly consists of capturing the intentions of the different Actors and
considers the requirements elicitation process of the Object to be as the expression of these
intentions; in a complementary way the Viewpoint Paradigm considers the requirements
elicitation process of the Object as the process producing the sense of this Object. For us it is
important to render this process intelligible.

The next step of the work is to validate the presented models in the Lyee and LyeeAll™
framework. There appears a necessary new skill in the Lyee methodology: the Lyee
Knowledge Engineer, whose task is to organize the elicitation of the users' intentions.
According to the Viewpoint Paradigm, this skill corresponds to a pivotal Actor who will help
to provide the Representations corresponding to what must feed LyeeAll™ CASE tool. It is
indeed consistent with Lyee methodology and the Viewpoint Paradigm to render all the
Actors responsible of their intentions towards software to be.

The requirements elicitation process is iterative until the completeness is observed by the
Lyee Knowledge Engineer. At the end of the process, the entries of LyeeAll™ will be
complete and consistent in the sense of the Viewpoint Paradigm, and the generation step can
be executed properly. The question of the computerized support of the models will be
studied, in order to integrate it to LyeeAll™ as an easy to use tool. We intend to support a
Viewpoint-Oriented CASE tool for a Lyee Knowledge Engineer to the gathering of a
complete and consistent set of entries for Lyee AlI™,

To achieve his objective, five stages must be followed. These stages constitute the five
iterative actions the Lyee Knowledge Engineer must achieve to obtain the expected set of
requirements, as shown in Fig. 9.

Stage 1: Viewpoint elicitation: Words capture and translation with text classification tools

The first stage is a text mining stage: it constitutes a written transcription obtained from
all the interviews and other forms of expression of needs collected during the initial stage of
the words capture process. The result of this stage is the ontology of the domain and the
elicitation of the Viewpoints involved in the requirements elicitation process.

Stage 2: Infometrical analysis: Implementation of the Infometrical Correlation

The statistical text processing tools will issue lexical networks in place of classical raw
material. The Lyee Knowledge Engineer must complete the typology of all the Words issued
to characterize the inputs of Lyee and LyeeAll.
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Clients and intentions
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of Viewpoints

Lyee oftwa}re
Program ———————{ (Generation

Fig. 9. A Lyee requirement process in the Viewpoint Paradigm

Stage 3: Completeness control of the requirements elicitation process

The requirement process has to converge towards a state where all the Actors implied in
the process agree that the set of collected data is complete and consistent. The third stage of
the iterative process helps to answer questions like: What are qualitative and quantitative data
related to the completeness of the process? How to collect these data? How to render them
visible?

We do not constrain the Representations of the Viewpoints to be homogeneous. Actually,
either Viewpoints have an autonomous existence before their cooperation, or domain
constraints can impose to an Actor of the project to express the Representations of its
Viewpoints in a specific formalism. So the Context pole of Viewpoints is defined on two
dimensions: Domain, and Time.

The completeness of the process can be viewed by means of a particular <A>-Correlator
which defines the state of the cooperation between the different Actors who exert their
Viewpoints. We define seven states:

1. isolation: initial state at the beginning of the process;

2. interoperability: the Viewpoints are exerted on the same Object in spite of heterogeneous
formalisms;

3. compatibility: the Viewpoints share the Domain dimension of their Contexts;

4. correlation: the Viewpoints are interoperable and compatible;

5. connection: an Actor requests the Representation of several Viewpoints in order to look for
inconsistencies, or fusion them; a connection generates a new Viewpoint and <R>-Correlator
edges in the Graph of Viewpoints between this new Viewpoint and each of the first ones;

6. connectability: two Viewpoints are connectable if there exists at least one path between
them in the Viewpoints Graph;

7. completeness: it is a measure of a distance between two Viewpoints, exerted by two
Actors, this who orders the project and that who manages the project; this distance can rely
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upon quantitative criteria, such as history of connections between Viewpoints, their number
and frequency, etc.

We intend to define a model for this <A>-Correlator based on a Multi-Agent System:
Roughly, each Viewpoint will be supported by an Agent and different <X>-Correlations can
be simulated by the communication rules defined as the strategies of the system. This system
has to be coupled with the statistical parser of the previous stage. In this framework, the
requirements elicitation process will be assisted by a system which, in a living way, will
show the different Actors what we could define as the general quality of the process.

Before LyeeAll™ code generation, the content of the Lyee All™ metamodel database has
to be merged with the production of this system. The different states of completeness will be
notified by logical rules during the requirement process.

Stage 4: Implementation of the Consistency Management <R>-Correlation: organization of
the requirements towards LyeeAll™

The entries of LyeeAlI™ are still wrapped in their Viewpoint container. The aim of the
consistency management tool dedicated to the Lyee Knowledge Engineer is to check the
consistency among the Viewpoints. The inputs of this tool are all the outputs of the previous
stage: the tool applies instances of the six Ri rules presented in section 5.2 to deduce the
affectation of the Words to the Scenario Functions and their respective Pallets. The rules and
the tool which supports them will be helpful for producing all the entries of the automatic
program generation of Lyee.

Stage 5: Code Generation
This stage is the present generation stage of LyeeAlI™ tool.

7. Conclusion

Lyee methodology regards new software from the principle that each Actor who is
involved in the project expresses his/her own intentions on software to be designed. In order
to improve the requirement elicitation process, these Actors have been considered from the
so-called Viewpoint Paradigm, which deals with the conditions for an object to be designed
to acquire sense from multiple sources. This paradigm, whose funding statement is that the
sense of an Object to be is the integration of the Viewpoints which are exerted on it, leads to
define the two concepts of Viewpoint and Viewpoint Correlation. Two kinds of Correlations
were presented. The first aimed at recognising Viewpoints starting from the corpus of
intentions statements produced by the users during the requirements elicitation process. The
second aimed at managing the inconsistencies which occur during the process. We claim that
the early step of the Lyee methodology can be greatly supported by the Viewpoint Paradigm
by providing a so-called Lyee Knowledge Engineer with appropriate tools that produce the
entries required by the code generator of Lyee AlI™ tool.

A longer term issue is the following: What about designing complete Information
Systems using Lyee? According to J. Goguen and C. Linde: "There are very good reasons
why clients often do not, or cannot, know exactly what they need; they may want to see
models, explore alternatives, and envision new possibilities” [10]. The Viewpoint Paradigm
allows considering an Information System as a persistent requirements elicitation process.
Each Actor of the Information System has "to find or give sense" to it, despite the evolution
of intentions. This takes part of the dynamic — living? — feature of an Information System.
Fig. 10 sketches an answer to this issue, considering a persistent loop towards the intentions
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of Actors, and a sixth stage assisted with computerised tools. These tools are extensions of

those proposed here.

Clients and intentions Written traces

1 g PRS0 5 .
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Pro'gram | Generation

Fig. 10. An Information System as a persistent designing process
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Abstract

It has been recognized that there exist dialog structures which re-occur in several ap-
plications and even in different application domains [11, 15, 3]. Examples are navigation
and search support structures, help facilities, human error handling, and guided tours.
Even though applications generally provide an implicit composition of such structures, it
is often possible to identify and separate them from one another. So-called interaction
patterns (see, for example, [11, 3]) provide an approach to reuse these structures. They
define a framework to informally describe common, system-independent interactive struc-
tures, their relations, and usage. Besides their usefulness according to reuse, they lack
support for verification and composition.

In this paper, we use interaction nets (a slight extension of coloured petri nets) to
model, verify, and compose interactive system behavior. It is suited for the domain of
information services, since it permits to specify structures of human-computer dialogs as
well as interaction in general which comprises interaction with databases in particular.
Besides the known dynamic semantics of nets, we introduce a component semantics which
considers nets as black-boxes with an interface. The component semantics is well-founded
since the behavior of a net composition coincides with the composition of the black-box
behavior. It opens the opportunity to combine the advantages of a net-based specifica-
tion with those of component approaches. More precisely, it permits (i) to specify and
verify interaction by a net model, (ii) to consider interaction patterns as implementation-
independent black-box specifications called components, and (iii) to infer properties of
compositions from properties of elementary specifications.

1 Introduction

The design of appropriate dialog structures comprises an essential part of the design process
of information services [8, 16]. To decrease time and costs of the design process and its
verification, methods of reuse are applied to this area. For this purpose, dialog structures that
re-occur in several applications are first identified and afterwards described and categorized
as so-called interaction pattern. Examples are navigation and search support structures, help
facilities, human error handling, and guided tours. Some models are rather informal but
system independent descriptions as, for example, [11, 3] which basically comprise a pattern
name, problem description, solution, pattern relations, and examples. Others are rather
formal but system dependent as, for example, {15, 10] which focus on web applications.

There also exists several formal and system independent models for interaction design and
verification. For example, [1, 6, 13] apply net-based approaches to design user interfaces.
However, compositionality is commonly neglected by these approaches.

In [9], we proposed a formal net-based model which is system independent on the one hand,
and permits composition on the other. We chose a net-based approach because of several ad-
vantages: (i) The granularity of input and output elements can be varied by the designer. It al-
lows to model interaction at different levels of abstraction. (ii) According to composition, nets
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offer a natural framework to model parallelism and synchronization. (iii) Functional abstrac-
tion/specialization is achieved by refining transitions. (iv) Nets possess a formal semantics.
(v) Net specifications may be system independent. (vi) There exist graphical representations.

In this paper, we extend the model of [9] to coloured petri nets which provide a more practical
design model in comparison to elementary place transition nets. We call according interac-
tion specifications interaction nets. To state properties about composite nets, it is generally
required to know the net structure of its sub-nets. However, on the one hand this knowledge
does not always exist (for example, interactive components which are not specified by a net
model), and on the other it is not always desired, since it increases the costs by additional
analysis. In a more efficient approach, properties are verified for elementary (net) specifi-
cations locally. Afterward, properties of composite specifications can be derived from the
properties of its sub-specifications without analyzing the composite net itself. We realize this
feature by defining a component semantics for interaction nets adopted from [4]. It considers
components as black-boxes with (i) an external interface and (ii) a behavior specification de-
fined by a relation between input streams and output streams. Thereby, a stream represents
a finite or infinite sequence of messages. A composition operator then derives the black-box
behavior of composed interaction nets from its sub-nets without knowing the particular net
structures.

In the paper, we mainly target at user interaction instead of interaction in its general sense.
Nonetheless, the proposed interaction model and its component semantics is not restricted to
user interaction only.

The reminder of the paper is organized as follows. In Section 2, we describe the application of
coloured petri nets [12] for interaction specification and introduce interaction nets and their
composition. Section 3 states a brief overview about the component model of Broy et. al.
[4]. In Section 4, we define a component semantics for interaction nets and an according
composition operator. Afterwards, we state a theorem which proves that the behavior of net
compositions can be derived from the component semantics of its sub-nets. Sections 5 and 6
discuss future work and conclude the paper.

2 Interaction Nets

We base interaction nets on the model of coloured petri nets which is briefly introduced in
the following. For a more comprehensive introduction, we refer to an introductory book as,
for example, [12].

Definition 2.1 A (non-hierarchical) coloured petri net {CP net) is a tuple N = (X, P,T, A, N,
C,G, E, I) which satisfies the following requirements:

(i) ¥ is a finite set of non-empty data types, called colour sets.
(i) P C P is a finite set of places.
(iti)) T C T is a finite set of transitions.
(iv) AC A is a finite set of arcs.
(v) N:A— PxTuUTxP is a node function that associates arcs with pairs of nodes.
(vi) C: P — X is a colour function that associates places with data types.

(vii) G : T — EXP is a guard function that associates transitions with expressions such that:



T. Feyer and B. Thalheim / Component-based Interaction Design

vt € T. type(G(t)) = bool A type(var(G(t))) C T,

where type(e) denotes the data type of an expression e, type({e1,eq,...}) denotes the
set of data types of expressions ey, ey, ..., var(e) denotes the set of free variables of an
expression e, and EX P denotes the set of all ezpression.

(viti) E : a — EXP is an arc expression function that associates arcs with expressions such
that:

Va € A. type(E(e)) = C(p(a))ms A type(var(E(a))) C X,
where p(a) is the place of N(a), and ‘tps’ denotes type ’multi-set of type t.

(ix) I: P — EXP is an initialization function that associates places with closed expressions
such that:

Vp € P. type(I(p)) = C(p)ms.

Thereby, P, T, and A denote countable infinite sets of places, transitions, and arcs respec-
tively, such that PN T =P NA = TNA = {}. Node function N maps each arc into a pair
of nodes where the first element represents the source node and the second the destination
node. Colour function C defines the data types of places. Thereby, a place p may contain
a multi-set of data elements of type C(p) only. The type system builds up on base types
like int (integers), real, string, bool, and unit (denoting a single colour only), and enables
to define new types by type constructors subset, product (tuple constructor), record (named
tuple constructor), union, and list. Ezpressions basically correspond to a variant of typed
lambda calculus. The language used for CP nets is CPN ML which is an adapted version
of Standard ML (SML) [12]. Thus, the evaluation of an expression is defined by means of
reducing the respective lambda expression. Guards G(¢) provide an additional opportunity
to control the firing of transitions ¢t. If the guard expression evaluates to ’false’, the corre-
sponding transition must not fire. Commonly, missing guard expressions are considered as the
closed expression ’true’. Arc ezrpression function E associates each arc with an expression. It
controls which multi-sets of data elements are consumed or produced by transitions. Initial-
ization function I corresponds to the initial marking of elementary petri nets. It associates
places with expressions that represent accordingly typed data elements.

Next:
unit f (el

Elements:
int*string

Sele'cti (s,€) J thtput:
in string
S O 5 € Y

4 gy
L [0<s<=]] int j

Figure 1: A CP net which provides an event-driven navigation through lists

Figure 1 represents an exemplary CP net. It realizes a simplified event-driven navigation
through lists assumed that places 'Position’, 'Length’, and 'Elements’ are initialized by an
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initial position, the number of elements in the list, and the list elements respectively. If a
"Next’ event is initiated by the user, the current position is incremented (if possible), and the
corresponding list element is provided at the output place. In the case of an ’Select’ event,
the list element at the selected position (if existing) is provided. In the figure, we abstractly
represented initial data elements by simple dots within places. According to the definition of
dynamic semantics of CP nets, we refer to [12]. A brief introduction is attached to the end of
the paper.

Since we intend to compose nets, we extend net specifications by an interface. The interface

consists of places which are used to receive data from or provide data to externally connected
components.

Definition 2.2 An interaction net Nt = (N, P, P°) is defined by a CP net N = (X, P, T, A,
N,C,G,E,I) and two disjunctive place sets P*, P° C P, assumed that N satisfies the following
conditions:

Va€ A,pe P,t€T. (t,p)€ N(a) = p¢& P?, 1
Vac A,pe P,teT. (p,t)e N(a) = p¢ P°. (2)

The union P*U P° is denoted by P™. Elements of P*, P°, and P* are called input places (or
i-places), output places (or o-places), and input/output places (or i/o-places) respectively.

Conditions (1) and (2) ensure that input places are exclusively used for receiving data and
output places are exclusively used for providing data. Figure 1 represents an interaction net,
if dashed circles are interpreted as i/o-places. More precisely, places 'Next’ and ’Select’ are
input places, place *Output’ is an output place.

At a pragmatic point of view, we distinguish input places, output places, context places, and
transitions:

Input places are i/o places where external components may write into. Examples are in-
put places which correspond to (i) events initiated by a user — for example, logging in,
(ii) parameters published by another net — for example, the task history of the cur-
rent session, or (iii) controlling information used for synchronization - for example, an
activation signal.

Output places are i/o places where external components may read from. The interaction
net conveys information via output places. If an external component connected to an
output place represents a subsystem (or driver), output places represent an abstraction
of external actions. For example, if an output place is externally consumed by a user
interface driver or database manipulation driver, producing elements into an output
place corresponds to outputting information to the user or initiating a manipulation
request to a database.

Context places are non-i/o-places. They represent the internal context of the net during the
execution of interactive scenarios. They can be interpreted as situation predicates since
the elements in each context place characterize a single facet of the current situation.
For example, elements in context places may represent which subtasks a user already
accomplished within an interactive task as well as preferences of the current user.

Transitions define context changes. In particular in user interaction, the context of interact-
ing parties changes after each utterance (input) [17, 14, 5]. To act/react properly, these
changes must be reflected in the system. They are realized by transitions that compute
the new context by altering the situation predicates depending on the utterance.
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To enable associativity and commutativity of the composition, we introduce a rename opera-
tor. It renames places to prepare nets for their composition.

Definition 2.3 A renaming > of an interaction net (N, P?, P°) with N = (£, P, T, A,N,C,
G, E, 1) is defined by a total, injective function f : P — P. The renamed interaction net (N7,
Pf PRy = (N, P, P°) with N' = (%', P, T!, A", N',C',G', E', I} is defined as

o =%, P':i= f(P), P := f(P}), P°:= f(P°), T =T, A' = A, G =G,

E' :=E,

’ __[(f(p)at) N(a)=(p,t)/\p€P,

N@="Grw) : V@ =@ aper Fratecd

C'(p):=C(f7'@)) forallp' € P,

I'p):=I(f"'(®)) forally P,

where f(P) := Upep{f(p)}, and f~1 denotes the inverse function of f.

If function f is not total on P, we can generally apply the comprehension of f as f U {p—p
|p € PA f(p) is undefined}.

Figure 2 demonstrates renaming. Nets A2 and A} result from rename operations t>f,(N2) and
D, (N3) with functions f; := {ps — ps} and f3 := {ps — p1}. For readability, we omit minor
details from the example nets in the paper as long as they are not significant.

N, N, N, N
P [ p; Py P Ps Py
= 3 S
int {bool ) int) : ¢ (bool ]

N3{ inty P4 PsT bool N3 int3' Py PsT bool
I % O E O=1ts |
Pg Pg

Figure 2: Left: Nets N7, M2, N3;  Right: Renamed nets N := o, (N2), M := Dy, (M3)

The composition of interaction nets is defined by merging shared input/output places:
Definition 2.4 The composition Nf o N} of interaction nets N} = (M, PE, P), Ni = (Ne,
P, P§) defines a CP net N* = (N, Pt, P°) as

T 1= 5,US,, Pi= PUP,, Pt = (PiUPH\(PPUPY), P°:= (PPUP)\(PIUPS),
T=TiUT, Ai=A1UA, N:=NUN;, G:=G1UGy, E:=E UL, and
_[Cip): pePL—P, V pePiNPFY,

Clp) = Co(p) : peP,—P V pEP;ﬂPf.
Il(p) H pePl—PQ,
I(p) = L(p): peR-P,
L(p)+L(p) : pePNP

assumed that Ty NTy = {}, A1N A2 ={}, and

Vp.pe ANP = (p€PNP A Colp) XCilp)) Vv (3)
(pe PPNP: A Ci(p) < Co(p)).
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Thereby, the union of functions f; U f> is defined as (f; U fo)(z) = fi(z) if z € dom(f,), and
(fiU f2)(z) = fao(z) if z € dom(f) assumed that dom(fi)Ndom(f2) = {}. The union of place
sets P, U P, yields that equally named places merge. Condition (3) verifies that (i) interaction
nets may be connected at ifo-places only, i.e., non-i/o-places must be pairwise different, and
(ii) established connections must be compatible, i.e., output places may be connected to input
places only, and the data type of output places must be a sub-type of the data type of input
places.

The composition (V; o M}) o V] of the nets in Figure 2 is shown in Figure 3.

N
P1 Ps P3]
. hY

Figure 3: Composed net: N := N; o Nj o N}

Because of the following proposition, we can generally omit parenthesis in multiple composi-
tions, and may neglect the order of the composition sequence.

Proposition 2.1 The composition operator o is associative and commutative.

Proof By the definition, associativity and commutativity can be reduced to the associativity
and commutativity of the set operators union (U) and intersection (M) and the multi-set union
operator (+). 0O

3 Stream-based Component Model

3.1 An Introduction

In 4], Broy et. al. define a system independent component model based on streams. Streams
are finite or infinite sequences of data elements, called messages. They denote the communi-
cation histories of directed channels.

Definition 3.1 Given a set M of messages. A stream s = {my,mg,m3,...) s a finite or
infinite sequence of messages. M*, M®, and MY := M* UM®™ denote the set of all finite
streams, the set of all infinite streams, and the set of all streams respectively.

it 0;: 0
Component
i I, 0,:0,

Figure 4: Abstract representation of a component

For example, the stream {m;, mg, ma, m) observed at a communication channel indicates that
first m; was transmitted, followed by my and m3, and finally m; was transmitted again. Com-
ponents are connected to input and output channels. Streams received on input channels are
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called input streams, streams transmitted through output channels are called output streams
(see Figure 4). An essential aspect of the component definition is that beside its syntactic
structure, the behavior of a component must be defined formally. Basically, the behavior of a
component is characterized by the relationship between input streams and output streams.

Definition 3.2 An elementary component C consists of

(i) a name,

(i1) a list of frame labels, for ezample, ‘timed’, *untimed’,
(i1i) input declarations, i.e., a list (i1 : I1,...,in : In) of declarations of input channels where
a declaration ¢ : T is a pair of a channel and a data type,

(tv) output declarations, i.e., a list {01 : O1,...,0m : Om) of declarations of output channels,
and

(v) a body, i.e., a formula in predicate logic.

The frame labels impose syntactic and semantic constraints onto a component. For example,
timed components are labeled by ’timed’. Input and output declarations associate the com-
ponent with an interface which accepts messages of according data types. The body specifies
the behavior of the component. It defines the relationship between input streams and output
streams. Besides the use of predicate logic, Broy et. al. propose different specification styles,
for example, a style which is based on state transition diagrams.

Dynamic semantics of components:

We use the following abbreviations:

ig 1= t1,...,0n 05 = 01,...,0m
Is .= Iy,..., I, Og = 04,...,0n
Bg := Body
Is®2 = L%, .. [,®2 ig€Ilg2 = e [, .. i, e [,*=

where M2 denotes timed streams of messages of type M. Timed streams may contain so-
called time ticks ’y/’ which represent time periods where no messages were transfered. For ex-
ample, the stream {y/, mi1,mg,+/, v/, M3, M1, +/,...) represents a timed version of the untimed
stream ({my,ma, m3,m1). By help of these notations, we represent the syntactic interface of
a component by ig: Ig > og: Os.

Definition 3.3 The denotation [C] of a timed elementary component C is defined by the
formula:

|[C]] = ig€ls® A 0s€0s® A Bg. 4)

The free variables in formula (4) correspond to the input and output streams of the component.
This logical formula determines a predicate Rg through

(is,OS) € RS = Bs. (5)

The i/o-behavior of component C is then specified by relation Rg. The transition function
from component specification C to its associated i/o behavior relation Rg, we denote by io(C).
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The behavior definition of untimed elementary components can generally be reduced to the
timed case. Therefore, we focus on the more general timed case in the paper.

To specify component behavior by logical formulas, operators on streams are employed. In
Section 4, we will use the following operators: (i) length #s: provides the length of stream
s, (ii) concatenation 8y —~ s9: provides the concatenation of streams s;, s2, (iii) rest rt.s:
provides stream s with its first message removed, and (iv) truncation s|,: provides a stream
which consists of the first » messages of stream s.

The component model permits the composition of components. An essential property of
component composition is that the behavior of the composition is completely determined by
the behavior of the elementary components.

Definition 3.4 A composite component C = ®{Cy, ..., Cx} is defined by a name and a set
of components C1, ..., Ci, that satisfy the following condition: if ¢ : Ty and ¢ : Ty occur in
channel declarations of two (not necessartly distinet) components C',C" € {Ci, ..., Cx}, then

(i) data types Ty and T are equal, and

(ii) pair (c: Ti,c: Ty) denotes a pair of an input and an output declaration.

While condition (i) verifies type compatibility of the interface, condition (ii) ensures that
connections are established exclusively by associating output channels with input channels.
We call these internally connected channels local channels. The list of local channels is denoted
by lg, their corresponding data types by Lg. Figure 5 demonstrates an exemplary composition
of two components. The resulting composite component provides as interface a single input
channel and a single output channel.

i:l 1 Ly 0:0

Component | Component 2

[ 1L, o

Figure 5: An exemplary composition of two components

Definition 3.5 The denotation [C] of a component C composed by sub-components Cy,...,Cx
is defined by the formula:

[c] = AseLs. A fc].

The existentially quantified channel indicators realize the desired semantics that output
streams of a component C; correspond to the input streams of a connected component Cs.

3.2 Behavioral Characterization of Composition

It is straightforward to consider behavior relations specified by a component as (albeit infinite)
database relations. The syntactic interface ig : Is > o0g : Og defines an according relation
schema by (i) identifying attribute names with channels and (ii) identifying attribute domains
with streams of according message types. We denote a corresponding relation schema by
Sc = (is,05).

We consider the composition of two components C; and Ca. Their according relation schemes
can be represented as S¢, = (is,,1s,,6s,) and S¢, = (is,,ls;,0s,). Thereby, lg denote local
streams, ¢5 denote (unconnected) input streams, and dg denote (unconnected) output streams
(cf. Figure 5). By this agreement, the behavior of the composition is characterized as follows:
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Proposition 3.1 Given a composite component C = €1 ®Cs, respective i/0 behavior relations
i0(C1), i0(C2), and associated relation schemes S¢, = (ig,,ls,,0s,) and Se, = (ig;,ls;,0s,)-
Then the composite i/o behavior relation i0o(C) is determined by

'LD(C) = {(i517i52v0511052) |
Js. (isy,ls,05,) €10(C1) A (is,,ls,08,) € i0(C2) }.

(6)

Proof The proposition is directly derived from Definition 3.5 and Statement (5). ]

By applying operators of the relational algebra [7], this characterization can be expressed
more compactly. Although database relations are generally finite, according operators can be
applied to infinite relations as well. In particular, we may apply projection operation = and
natural join operation M.

Proposition 3.2 Given a composite component C = C1 ®C3, respective i/o behavior relations
10(C1), 10(C2), and associated relation schemes S¢, = (is,,ls,,8s,) and Sc, = (is,,ls,,0s,).
Then the composite i/0 behavior relation i0(C) is determined by the natural join:

R s, isy0s, .05, (10(C1) M i0(C2))

i0(C1) R i0(C2),

where W denotes the natural join with a subsequent projection onto the non-joined attributes.

Proof Statement (6) of Proposition 3.1 corresponds to the definition of the natural join

operator. In addition, local streams lg are projected out from the result. D
(Components, ®) —o0 (Stream relations, =)

iolw i02

Figure 6: i0(C; ® C3) = 10(C1) M i0(C2)

Proposition 3.2 implies that there exists a (partial) homomorphism from component specifi-
cations to according component behavior. More precisely, transition function zo() represents
a partial homomorphism from component specifications (together with component composi-
tion ®) to behavior relations (together with behavior composition ¥ ). The homomorphism
mapping is graphically illustrated in Figure 6. We speak of a partial homomorphism, since
composition operator '®’ is partially defined on components only. Therefore, the i/o behavior
of component composition is completely determined by the i/o behavior of its elementary
components.
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4 Component Semantics of Interaction Nets

In Section 2, we defined formal syntax and semantics of interaction nets and their composition.
Thereby, the dynamic behavior of a net is precisely defined by the net structure itself. In this
Section, we will introduce a characterization of the external net behavior which is based on
stream relations. In contrast to the first, it abstracts from the particular realization of a net.
It opens the opportunity (i) to view dynamics of interaction nets as black-box components
and (ii) to infer properties of composite nets from properties of their sub-nets.

In the following treatment, we assume that i/o-places of interaction nets are initially empty
which does not restrict their expressive power.

4.1 1I/0-Behavior of Interaction Nets

In the following, we will consider interaction nets as black-box components. While the internal
net structure is assumed to be unknown, we may only obtain information about a black-box
net through its interface. To investigate the external behavior, we employ the notion of an
observer (see, for example, [2]). Technically, an observer is an interaction net itself which is
connected to the investigated black-box net. As illustrated in Figure 7, an observer explores
the behavior of a black-box by recording the relation between sent messages and received
responses.

Definition 4.1 An interaction net O is called observer of N/, if N is an interaction net, and
the composition N o O exists. We denote the set of observers of N by ob(N).

Black box Observer Black box
Input [ pl [ (internal)
—o ) {4 }—_—= Input
t
Output | (internal)
o} o Output
. | ,

Figure 7: Left: A black-box; Right: An observer investigates the i/o-behavior of a black-box

To approach a stream based characterization of net dynamics, we record the flow of data
elements within runs. Accordingly recorded histories, we call traces. We use the intuition
that tokens consumed from a place p by a transition t at an occurrence of a step ¥ "flow”
from place p through an arc a to transition {. If a transition does not fire at a step, then
according traces correspond to the empty multi-set (shortly denoted as ’y/’). For readability,
we will generally use A/ in the following to denote an interaction net At and its underlying
CP net as well. We use step(N) to denote the set of possible steps of net N and run(/N) to
denote the set of possible runs of net A,

Definition 4.2 Given a CP net N = (X,P,T,A,N,C,G,E,I).

Trace tr(Y'){a] of step Y wrt. arc a is defined as the multi-set of tokens the transitiont connected
to arc a produced/consumed through this arc during an occurrence of step Y, i.e.,
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tr(Y)la] == ¥ pey Ela) <b> .

Input trace tr(Y)[p*] of step Y wrt. place p is defined as the mulli-set union of the traces of
step Y wrt. all arcs a € A with p as its destination node, i.e.,

tr(Y)[pt] = Z tr(Y)[a] .
a€A{t,p)EN(a)

Output trace tr(Y)[p~] of step Y wrt. place p is defined as the multi-set union of the traces of
step Y wrt. all arcs a € A with p as its source node, i.e.,

tr(Np7] = S (V).

2€A(pEN(a)

Input trace tr(r)[p*] of a sequence of steps r = (Y1,Y,...) wrt. place p is defined as the
sequence of input traces of steps Y wrt. place p, i.e.,

tr(r)[pt] = {tr(Y1)[p*], tr(Y2)[pT], ..}

Output trace tr(r)[p~] of a sequence of steps r = (¥;,Y3,...) wrt. place p is defined as the
sequence of oulput traces of steps Yy, wrt. place p, i.e.,

tr(r)lp”] = (Er(¥1)[p7), tr(Ya)p7], .-}

Trace tr(r)[N] of a sequence of steps r = (Y1,Y5,...) wrt. net N is defined as the tuple of input
and output traces of sequence v wrt. all places of N, i.e.,

tr(r)N] = (tr(@)pF, ., tr@pEL tr(Mpr ) oo e, i P ={py,p2,.. ., P&}

Trace tr(N) of net N is defined as the set of traces of all runs of net N, i.e.,

tr(NM) == |J tr(nWV].

rérun(N)

To illustrate the definition, we consider the CP net in Figure 8 which represents a buffered
queue connected to an observer. It transmits received messages in a non-deterministic order.

Observer O Buffer N

(g B WL—-aﬂm—oo

T

Figure 8: An observer connected to a non-deterministic buffer

Table 1 represents two runs 71, re of the composed net O o A assumed that place p’ is
initialized by multi-set {|1,5,8[}. Table 2 represents their corresponding traces tr(r;}[O o N}
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Y )7 Y3 Yy
LA (tl7 1) (tlv 5) + (t! 1) (t,v 8) + (tv 5) (t: 8)
T2t (tl) 5) + (t,) 8) (t’a 1) (t7 1) + (ti 8) (ts 5)

Table 1: Two runs of net Q o N

7—

P 24 P 24
t?”(’f‘l) : (1» 5,8, \/) <1a5’ 8, \/) <\/7 1,5, 8) (\/’ 1, 538>
tr(r2): 5+8,L,v,v) (6+81,v,v} (V,v,1+85) (V/,v,1+8,5)

Table 2: Tabular representation of traces of runs r; and r;

and ¢r(r2){O o N]. There, we represent multi-sets by the '+’ notation, for example, a multi-
set {|1,8[} is represented by 1+ 8. We also omitted traces that contain exclusively empty
messages, i.e., traces according to p™* and p;. Since a single variable d occurs in the example
net only, we dropped d from the representation of binding elements in Table 1.

We adopt the notion of streams and messages from Section 3 for the behavior of interaction
nets. We define a (net) message as a multi-set of data elements of the same data type. The
intuition behind is that a place may receive or emit several data elements at a single step.
Since we use a place-oriented interface, it is possible to send or receive multi-sets of data
elements at a time. We apply the definitions of streams, stream relations, and operators on
streams from Section 3 to (net) messages. It is straightforward to verify that (i) the trace of a
step wrt. an arc is a message, (ii) input and output traces of a step wrt. a place are messages,
(iil) input and output traces of runs wrt. a place are streams, (iv) the trace of a net wrt. a run
is an element of a stream relation, and (v) the trace of a net is a stream relation. Therefore,
we may use the notion of input/output streams as a synonym for input/output traces of nets.

As traces of nets represent stream relations, we may adopt the database perspective from
Section 3.2. According to attribute names of relation schemes, we use the following convention:
if P = {p1,p2,...,pk} is a set of places then (P)* := {p},p},...,p]} are attribute names
that denote streams of corresponding input traces, and (P)™ := {p{,py,...,py } are attribute
names that denote streams of corresponding output traces. Attribute domains are defined by
the data types of their corresponding places. We define Sy := (N.P)* U(N.P)~ as the set of
stream names of net N. Note: in contrast to Section 3.2, we also consider internal streams.
Thereby, each (non-empty) sub-set S; C Su represent a relation schema, for example, S; =
{#'~,p},p7,pf} as used in Table 2. According elements of a schema S, we denote by zg.
Thus, zg represents a tuple of streams. The type constraint imposed on zg is represented
by 'zgs : S1’ which reads 'zg is of type S1'. We adopted the sub-script ’s’ from Section 3
to distinguish a tuple of streams zrs from a single stream z. Intuitively the sub-script ’g’
indicates the existence of an according relation schema.

Commonly, we are not interested in the complete trace of a net N, but in input or output
traces of some places only. It corresponds to the projection operation of the relational algebra.
For readability, we define the notation:

tr(N)[S1) = 7, (tr(N)),

if Sy C Sy is a relation schema. The projection operation intuitively applies to traces of runs
(’tr(r}[S1]’) as well as stream tuples ('zs{S1]’).

Figure 9 motivates that a single observer is usually not able to discover the complete i/o-
behavior of an interaction net. Obviously, observer O provides a restricted view onto the
external behavior of net A only. In particular, it ignores output at place Py as well as possible
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responses to input at place Py. In addition, neither it tests responses to sending multi-sets of
data elements, nor it experiences responses of multi-sets of data elements. Since the external
behavior of a net should not depend on the particular abilities of a specific observer O, it
has to comprise input/output relations recorded by any observer. In the following behavior
definition, we use a slightly adapted trace tr/() which will be explained below.

Observer O Black box N

JEa 8

TN N
]

Figure 9: Observer O initiates input streams and records responses

Definition 4.3 The i/o-behavior io(N) of an interaction net N is defined as the union of
traces of the compositions N o QO over all observers © of N projected to the interface streams,
i.e.,

ioN) = |J #'NoO)W.PytuW.P)]
O €ob(N)
= U U t#'®IW.PYyruw.Poy].

O €ob(N) rerun(NoO)

Definition 4.4 Given a CP net N, a sequence r of steps wrt. net N, and a place p € N.P.
The shifted traces tr'(r)[p*] and &r'(r)[p~] are defined as

tr(r)p*lgr—1
rt.tr(r)[p7],

tr'(r)[p*] :
tr'(MpT] -

if #r represents the length of sequence r. Shifted traces extend to schemes and nets by
attribute-wise application.

The shifted trace tr'(r)[NV] equals trace tr(r)[A], but (i) the last message of its input streams
is removed (if finite), and (ii) the first message of its output streams is removed. According
to internal streams of net N, shifted traces obviously carry less information than the usual
traces, since some messages are removed. However according to external streams of net N,
the shifted traces carry the same information, since we assumed that i/o-places are initially
empty. This rather technical transformation yields a natural behavior composition.

4.2 Behavior Composition

In this section, we investigate if the composition model of interaction nets coincides with
the component framework introduced in Section 3. Therefore, we have to prove that the
characterization of the composition recognized in Section 3.2 is applicable to interaction nets
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as well. In analogy to Figure 6, we have to confirm the question: Does behavior function io()
represent a (partial) homomorphism from (Interaction nets, o) to (Stream Relations, X )# The
homomorphism is partial, since the net composition o is not defined for all pairs of interaction
nets. A positive answer to this question would permit to infer the i/o-behavior of composed
nets from the i/o-behavior of its sub-nets.

To be precise, we need to comment the join operation io(N) X i0(N2). Its intention is to
join input streams with connected ocutput streams. By definition 4.3, a connected pair of
output/input streams corresponds to attribute names p~ and p* respectively. Thus, they
actually differ, and thus, the join operator would not combine them. However, as a relaxed
notation we may safely ignore superscripts '+’ and -’ in any relation schema of io(N).
Thereby, the join computes as intended.

Before we state the homomorphism theorem, we will illustrate a motivating example. Figure
10 (left) represents two nets A and A>. While V] duplicates its input, A2 either eliminates
duplicates or replaces its input by constant 'nul’. The sample composition in Figure 10
(right) N7 o My possesses a unidirectional interaction from N] to N realized by a single
interface. It is straightforward to verify that Table 3 represents sub-sets of the i/o-behavior
relations io(N1), i0(N2), and io(N; o N2) respectively. Consider, for example, run ry/3 of
the composed net Ay o A5. It corresponds to a parallel execution of runs r; and r3 of the
elementary nets N7 and A3. In particular, output stream o of net A} equals input stream 7 of
net As. The same behavior can be observed for runs ry4,...,79/7. These examples indicate
a condition according to behavior composition: If there exists elements (i1,01) € io(V;) and
(i2,02) € io(N2) with 43 = 01, then there exists an element (i1, 02) € i0(N; o N2).

N, 3

J

Figure 10: An uni-directional interaction between two interaction nets

The following homomorphism theorem generalizes this example by considering (i) stream
tuples instead of single streams, and (ii) bidirectional interaction instead of unidirectional. It
provides a positive answer to the question posed above.

Theorem 4.1 Given two interaction nets N1, Na. If the net composition N oNy exists, then
the following equality is valid:

i0(NM o N2) = io(N]) M io(N2).

The complete proof of the theorem is rather technical and lengthy. Therefore, we decided to
omit it from the paper.
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Net Run | Input stream ¢ Output stream o
M | (1,2,3,4,V) (V,1+1,24+2,3+3,4+4)
ra | {1,2,3,4,) {(Vi1+41,/,3+3,2+2)
Ne rst {V,1+1,2+2,3+3,44+4) (/,v/,1,2,3)
ra| (V,14+1,242,343,44+4) {(V/,,nul,nul,nul)
rs | (Vi14+1,242,3+3,44+4) {,v,nul,2,3)
re | {(V,14+1,4/,3+3,2+2) (v, v/, nul,nul, 3}
re| WVH141,4/,3+3,2+2) V,vhvh 1,3)
NoNy T1/3 (11273741\/) (\/’ Vs \/717273)
rie | (1,2,3,4,) (/> v/, nul, nul, nul)
riys | {1,2,3,4,4) (Vv nul,2,3)
rye | (1,2,3,4,v) (Vs /s nul,nul, 3)
To/7 (1,2,3,4,v) VARVA \/v L,3)

Table 3: Sub-sets of the i/o-behavior of nets Ny, N3, and N7 o A

5 Discussion and Future Work

Component semantics of interaction nets can be applied to ensure interface policies. For
example, a hand-shake protocol assumes that both interacting parties satisfy some dynamic
properties. One party sends a message and temporarily stops sending further messages, until it
receives an acknowledgment. The other party receives a messages and eventually acknowledges
it. These interface properties can be expressed by assertions on the i/o-behavior relations of
interaction nets. If an assertion is verified according to an interaction net, it will exhibit this
property in any composition. The motivation for this statement is that the i/o-behavior com-
prises input/output histories of any net composition, and thus, for each specific composition
in particular. A detailed treatment of interface policies is one area of future work.

Besides the aspect of reuse, verification was a major motivation to use a formal model. It
permits to answer the following exemplary questions which are useful to ensure quality of
interactive components: (i) Which user scenarios are supported? (ii) Which goals can be
achieved? (iii) Do there exist goals which cannot be achieved effectively — by means of
interactive paths that exceed a given threshold? (iv) Does the context changes of the net
coincide with the context changes of the user mental model? In particular, do database views
coincide with user’s context? We will investigate at some examples to what extent these
questions can be analyzed. For this reason, we are currently formalizing an appropriate set
of interactive components whose compositions support different kinds of interactive search
opportunities.

The component framework of Broy et. al. provides a semantic characterization, whether
a component C’ is a specialization of a component C: C’ is a specialization of C, if any
input/output history of C’ is also an input/output history of C, i.e.,

R C R,

if R’ and R represent the stream relations of C' and C respectively. Thereby, a specialization
usually reduces non-determinism. Through the component semantics of interaction nets, we
can directly apply this definition to deduce or verify the specialization relation on interaction
nets.

33
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6 Conclusion

The paper introduced a system independent approach to model, verify, and compose inter-
action specifications. It supports the reuse of interactive structures of information services.
Besides the standard net semantics, a component semantics of the external behavior is in-
troduced. It is well-founded in the sense that the composition of the component semantics
coincides with the introduced net composition. The result of the paper can be utilized by the
following approach: (1) identify meaningful interaction patterns, (2) design a formal model
by an interaction net, (3) verify behavioral properties of the interaction net by analyzing its
component semantics, and (4) compose components to compile an application or to design
complex components.
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A Dynamic Semantics of CP Nets

Dynamic semantics of CP nets concerns the flow of data elements. Transitions generate,
remove, or transform data elements. It basis on the notion of a step which transforms the
current net state into a new one. Thereby, the state of a net is defined by its marking.

Definition A.1 A binding b of a transition t is a function that associates all variables v €
var(t) with date elements in type(v) which guarantees that the guard condition G(t) < b> s
true. Thereby,

G(t) < b > denotes an evaluation function which computes the guard expression G(t) by
substituting its free variables var(G(t)) corresponding to binding b — where binding b is
interpreted as a variable substitution,

var(t) denotes the set of free variables that occur in guard ezpression G(t) or in an arc
expression E(a) of an arc a attached to transition t, i.e.,
Vt € T. var(t) := {v|v € var(G(#)) V Ja € A(t).v € var(E(a))},
where A(t) denotes the set of arcs attached to t.

A binding element be = (t,b) is a pair of a transition t and a binding b.

A step Y is a (non-empty) multi-set of binding elements.

Definition A.2 A token element (p,c) is a pair of a place p and a data element ¢ € C(p).
The set of all token elements is denoted by TE.

A marking m is a multi-set over TE. The initial marking my is the marking obtained by
evaluating the initialization expressions, i.e.,

Vp € P. my(p) :=I(p) <> .
We denote the multi-set of data elements associated with a place p in a marking m by m(p).

Note that there is a slight difference between I(p) and I(p) <>. While I(p) denotes a closed
expression, I{p) <> denotes the evaluation of this expression, i.e., a multi-set.
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Definition A.3 A step Y ¢s enabled in marking M, iff the following condition is satisfied:

VpeP. Y E(pt)<b> <m(p),
(t,b)eYy

where the summation symbol represents the multi-set union.

The occurrence (or execution) of an enabled step Y transforms the marking of the net m; to
a marking mg. Roughly, each binding element (t,b) € Y yields a transformation of marking
m;. More precisely, data elements determined by arc expressions and binding & are consumed
from/produced into corresponding places attached to transition ¢.

Definition A.4 When a step Y is enabled in a marking m,, it may occur. The occurrence
of Y in my transforms marking m, into marking ma by

VpeP. my(p) i= [mu(p)— Y, E(t)<b>|+ > E(t,p)<b>.
(t.b)eY (t,b)eY

We say that my is directly reachable from my by the occurrence of step Y, denoted by:
ml[Y)mg.

The sequence in which transitions are executed does not affect the resulting net marking mo.
Thus, we may think of a parallel execution. The definition exclusively defines the dynamic
semantics of the occurrence of a single step. We extend this definition to sequences.

Definition A.5 A finite (infinite) occurrence sequence is a finite (infinite) sequence of mark-
ings and steps:
m[Yl)m1 [Yz)mz[Y2>?’n3 ooy

such that n € IN U {oo}, m[Y1)my, and m;[Yig1)migq for alll <i<n+1.

We call the corresponding sequence of steps v = (Y1,Y2,...) a run, if the occurrence sequence
starts with the initial marking myg.

Thereby, we assume the common arithmetic laws on IN U 0o. In particular, oo + k = 0o and
oo — k = co for each constant k € IN.
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Abstract Queries including a small number of keywords are usually used in the
information retrieval. In order to improve the quality of retrieval results for those
kinds of queries, it is important to recognize the meaning of queries correctly. In the
retrieval process, if feedbacks for retrieval results are given by users to indicate
which retrieval candidates in the retrieval result are appropriate as the desired
objects, it is possible to obtain the meaning of queries correctly. If the meaning of a
query is dynamically recognized by user’s feedback during the retrieval process, it
becomes possible to improve the quality of retrieval results obtained by the
subsequent information retrieval.

In this paper, we present a query-meaning recognition method with a leaming
mechanism for document retrieval. In this method, we create a vector space and
vectors representing the meaning of queries. Retrieval candidates (documents) are
also vectorized based on the words appearing in themselves. The most important
feature of our method is that a vector space for representing and mapping a query
and retrieval candidates is defined as a set of vectors whose components are defined
as words. This feature makes it possible to realize dynamic query-meaning
‘recognition by the vector computations for reflecting user’s feedback. Our method
improves the ‘quality of information retrieval results obtained by the subsequent
information retrieval process. In our method, query vectors are modified based on
the user’s feedback as a leaning process. The norms of the vectors of retrieval
candidates are calculated by reflecting the modification. In the retrieval results,
retrieval candidates are ranked according to the values of their norms. The retrieval
candidate with the largest value of norm is retrieved as the top ranking.
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1. Introduction

It is common that keywords are used to access information resources. As word-based
pattern-matching retrieval methods do not support semantic retrieval, several retrieval
methods based on the semantics have been proposed [3,4,7]. Those methods are efficient to
perform semantic rétrieval with a certain number of keywords. However, users often use a
small number of keywords. This motivates us to design and realize a new method for
performing information retrieval with a recognition mechanism for the meaning of query
consisting of a small number of keywords. Another motivation is in the cross-language
information retrieval [1,2,12,13]. We found that the problem of the translation accuracy
between languages must be resolved.

A basic issue is how to recognize the meaning of query. To recognize the meaning of
query, we consider that the meaning of query can be recognized by using user’s feedback.
If a user selects the retrieval candidates that are closely related to the user’s requirement,
we can use the selection results to recognize the meaning of query and modify the query to
be issued in the subsequent retrieval process.

In this paper, we present a new query-meaning recognition method for information
retrieval. This method uses user’s feedback in the information retrieval process to realize
dynamic query-meaning recognition and information retrieval based on the recognized
meaning. This method performs the dynamic meaning recognition efficiently in the
information retrieval process. In our method, a vector space is created to compute
correlations between a query and each retrieval candidate document. The components of
vectors for representing a query and retrieval candidates are directly expressed by words.
By expressing the components of vectors directly by words, our method makes it possible
to determine which words sharply give the meaning of query. In our method, a query and
retrieval candidates are vectorized based on the words, and a query vector is modified by
the user’s feedback to adjust it to the query-meaning sharply. We refer this user’s feedback
and adjusting process to as “learning mechanism”. By applying the learning mechanism to
the query vector, we can obtain new query results with the ranking reflecting the
query-meaning recognition. Our method improves the quality of information retrieval
results obtained by the subsequent information retrieval.

In this paper, we discuss the related work, and then introduce a query-meaning
recognition method. We show several experimental results to explain the processes for
realizing our method.

2. Related work

Our work is based on the study of MMM (Mathematical Model of Meaning)[4,5,6,7,8] and
LSI (Latent Semantic Indexing)[3,10,11]. Both of those research results provide
fundamental frameworks for semantic information retrieval using orthogonal vector spaces.
MMM uses dictionaries to obtain the semantic definitions of words and create a semantic
vector space. LSI finds the semantics of words latent in documents. Retrieval candidates
and queries are vectorized in those methods. Information retrieval is performed by
calculating correlations between the vector of the query and the vectors of retrieval
candidates.
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(1)MMM][4,6,7,8]

MMM realizes fundamental semantic associative search for extracting semantically related
data resources according to contexts. In MMM, it is basically declared that a word and each
retrieval candidate (word and media data) include various meanings. That is, the meaning
of a word (or each retrieval candidate) is not fixed statically, but it is fixed only when the
context is given. In MMM, machinery for computing contexts is realized by creating an
orthogonal knowledge space. Each word and retrieval candidate is placed as a single
coordinate point in the knowledge space and dynamically extracted by semantic associative
search. In the knowledge space, each context corresponds to one of the subspaces. Given a
context, a semantic subspace corresponding to the context is selected. Each word and
retrieval candidate is mapped onto the semantic subspace selected according to a given
context, and the relationships between data items are dynamically computed by using the
metric in the selected semantic subspace reflecting the context. Semantic associative search
might not always select appropriate data from databases because the judgment of accuracy
is sometimes dependent on individual variation. In [9], a learning mechanism for MMM
has been presented for adapting retrieval results according to individual variation and
improving accuracy of the retrieval results. The learning is a significant mechanism for
semantic associative search because the judgment of accuracy for the retrieval results is
dependent on individuals who request semantic associative search. In the learning process
of MMM, if inappropriate retrieval results for a request are obtained by the semantic
associative search, appropriate data items, which must be the retrieval results, are specified
as suggestions. Then, the learning mechanism is applied to the semantic associative search
system to obtain the appropriate retrieval results in subsequent requests.

(2) LSI[3,10,11]

In LSI, a mathematical method called SVD is applied for mapping documents and
computing correlations on an orthogonal vector space. Associating documents are expected
to locate closely to one another. If the vector of a query is close to some document vectors,
those documents are selected as the retrieval results. In LSI, queries are represented as
pseudo-documents and mapped onto the vector space. If the query contains common words
to the target retrieval candidates (target documents), it locates closely to those target
documents. And, those documents can be obtained as the retrieval results.

In comparing to MMM and LSI, our method focuses the case that a small number of
keywords are given as a query. In MMM and LS], it is assumed that an appropriate query is
given in the information retrieval processes. Our method is practically used for
constructing an appropriate query by using the user’s feedback for recognizing the
query-meaning sharply.

3. Creating the retrieval space based on the documents’ clustering

We create the retrieval space by first clustering a sample document set. Each of the clusters
has a characteristic that some common terms frequently appear among the documents of
the same cluster but rarely appear in the documents of the other clusters. The common
terms which frequently appear in a cluster C; are referred to as Ci’s keyword terms. We use
a term set k; to represent the keyword terms. We illustrate this in Fig. 1. In Fig. 1, sample
documents are clustered into q clusters. Each cluster contains several documents. For
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example, cluster C; contains documents d,, ds... d;. Terms, t,... t,, frequently appear in the
documents of di, dy... d;. They rarely appear in the documents clustered into the other
clusters. Therefore, the C,’s keyword terms are those ;... t, which are in the set K;:

K = {tl’tz"' ta}'
C1 Ce Cq
ti.ots | d,da...d;
tatl oo to disr... divj
tof... th dms.. A

Fig. 1: Document clustering.

Sample documents are clustered into q clusters. Each cluster
contains several documents. For example, cluster C, contains
documents d;, d,... d;. Terms, ty... t,, frequently appear in the
documents of d,, dy... di. They rarely appear in the documents
clustered into the other clusters.

d1 dz dp,
Ci | e €12 €1,m
Cy | e €22 €2.m
Cq | €t €q.2 €qm

Fig. 2: The matrix D.

In the matrix D, each of the rows corresponds to a cluster C;, each
of the columns corresponds to a document d;, and the ij' entry of D,
eij, is the count of the occurrences of the Ci’s keyword terms in the j' i
document.

The retrieval space is constructed by a matrix D as shown in Fig. 2. In the matrix D,
each of the rows corresponds to a cluster C;, each of the columns corresponds to a
document d;, and the ij* entry of D, ey, is the count of the occurrences of the C;’s keyword
terms in the j™ document. Based on our experiment experience, we set the value of e;; J
based on the following rule: when a term appears in a document, it is counted only once no
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matter how many times it appears. We use v, to represent the counted value of a term t.
In the following, we give an example to explain the rule. Suppose the C;’s keyword
term set K, contains three terms, t;, t; and t,

Ki={ 11, t, t3}.

If the document d; contains the terms t; and t;, but does not contain the term ts, it is
expressed as

ted, t,ed, t, ¢d,.

Because both K; and d; contain the terms t;, v, is set to 1, v, =1. Same as that,

4

v, issetto 1, v, =1. Because d; does not contain t3, v,

., is set to 0, v, =0. The count of

the occurrences of the C,’s keyword terms in the document d; is calculated as

e, =v, v, +v,

=1+140
=2.

In the following, we use the expression Z{V«’vrz’vr;} to represent the sum

ofv, +v, +v, . Because t, t> and t3 are the elements of the set K, the set {v WV, LV } can
4 4 n ]

5Ll

be represented as {v,| tek } Therefore, we use Z (v} to representz {v,l VsV, } That is,

tek,

the sum of v, +v, +v, are represented as

v, v, +v, = (v}

tek

In this way, the calculation for e;; is represented by the following formula:

e, =Z{v,|iftedj v,=1elsev,=0}.

tek;

Where, K; is the set of the C;’s keyword terms and v, is the counted value of one of the C,’s
keyword term ¢. If the document d; contains the keyword term ¢, v, is set to 1. If the
document d; does not contain the keyword term ¢, v, is set to 0.

Based on the matrix D, we use a q dimensional vector d; to present the document d;.
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Each cluster represents a dimension of the vector d;. We refer it to as the document
vector. If the document d; contains the keyword terms of one cluster, the vector d; is a
single dimension vector. If the document d; contains the keyword terms of more than one
cluster, it is a multi-dimensional vector. Fig. 3 shows an example of the distribution of the
document vectors on a two-dimensional space. From the figure, it can be found that
documents are distributed between the two clusters C; and C,. They are divided into 2
groups. One group of documents cluster around C, and the other group of documents
cluster around C.

Cz

C1

Fig. 3: An example of the distribution of the document vectors on a two
—dimensional space.

In the figure, it can be found that documents are distributed between
the two clusters C; and C,. They are divided into 2 groups. One group of
documents cluster around C, and the other group of documents cluster
around C,.

4. Retrieval subspace selection based on query

In our method, document retrieval is performed on a retrieval subspaces. The subspaces are
selected from the retrieval space based on queries. The subspace is a v-dimensional space
which is a part of the g-dimensional retrieval space, where v is smaller than g. The
v-dimensional subspace has v clusters. We use a unit vector ¢;, the norm of it is 1, [¢jf=1, to
represent the cluster C;. With the definition of the cluster vector ¢;, we express the
document vector d; as

d, = ie,’ i€

i=l
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Documents are clustered on the retrieval space. If the document d; is in the cluster C;,
the component item of d; related to the cluster C; has the maximum value,

le. e = Maxle e, ve,,)-

The subspace is selected by the following steps.

(1) When a query Q is given, the pattern matching method is used to search the
documents which contain the same terms in the query. Documents that have the
same terms as those in the query are extracted.

(2) From all the component items of the selected document vector, we extract the
cluster vector ¢; of which the related component item [e;;¢;| has the maximum value.
We use a vector q referred as the query vector to represent the extracted clusters.
We add the extracted cluster vector ¢; to the vector q,

gq=q+c;; where the initial value of q is 0.

(3) We define a retrieval subspace set S containing all the cluster vectors on the
retrieval subspace. We calculate the inner product of ¢; and q. If the value of the
inner product ¢, -q is greater than or equal to a threshold ¢, ¢; is added to the set
S.

When a subspace is selected, the document vector on the subspace is represented as

d, = g{e,.,/.c,lci e S}.

Following is an example to illustrate the subspace selection.
Example-1:

In this example, we suppose that there are two documents d, dz and a query Q.
The document vectors are represented as follows:

di=5¢1+2¢;,
d;=3c;.

We also suppose that the query Q contains the terms that also exist in d, and d».
The subspace selection is performed under the following steps:

1. Document extracting:

For the given query Q, because it contains the terms existing in the two documents, d,
and d; are extracted.

2. Cluster extracting:
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The component item 5c¢; of d; is the maximum value item, |5¢;=MAX (5¢,, 2¢), so
the cluster C; is extracted. Similarly, 3¢, of d; is the maximum value item, so the cluster C,
is extracted. As two clusters are extracted, we get the query vector q as

g=c+cy.

3. Subspace selecting

The values of the inner products of the cluster vectors ¢, and ¢; with the query vector q
are 1(=c¢, -q) and 1(=c, - q), respectively. When the threshold¢ 1is setto 1, both ¢; and ¢,
are added to the set S:

S={ec, ¢}

5. Document retrieval

Document retrieval is performed through two steps. The first step is to select a subspace by
a given query. That is, the clusters on the selected subspace reflect the meaning of the given
query. Therefore, all the documents on the subspace should appear in the retrieval result.
The second step is to rank the documents on the subspace. The documents are ranked based
on the keyword terms that they contain on the subspace. The document which contains the
most keyword terms is ranked at the top. The number of the keyword terms contained in
the document d; is obtained by calculating the norm of the document vector:

|de = g{e,_jci[ci eS‘.

Where, S is the set containing all the cluster vectors on the selected subspace.

6. The learning mechanism

Based on the document retrieval method mentioned in the Section 5, the documents which
do not have the same word patterns as the word pattern in the query can be extracted. We
reached the purpose to extract documents which do not contain the same word patterns as
the word pattern in the query but have the same meaning with the term in the query.

In our model, the meaning of a query is defined to be reflected in the retrieval result. If
the retrieval result is close to the user’s requirement, we say the meaning of the query is
correctly reflected. If the retrieval result is not close to the user’s requirement, we say the
meaning of the query is not correctly reflected. In this case, we use a learning mechanism
to learn the meaning by user’s feedback.

In our model, the document retrieval is performed on the selected subspace based on
the query. If the meaning of the query is not correctly reflected, the retrieval subspace
should be re-selected. We modify the query vector q to realize the subspace re-selection.

In our learning mechanism, we require users to indicate the documents which are close
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to their retrieval requirements from the retrieval results. When documents are indicated, the
query vector q is modified under the following steps:

(1) From all the component items of an indicated document vector, we extract the
cluster vector ¢; of which the related component item |e;je;| has the maximum value.
We add the extracted cluster vector ¢; to the vector q to modify it as

g=qtci.

It is worth to notify that the vector q which is calculated in the step-2 of Sectiond is
used as the initial vector in this step.

(2) We set the retrieval subspace set S to an empty set. Then, we calculate the inner
product (¢, -q) of ¢; and q. After the inner product of the total extracted cluster
vectors is calculated, the cluster vectors, whose inner product values are greater or
equal than a threshold £, are added to the subspace set S.

Based on the above steps, when a cluster is repeatedly selected, the query vector
becomes closer and closer to the cluster. By setting a suitable threshold, we can obtain the
subspace that is closest to the meaning of the query. An example is illustrated in the
following.

Example-2:

Based on the Example-1, the query vector q is obtained as
q=ct+c;.

If d, is indicated in the feedback, ¢; is selected, because its related item has the
maximum value, [S¢i|=MAX (5¢,, 2¢;). Therefore, the query vector q is modified as

q=2c+¢;.
If the threshold ¢ is set to as 2, ¢; is extracted and added into the subspace set S:

S={e,}.

7. Adding new documents to the retrieval space

The retrieval space is created by clustering the given sample documents. The sample
documents have the characteristic that some common terms appear frequently in the
documents of the same cluster but rarely appear in the documents of other clusters. These
terms are called as clusters’ keyword terms. New documents do not exist in the sample
documents. We assume that the new documents have the same characteristic as the sample
documents. That is, some cluster’s keyword terms frequently appear in a new document but
the other keyword terms rarely appear.
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Based on this characteristic, terms in a new document are classified based on the
cluster's keyword terms. We define a term feature set f; for a new document d. The
elements of the set f;; are the terms of document d;, which are classified into C;’s cluster.

fu.={t|teK,. andtedj}.

Where, d; is the new document, ¢ is the term of the document d; and K;; is the keyword term
set of cluster C;. If there is not a term in the document dj to be classified into C;’s cluster, f;;
is an empty set. Because sample documents are classified into q clusters, there are q term
feature sets, f1;, f2;, ..., fy; defined for each the document d;.

A new document is vectorized based on the term feature sets. Because there are q
feature sets for each new document, we use a q dimensional vector d; to represent a new
document d;. Each feature set represents a dimension of the vector d;.

The number of the elements of the set fi; is enumerated as the component value e ; of

the vector d;.
€, =|fk,i]
=2y =1}

fiy

Where, fy; is the term feature set and v; is the enumerated value of one of the term ¢ in the
set fi;. The value v, is set to 1 for each term in the feature set fi;. Therefore, if there are n
elements in the feature set fi ;, the value ey is n.

With the definition of the cluster vector c¢i, |¢j=1, the vectorized new document is

represented as
d, = i e ¢

i=l

When all the components of the new document are calculated, the new document is
added onto the retrieval space.

The processes which automatically add a new document on the retrieval space are
summarized as follows.

(1) Terms in a new document d; are sorted.

(2) Duplicated terms are deleted.

(3) For each cluster’s keyword term set Kj, i=1, 2, ..., g, repeat step-4 and step-5.

(4) For each term in the set K, search the same term from the sorted terms of the new
document. If there is a same term is found, copy the term into the feature set f;;.
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(5) Enumerate the elements in the set fij and copy the enumerated value to e;j, the
component value of the document d;.

In the following, we use an example to explain the above-mentioned processing steps.
Suppose that the sample documents are classified into two clusters, C; and C,. The Cy’s

keyword term set K, contains three terms, tyj, t;2 and t;3, and the C;’s keyword term set K,
contains two terms tz; and ty;.

Ki={ ti, t12, ti3},
Ko={ta1, t22 }.

Suppose that a new document d; contains the terms t;;, t;2 and ty, but it does not
contain the term t;3 and t,;. That is,

tll’tIZ’tZZ edl’ tl}’t21 Edl

In the step-1 and step-2, terms in the document are sorted and the duplicated terms are
deleted, Thus, we get a sorted term set of d;.

d={..., tin, tiz, ta2, ...}.
Because there are two clusters in this example, step-4, 5 and 6 are executed twice.
During the first execution, it searches whether the set d; has the same terms as that in the

set K; or not. Because the terms t);, t;» are in the set d;, these two terms are copied into the
feature set f ;.

fii={tn, t2}.

As there are two elements in the set f} ;, the value e ; is set to 2.

€ =If;,i|
=2

During the second execution, it searches whether the set d; has the same terms as that
in the set K; or not. Because the term ty; is in the set di, this term is copied into the feature
set fi,.

f2={tz2 }.

As there is only one element in the set f;;, the value e, is set to 1.
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€2 =|f2,il
=1

The new document d; is vectorized as

8. Experiment

We have used 100 sample documents, d,, d, ..., dioo, extracted from ten topics, Topic-1,
Topic-2, ..., Topic-10 for experiments. Ten documents are extracted from each topic. The
documents dy, dy, ..., djo are extracted from Topic-1. The documents d;j, di, ..., dyo are
extracted from Topic-2. All the other documents are extracted in the same way. The
documents extracted from Topic-10 are dg;, doz, ..., dioo. As documents are classified
according to each topic, we obtained 10 clusters with 10 documents in each of them. Each
cluster corresponds to a topic. Cluster C; corresponds to Topic-/, that is, Cluster C;
corresponds to Topic-1, cluster C; corresponds to Topic-2, and so on.

The keyword terms are extracted from the sample documents. The keyword terms
extracted from the documents in a same topic do not appear in the documents of the other
topics. Fig. 4 shows the keyword terms extracted from the documents in Topic-2. These
keyword terms only appear in the documents di;, di2, ..., d2o. They do not appear in the
other documents. As there are 10 clusters, we obtained 10 keyword term sets, K;, Ky, ...,
Kio. The keyword terms in the set K; are extracted from the documents in Topic-i.

Keyword terms extracted from the documents dy, d;2, .., d2o:

accommodate, bestseller, broadband, command, LAN, specifications, TCP

Fig. 4 The keyword terms extracted from the documents under Topic-2

These keyword terms only appears in the documents d,, dy3, ..., dzg. They do not
appear in the other documents.

A keyword term-document matrix is created for generating the retrieval space. Each
row of the matrix corresponds to a keyword term and each column of the matrix
corresponds to a document. Each value of the entry of the matrix is set by using the method
as mentioned in Section 3. We divided this matrix into 10 sub-matrixes. Each sub-matrix is
constructed by the keyword terms and the documents belonging to the same topic. Fig. 5
shows one of the sub-matrixes constructed by the keyword terms and the documents
belonging to Topic-1. In Fig. 5, the keyword terms ‘administratively’, ‘advocates’, ‘aide’,
etc. are extracted from the documents d,, d,, ds, dy, ds, ds, d7, ds, ds and d;o. Each row of
the sub-matrix corresponds to an extracted keyword term, and each column corresponds to
a document d;, here, dj is one of the documents in Topic-1. The i 1_] entry is generated as
follows: If the term in the i" row appears in the document in the i column, the ij™ entry is
set to ‘1°. If the term in the i® row does not appear in the document in the j™ column, the
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ij"™ entry is set to “0°.

For example, in Fig. 5, as the keyword term ‘administratively” appears in the document
d3, the entry corresponds to ‘administratively’ and d; is set to ‘1°. As the keyword term
‘aide’ does not appear in the document dj, the entry corresponds to ‘aide’ and ds is set to
‘0.

topic/document Topie-1

keyword term d] dz d3 d4 d5 d6 d7 ds d9 dm
administratively 0 0 T 00 0 00 0
advocates 0 0 0 00 0 OO0 1 O
aide 0o 0 0 01 0 0O 0 O
creditors © 0 0 00 0 01 0
darrow 0 0 0 00 0 OO0 0
disbursed 0o 1 0 00 O 0O O
inspection 1 0 0 00 0 0O O O
presses o0 0 0 It 0 0 OO0 O O

Fig. 5 The sub-matrix of the keyword terms and documents under Topic-1

The keyword terms are extracted from the documents d;, d,, ds, ds, ds, ds, d7, ds, do
and d,p in Topic-1. Each row of the sub-matrix corresponds to a keyword term, and each
column corresponds to a document d;, 15i510. The 1_| entry is set as the follows: If the
term in the i" row appears in the document in the i i column, the ij* entry is set to ‘1. If
the term in the i" row does not appear in the document in the j* j column, the i 1_] entry is
set to ‘0’. For example, as the keyword term ‘administratively’ appears in the document
ds, the entry corresponds to ‘administratively’ and d; is set to *1°. As the keyword term
‘aide’ does not appear in the document dj, the entry corresponds to ‘aide’ and dj is set to
‘0.

Fig. 6 shows the keyword term-document matrix constructed by the keyword terms
and the 100 sample documents. As there are 10 topics, 10 sub-matrixes of keyword terms
and documents are created.

In Fig. 6, the entry of the keyword term-document matrix is set to ‘0’ under different
topics. Fig. 6 shows that if the i row’s keyword term and the j column’s document are
under different topics, the value of the ij™ entry is ‘0°. For example, as the keyword term
‘administratively’ and the document d;; are under different topics, the entry at the row of
the keyword term ‘administratively’ and the column of d;; is set to ‘0°.

As documents are classified into 10 clusters under the 10 topics, a ten-dimensional
retrieval space is constructed. The sample documents are vectorized on the ten-dimensional
retrieval space.

49
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Topic-1 Topic-10
di I dz , ldxo dn da1 dioo
administratively 0 0 0
——————————1The sub-matrix of the
advocates keyword terms and the |0 0 0
documents under Topic-1
presses 0 0 0
The sub-matrix of the
0 0 0 keyword terms and the
documents under Topic-10
philosophical 0 0 .. |0 |0 l

Fig. 6: The keyword term-document matrix

The keyword term-document matrix is constructed by the keyword terms and the 100
sample documents. As there are 10 topics, there are 10 sub-matrixes of keyword terms
and documents under the 10 topics. The entry of the keyword term-document matrix is set
to ‘0’ under different topics. For example, the keyword term ‘administratively’ and the
document d,, are under different topics, therefore the entry at the row of the keyword
term ‘administratively” and the column of d;, is set to ‘0”.

The document vectors of the sample documents are represented as

ds = ei,sci ’
where d; is the sample document vector and ¢; is the cluster vector. The value of e is
calculated by the method mentioned in Section 3. Some of the vectors of the sample
documents are shown in the following:

d4=[0010000000],
ds=[0020000000),
d2=[0080000000]",
ds=[0050000000]".

It can be found that the values of the document vectors on the cluster vector c3 are not zero.
The values on the other cluster vectors are all zero.

After the retrieval space is created, we add other 100 documents, dio1, dio2, ..., d20o,
onto the retrieval space. The documents djo1, dio2, ..., di1o are extracted from Topic-1. The
documents djj1, dyy2, ..., di2o are extracted from Topic-2. The other documents are extracted
from Topic-3, Topic-4, ..., Topic-10. The documents do1, disz, ..., dago are extracted from
Topic-10. The document vectors of the new added documents are represented as

d; = ieuci ’

i=l

where d; is the new added document vector and ¢; is the cluster vector.
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When the new documents are added onto the retrieval space, some of the keyword
terms under different topics appear in a same document. Thus, some documents have
non-zero values on different cluster vectors. For example, the document d,37 is vectorized
as

di27=[1021000000)".

In Fig. 7, a subspace with two cluster vectors, ¢; and ¢3, are taken as an example to
show the documents distribution. Fig.7 (a) shows the distribution of sample documents on
the retrieval space. Fig. 7 (b) shows the distribution of sample and new added documents
on the retrieval space. Documents d,37 and daqo are the noise on ¢ and ¢3, respectively. That
is, they are not expected to appear on the subspace.

Cs Cs

28
dZSa dz‘/, dIZZ’ d]u, d128
d2|, d22, d23’ d24’ d29a dJO, d113: dlZiy dlZGv d127, dl29a dl30

11s U14, U5, Ujg, ZOrdH]vle)dl”sdll% 0
dys, die, Big, divy, diga, diss, dire, d
lbd 165 Y19y ll.l) 112s G115, U165 G118 @

da1, daa, dys, das, dao, dio

d;s dig, dis, dig, dao
12 G16: dio
/ d”d / ”d
/ 13 / 13
Cs Cz

(a) ®

v

Fig. 7: The documents distribution on the retrieval space.

Fig.7 (a) shows the distribution of sample documents on the retrieval
space. Fig. 7 (b) shows the distribution of sample and new added
documents on the retrieval space. Documents d,3; and dg are the noise
on ¢; and ¢;, respectively.

We have performed retrieval experiments in the following two steps. In the first step,
we search sample documents when no new documents are added onto the retrieval space. A.
In the second step, we search the documents when the new documents are added onto the
retrieval space.

In the first step, we test the efficiency of the learning mechanism, If new documents
are not added onto the retrieval space, each document is vectorized on a definite cluster.
For a given query, those documents are extracted which contain the same terms as that in
the query. If the extracted documents are in a same cluster, all the documents in the cluster
are ranked as the retrieval result. In this case, both the recall rate and the precision rate are
1.0. If no document is extracted, a new query is needed.

If the non-keyword terms are used in the query, the documents in different clusters may
be extracted. The learning mechanism is used in this case. From the extracted documents,
the documents which are required by the user are indicated as the user’s feedback. Based
on the feedback, the query vector is modified and the required cluster is selected. Fig.8
shows the learning result. In the figure, documents in three clusters are extracted. The
documents in one of the three clusters are the user’s required documents. Before the
feedback is performed, the recall rate is 1.0 and the precision rate is 0.33. When one of the
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documents in the required cluster is indicated as the feedback, only the documents in the
required cluster are extracted and the precision rate is improved to 1.0.

Precision

A

0.33

»

1 Number' of times of the feedback

Fig. 8: The learning result.

In the figure, documents in three clusters are extracted. The
documents in one of the three clusters are the user’s required
documents. Before the feedback is performed, the recall rate is 1.0 and
the precision rate is 0.33. When one of the documents in the required
cluster is indicated as the feedback, only the documents in the required
cluster are extracted and the precision rate is improved to 1.0.

When the new documents are added onto the retrieval space, some of the new added
documents are vectorized on the different cluster vectors at the same time. 12 new added
documents are vectorized on more than two cluster vectors. Among them, 6 documents are
vectorized on two cluster vectors, 5 documents are vectorized on three cluster vectors and
one document is vectorized on six cluster vectors. The document d33 is vectorized on six
cluster vectors as the worst case:

di=[3020112001)"

When a query is given and the documents extracted by the query are in the required
cluster, all the documents in the cluster are selected as the retrieval result. In this case, the
recall rate is 1.0 but the precision rate goes down. The reason is that some unexpected
documents are distributed in the cluster. As the worst retrieval result, 5 unexpected
documents are in the retrieval result with the 20 desired documents. In this case, the
precision rate goes down to 0.25. But even in the worst cast, most desired documents are
ranked in the top-10.

When new keyword terms are extracted from the new added documents and added to
the retrieval space, the precision rate is improved. By adding 12 new extracted keyword
terms to the retrieval space, the precision rate is improved to 1.0.

If the extracted documents are distributed in more than one cluster, the user’s feedback
is needed to indicate the required documents. In the most case, the required cluster is
selected with only one time (a single) feedback. The number of documents indicated in one
feedback influences the number of times of the feedbacks which are needed to select the
required cluster. Fig. 9 shows a query example. In the example, if only one document is
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indicated in each feedback, feedbacks are performed three times before the required cluster
is selected. If three documents are indicated in the feedback, the feedback is needed to be
performed only once. Fig. 9 also shows that the relationship between the number of
documents in a feedback and the number of times of the feedbacks for selecting the
required clusters is not liner.

:

Uy A

Number of the times of the
feedbacks when the desired
cluster is selected

paunoj1ad sY2eqpas)

Yy JO sown o Jlaquinu oyJ

|
3
L}
L}
)
1
L}
R SO

v

The number of documents in a feedback

Fig.9: Relationship between the number of the times of the feedbacks
to be performed and the number of documents in each feedback.

If only one document is indicated in each feedback, the feedbacks
are performed three times when the desired cluster is selected. If three
documents are indicated in the feedback, the feedback is performed only
once when the desired cluster is selected.

9. Conclusion

In this paper, we have presented a query-meaning recognition method with a learning
mechanism for document retrieval. This method is used for improving the quality of
retrieval results obtained by the subsequent information retrieval. The meaning of the query
is recognized through user’s feedback by selecting appropriate retrieval candidates from
the query result. OQur method is advantageous for short queries, which contain a small
number of keywords for information retrieval. In order to realize information retrieval
based on the query-meaning recognized by the user’s feedback, we have introduced the
methodology for creating a vector space. We have also shown several experiments to
explain the processes for adjusting a query vector and clarify the feasibility and
effectiveness of our method.

In our future work, we will apply our method to semantic search models, such as
MMM and LSI, for constructing appropriate queries in their retrieval processes.
Furthermore, we will design a WWW information retrieval system based on our
query-meaning recognition method. In this system, we will deal with more complicated
situations in which same words are used in different contexts as various topics.
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Abstract. This paper proposes a method for a simple sentence paraphrase
based on the meanings of sentences and a method for the evaluation of a para-
phrased sentence. To deal with the meanings of sentences, SD-Form Semantics
Model that has been developed by the authors is used. In the model, sentences
are described by the form named SD-Form. The paraphrase here is defined as
SD-Form to SD-Form transformations, which is based on concept hierarchy in
the model. In the evaluation, paraphrased concepts are categorized into sim-
plify, elaborate and synonymous concepts. In this paper, we show a concrete
way to paraphrase and some examples.

1 Introduction

Paraphrasing is a part of the language ability in human. Its purpose is to find out different
expressions which meanings are the same. Human can not only transform one expression to
another expressions with the same or nearly the same meaning but also simplify or elaborate
it in both spoken and written language.

Paraphrasing has been used as the pre-processing and/or post-processing in natural lan-
guage processing[1]. In machine translation, for example, paraphrase can be used for rewrit-
ing sentences so that it is easier for machines to deal with natural language or correcting
unnatural expressions transformed by the machines at pre-processing or post-processing[2].
Automatic abstraction is regarded as another one that leaves important information and re-
duces the number of characters from original texts. A method for the information retrieval
using paraphrase has been proposed[3]. Furthermore, paraphrase can be applied to the infor-
mation hiding technology of texts data[4][5].

According to Sato [6], the methods for paraphrasing can be categorized into three types :
grammatical, semantical and pragmatic methods. Practically, the grammatical paraphrase is
useful and almost researchers is approaching to paraphrase from this view. It looks an easy
way to realize paraphrasing because it is realized only grammatical knowledge without using
knowledge data and dealing with meanings of sentences. However, human being can para-
phrase not only grammatically but also semantically. In order to achieve human like computer
systems, it is absolute necessity to make vse of semantic information for paraphrasing.

In this paper, we propose a scheme for paraphrasing a simple sentence using SD-Form
(Semantic-structure Description Form) Semantics Model [7]. SD-Form is a kind of middle
language to describe the semantic structure of a natural language expression inciuding state-
ment, conversational expression, emotion expression, etc. It can describe knowledge data,
which is used in the operations defined in the model. A sentence in natural language can be
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described by an SD-Form. SD-Form Semantics Model makes possible to deal with the mean-
ing information of natural language by processing SD-Forms. One of the characteristics of
the model is to deal with the semantic difference between two SD-Forms in quantity.

We formalize paraphrasing in natural language as an SD-Form to SD-Form transforma-
tion. It is a transformation of a given SD-Form to another Form that is either simpler or
more elaborated than the original. A simpler Form corresponds to a simpler meaning, while
an elaborated Form corresponds to a more detailed meaning. An actual transformation uses
a knowledge hierarchy on the system. We call it a hierarchical knowledge data, or a con-
cept hierarchy in terms of SD-Form. The term a concept” here is equivalent to "a piece of
knowledge data” which is available in the system.

To transform one SD-Form to another SD-forms means to transform its concepts to the
simpler concepts or the more elaborate concepts. To transform one concept to the simpler
one means to simplify it, on the other hand, to transform one concept to the elaborate one
means to elaborate it. It is useful for the applications using the paraphrase to determine
that concepts are paraphrased in simplify , elaborate or synonymous concepts. By SD-Form
Semantics Model, we can determine whether concepts are paraphrased with simplification or
not. This process is termed an “evaluation of the paraphrasing.”

The rest of this paper is organized as follows. First, we review the SD-Form Semantics
Model briefly in 2. Next we propose a method to paraphrase a simple sentence using the
SD-Form Semantics Model and the evaluation of paraphrased concepts in 3. Then, we show
an example to paraphrase using the proposed method in 4. Lastly, in 5§ we present some
concluding remarks.

2 SD-Form Semantics Model

SD-Form Semantics Model is a framework for analyzing concepts in quantitatively. A “con-
cept” in the model is equivalent to an “idea” in a human mind or the “meaning” of a message.
1t is not limited to the meaning of a single word, but it is used for an independent unit of the
meaning of a message in one sentence, in one relation or in one rule. The forms compromised
6 symbols defined in the model are called SD-Form (Semantic Description-Form). SD-Form
can describe each concept in natural language, the statement expression and the emotion
expression. The model can deal with the semantic difference of two concepts quantitatively.

2.1 Examples of SD-Form

The syntax of SD-Form is regulated by a context-free grammar. SD-Form is composed of
6 symbols which are called 1) concept label, 2) prescriptor, 3) connector, 4) modifier, 5)
functional item and 6) delimiter. These symbols are called “SD-Form symbols.” An existing
word (Japanese or English) can be used as for concept labels, which are categorized into
variable labels and simple labels. A functional item means a function in meanings. For
example, the subject item is described by s(D) and the predicate item is described by v(D).
In each functional item, D is called the contents of the function item.

By combining those 6 symbols under the context-free grammar, SD-Forms describe the
concepts of natural language. SD-Forms can be divided into 8 types in syntactic structure.
A sentence in natural languages can be described by statement SD-Form or emotion SD-
Form. For example, “I play tennis every day.” can be described as a statement SD-Form :
“[s(I), v(TENNIS/TIME/EVERYDAY)]” and “John!” can be described as an emotion SD-
Form : “[a(JOHN)].” Knowledge data stored in the system can also be described in the SD-
Form. For example, “Fruits includes apples.” can be described as “(APPLE)kdo f (FRUITS).”
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Table 1: Examples of primary score
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SD-Form symbols | examples primary score [semit]
variable label “KY,Z,..7 {

simple label “CAR,BUY,...” 10

modifier “f 1
prescriptor “nega,only,...” 2
connector “pare, equa, ...” 1
functional item “s,v,0,...” 1
delimiters “r 1
delimiters “y’ 0

2.2 Semantic Information of SD-Form

In order to deal with the meanings of concepts quantitatively, a value called a primary score is
given to each SD-Form symbol. In the model, the primary score is not fixed. Every user can
define different primary scores to the SD-Form symbols. In [7], the primary scores shown in
Tablel are assigned to the SD-Form symbols.

We define the semantic information, which is denoted by n, of an SD-Form as the amount
of the sum of primary scores in the SD-Form. Let D be an SD-Form, the semantic information
score of D is represented by

si(D) = n.
The unit of the n is called semit.

Let D be “[s(YOU), v(READ/PAST), o(BOOK/THIS)].” When we use the primary scores

in Tablel, the semantic information score of D is calculated as follows.

si(D)

1+(1+10)+(14+104+1+10)+ (1+10+ 1+ 10)
56

The first “1” in the right side means the primary score of “[ ].” The first parenthesis, the sec-
ond one and last one in the right side means the information score of “s(YOU)”, “v(READ/PAST)”
and “o(BOOK/THIS)” respectively. In the D, “YOU”, “READ”, “PAST”, “BOOK” and
“THIS” represent simple label.

2.3 Elaboration relation between two concepts

2.3.1 Definition of elaboration relation

Let D, and D, be two SD-Forms. When D, has a meaning elaborated from D; and D,
has a meaning simplified from D;, We call this relation as “There is an elaboration relation
between D; and D,.” At this time, D; is called the ancestor of D, and this D is called the
descendant of D;. We represent the elaboration relation between D; and D as

elab(Dy, Dy) = n.

In the above formula, n (0 < n < o) is called an elaboration score. The n shows the degree
of the elaboration quantitatively.

The elaboration relation are categorized into “syntactic elaboration relation” and “knowl-
edge based elaboration relation.” Those relations are denoted by

elabgyn: (D1, Dg) = n,
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Figure 1: Elaboration relation between two statement SD-Forms

elabinow(D1, Dg) = n.
By considering those two elaboration relations, the elaboration relation in the model is de-
fined by the following.

elab(D1 s D'_)) = min{elabsynt(Dl, Dg), elabk,,m,,(Dl, Dz)}

2.3.2 Syntactic elaboration relation

If we can relate D; and D, in structure, this relation is called syntactic elaboration relation.
The elaboration score of syntactic elaboration relation is defined as follows.

elabsyns (D1, D2} = si(Ds) — si(Dy)

Figure 1 shows elaboration relations between two statement SD-Forms.
We show a simple example to calculate elab,y,:. Let Dy be “CLOCK” and D, be
“CLOCK/(OLD)para(BIG)”. In this case, the elabsynt(D,, D,) is calculated as follows.

elabyyms (D1, D) = si(Dy) — si(Dy)
= 32-10
10

In this calculation, the primary score shown in 2.2 was used.

2.3.3 Knowledge based elaboration relation

We can relate two concepts, which have no syntactic elaboration relation, by knowledge data.
We call it a knowledge based elaboration relation. Knowledge based elaboration relations are
categorized into “Specific-Knowledge Based Elaboration Relation” and “General-Knowledge
Based Elaboration Relation.”

(1) Specific-Knowledge Based Elaboration Relation

Specific-Knowledge Based Elaboration Relation depends on the knowledge data given
to the system. Examples are shown in the following.
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(Dh)equa(Dg) —  elabgpow(Dh, Do) =0
(Dr)defi(D;) —  elabgnow(D1, D2) =0
(Dr)incl(Ds) —  elabnow(Dy, Dg) =3
{(D1)ptof(D;) — elabenow(D1, D2) = 3
(Dy)kdof(Dy) —  elabinow (D1, Dg) = 3

For example, “(SYUTO/JAPAN)equa(TOKYO) ” is given to the system, the knowl-
edge based elaboration relation, “elabe,,.,(SYUTO/JAPAN, TOKYO) = 0” is derived.

(2) General-Knowledge Based Elaboration Relation

General-Knowledge Based Elaboration Relation is defined by the rules registered in
the system, which is alway true.

elabgnon{ D, nega(nega(D))) =
elabimon(D/X, D/SOME)

2.4 Semantic difference measure

We calculate semantic difference measure between two concepts using elaboration relation.
All common ancestors of D; and D, are denoted by Dy, (¢ = 1,2, ...). The closest SD-Form
to D; and D, among Dy, is called “the nearest common ancestor” and we denote it by Dy.
This relations is formalized as follows.

ncoa(Dy, Dy, D5) elab(Dy, D1) + elab(Dy, Ds)
min{elab(DOi, Dl) + elab(DOi, D2)}

Mo

The ny in the above formula is the semantic difference between D; and D,. Those D, D,
and ng relation is represented as

diff(Dla Dz) =Ty

This is to say that the semantic difference can be calculated by finding the nearest common
ancestor of D; and D, within the system.

2.5 Concept hierarchy

The term “concept hierarchy” is a set of concept that is connected according to elaboration
relations among knowledge data. We call an operation to organize the knowledge data into
a hierarchical structure “concept hierachization.” A concept hierarchy consists of nodes and
branches where nodes correspond to knowledge pieces, and branches correspond to elabora-
tion relations among the concepts. This concept hierarchy can be regarded as the meaning
network.

Let the knowledge data shown in Table 2 be given to the system. In this situation, the
illustration of hierarchization of those concepts is shown in Figure 2. Q in Figure 2 means a
set of concepts, that is,

Q={X,F R, F, F}.
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Table 2: Examples of Knowledge data

symbols SD-Forms natural language
13 SASHIMI sliced raw fish
y 2 FISHMEAL fish meals
F (SASHIMDkdo f(FISHMEAL) | sliced raw fish is a kind of fish meals.

/ \9‘
fFIsHMEAY)
((SASHIMI)kdo (FISHMEAL) ;
(‘sasaMI )

Figure 2: Illustration of a hierarchy of concepts

2.6 Recognition

A framework for intelligent operations like recognition, understanding and interpretation is
provided in the SD-Form Semantics Model. In this paper, we show a recognition operation
only.

The recognition operation is defined to determine whether the input concept already exits
in the concepts hierarchy or not.

Let D;,, be given to the system, the recognition of D;,, means to find the closest ancestor
in the concept hierarchy. The operation can be formalized by the following.

ngn{elab(D, D;,)|D € Q}

Note that §2 is a set of concepts. In this case, the relations between D,,, and D, are described
as follows.
Tecog(Di'm Drec)

3 Asimple sentence paraphrase using concept hierarchy in SD-Form Semantics Model

3.1 System overview

In this section we describe the scheme how to transform one SD-Form to another. We also
show how to evaluate the transformed SD-Form. In most reported works in the past[6], natu-
ral language sentences are paraphrased directly from the original without using deep structure
of the sentence. While, our paraphrasing system is based on the semantic information of the
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paraphrased SD-Forms

deep structure

paraphrased sentences

Figure 3: Paraphrase system

sentence. It is shown in Figure3. Firstly, a sentence is translated to an SD-Form that de-
scribes the meaning. Then that SD-Form is transformed to another SD-Form with equivalent
meaning. Finally, the SD-Forms are translated to natural language sentences.

The paraphrasing method here is achieved by modifying the original SD-Form into an-
other that has a different structure. One SD-Form is paraphrased by using upward/downward
relations in the concept hierarchy. A given SD-Form is first recognized as one of the already-
known concepts in the hierarchy. Then the recognized concept is paraphrased to a upward
node or a downward node along the hierarchy branch. The paraphrasing in this scheme pro-

duces three classes of concepts; “'simplified concept”, “synonymous concepts”, and “elabo-
rated concept.” These categories are called evaluation results.

3.2 Detailed scheme of the paraphrasing
‘We now show the detailed way of paraphrasing using concept hierarchy in the systems.

Step-1 Recognition

Let the target SD-Form we want to paraphrase be D;,,. D;, is recognized in the concept
hierarchy and the recognized concept is represented by D,... Where we assume D, #
X is satisfied.

Step-2 Substitution of variable labels.

If D,.. contains variable labels, the variable labels are substituted with the SD-Form in
D;,, which has the elaboration relation to the label of D,... The SD-Forms is called a
substituted label.



62 M. Niimi et al. / A Framework for a Simple Sentence Paraphrase

Step-3 generate paraphrased SD-Forms

— All the ancestors of D, are represented by HC,(p = 1,2, --,ny), and all de-
scendants of D, are represented by LCy(q = 1,2, - -, n;). Where we suppose
HC, # X is satisfied.

— We denote the SD-Forms: D, HC;, and LCy, a8 @(m = 1,2,..., 141y +ny).
That is,

Ql = Drem QZ = HC!) Q3 = HC27---7Q1+nh = HCnha

Q1+np.+1 = LC, Ql+nh+2 = LC,,....
We call @, template concept.
— Let Q., be Qumo.

— The contents of functional item in the template concepts are denoted by D;(i =
1,2,---). All ancestors of D; and all descendants of D; in the concept hierarchy
are denoted by D;;(j = 1, 2,...) where we assume D;; # X,

— We produce SD-Forms by substituting D; with D;;. Those produced SD-Forms
are denoted by QG m;.

— If Qn; contains variable labels and the labels are replaceable with the substituted
label, we substitute the variable labels with the substituted label. After this oper-
ation, if Q; contains variable labels, then the Q,,,; does not be considered as a
paraphrased concept.

— If Qum; is not the same as D, Dy,; is regarded as a paraphrased SD-Form.

3.3 Evaluation process

As we described earlier, we categorize paraphrased concepts into synonymous concepts, sim-
plified concepts and elaborated concepts. Paraphrased concepts are evaluated using semantic
information, semantic difference and elaboration score. The evaluation process is shown in
the following.

Step-1 The semantic information of Py and D;,, is used for the evaluation. We evaluate para-
phrased concepts as

(a) simplified concept if si( P) < si(D;,) is satisfied,
(b) elaborated concept if si(Py) > si(D;y,) is satisfied.

Otherwise, that means si(Py) = si(D;y), we proceed to Step-2.

Step-2 The semantic difference between Py and D, is used for the evaluation. We evaluate
paraphrased concepts as

(a) synonymous concepts if di f f( Py, Di,) = 0 is satisfied.
Otherwise, that means di f f( Py, D;,,) # 0, we proceed to Step-3.

Step-3 The elaboration score between Py, D;, and the nearest common ancestor Dy is used
for the evaluation. We evaluate paraphrased concepts as
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Table 3: Knowledge data stored in the system

symbols | SD-Forms natural language expression
13) PLACE place
Fy PLACE/X1 the place of X1

F3 | PLACE/[s(X1),c(EXIST)]

the place where X1 is
Fy (PLACE/X1)incl(PLACE/[s(X1),wEXIST)])

the place of X1 includes
the place where X1 is
By [s(D),v(ASK),o(YOU), Where is X17?
c([s(X1),v(EXIST/PLACE/WHERE)])]
Fs | [s(1),/(ASK),o(YOU(S1)),
c[s($1),v(KNOW),o(PLACE/X1)]]

F | (Fy)incl(F)

Fy | [s(I($1)),v(ASK),o(YOU($2)),
c[s($2),»(TELL),i($1),0(PLACE/X1)]]
Fg (FG)’LnCl(Fa)

Do you know the place of X1?

Fj includes Fg.
Please tell me the place of X1.

Fg includes Fg.

(a) simplified concepts if elab(Dy, Px) < elab(Dy, Dy, ) is satisfied.
(b) elaborated concepts if elab(Dy, P) > elab( Dy, D;,) is satisfied.

Otherwise, that means elab(Dyg, D;,,) = elab( Dy, P;), we cannot evaluate paraphrased
concepts.

In the evaluation process, we use the properties showed in the following.

M

@

Semantic information

Semantic information depends on the structure of SD-Forms. The semantic information
of the SD-Forms whose structure are complex is large. On the other hand, the semantic
information of the SD-Forms which structure are simple is small. In general, the SD-
Forms in complex structure provide elaborated concepts and that in simple structure
provide simplified concepts.

Semantic difference

Semantic difference is defined as a quantitative difference between two concepts. Hence,
if the semantic difference between two concepts is 0, those two concepts are regarded
as synonymous concepts.

4 An example of paraphrasing and the evaluation using the proposed method

We now show an example of paraphrasing according to the proposed method and make an
evaluation of the paraphrased results, knowledge data shown in Table 3 are registered in the
system. The illustration of making a concept hierarchy is shown in Figure 4. As the result of
the hierarchization, the new concepts: (X)incl(Y), which means X includes Y, are produced.

In this example,

Dy = [s(I), v(ASK), o(YOU($1))c(s($1), v(KNOW), o(PLACE/GCCSOURCE))].

is the target concept we make a paraphrase. The D;,, represents the meaning structure of “Do

you know the place of gcc source codes?.”
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Figure 4: Hlustration of systematization of concepts in the system

D,, is recognized. As the result, we found that Fy is the closet ancestor to D;,, in the
hierarchy shown in Fig4.

Step-2 We replace the variable label X1 in Fg with the SD-Form in D, which has the elabo-

Step-3

ration relation to the label. The new D, is,
D,ec = [8(1,v(ASK), o(YOU(81)))e(s(81), »(KNOW), o(PLACE/GCCSOURCE))].
The substituted label is given as

GCCSOURCE.

The ancestor HC), of D,.. and a descendant LC, is HC, = F; and LC, = F;. There-
fore, @, are given by the following.

Ql = Drec
Q@ = F;
Q: = F

Firstly, we use Q; as a template concept. Therefore, a paraphrase candidate is produced
as

Q10 = [s(1), v(ASK), o( YOU($1))e(s(81), »(KNOW), o(PLACE/GCCSOURCE)))].

The function items D; of template concept (Q;) are Dy =1, D, = ASK, D3 = YOU,
Dy = KNOW and Ds = place/X1. Among D;, only Dj has a relation to an ancestor
or to a descendant in the hierarchy. The ancestor of Dj and the descendant of Dj is
D5, = Fy = PLACE, and D5, = F; = PLACE/[s(X1), v(EXIST)] , respectively. We
can produce the following SD-Forms by substituting Dy with Dj; and Ds,.

[s(1), v(ASK), o( YOU(81)), c(s($1), v(KNOW), o(PLACE))]
Qiz = [s(1),u(ASK),o(YOU(81)), c(s(81), v(KNOW),
o(PLACE/[(GCCSOURCE), (EXISTENCE)]))]



M. Niimi et al. / A Framework for a Simple Sentence Paraphrase 65

Table 4: Natural language sentences corresponding to I3,, and P

symbols | natural language expression
Dy, Do you know the place of gcc source code?
P Do you know the place?

P, Do you know the place where gcc source code is?
Py Where is gce source code?

Py Please tell me the place of gee source code.

Py Please tell me the place.

Py Please tell me the place where gce source code is.

Then, we set (), as a template SD-Form. So we can produce a paraphrase concept.
Qa0 = [s(I), v(ASK), o(YOU), c(s(GCCSOURCE), v(EXISTENCE /PLACE/WHERE))]

Because there is no relationship to the contents of the functional item of ¢, in the
hierarchy, we proceed to the next step.

Finally, we set ()3 as a template SD-Form.
Q30 = [s(I(81)), v(ASK), o(YOU($2)), c(s($2), v(TELL), i($1), o(PLACE/ X1)]

In @3, “PLACE/X1” has SD-Forms in the concept hierarchy which has a elaboration
relation. The new SD-Form produced are:

Qs = [s(1(81)),v(ASK), o(YOU($2)), c({s($2), v(TELL), %($1), o(PLACE)])]
Q32 [s(1(81)), v(ASK), o( YOU($2)), ¢([s($2), v(TELL), i($1), o(WHERE
/[s(GCCSOURCE), w(EXIST)))])].

The variable label X1 in Q3p was replaced with the substituted label. After this replace-
ment, no Q,,,; contain variable labels.

From the steps above, 7 paraphrased candidates are produced. In the candidates, Q10
is the same as D;,. Therefore we got 6 paraphrased concepts. Table 4 shows the natural
language expressions corresponding to the 6 SD-Forms and D;,.

We evaluated P; and the result are shown in Table 5. si(D;,) was 80 semit. The nearest
common ancestors used in the evaluation was as follows.

ncoa(Py, Py, Din) (Do = P)
ncoa(P;;, P35 Din) (DO = P3)
TLCOO.(P5,X, D,'n) (D() = X)

5 Conclusion

We have proposed a scheme to paraphrase a simple sentence using SD-Form Semantics
Model and defined the evaluation of the paraphrasing. In this paper, we have shown an
example of the processing and evaluation. In the example, natural language sentences are
produced by the proposed method. In the future, we will build a prototype system and collect
paraphrased sentences then check the proposed method.
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Table 5: Evaluation of paraphrased concepts

symbols | si(P) | semantic difference elaboration score evaluation
P, 69 - - simplification
P, 93 - - elaboration
P 80 #0 elab(Dy, Ps) < elab(Dy, D;y,) | simplification
P, 91 - - elaboration
P 80 #£0 elab(Dy, Ps) > elab(Dp, D;,) | elaboration
Py 104 - elaboration
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Abstract. A faceted taxonomy is a set of taxonomies, each describing a given
domain from a different aspect, or facet. The indexing of domain objects is done
through conjunctive combinations of terms from the facets, called compound
terms. A faceted taxonomy has several advantages over a single hierarchy of
terms, including conceptual clarity, compactness and scalability. A drawback,
however, is the cost of avoiding invalid combinations, i.e. compound terms
that do not apply to any object in the domain. This need arises in both index-
ing and retrieval, and typically involves human effort for specifying the valid
compound terms one by one. We here propose a compound term composition
algebra which can be used to generate valid compound terms in a given faceted
taxonomy in an efficient and flexible manner. It works on the basis of the
original simple terms of the facets and a small set of positive and/or negative
statements. In each algebraic operation, we adopt a closed-world assumption
with respect to the declared positive or negative statements. The taxonomy al-
gebra can be exploited in dynamically generating navigation trees, a significant
browsing aid.

1 Introduction

There are several application areas where a taronomy is used for indexing the objects
of a knowledge domain (e.g. documents, books, product descriptions, Web pages).
For instance, Web catalogs, such as Yahoo! or Open Directory, use taxonomies, for
indexing the pages of the Web. These catalogs turn out to be very useful for browsing
and querying the Web. Although they index only a fraction of the pages that are
indexed by search engines using statistical methods (e.g. Google, AltaVista), they
are hand-crafted by domain experts and are therefore of high quality. Recently, the
various search engines have begun to exploit these catalogs in order to enhance the
quality of retrieval and also to offer new functionalities. Specifically, search engines
now employ catalogs for computing ”better” degrees of relevance, and for determining
(and presenting to the user) a set of relevant pages for each page in the answer set. In
addition, some search engines (e.g. Google) now employ taxonomies in order to enable

5Work done during the postdoctoral studies of the author at CNR-ISTI as an ERCIM fellow. The
first part of this work was done when the author was at ICS-FORTH.
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limiting the scope (or defining the context) of search. For example, using Google, one
can first select a category, e.g. Sciences/CS/DataStructures, from the taxonomy of
Open Directory and then submit a natural language query, e.g. "Tree”. The search
engine will compute the degree of relevance, with respect to the natural language query,
"Tree”, only of those pages that fall in the category Sciences/CS/DataStructures in
the catalog of Open Directory. Clearly, this enhances the precision of retrieval and
reduces the computational cost (e.g. see (8], [5]).

A taxonomy is a hierarchically-organized set of terms. In designing a taxonomy, one
has to define (a priori) appropriate terms and their subterms, according to various
criteria. One basic criterion is that each term must be vealid, in the sense that it applies
to, or indezes, at least one object of the underlying domain. However, as pointed out
long ago [7], the design of a taxonomy can be done in a more convenient and a more
systematic manner, if we first identify a number of different aspects, or facets, of the
domain and then design one taxonomy per aspect. This process results in a faceted
taxonomy, i.e. a set of taxonomies, called facets.

For example, assume that the domain of interest is a set of hotel Web pages in Greece,
and suppose that we want to provide access to these pages according to the Location
of the hotels and the Sports facilities they offer. Figure 1 shows these two facets. Each
object is described using a compound term, i.e., a set of terms containing one or more
terms from each facet. For example, a hotel in Crete providing sea ski and wind-surfing
facilities would be described by the compound term {Crete, SeaSki, Windsur fing}.

Location Sports
Location Sports
Mainland Islands SeaSports WinterSports

7N SN N

Macedonia Ipiros CephalloniaCrete | SeaSki Windsurfing SnowSki SnowBoard

Figure 1: Two facets

The use of a faceted taxonomy, i.e. of a set of taxonomies, instead of a single taxonomy,
for indexing the objects of interest, has several consequences. For example, consider two
schemes for describing the objects of a domain, one using a single taxonomy consisting
of 100 terms, and the other using a faceted taxonomy consisting of 10 facets each
having 10 terms. The first scheme has 100 indexing terms while the second has 10%,
i.e. 10 billion, compound indexing terms! Although both schemes have the same storage
requirements, i.e. each one requires storing 100 terms, the indexing terms of the second
scheme are tremendously more than the indexing terms of the first.

Overall, a faceted taxonomy has several advantages by comparison to a single hierar-
chical taxonomy, such as conceptual clarity, compactness and scalability (e.g. see [6]).
Unfortunately, faceted taxonomies also have a serious drawback. Indeed, assuming that
each facet has been designed correctly, every single term will be valid. However, even if
this assumption holds for every term in every facet, it may not hold for every conceiv-
able compound term. That is, there may exist invalid compound terms, in the sense
that there is no.object of the underlying domain indexed by all of their terms. For
example, it may very well be that the terms Crete (from Location) and SnowBoard
(from Sports) are each valid, i.e., there are hotels located in Crete and there are hotels
that offer snow-board facilities. However, this does not guarantee that the compound
term {Crete, SnowBoard} is valid. In fact, there is no hotel in Crete offering snow-
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board facilities. It follows that not all compound terms of a faceted taxonomy are valid,
even if each term of every facet is valid.

Invalid compound terms cause serious problems in indexing and browsing that prevent
the design and deployment of faceted taxonomies for real and large scale applications.
Being able to infer the valid compound terms of a faceted taxonomy would be very
useful. It could be exploited in the indexing process in order to aid the indexer and
prevent indexing errors. Such an aid is especially important in cases where the indexing
is done by many people who are not domain experts. For example, the indexing of Web
pages in the Open Directory (which is used by Netscape, Lycos, HotBot and several
other search engines) is done by more than 20.000 volunteer human editors (indexers).
On the other hand, the inability to infer valid compound terms may give rise to problems
in browsing, as an invalid term will yield no objects. However, if we could infer the valid
compound terms in a faceted taxonomy then we would be able to generate navigation
trees on the fly, having only valid compound terms as nodes.

The main goal of this paper is precisely to propose an algebra whose operators allow
the efficient and flexible specification of compound terms, thus alleviating the main
drawback of faceted taxonomies. Following our approach, given a faceted taxonomy,
one can use an algebraic expression to define the desired set of compound terms. In each
algebraic operation, the designer has to declare either a small set of valid compound
terms from which other valid compound terms are inferred, or a small set of invalid
compound terms from which other invalid compound terms are inferred. Then, a closed-
world assumption is adopted for the rest of the compound terms. In our example, this
means that the designer can specify the large number of valid compound terms of a
faceted taxonomy by providing a relatively small number of (valid or invalid) compound
terms. This is an important feature as it minimizes the effort needed by the designer. A
distinctive feature of our approach is that there is no need to store the set of compound
terms defined by the expression. We only have to store the defining expression as we
provide an inference mechanism which can check whether a compound term belongs
to the result of an expression. Thus the compound taxonomies defined by our algebra
have low storage space requirements.

The remaining of this paper is organized as follows: Section 2 describes formally tax-
onomies, compound taxonomies and facets. Section 3 describes the proposed algebra,
and Section 4 illustrates its application by an example. Section 5 provides an inference
mechanism for checking whether a compound term belongs to the compound taxonomy
defined by an algebraic expression. Section 6 describes a mechanism for generating
navigation trees. Finally, Section 7 discusses applications and concludes the paper. All
proofs are given in the extended version of this paper ({10]).

2 Taxonomies, Compound Taxonomies and Facets

Def 2.1 A terminology is a finite set of names, called terms.

Def 2.2 A tazonomy is a pair (T, <), where T is a terminology and < is a reflexive
and transitive relation over 7, called subsumption.

If a and b are terms of 7 and a < b then we say that a is subsumed by b, or that b
subsumes a. We also say that a is narrower than b, or that b is broader than a. For
example, Databases < Informatics. We say that two terms a and b are equivalent,
and write @ ~ b, if both a < b and b < a hold, e.g., Computer Science ~ Informatics.
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Note that the subsumption relation is a preorder over 7 and that ~ is an equivalence
relation over the terms of 7. Moreover < is a partial order over the equivalence classes
of terms.

When using diagrams to depict a taxonomy, such as the ones of Figure 1, term sub-
sumption is indicated by a continuous-line arrow from the narrower term to the broader
term. Note that we do not represent the entire subsumption relation but only a subset
sufficient for generating it. In particular, we do not represent the reflexive nor the
transitive arrows of the subsumption relation. Equivalence of terms is indicated by a
continuous non-oriented line segment. In what follows, we shall often write 7 instead
of (7, <), whenever no ambiguity is possible.

We now introduce the concept of compound taxonomy, a basic concept for the rest of
this paper. First, we define compound terms over a given taxonomy and their ordering.
In all definitions that follow, we assume an underlying taxonomy (7, <).

Def 2.3 A compound term over T is any subset of 7.

For example, the following sets of terms are compound terms over the taxonomy Sports
of Figure 1: s; = {SeaSki, Windsurfing}, so = {SeaSports, WinterSports}, s3 =
{Sports}, and sq = 0.

We denote by P(T) the set of all compound terms over T (i.e. the powerset of T).

Def 2.4 A compound terminology S over T is any set of compound terms that contains
the compound term §.

Clearly, P(T) is a compound terminology over 7. The set of all compound terms over
T can be ordered using the following ordering derived from <.

Def 2.5 Let 5,5’ be two compound terms over 7. The compound ordering over T is
defined as follows: s <s" iff V¥ €s It es suchthat ¢t <

That is, s < &' iff s contains a narrower term for every term of s'. In addition, s may
contain terms not present in s’. Roughly, s < s means that s carries more specific
information than s’. Figure 2.(a) shows the compound ordering over the compound
terms of our previous example. Note that s; < s3, as s, contains SeaSki which is a
term narrower than the unique term Sports of s3. On the other hand, s; #£ s9, as 51
does not contain a term narrower than WinterSports. Finally, s; < s3 and s3 < 0. In
fact, s < @, for every compound term s.

%} %]
f VAN
s3 {Greece} {Sports}
{Sports} \ / \
sl / {Greece,Sports} {SeaSports}
{SeaSki, Windsurfing} 2 \ /
{SeaSports, WinterSports} {Greece,SeaSports)
(@ ®

Figure 2: Two examples of compound taxonomies

Clearly, < is a reflexive and transitive relation over S. Also note that while the relation
< is provided explicitly by the designer of the taxonomy 7, the relation < is derived
from < according to the previous definition.
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We say that two compound terms s, s’ are equivalentiff s < s’ and s’ < s. For example,
{SeaSki, SeaSports} and {SeaSki} are equivalent. Intuitively, equivalent compound
terms carry the same information.

Def 2.6 A compound tazonomy over T is a pair (S, <), where S is a compound termi-
nology over 7T, and = is the compound ordering over 7 restricted to S.

Figure 2 shows two example compound taxonomies.
Clearly, (P(T), <) is a compound taxonomy over 7. Let s be a compound term. The
broader and the narrower compound terms of s are defined as follows:

Br(s) {feP(T)|s=s}
Nr(s) = {eP(T)|s =<s}

Let S be a compound terminology over 7. The broader and the narrower compound
terms of S are defined as follows:

I

Br(S)
Nr(S)

U{Br(s) | s € S}
U{Nr(s) | s € S}

As already mentioned, one way of designing a taxonomy is by identifying a number of
different aspects of the domain of interest and then designing one taxonomy per aspect.
As a result we obtain a set of taxonomies called facets. Given a set of facets we can
define a faceted tazonomy.

Def 2.7 Let {F, ..., Fi} be a finite set of taxonomies, where F; = (7, <;), and assume
that the terminologies 75, ... ,T) are pairwise disjoint. Then the pair F = (7, <),
where T= Uf=17',- and < = Uf=l <;, is a taxonomy which we shall call the faceted
tazonomy generated by {F1, ..., Fi,}. We shall call the taxonomies Fi, ..., Fi the facets
of .

It is common practice to refer to a facet through its top term. For example, we refer to
the facets of Figure 1 as Location and Sports. Clearly, all definitions introduced so far
apply also to faceted taxonomies. In particular, compound terms can be derived from
a faceted taxonomy. For example, the set S = {{Greece}, {Sports}, {SeaSports},
{Greece, Sports}, {Greece, SeaSports}, B}, is a compound terminology over the termi-
nology T of the faceted taxonomy shown in Figure 1. The set S together with the
compound ordering of 7 (restricted to S) is a compound taxonomy over 7. This com-
pound taxcnomy is shown in Figure 2.(b). For reasons of brevity, hereafter we shall
omit the term @) from the compound terminologies of our examples and figures.

We say that a compound term s is valid (resp. invalid), if there is at least one (resp.
no) object of the underlying domain indexed by all terms in s. We assume that every
term of T is valid. However, a compound term over 7 may be invalid. Obviously, if
s is a valid compound term, all compound terms in Br(s) are valid. Additionally, if
s is an invalid compound term, all compound terms in Nr(s) are invalid. The formal
definition of validity is given in [10].
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3 The Compound Term Composition Algebra

Let F= (T, <) be the faceted taxonomy generated by a given set of facets {£1, ..., Fx}.
The problem is that F does not itself specify which compound terms, i.e. which elements
of P(T), are valid and which are not. To alleviate this problem, we introduce a method
for defining a compound terminology over T (i.e. a subset of P(7)) which consists of
the desired compound terms, i.e. those that the designer considers as valid.

The main tool for accomplishing this task is an algebra that we now define. To begin
with we associate the terminology 7; of every facet with a compound terminology T;
that we call the basic compound terminology of T ;.

Def 3.1 Let F;, = (74, <) be a facet. The basic compound terminology of T; is the
compound terminology:
T,=u{Br({t}) |t € T}}

As every term ¢ of a facet is considered valid, all compound terms in Br({t}) are valid.
Thus, T; is the set of compound terms over 7; that are initially known to be valid. We
use the basic compound terminologies as the “building blocks” of our algebra.

Let S denote the set of all compound terminologies over 7. We define an algebra over
S, which includes four operations and compound terminologies as operands. Compound
terms can be formed by combining terms from different facets, but also terms from
the same facet. A binary product operation and a unary self-product operation are
defined to generate term combinations respectively. Since not all term combinations
are valid, the issue is how to employ available domain knowledge in order to specify only
valid compound terms. Such knowledge may be available in positive or negative form:
combinations known to be valid or invalid. The issue is dealt by defining more general
operations that include positive or negative modifiers, which are sets of known valid or
known invalid compound terms. The unmodified product and self-product operations
turn out to be special cases with the modifiers at certain extreme values. Thus, the
four operations of the algebra are: plus-product, minus-product, plus-self-product and
minus-self product.

For defining the desired compound taxonomy the designer has to formulate an al-
gebraic expression e, using these operations and initial operands the basic compound
terminologies {13, .., Tk}

Before we describe each operation in detail, we define the auxiliary binary operation
@ over S,ie. ®:8 x8 — 8, called product.

Def 3.2 Let S and S’ be two compound terminologies (5,5 € §). The product of S
and ', denoted by S @ &', is defined as follows:

S8 ={sus|se8 seS}

This operation results in an “unqualified” compound terminology whose compound
terms are all possible unions of compound terms from its arguments. The compound
terms of the result are ordered according to the compound ordering (see Definition
2.5). For example, consider the compound terminologies S = {{Greece}, {Islands}}
and §’ = {{Sports}, {SeaSports}}. The compound taxonomy corresponding to S @ S’
is shown in Figure 3, and consists of 8 terms. Recall that for reasons of brevity, we
omit the term @ from the compound terminologies of our examples (§} is an element of
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S, 8" and S@® §'). It can be easily seen that the product operation is commutative
and associative and that it can be easily extended to an n-ary operation: $1®...6S, =
{51U...Usp | 3 € S;}. Additionally, as @ € S, 5, it holds that S,5' C S& 5.

s s’ sS@S
{Greece} {Sports} {Greece} {Sports}
T T NS
(Islands}  {Greece,Sports} {SeaSports}

{Islands} {SeaSports} \ / \ /

{Islands,Sports}  {Greece,SeaSports}

~.7

{Islands,SeaSports}

Figure 3: An example of a product @ operation

Below we describe each operation of our algebra in detail.

3.1 The plus-product and the minus-product operations

Consider the compound terminologies S and S’ shown in the upper part of Figure 4,
and suppose we want to define a compound terminology that does not contain the
compound terms {Islands, WinterSports} and {Islands, SnowSki}, because they are
invalid. For this purpose we introduce two ”variations” of the @ operation, namely
the plus-product and the minus-product. Each of these two operations has an extra
parameter denoted by P and N, respectively. The set P is a set of compound terms
that we certainly want to appear in the result of the operation, i.e. they are valid. On
the other hand, the set NV is a set of compound terms that we certainly do not want to
appear in the result of the operation, i.e. they are invalid.

To proceed we need to distinguish what we shall call genuine compound terms. In-
tuitively, a genuine compound term combines non-empty compound terms from more
that one compound terminologies.

Def 3.3 The set of genuine compound terms over a set of compound terminologies
81, ..., Sa, denoted by Gg, . s., is defined as follows:

,,,,,

Gs,,..8.=951®..0S, — U s,

=1
For example if S; = {{Greece}, {Islands}}, Sy = {{Sports}, {WinterSports}}, and
S3 = {{Pensions}, {Hotels}} then
{Greece, WinterSports, Hotels} € Gg, 5,5,
{WinterSports, Hotels} € Gs, 5,5, , but
{Hotels} ¢ Gg, 5.5

Assume that the compound terms of S, ..., S, are valid. We are interested in charac-
terizing the validity of all combinations of compound terms of 5y, ..., S,. As we already
know the validity of the compound terms of Sj,...,S,, we are basically interested in
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characterizing the validity of the compound terms in Gg,, . s,. This is done through
the following operations, plus-product and minus-product.

We can now define the plus-product operation, ®p, an n-ary operation over S (®p :
S x ... xS — 8), where the parameter P is a set of valid compound terms from the
product of the input compound terminologies. The set P is a subset of Gg, . s, (i-e.,
P C Gg,,...5.), as we already know that all compound terms in |J]_, S; are valid.

Def 3.4 Let Sy, ..., Sn be compound terminologies and P C Gg,, . s,. The plus-product
of Sy, ..., Sn with respect to P, denoted by &p(5, ..., Sn), is defined as follows:

@p(Sl, Sn) = Sl u..u Sn U BT‘(P)

This operation results in a compound terminology consisting of the compound terms of
the initial compound terminologies, plus the compound terms which are broader than an
element of P. This is because, all compound terms in S U...US,, U Br(P) are valid. By
adopting a closed-world assumption, all compound terms in S1®...6S, —®p(S1,...5) =
Gs,,..s. — Br(P) are invalid.

For example, consider the compound terminologies S and S’ of Figure 4 and suppose
that P = {{Islands, Seasports}, {Greece, SnowSki}}. The compound taxonomy of
the operation ®p(S,S’) is shown in Figure 4. In this figure we enclose in squares the
elements of P. We see that the compound terminology @p(S,S") contains the com-
pound term s = {Greece, Sports}, as s € Br({Islands, SeaSports}). However, it does
not contain the compound terms {Islands, WinterSports} and {Islands, SnowSki}
as they do not belong to SU S’ U Br(P).

, P={{Islands,SeaSports},
s s O5S) {Grecce, SnowSki}}

{Greece} {Sports} {Greece} {Sports}

T /\ AN TN

{Islands} {Greece,Sports} {ScaSports} {WinterSports}

(Islands}  {SeaSports} {WinterSports} .7 \‘7‘\? T~

{Islands,Sports} {Greece,SeaSporis}{Greece, WinterSports i SnowSki}

{SnowSki} {Islands,SeaSports {Greece,SnowSki

Figure 4: An example of a plus-product, ®p, operation

The following proposition gives two simplifications of the operation for the two extreme
values of the P parameter. The first property says that the product is a special case of
the plus-product, while the second property says that if P = () then the plus-product
operation defines a compound terminology that contains only the compound terms of
the operands.

Prop. 3.1 Given compound terminologies S;, i = 1, ..., n,
(1) If P=Gs,,..s, then ®p(S51,...,5,) =51 @ ... ® Sy, and
(2) if P =0 then ®p(S1, ..., 5) = U, S:-
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Now we define the minus-product operation, Sy, an n-ary operation over S (Sy :
S x ... x 8§ — 8), where the parameter N is a set of invalid compound terms from the
product of the input compound terminologies The set N is a subset of Gg, s, (ie.,

Def 3.5 Let 54, ..., S, be compound taxonomies and N C G, .. s,. The minus-product
of 51, ..., S, with respect to N, denoted by &x(Sy, ..., Sa), is defined as follows:

En(S1,..5)=51® .. S5, — Nr(N)

This operation results in a compound terminology consisting of all compound terms
in the product of the initial compound terminologies, minus all compound terms which
are narrower than an element of N. This is because, all compound terms in Nr(N) are
invalid. By adopting a closed-world assumption, all compound terms in ©y(S51, ...S,) =
51®..® S, — Nr(N) are valid.

For example, consider the compound terminologies S and §’ of the previous exam-
ple and suppose that N = {{Islands, WinterSports}}. The result of the operation
On(S,8") is shown in Figure 5. We see that the compound terminology ©n(S5, S’) does
not contain the compound terms {Islands, WinterSports} and {Islands, SnowSki},
as they are elements of Nr(N). Notice that the compound taxonomies of figures 4 and
5 coincide. These examples demonstrate two alternative ways of defining the desired
compound taxonomy.

s 5 [©) A{S,S ?) N={{Islands,WinterSports} }

{Greece} {Sports} {Greece} {Sports}

TR | a2
{Islands} {Greece,Sports} {SeaSports} {WinterSports}
{Islands}  {SeaSports} {WinterSporis} \ / \‘74\ \

{Islands,Sports}{ Greece, } {Greece, Wil p {SnowSki}
{SnowSki} AN / T
{Islands,SeaSports} {Greece,SnowSki}

Figure 5: An example of a minus-product, ©y, operation

The following proposition gives two simplifications of the operation for the two extreme
values of the NV parameter. Note that these two simplifications are the opposite of these
of the @p operation, given in Proposition 3.1.

Prop. 3.2 Given the compound terminologies S;, i = 1,...,n,
(1) If N= Gsh,,.,sn then eN(Sl, ceny Sn) = U?=1 Si, and
(2) if N =0 then ©n(S1,..,50) =51 D ... D S,.

3.2 The Self-product operations

The operators introduced so far allow defining a compound terminology which consists
of compound terms that contain at most one compound term from each basic compound
terminology. However, a valid compound term may contain any set of terms of the same

facet (multiple classification). To capture such cases, we define the self-product, é, a
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unary operation which gives all possible compound terms of one facet. Subsequently,
we shall modify this operation with the parameters P and N.
Let BS be the set of basic compound terminologies, that is BS= {Tx, ..., T }.

Def 3.6 Let T; be a basic compound terminology. The self-product of T;, denoted by
® (T;), is defined as: @ (T;) = P(T;).

In the above definition, P(T;) denotes the powerset of the terminology T;, not the
powerset of the basic compound terminology T;.

For example, consider the facet Sports of Figure 1. The compound terms
{SeaSports, WinterSports} .
and {SeaSki, Windsur fing, WinterSports} are elements of & (Sports).

The notion of genuine compound terms is also necessary here.

Def 3.7 The set of genuine compound terms over a basic compound terminology T;,
denoted by G, is defined as follows: Gr, =@ (T;) — T;

Now we define the plus-self-product operation, ép, a unary operation (épi BS — 8)
where the parameter P is a set of compound terms that we want to appear in the result
of the operation. The set P is a subset of Gr;.

Def 3.8 Let T; be a basic compound terminology and P C Gr,. The plus-self-product
of T; with respect to P, denoted by GB*p (T3), is defined as follows:

&p (T;) =T; U Br(P)
This operation results in a compound terminology consisting of the compound terms

of the initial basic compound terminology, plus all compound terms which are broader

than an element of P. For example, the result of the operation é p (Sports), where P =
{{SeaSki,Windsur fing}, {SnowSki, SkiBoard}} is shown in Figure 6. The analogous

of Prop. 3.1 with regard to the extreme cases of P holds, namely, éGT‘_ (T3) =é T; and
®o= T

Sports X
@ fSports) P={{SeaSki,Windsurfing},

{Sports} {SnowSki,SkiBoard}) }
{Sports}

{SeaSports} {WinterSports}

AN VAN (SuSpon{: ‘(\WinterSpons}
N

{SeaSki}{ Windsurfing} { SnowSki} {SnowBoard} / \ /
{SeaSki}{Windsurfing}{SnowSki} {SnowBoard}

~ ~ /7
{SeaSki, {SnowSki,
Windsurfing} SnowBoard}

Figure 6: An example of a plus~self-pmduct,é p, operation

The following definition introduces the minus-self-product operation, éN, a unary

operation (éN: BS — &) where the parameter N is a set of compound terms that we
do not want to appear in the result of the operation. The set N is a subset of Gr;.
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Def 3.9 Let T; be a basic compound terminology and N C Gr,. The minus-self-product
of T; with respect to N, denoted by éN (T3), is defined as follows:

&n (T) =& (T;) — Nr(N)

This operation results in a compound terminology consisting of all compound terms in
the self-product of T;, minus the compound terms which are narrower than an element in
N. For example, we can obtain the compound terminology of Figure 6 by the operation

éN (Sports), where N = {{SeaSports, WinterSports}}. Concerning the extreme
cases of N, the analogous of Prop. 3.2 holds: éGT‘ (T}) =T;, and é@ (Ty) - T.

3.3 Algebraic Expressions

For defining the desired compound taxonomy, the designer has to formulate an expres-
sion e, where an expression is defined as follows:

Def 3.10 An expression over a set of facets {F, ..., Fi} is defined according to the
following grammar:

en= ®ple,...e) | On (e, ...e)| BpTi| O T: | T;

The outcome of the evaluation of an expression e is denoted by S, and is called the
compound terminology of e, and any element of S, is called compound term of e. In
addition, (Se, %) is called the compound tazonomy of e.

All compound terms in S, are valid, and the rest in P(7T,.) — S, are invalid, where T
is the union of the terminologies of the facets appearing in e.

We are interested only in well-formed expressions, defined as follows:

Def 3.11 An expression e is well-formed iff:
(i) each basic compound terminology T; appears at most once in e,

(i) each parameter P that appears in e, is a subset of the associated set of genuine
compound terms, and

(iii) each parameter N that appears in e, is a subset of the associated set of genuine
compound terms.

For example, the expression (77 ®p T2) ©n T1 is not well-formed as 77 appears twice
in the expression.

Constraints (i), (ii), and (iii) ensure that we have no conflicts, meaning that that
the valid and invalid compound terms of an expression e increase as the length of
e increases®. For example, if we omit constraint (i) then an invalid compound term
according to an expression T7) @p T2 could be valid according to a larger expression
(Ti®p, T2)©p,T1. If we omit constraint (ii) then an invalid compound term according to
an expression Ty ®p, T, could be valid according to a larger expression (T ®p, T3) ®p, T5.
Additionally, if we omit constraint (iii) then a valid compound term according to an
expression Ty @p T3 could be invalid according to a larger expression (T3 ®p T2) &y Ts.

5Proof of this property is given in [10].
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This monotonic behaviour in the evaluation of a well-formed expression results in a
number of useful properties, found in [10]. In addition, due to their monotonicity, well-
formed expressions can be formulated in a systematic, gradual manner (intermediate
results of subexpressions are not invalidated by larger expressions).

In this paper, we consider only well-formed expressions. The algorithm needed for
checking whether an expression is well-formed, and the model-theoretic semantics of
well-formed algebraic expressions are given in [10}.

4 Example

Suppose that the domain of interest is a set of hotel Web pages and that we want
to index these pages using a faceted taxonomy. First, we must define the taxonomy.
Suppose it is decided to do the indexing according to three facets, namely the location
of the hotels, the kind of accommodation, and the facilities they offer. Specifically,
assume that the designer employs (or designs from scratch) the facets shown in Figure
7.

Location /AD_'COmmodaxion Facilities
Heraklion Ammoudara Hersonissoy Furn. Rooms Bungalows! Jacuzzi SwimmingPool
Appartments

Indoor Outdoor

Figure 7: Three-facets

The faceted taxonomy has 13 terms { |7|=13) and P(7) has 890 compound terms’.
However, available domain knowledge suggests that only 96 compound terms are valid.
Omitting the compound terms which are singletons or contain top terms of the facets,
the following 23 valid compound terms remain:

{Heraklion, Furn.Appartments, }, { Heraklion, Rooms},

{Ammoudara, Furn.Appartments}, { Ammoudara, Rooms},

{Ammoudara, Bungalows}, { Hersonissos, Furn.Appartments},
{Hersonissos, Rooms}, { Hersonissos, Bungalows},

{Hersonissos, SwimmingPool}, { Hersonissos, Indoor},

{Hersonissos, Outdoor}, { Ammoudara, Jacuzzi},

{Rooms, SwimmingPool}, { Rooms, Indoor},

{Bungalows, SwimmingPool}, { Bungalows, Outdoor},

{Bungalows, Jacuzzi}, { Hersonissos, Rooms, SwimmingPool},
{Hersonissos, Rooms, Indoor}, { Hersonissos, Bungalows, SwimmingPool},
{Hersonissos, Bungalows, Outdoor}, {Ammoudara, Bungalows, Jacuzzi}.

"Recall that equivalent compound terms are considered the same. Thus, [P(T)} is not 23 but
890. This is computed as follows: It holds that | & (Location) |=8, | @ (Accomodation) | = 8, and

| & (Facilities) | = 10. Thus, |P(T)| = |(® (Location)) ® (& (Accomodation)) ® (& (Facilities)| | =
(8+8%8+8%10+8#8x10) + (848 10) + 10 = 890.
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Rather than being explicitly enumerated, the 96 valid compound terms can be alge-
braically specified. In this way, the specification of the desired compound terms can
be done in a systematic, gradual, and easy manner. For example, the following plus-
product operation can be used:

®p(Location, Accommodation, Facilities), where

P = {{Heraklion, Furn.Appartments},
{Heraklion, Rooms},
{Ammoudara, Furn.Appartments},
{Ammoudara, Rooms},
{Hersonissos, Furn.Appartments},
{Ammoudara, Bungalows, Jacuzzi},
{Hersonissos, Rooms, Indoor},
{Hersonissos, Bungalows, Qutdoor}}

Note that the compound terms in P are only 8. Alternatively, the same result can be
obtained more efficiently through the expression:

(Location © Accormvmodation) ®p Facilities,

where
N = {{Heraklion, Bungalows}}, and
P= {{Hersonissos, Rooms, Indoor},

{Hersonissos, Bungalows, Outdoor},
{Ammoudara, Bungalows, Jacuzzi}}

Note that now the total number of compound terms in P and N is just 4. In summary,

the faceted taxonomy of our example, includes 13 terms, 890 compound terms, and 96
valid compound terms which can be specified by providing only 4 (carefully selected)
compound terms and an appropriate algebraic expression.

Let us now discuss the methodology for formulating the expression e and the corre-
sponding parameters P and N. Consider two facets F and F’. If the majority of the
compound terms over these two facets are valid then it is better to use a minus-product
operation so as to specify only the invalid compound terms. Concerning the defining
of the set N, it is more efficient to put in N ”short” compound terms that consist of
"broad” terms. The reason is that from such compound terms a large number of new
invalid compound terms can be inferred. Conversely, if the majority of compound terms
are invalid, then it is better to employ a plus-product operation so as to specify only
the valid compound terms. Concerning the definition of the set P, it is more efficient
to put in P ”long” compound terms that consist of "narrow” terms, since from such
compound terms a large number of new valid compound terms can be inferred.

5 Checking the Validity of a Compound Term

We now turn to the problem of checking whether an arbitrary compound term s
(s € P(T)) belongs to the compound terminology S. of a given expression e. The
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straightforward way to achieve this is to first compute and store the compound termi-
nology S. and then to check whether s € S,. However, the number of computations
needed for computing S, as well as the storage requirements, may be very large. An
alternative which we choose is to develop an algorithm which can check whether s € S,
without having to compute S,. Consequently, only the expression e must be stored.

Below we present the algorithm IsValid(e, s) which takes as arguments a (well-formed)
expression e and a compound term s, and returns TRUE if s € S, and FALSE otherwise
(ie. if s & S,). This algorithm has polynomial time complexity, specifically O(|T|® *
|P UN|), where P denotes the union of all P parameters and A denotes the union of
all N parameters appearing in e (for more see [10]).

To present the algorithm we need some more notations. Let e be an expression over
a facet set {Fi,...,Fx}. The facets of e, denoted by F(e), are defined as: F(e) =
{Fi| F, appears in e}. Clearly, F(e) C {Fi,..., F;}. We shall denote by F(t) the facet
to which a term t € 7 belongs, e.g. in Figure 1, we have F(Crete) = Location and
F(SeaSki) = Sports.

Algorithm 5.1 IsValid(e, s)
Input: An expression e and a compound term s C 7T
Ouptut: TRUE if s belongs to S, or

FALSE, otherwise

if s = @ then return (TRUE)
If 3¢ € s such that F(¢) € F(e), then return(FALSE)
if s is singleton then return(TRUE}
case(e) {
@P(elv ‘“5611):
if 3 p € P such that p < s then return(TRUE)
Fori=1,..,n
if IsValid(e;, s) then return(TRUE)
return(FALSE)
®nler,...,en): if In € N such that s <n
then return(FALSE)
Fori=1,..,n
Let s; ={t € s| F(t) € Fle;)}
if IsValid(e;, s;)=FALSE then return(FALSE)
return(TRUE)

®p (T3): if 3p € P such that p < s then return(TRUE)
if s € T; then return(TRUE)
else return(FALSE)

éN (T3): if 3n € N such that s < n then return(FALSE)
else return(TRUE)
T If s € T; then return(TRUE)

else return(FALSE)

The algorithm is based on the parse tree of the expression e. For example, consider
the faceted taxonomy of Figure 7 and assume that the desired compound taxonomy is
defined by the expression e = (Location &y Accommodation) @p Facilities, where

N = {{Heraklion, Bungalows}}
P = {{Hersonissos, Rooms, Indoor},

{Hersonissos, Bungalows, Outdoor},
{Ammoudara, Bungalows, Jacuzzi}}
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Figure 8 shows the parse tree of this expression.

N

Facilities

N
Location Accommodation

Figure 8: The parse tree of an expression

Then, it holds:
IsValid(e, { Hersonissos, Bungalows, SwimmingPool})=TRUE
IsValid(e, { Heraklion, Furn. Appartments})=TRUE

The trace of the execution of the call
IsValid(e, { Hersonissos, Bungalows, SwimmingPool}) is:

call IsValid(e, {Hersonissos, Bungalows, SwimmingPool})
/* 3p € P s.t. p X {Hersonissos, Bungalows, SwimmingPool} */
return(TRUE)

The trace of the execution of the call IsValid(e, {Heraklion, Furn.Appartments}) is:

call IsValid((Location ©n Accommodation) ®p Facilities, { Heraklion, Furn.Appartments})
/* Ap € P st. p < {Heraklion, Furn. Appartments} */
call IsValid((Location On Accommodation), { Heraklion, Furn.Appartments})
call IsValid(Location, {Heraklion})
return(TRUE)
call IsValid(Accommodation, { Furn.Appartments})
return(TRUE)
return(TRUE)
return(TRUE)

Additionally, we give the trace of the execution of the call
IsValid(e, { Hersonnissos, Bungalows, Jacuzzi}) .

call IsValid((Location &5 Accommodation) @p Facilities, { Hersonnissos, Bungalows, Jacuzzi})
/* Bp € P s.t. p < {Hersonissos, Bungalows, Jacuzzi} */
call IsValid({Location ©n Accommodation), { Hersonnissos, Bungalows, Jacuzzi})
return(FALSE)
call IsValid(Facilities, { Hersonnissos, Bungalows, Jacuzzi})
return(FALSE)
return(FALSE)

6 Generating Navigation Trees

Let e be the expression that defines a desired compound taxonomy (S, =<). In this
section we describe a method for deriving a navigation tree for (S, =), that can be
used during the following activities:

e Indexing the objects of the domain. This tree can speed up the indexing process
and prevent indexing errors.
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e Browsing. This tree can aid the user to reach the objects that satisfy a given
information need.

o Testing whether the compound taxonomy contains only the desired set of com-
pound terms.

A navigation tree is a directed acyclic graph (I, R) where N is the set of nodes and R
is the set of edges. The nodes in N correspond to valid compound terms. Moreover,
N contains nodes that enable the user to start browsing in one facet and then cross to
another, and so on, until reaching the desired level of specificity.

Let us now introduce some notations. Given a term ¢, we denote by Brd(z) the set of
all terms that are broader than ¢, i.e. Brd(t) = {t' |t < t'}. Given a compound term
s = {t1,...,tx}, let Brd(s) be the set of all terms ¢ such that ¢ is broader than some
term ¢;, ¢ = 1,..., k, i.e. Brd(s) = Brd(t;) U...U Brd(¢x). By Brd(s)/ ~ we denote the
set of equivalence classes of the terms® in Brd(s). For brevity hereafter we shall use
Brd(s) to denote Brd(s)/ ~.

The navigation tree (N, R) that we construct has the following property:

for each compound term s € S, the navigation tree has a path (starting
from the root) for each topological sort® of the terms of the directed acyclic
graph (Brd(s), <).

For example consider the faceted taxonomy shown in Figure 1, and suppose that
{Crete, SeaSports} € S. The navigation tree in this case will include the following
paths:

Location.Islands.Crete.Sports.SeaSports
Location.Islands.Sports.Crete.SeaSports
Location.Islands.Sports.SeaSports.Crete
Location.Sports.Islands.SeaSports.Crete

Sports.SeaSports.Location.Islands.Crete

As a further user aid whenever facet crossing occurs, a new node is created which
presents the name of the facet (specifically its top term prefixed by the string "by”)
that we are crossing to. This facet crossing mechanism corresponds to the use of so-
called ”guide terms” for thesaurus expansion.

There are two approaches to deriving the navigation tree. The first approach is to
generate a ” complete” static navigation tree through an algorithm that takes e as input
and returns a navigation tree. The second approach is to design a mechanism that
generates the navigation tree dynamically during browsing.

Without loss of generality below we assume that each facet F; has a greatest term with
respect to subsumption which we denote by top(F;). Each node n of the navigation tree
(N, R) is associated with a triple (s(n), Fe(n), Nm(n)) where:

e s(n) is a compound term.
As we shall see below, we construct navigation trees with nodes whose compound
terms are valid.

8Equivalence of terms was defined at the beginning of Section 2.
9 Topological sort of a set of terms is a sort that respects the partial order of the terms. That is, if
t,t' € Brd(s) and t < ¢/, then ¢ should always appear to the left of ¢’ in the topological sort.
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o Fc(n) is a so-called focus term.
The focus term of a node n is a distinguished term among those that appear in
s(n) such that the children of n that are not used for facet-crossing are immediate
children of Fc(n). This means that from n, we either proceed to a different facet
or we expand Fe(n).

e Nm(n) is a name for n.
The name of a node is used for presenting the node at the user interface. It
coincides with the focus term of n, unless n is a node for facet crossing. In the
latter case the name of n is the name of the top term of the facet we are crossing
to, prefixed by the string "by”.

Below we describe an algorithm which takes as input the expression e that defines the
compound taxonomy and returns a navigation tree (N, R). Roughly, the navigation
tree is constructed as follows: At first we create a node for the top term of each facet
that appears in e. Specifically, for each facet F; we create a node whose compound term
is the top term of F; i.e. top(F;); we set as name and focus term of each such node the
term top(F;). Now, for each node n we create two groups of children. The compound
terms of the nodes in the first group are the results of replacing the focus term of n (i.e.
Fc(n)) by an immediately narrower term of Fe(n), while the second group consists of
nodes for facet crossing,.

Instead of presenting the algorithm for constructing the entire navigation tree, in Al-
gorithm NavTreelnit(e), we present the initialization step, i.e. the creation of a top
node for each facet appearing in e and, in Algorithm CreateChildren(n), we present
the steps for creating the children of a node n of the navigation tree. These steps can
be synthesized (in a depth-first-search manner) to get an algorithm that constructs the
entire navigation tree. The algorithms use the function IsValid(e, s) which returns
True if s is a valid compound term according to e and False otherwise. The proce-
dure createNode (Nm(n), s(n), Fc(n)) creates a node with the given parameters. The
function Nar(t) returns the immediately narrower terms of ¢. The procedure AddChild
{(n,n’) makes n’ child of n.

Algorithm 6.1 NavTreelnit(e)
Input: An algebraic expression e
Output: An initial top node for each facet in e

// Initialization: Creation of a top node for each facet
For each F € F(e)
createNode( top(F), {top(F)}, top(F})

Algorithm 6.2 CreateChildren(n)
Input: A node n of the navigation tree
Output: The children of n

B.1 // Creating the children of a node on the basis of the focus term
For each t € Nar(Fe(n))
Let s’ := (s(n) — Fe(n)) U {t}
If IsValid(e, s) then
n':=createNode(t, s, t)
AddChild(n,n’)
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B.2 // Creating the children of a node for " facet crossing”
For each F; € F(e) — F(Fec(n))
Let t; := s(n)NT;
If t; = @ then
Let s’ := s(n) U {top(F})}
If IsValid(e,s’) then
n’:=createNode("by” + top(F;), §', top(F;) )
AddChild(n,n’)
else
If 3t’ € Nar(t;) such that
IsValid( (s(n) — {t;}) U {¢'}) then
n':=createNode("by” +top(F;), s(n), t;)
AddChild(n, ')

Figure 9 shows a part of the navigation tree that is generated by this algorithm for
the taxonomy shown in that Figure and expression e = Sports &y Location, where
N = {{WinterSports, Islands}, {SeaSports, Olympus}}. In the navigation tree, each
node n is presented by its name, Nm(n). For example, the node ng2 has Nm(ng) =
Mainland, s(ngs) = {{Sports,Mainland}}, Fc(nse) = Mainland. The nodes ny3 and
ngor are generated by part B.1 of the algorithm, while node n3g is generated by part B.2.

2 S 1,.\
/ \ Islands  Mainland
SeaSports  WinterSports \
Crete  Pilio Olympus

Islands Crete
SeaSports«- -~ - byl.ocaﬁon/
™\ Mainland —— Pilio
b Pilio
Sports WinterSp - byLocati Mainland
AN Olympus
\
AN Crete «-- -~ bySportse—— SeaSports
. Islands ( .
‘\‘ -~ bySp — p - == byLocat Crete
* byLocation SeaSports
(Ritio)e- - ---- bySpors=__
n23 WinterSports
«——{Otympus)-- - - - bySports ~——WinterSports
n22 e n27 ] "
\WSwSpons« - - = byLocation Pilio
: : Pilio
WinterSports =- - byLocation T~
n30 interSpo yLocation =

Olympus
|
l:- = -= nodes for facet crossin;

Figure 9: Example of a navigation tree

7 Concluding Remarks

The novelty of our approach lies in enriching a faceted scheme with an algebra for
specifying the valid compound terms. This method can be used in order to construct
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taxonomies or thesauri, which unlike existing thesauri, do not present the problem
of missing terms or missing relationships (for more about this problem see {1]). We
have not elaborated facet analysis, 1.e. which facets should be selected and how they
should be constructed. This process can be carried out either formally (see for example
(4], [13], or [2]}, or informally, as it is usually done by the designers of Web catalogs.
Moreover, and in order to avoid misunderstanding we have to note here that our algebra
is not related with the algebras that have been proposed for ontology engineering (e.g.
{14, 3]). Our algebra is the only one that focuses on the problem of compound terms. It
actually combines into a unified theory the extensions presented in [12]. There, the ideas
of the plus and minus-product operations are called PEFT and NEFT respectively
and they could be applied once on all facets. That is, PEFT and NEFT could not be
synthesized. In the current work we presented an algebra which allows combining these
two operations. In addition the algebra provides operators for capturing the cases of
multiple classification within a facet, i.e. the self-product operations.
The advantages of our approach are the following:

e The algebra that we propose is quite flexible and quite easy to use. The designer
does not have to write a program or to be familiar with logic-based languages. He
just decides the order by which the facets appear in the expression and sets the
parameters P and N which are just sets of compound terms. The simplicity of the
compound terms considered (conjunctions of terms only) apart from allowing a
very efficient inference mechanism, makes our approach easy to use and scalable.
We believe that it can be adopted by catalog designers (librarians, etc) who are
not familiar with logic-based representation languages.

o The operations are defined in a way that ensures that no consistency problems
arise. This means that when the designer adds a new facet to the expression and
defines the parameters P or NV, he does not have to worry about inconsistencies.

e The compound terminologies defined by our algebra have low storage space re-
quirements. There is no need to store the compound terminology of an expres-
sion. Only the expression has to be stored, as we provided an efficient inference
mechanism which can check whether a compound term belongs to the compound
terminology of the expression.

Our algebra can be used in any application that indexes objects using a controlled
structured vocabulary, i.e. a taxonomy. For example it can be used for designing
taxonomies for products, for fields of knowledge (e.g. for indexing the books of a
library), etc. Moreover, we demonstrated how we can generate dynamically navigation
trees which are suitable for browsing and can be also exploited during the indexing
process (to aid the indexer and prevent indexing errors).

Currently, our algebra is been used for building the taxonomy of a tourist portal. The
results that the designers report to us, concerning flexibility and ease of use, are so
far very encouraging. An interesting application that we are going to investigate and
implement in the near future, is to employ this algebra in order to design compound
taxonomies for Web portals. Suppose that we want to create indexing terms that allow
partitioning of 10® Web pages, in blocks of 10 pages. For doing this, we need at least
100 thousand (10°) different terms, if we assume that each page is indexed by one term.
If we want these terms to be the leaves of a complete balanced decimal tree, then this
tree would have: 10° + 10 + ... + 10 + 1= 111,111 terms in total. By adopting a
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faceted taxonomy, we can obtain the same discrimination capability with much fewer
terms. For example, with 5 facets each one having 10 leaves, the number of compound
terms is greater that 10 x 10 x 10 x 10 x 10 = 10%. Assume that each facet is a complete
balanced decimal tree, then the entire faceted taxonomy would have: (10 + 1} x 5 =
55 terms in total. Notice the tremendous difference between 111,111 and 44. However,
it is probably impossible to find 88 terms such that all of their combinations are valid.

The faceted taxonomy is expected to have many more terms and many combinations of
these terms are expected to be invalid. However, our algebra offers a powerful means for
specifying the valid compound terms. Returning back to our example, we believe that
using our algebra we can obtain the desired discrimination capability with a relatively
smaller number of terms and stored descriptions in £ and N, by comparison to the
111,111 terms of a single hierarchical taxonomy.

Summarizing, instead of building huge hierarchical taxonomies we propose the em-
ployment of faceted taxonomies plus the usage of our algebra. In this way the designer
can obtain taxonomies consisting of big numbers of valid indexing terms with less effort.
Moreover the resulting compound taxonomies have low storage space requirements. Fi-
nally we have to note that the advantages of the compound faceted taxonomies that
we propose (compactness, conceptual clarity, scalability, valid compound terms) can
facilitate several other associated tasks. Specifically, they can certainly facilitate the
design of mediators over several taxonomy-based sources (using the approach presented
in [11]), and the personalization of Web catalogs (using the approach presented in [9]).
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Abstract. Functional dependencies have recently been generalized to
conceptual schemata, i.e., to higher-order entity-relationship (HERM)
schemata. As in the relational data model (RDM), functional depen-
dencies in the HERM also cause redundancies in the representation
of data and abnormal update behaviour. It is investigated whether a
generalization of the Boyce-Codd Normal Form (BCNF) to database
types in the HERM yields a suitable normal form which avoids redun-
dancies and abnormal update behaviour. It turns out that BCNF is
too strong. Therefore, the Higher Level Normal Form (HLNF) is pro-
posed as a weaker normal form for database types. It is demonstrated
that database types are in HLNF if and only if they are non-redundant
with respect to a given set of functional dependencies on that database
type. Furthermore, HLNF is equivalent to the absence of insertion and
replacement anomalies. Since relation schemata are a special case of
database types, the results in this paper generalize well-known results
from the RDM.

1 Introduction

Relational database systems have evolved to an industry standard since their invention
by Codd in 1970 ([10]). This is a result of the simplicity and the sound theoretical basis
of the relational data model (RDM). One important issue associated with the use of
relational databases is the correct structure or design of data to be used. Several criteria,
referred to as normal forms, have been proposed as conditions for relation schemata
that a database design should satisfy to ensure an absence of processing difficulties with
the database. Such normal forms have already been introduced in [11] by Codd himself.
In general, they are dependent on the type of integrity constraints or rules which apply
to data items within the database. The most important class of integrity constraints are
functional dependencies which have been intensely studied since their introduction in
[11]. Functional dependencies cause difficulties such as redundancy in the representation
of data or update anomalies. Codd proposed the Boyce-Codd normal form (BCNF) in
{12] to overcome these difficulties. He conjectured that BCNF is an exact condition on
a relation schema that avoids redundancies and update anomalies. Later on, after the
notions of redundancy and update anomaly had been clarified and formalized, it was
shown in [6], [13] and [24] that this is indeed the case. Thus, BCNF is a completely
justified normal form in that sense.

In recent years many new and different data models have been proposed. One im-
portant class are conceptual data models with its most prominent representative being
the Entity-Relationship model, introduced by Chen in (8]. It is widely accepted now
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that databases are best designed first on a conceptual level ([3]). Entity-Relationship
diagrams are on one hand a suitable abstraction tool to capture specification require-
ments in a first schema. Moreoever, they are an exceptionally good communication tool
with the users and allow a step-by-step refinement. Chen [9] pointed out that English
sentences can be mapped to entity-relationship schemata in a natural way. The same
observation holds for most other languages, see [23]. Many extensions of the Entity-
Relationship model have been proposed. The Higher-Order Entity-Relationship model
(HERM), introduced by Thalheim in [21], is such an interesting extension, that is well-
founded in theory. For a comprehensive study see also [22]. The HERM is not only
an intuitive tool for conceptual design, but may serve as a mathematical model upon
which database management systems are built. In [15] functional dependencies have
been defined in the context of the HERM, and a sound and complete set of inference
rules for the implication of functional dependencies has been proposed which naturally
extends the Armstrong Axioms from the RDM ([2]).

The present article continues this line of research. It is observed that functional de-
pendencies in the HERM also cause redundancies in the representation of data. There-
fore, the formal notion of redundancy from the RDM is taken up in the context of the
HERM. It turns out that this notion is too strong and therefore has to be adopted.
Moreover, insertion and replacement anomalies of three different types are formally de-
fined on the conceptual level. It is then investigated whether the notion of BCNF in the
HERM is a justified normal form with respect to the absence of redundancy and update
anomalies. In fact, BCNF is too strong and a new normal form, the Higher-Level Nor-
mal Form (HLNF), is introduced. It is demonstrated that database types are in HLNF
if and only if they do not have redundancies. Surprisingly, non-redundancy of database
types does not avoid all update anomalies. However, HLNF is an exact condition on
database types for the absence of strong insertion and replacement anomalies.

2 Preliminaries

We assume familarity with fundamental definitions of the RDM and functional depen-
dencies in the RDM. Any of (1, 20] provide more than we need.

The setting of this paper is the Higher-Order Entity-Relationship Model, introduced
in [21]. For a comprehensive study see also [22]. We briefly repeat the most fundamental
definitions that are needed for the sequel of the paper.

One key feature of the HERM is the nesting of attributes. Starting point, however,
is a set B of base types such as STRING, INTEGER, BOOL, DATE etc., a set D of
domains and a domain assignment dom : B — D . A type assignment takes a given
countable set I/ of attribute names and assigns a base type to each of these attribute
names, i.e., type : U4 — B.

New types over B can be obtained by the application of type constructors such
as records, finite sets, lists, multisets etc. Throughout the paper we will use the type
system ¢t := b | (a1 :t1,...,a, : t,) | {t}, Le.,, a type t € T over B is a base type
b, a record type (ay : t1,...,an : t;) with disjoint labels a; € Lfori=1,...,nand a
countable set L, or a finite set type {t}.

The domain assignment dom for base types can then be extended to a domain
assignment Dom for all types in T, i.e., Dom(b) = dom{b) for all b € B, Dom((e, :

t1y. . an : ta)) = [ Dom(t)) and Dom({t}) = Po(Dom(t)) where Po(D) denotes the
i=1
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set of all finite subsets of D. Herein, we make the assumption that every domain of a
base type has at least cardinality two.

Given countable disjoint sets If and L of flat attribute names and labels, respectively,
the set NA = NA(U, L) of nested attributes is the smallest set that contains U, the null
attribute J, a tuple-valued attribute X(A,,..., A,) whenever X € L and A,,...,4, €
NA such that no flat attribute names and no labels are used twice in X(4;,..., A,),
and a set-valued attribute X{A} whenever X € L and A € N'A such that X is not
used twice in X{A}.

The type assignment type : U — B is extended to a type assignment Type : NA — T
by Type()) = OK, Type(A) = type(A) for every A € U, Type(X(Ay,...,4A,)) = (A;:
Type(4,y), ..., A, : Type(A,)) and Type(X{A}) = {Type(A)}. This induces a domain
assignment Dom on nested attributes with Dom(X) = Dom(T'ype(X)). Note that the
domain of OK is some singleton set, for instance {ok}.

In the following, we identify nested attributes up to occurences of A and up to the
order of the attributes within a record-valued attribute. Define = C AA x N A as the
smallest equivalence relation on AN'A with

— A(A1, .., An, ) = A(A1, .- AL), A = A,

— A(Ay,. . Ap) = A(Ar)s -y Ary) forall T € Sy,

- A(Bl,...,Bn) EA(C]_,...,Cn) lfB, EC,' for i = 1,...,1’1,,
— A{B}= A{C}ifB=C.

The nested attribute A(B(C, A, D), E{\}, F()\), A, G(H{K}, L)} is, for instance, equiva-
lent to A(E{\}, B(C, D), G(H{K}, L)). For the sake of simplicity, we write N'A instead
of NA/ =.

The nesting of attributes induces an ordering on nested attributes. Informally, 4 <
Bfor A, B € N'A if and only if A comprises at most as much information as B does. We
call A a subattribute of B if and only if A < B holds. More formally, < C NA x NA
is defined as the smallest partial order with

- A< Aforall Ac NA,
- A(A;,...,Ap) < A(By,...,By) whenever A; < B;foralli=1,...,n, and
— A{B} < A{C} whenever B < C.

We write A £ B whenever A is not a subattribute of B. The informal description
of a subattribute is formally documented by the existence of a projection function
75 : Dom(A) = Dom(B) in case B < A holds.The partial order < on nested attributes
allows to generalise the concept of a subset. A subset Y C NA is called a generalised
subset of a finite set X C MA, denoted by Y Cyen X, if and only if for all Y € Y there
is some X € X with Y < X.

A database type R = (comp(R), attr(R),id(R)) of order ¢ consists of a name R, a
finite set comp(R) = {r, : R1,...,7n : R,} with pairwise distinct role names ry,...,r,
and names of database types Ry, ..., R, of order j < i and at least one R; is the name
of a database type of order ¢ — 1, a finite set atér(R) C NA of nested attributes and a
key id(R) of the form id(R) = comp'(R) U X where comp'(R) C comp(R) and X is a
generalised subset of attr(R). Database types E of order 0 satisfy comp(E) = @ and are
called entity types. Database types of order ¢ > 0 are called relationship types. Given
an entity type E = (0, {A1,...,An}, {B,--., Bn}) we define the corresponding nested
attribute of E as Ng = E(Ay,...,A,) € NA and the primary key of Ng as NE =
{E(B1),--.,E(Bm)} Cgen {Ng}. Given a relationship type R = ({r, : Ri,...,7% :
B} {Ar,. o Auh {810 51,80 Sy, By, ..., By}), the corresponding nested attribute
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of Ris Np = R(ri(Ng,),...,me(Ng,), A1,...,A;) € NA and the primary key of Np is
!
NE = U{R(si(X)) : X € NE}U{R(B),.., R(Bo)} Cgen {Ni}. A HERM Schema is
i=1

a finite and non-empty set S of database types such that for all relationship types R € §
and for all (r : R') € comp(R) also R’ € § holds. An instance T of S assigns to every
database type R € S a finite set Z(R) C Dom(Ng) such that for all (r : R') € comp(R)
and for all t € T(R) we have wII;'(‘:( Ny »{®) € I(R'), and the projection functions X" |7(R)
are injective for all X € NE.

ExXAMPLE 1. Imagine we would like to keep track of Sumo matches in different tour-
naments'. More precisely, two fighters (rikishi) have a match (bout) in a tournament
(basho). We define a HERM schema OzuMo={RIKISHI,BASHO,BOUT} as follows®.

RikisHI = ({Person{Heya, Name, Shikona, Birthday(Date, Place),Height, Weight),
Won{Yusho},Awards(Shukon-Sho,Kanto-Sho,Gino-Sho) },{ Person(Shikona,
Weight), Won{Yusho}, Awards(Shukon-Sho, Kanto-Sho, Gino-Sho)})

BasHo = ({Name, Year, Participating{Rikishis}}; {Name, Year})

Bour = ({Winner:RixisHI, Loser:RiKISHI, at:BASHO}, {Win(Rank,
Yokozuna-since{Date}), Stats(Day, Kimarite, Bout-Time)};
{Winner:Rix1sHI, Loser:RIKISHI, at:BASHO}).

Figure 1 shows the corresponding illustration of OzuMo by an HERM diagram. Key
attributes are underlined, key components have a dot on the corresponding arc.

Win(Rank, Yokozuna—since{Date))

Award(Shukon—Sho,
Kanto—S8ho, Gino-Sho)

Winner Panticipating{Rikishis}

Person(Heya,Name,Shikona,

Birthday(Date Place), Height, Weight)  Stats(Day, Kimarite, Bout-Time})

Fig. 1, HERM Diagram for OzuMo0

Let

— tMusashimaru = ((Musashiwaga, Koyo Musashimaru, Musashimaru, (02.05.1971, USA),
191 cm, 231 kg),{Nagoya 94, Kyushu 96, Hatsu 98, Haru 99, Aki 99, Kyushu
99},(1,1,1)),

— tTakanohana = ((Futagoyama, Koji Hanada, Takanohana, (12.08.1972, Tokyo), 184
cm, 149 kg),{Hatsu 92, Aki 92, Natsu 93, Hatsu 94, Natsu 94, Aki 94, Kyushu 94,
Hatsu 95, Natsu 95, Nagoya 95, Aki 95, Haru 96, Natsu 96, Nagoya 96, Aki 96,
Haru 97, Nagoya 97, Aki 97, Nagoya 98, Aki 98},(4,2,3)), and

— {ohniyotaikai = ((Kokonoe, Ryuji Hiroshima, Chiyotaikai, (29. 04. 1976, Oita), 181 cm,
158 kg),{Hatsu 99},(1,1,3)).

Define an OZUMA instance I as follows:
— I(RIKISHI) = {{Musashimaru; TTakanohana, tChiyotaikai }»

1 This running example may serve the cultural exchange between Japan and Europe
2 We recommend hitp://www.chijanofufi.com/ for an introduction to Sumo wrestling.
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— I(BASHO)={tkyusnuoo={Kyushu, 2000, {Musashimaru, Takanohana, Chiyotaikai})}
and
— I(BouT) = {t1, ta, t3} with

® t; = (tChiyotaikais PTakanohana, tKyushuoos (Ozeki, @), (10, Tsukiotoshi, 18 sec.)),

® i) = (tMusashimaru; tChiyotaikai’ tKyushu0o, (Yokozuna, {May 99}); (12; OShlda‘Shla
13 sec.)) and

¢ i3 = (!Musashimaru, {Takanohana, tKyushuoa, (YOkozuna, {May 99}), (13, Sukuinage,
94 sec.)). 0

Fix a set U of attribute names, a set L of labels, and a set B of base types together
with a type assignment type : 4 — B.

Definition 1. Let X € NA be a nested attribute. The set Sub(X) of subattributes of
X is Sub(X)={Y |Y < X}. O
The notion of a subattribute corresponds to the notion of a subset of attributes in
the RDM. It has been proven in [15] that Sub(X)/ = carries the structure of a so-
called Brouwerian Algebra. See for instance [17] for a definition. Take for example the
corresponding nested attribute X = BasHO(Name, Year, Participating{Rikishis}) for
the database type BAsHO from Example 1. Then the structure of Sub{X) is illustrated
in Figure 2.

, Year, Par
/
Basho(Name, Year, Partici i ing{Rikishis)) Basho(Year, Participating(Rikishis})
ne, Year) Basho(Year,Parti AD  Basho(Par
%

Basho(Name) Basho(Year) Basho(Participating{ A})

\i

A

Fig. 2. The Brouwerian Algebra of Npasuo

In particular, two subattributes ¥,Z € Sub(X) always bave a least upper bound
(join) ¥ Ux Z in Sub(X). The index X in Lx is usually omitted. For instance, if
Y = BasHo(Name, Participating{\}) and Z = BasHo(Participating{Rikishis}), then
Y U Z = BasHO(Name, Participating{Rikishis}).

Take a closer look at the subattributes BAsuo(Participating{}), RikisH1{Won{})
and BouT(Win(Yokozuna-since{\})) with domain {@, {ok}}. Intuitively, the first at-
tribute tells us whether there are any participants in a basho at all. If there are no
participants, then the corresponding value is §. Is the value {ok}, then we know that
there are some participants. The second attribute reveals whether a rikishi has ever won
a tournament ({ok}) or not (@). Finally, the last attribute says whether a winner of a
bout has the rank of a yokozuna ({ok}) or not (§)). These kind of attributes have there-
fore a neat impact on conceptual modeling and do not occur in any other approaches to
normalization of nested relations. Therefore, the HERM-approach to nested attributes
is already different from other approaches to nested attributes such as [18],[19] when
we restrict the type system to base, record and finite set types.
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3 Functional Dependencies in HERM

This section repeats the definition of functional dependencies in the HERM and men-
tions some results from [15].

Definition2. Let N € AA be a nested attribute. A functional dependency on N is
an expression of the form X — Y where X, C Sub(N) are non-empty. A finite set
r € Dom(N) satisfies a functional dependency X — Y on N (=, X — Y) if and
only if 7 (t1) = 7§ (t,) holds for all Y € J whenever 7¥(¢;) = 7% (¢,) holds for all
X € X and any t1,ts € 7. A functional dependency on a database type R is a functional
dependency on the corresponding nested attribute Ng of R. O

If ¥ — Y is a functional dependency on some nested attribute N and X = {X} and
Y = {Y'} are singletons, then we write X — Y instead of {X} — {Y}.

ExaMPLE 2. Consider the HERM schema OzuMo from Example 1. We define a set X
of functional dependencies on the database type BoOUT. The first dependency represents
the key on Npoyr:

Bour(Winner( Nrusim ), Loser{ Vrsu)s 88{Ngasuo)) — Npovr- N

The shikona (ringname) of a rikishi determines all the static information of that rikishi,

L.e., everything but his weight, the tournaments he has won (yusho) and the numbers
of different awards he has been given.

BouT(Winner(RIKISHI(Person(Shikona)))) — Bout(Winner(RixisHI(Person(Heya,

Name, Shikona, Birthday(Date,Place), height)))) (2)

Recall that during a single basho, every rikishi has only one bout a day. Furthermore,

the winner of a bout in a basho determines also the tournaments and awards won by
the winner at that time, i.e.,

Bout(Winner(RikisHI(Person(Shikona))), Stats(Day), at(Npaswo)) = Neovr. (3)

The rank of a rikishi depends on his performance in the tournaments. However, once
he has been awarded the highest rank of a yokozuna, he will remain yokozuna until he
retires. That is, the rank already determines whether the rank of a yokozuna has been
awarded or not, but it does not determine the date when this rank was awarded.

BouT(Win(Rank)) = BouT(Win(Yokozuna-since{A})) (4)

The shikona and tournament determine the current rank of the shikona and also the
date when the shikona was awarded the rank of a yokozuna (if he is not a yokozuna,
then the set of this date is empty).
BouT(Winner(RIKISHI(Person(Shikona))), at{Npasho)) —
BouT(Win(Rank, Yokozuna-since{Date}))  (5)
The functional dependencies
BouT(at(BAasHO({Name, Year))) — BOUT(at(Npasno))  (6)
BouT(Winner(RikisHI(Person(Shikona, Weight), Won{Yusho},
Awards(Shukon-Sho, Kanto-Sho, Gino-Sho)))) — BouT(Winner(NVruasm))  (7)
BouT(Loser(RikisHI(Person(Shikona, Weight), Won{Yusho},
Awards(Shukon-Sho, Kanto-Sho, Gino-Sho)))) — BouT(Loser(Ngyasu:))  (8)

describe what the keys on Npyasim and Npasxo are. O
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The notions of implication (=) and derivability (+x) with respect to a rule system R for
functional dependencies on a nested attribute can be defined analogously to the notions
in the RDM (see for instance [1, p. 164-168]). Let X be a set of functional dependencies
on some nested attribute V. We are interested in the set of all functional dependencies
implied by Z, i.e., Z* = {¢ | X | ¢}. Our aim is finding a set R of inference rules
which is sound (Xt C 2*) and complete (2* C X%), where X+ = {¢ | X to ¢} is
the set of functional dependencies derivable from X using only inference rules from fR.

In general, values on subattributes X and Y do not determine values on X LY.
A sufficient condition when values on subattributes X and Y determine the values on
X UY is the following.

Definition 3. Let N € NMNA. The subattributes X,Y € Sub(N) are semi-disjoint if
and only if there are subattributes X’ < X and Y/ < Y with X’1Y’ = X and
Xuy=X'uy. O

Semi-disjointness of two subattributes is in fact an exact condition. The following result
was proven in [15].

Theorem 4. The generalised Armstrong Azioms for functional dependencies, i.e.

X —
TSYVEY msm Y <X x5Fty

i-disioi X2V, YV Z
[X,YT> {XUYT} X, Y semi-disjoint, R s e

reflexivity aziom, subattribute aziom, extension rule, restricted join aziom and transi-
tivity rule, are sound and complete for the implication of functional dependencies in the
HERM. 0

The key result in proving Theorem 4 is the following lemma which is also proven in
[15]. The lemma will also prove to be very useful in further investigations in this paper.

Lemmab’. Let N € NA, and O # X C Sub(N) an ideal with respect to < with
the property that X, Y € X and X NY = A implies X UY € X. Then there are
tn, ty € Dom(N) with i}, (ty) = 7 (ty) if W € X. a

4 Redundancy and Normal Forms in HERM

This section investigates how the notion of redundancy in terms of functional dependen-
cies in the RDM has to be adopted to the HERM. In order to characterize non-redundant
database types, a new normal form is proposed which is weaker than BCNF.

4.1 Preparations

Some further preliminary definitions are given which will be needed later on.

Definition6. Let N € NA. The subattribute basis SubB(N) of N is the smallest
set SubB(N) C Sub(N) such that for all X € Sub(N) we have X = UZ for some
Z C SubB(N). Every X € SubB(N) is called a basis attribute for N. A basis attribute
X € SubB(N) is called mazimal if and only if X <Y for some basis attribute Y &
SubB(N) implies that X = Y holds. Basis attributes that are not maximal are called
non-mazrimal. O
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It is immediate that A & SubB(N) since A = UQ. Furthermore, SubB(N) is, in general,
not an anti-chain with respect to <.

ExXAMPLE 3. Let N = A(B,C{D(E, F{G})}). The subattribute basis is then
SubB(N) = {A(B), A(C{A}), A(C{D(F{Ah}), A(C{D(E)}), A(C{D(F{GH}}-

The maximal basis attributes are A(B), A(C{D(FE)}) and A(C{D(F{G})}). The non-
maximal basis attributes are A(C{A}) and A(C{D(F{)})}). 0

The concept of keys is very important in relational databases. We will therefore define
what keys are in the HERM.

Definition 7. Let N € N'A be a nested attribute and X a set of functional dependen-
cies on N. A set of subattributes X C Sub(N) is called a superkey for N if and only
if ¥ | X — N holds. A superkey X is called a minimal key for N if and only if X is
an anti-chain with respect to < and there is no superkey X' of N with A’ C,.n A and
X £X. O

Obviously, X C Sub(NV) is a superkey if and only if ¥ — N € I* by Theorem 4.
Moreover, X is a superkey for N if and only if N € &t = {Z : X — {Z} € Z*}.
If |5, 2* for some r C Dom(N) and X is a superkey for N, then #; = t, whenever
¥ (t) = n¥(t2) for all X € X and some #;,t; € 7. A functional dependency X — Y €
2* is called a key dependency on N if and only if X is a superkey for N.

ExaMPLE4. The functional dependencies (1) and (3) in Example 2 are both key de-
pendencies on Ny, i.€.,

- BouT(Winner{ Ngysa), Loser{ Ngism), at(Npasno)) and
Bout(Winner(RIKisHI(Person(Shikona))), Stats(Day), at(Npasuo))

are superkeys on Npoyr. They are, however, not minimal due to the functional depen-
dencies (6) to (8). The set

{BouT(Winner(Rixisui(Person(Shikona)))),Bout(Stats(Day)),
Bout(at(BasHo(Name))), Bout(at(BasHO(Year)))}

is a minimal key for Npoyr. O

Take another look at Example 2, in particular at the dependencies (6) to (8). The left-
hand sides of these dependencies represent superkeys for Nryqsm and Npasgo within the
context of the database type BOUT. They are not, however, key dependencies on Npeyr.
This motivates the following definition.

Definition 8. Let R be a database type and X' a set of functional dependencies on R.
A functional dependency X — Y € X7 is called a key dependency on a subcomponent
of Rif and only if Y = {R(r1(R1(- - - (ro(Ng,))---))} with r; : R; € comp(Ri_,) for
i=1,...,nand Rp = R and X Cge, Y. In this case, A is called a superkey for the
subcomponent R, of R. O

ExaMPLE 5. The functional dependencies (6) to (8) from Example 2 are key depen-
dencies on subcomponents of BouT. In particular, Bout(at(BAsHO(Name, Year))) is
a superkey for the component BASHO of BOUT and
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BouT(Winner(RIkisH1(Person(Shikona, Weight), Won{Yusho}, Awards(Shukon-Sho,
Kanto-Sho, Gino-Sho)))) and
BouT(Loser(RikisHI{Person(Shikona, Weight), Won{Yusho}, Awards(Shukon-Sho,
Kanto-Sho, Gino-Sho))))

are superkeys for the component RI1KIsHI of BouT. O

Suppose we are given a nested attribute N. As in the RDM, there are functional de-
pendencies on N which are satisfied by any + C Dom(N). We call these functional
dependencies trivial. How can we characterise trivial functional dependencies X — Y?
Intuitively, X — Y is trivial if it can be derived from the empty set of functional
dependencies.

Lemma9. A functional dependency X — Y on some nested attribute N € NA is
trivial if and only if ¥ C X' holds where X" = {Z : X — {Z} € §*}.

Proof. Let Y C X'V, We show that X — ) is satisfied by every r C Dom(N).
Let t),t; € r be such 7§ () = x¥(t2) for all X € X. Since it is immediate that
X — XUV ¢ (* holds, it follows from the soundness of the generalised Armstrong
Axioms from Theorem 4 that 7% (t,) = 75 (t;) for all Z € X*" holds. Consequently,
7 (t1) = 7 (£2) holds for all Y € Y as well since J C A"V, Therefore, k=, X — ).
We show that Y C X"V is also a necessary condition for the triviality of X — ).
Suppose Y C X'V does not hold, i.e., there is some Y € Y with Y ¢ XV, Note
that for X, X; € X"V with X, M X; = X we also have X; U X, € X' by the
restricted join axiom. It follows that X* is an ideal with respect to < that meets the
properties of Lemma 5. Note that we can always assume that X € X* holds as X — A
is a trivial functional dependency for any X. Hence, there are ¢1,ts € Dom(N) with
WVI\(/(tl) = Wvly/(tz) ff W e X"iv. Let r = {tl,tz}. As x Q Xttiv we have W%(tl) = W%(tg)
for all X € X. Moreover, Y ¢ X"V for some Y € Y, i.e., 7 (t;) # 7 (¢2) and therefore
B, X — ). O

ExaMPLE 6. All functional dependencies in Example 2 are non-trivial. A trivial depen-
dency on Npoyr is for instance

BouTt(Win(Yokozuna-since{Date}}) — BouT(Win(Yokozuna-since{A})} . a

4.2 The Notion of Redundancy in the HERM

In the RDM, the definition of redundancy is based on viewing functional dependencies
not only as integrity constraints on a relation, but also as representing the fundamental
units of information for retrieving and updating the data in a relation. This inter-
pretation of the semantics of the information stored in a relation was implicit in the
original study of normalization by Codd [11], and has since been used in many aspects
of database theory. A relation schema is defined to be redundant with respect to a given
set of functional dependencies if there exists a relation over the schema which satisfies
all these functional dependencies and which has at least two tuples which are identical
on a fact. If we formalize this notion of redundancy from the RDM, which goes back
to [4], in the HERM, then we obtain the following definition. Let R be a database type
and X a set of functional dependencies on R. We call R redundant with respect to X
if and only if there is some r C Dom(Ng) with =, X' and there are some t,,t; €
with ¢, # t; and 7yR(t;) = TRR(ty) for all Z € X U and some non-trivial functional
dependency X — Y € X Intuitively, this notion of redundancy seems to make perfect
sense.
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ExaMPLE 7. Consider the functional dependency (4)
BouTt(Win(Rank)) — BouT(Win(Yokozuna-since{}))

from Example 2. Obviously, this is a non-trivial functional dependency and, according
to our current definition, the database type BOUT is redundant. That is, the elements
to,t3 € Z(BouT) from Example 1 have the same value on BouT(Win(Rank, Yokozuna-
since{A})). O

The last example shows that our current definition of redundancy is not really appro-
priate anymore. That is, the functional dependency

Bout(Win(Rank)) — BouTt(Win(Yokozuna-since{Date}))

is not satisfied and, consequently, redundancy would need to be defined in terms of the
non-maximal basis attribute BouT(Win(Yokozuna-since{\})) of Npoyr. This, however,
appears to be impossible as the information in Bout(Win(Yokozuna-since{A})) will
always be contained in BouT(Win(Yokozuna-since{Date})). The point here is that
the information in a non-maximal basis attribute Y cannot be separated from the
information in the maximal basis attribute Z with Y < Z.

Furthermore, we have seen in Example 5 that the functional dependencies (6) to (8)
from Example 2 are key dependencies for subcomponents of the database type BouT.
Those dependencies do not cause redundancies, but only identify values of subcompo-
nent types. This motivates the following definition. :

Definition 10. Let N € N'A be a nested attribute of some database type R and ¥ a
set of functional dependencies on N. Let Zue, C ZF denote theset of all ¥ —» Y € 2+
where

— Y C X%V holds or
— Y = {Y'} with a non-maximal basis attribute ¥ of N or
— X — Y is a key dependency on a subcomponent of N.

The elements of the closure Zif .. of iy, under derivation with respect to the gener-
alized Armstrong Axioms from Theorem 4 are called nasty functional dependencies on
N with respect to X 0

We are now ready to introduce a better notion of redundancy for database types in
terms of functional dependencies.

Definition11. Let R be a database type and X a set of functional dependencies on
R. We call R redundant with respect to X if and only if there is some 7 C Dom(Ng)
with =, X and there are some t;,t; € r with ¢; # ¢ and wg“(tl) = wIZVR (t2) for all
Z € X UY and some functional dependency X — Y € X which is not nasty on Ng
with respect to . ]

ExXAMPLE 8. The database type BOUT from Example 1 is redundant with respect to the
set X of functional dependencies from Example 2. Even the artificially small instance Z
from Example 1 contains redundant information. That is, tuples ¢, and t3 are different,
but have the same values on X U Y where X — )Y is the functional dependency (5)
from Example 2 which is not nasty. O
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As in the RDM, one might define redundancy with respect to all implied functional
dependencies, i.e., ¥*. That is, R is called redundant with respect to X* if and only if
there is some 7 C Dom(Ng) with |=, 2* and there are some t,¢; € r with ¢; # ¢, and
7YR(t)) = wYR(ty) for all Z € X UY and some functional dependency X — Y € &*
which is not nasty on Np with respect to 2*. Note that X — Y is nasty with respect
to X if and only if it is nasty with respect to * = X+ according to Definition 10.

Proposition 12. Let R be a database type and X a set of functional dependencies on
R. Then R is redundant with respect to X' if and only if R is redundant with respect to
z*,

Proof. It is easy to see that redundancy of R with respect to X is sufficient for the
redundancy of R with respect to X+ since =, X implies =, £t and ¥ C X*. It remains
to show that redundancy of R with respect to X' is also a necessary condition for R to
be redundant with respect to £*. Therefore, we assume that R is non-redundant with
respect to . This means that for all » C Dom(Ng) with =, ¥ and for all t,t, € 7
with ﬂ’zv" (t) = levﬂ(tz) for all Z € XU Y and some X — Y € X, which is not nasty,
follows #; = t;. We will show that R is non-redundant with respect to X'*. Let therefore

Z=20C21C...C2+

be a chain where Z; results from X;_; by a single application of one of the Armstrong
Axioms from Theorem 4, ie., X; — X;_, consists of exactly one dependency & — Y
when j > 0. What we show, in fact, is that X' can be replaced by X;. We proceed by
induction on j. For j = 0 there is nothing to show. Let j > 0.

If X — Y has been infered using the reflezivity aziom, then ) C X which means
that X — Y is trivial and, therefore, also nasty. The non-redundancy of R with respect
to X; follows therefore from the hypothesis that R is non-redundant with respect to
Ej-l-

In the case where X — ) has been infered using the subatiribute aziom we have
X ={X},Y={Y}andY < X. Obviously, X — Y is trivial and, therefore, also nasty.

Consider the case where X — ) has been infered using the eztension rule, i.e.,
Y=XU)Y with X = Y € Y;_,. f ¥ = Y is nasty, the statement follows from the
hypothesis. Assume therefore that X — ) is not nasty and my?(t;) = n}?(t;) holds
for all Z e XU y and some t1,t; € r with r C Dom(Ng) w1th = X It follows
that Ty (t1) = 7¥®(ty) for all X € X and since =, X — Y’ holds, we obtam that
o (tl) = myR(ty) for all Z' € X U holds. If X — )’ was nasty, then X — Y would
be nasty, too. Assume therefore that X — ) is not nasty. Then apply hypothesis and
conclude that ¢; = ¢, holds. It follows that R is non-redundant with respect to 2.

Suppose X — Y has been derived using the restricted join axiom with X =
{X,Y},Y ={XUY} and X,Y semi-disjoint. It follows that Y C X" ie, X - Y is
trivial and, in particular, nasty.

Finally, consider the case where X' — ) has been derived using the transitivity rule
with X =W, WY e X . Again, we assume that |=, Z; for some r C Dom(Ng)
and 73R(t;) = 7YR(¢;) holds for all Z e XUY with ¥ — y not bemg nasty. Smce
k=, Z;_1, we conclude that 77 (t1) = ik (t2) for all W/ € XUW and 1% (1) = Tk (ta)
holds for all W' € WU as well. If ¥ — W and W — Y were both nasty, then X — )
would be nasty, too. It follows that at least one of X — W or W — Y is not nasty. In
either case we can apply the hypothesis, and consequently ¢; = t5. This concludes the
proof. O
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4.3 The Higher-Level Normal Form

The Boyce-Codd Normal Form has been introduced in [12] and intensively studied since
then. A relation schema R is in BCNF if and only if it is non-redundant with respect to
the set of functional dependencies on R. One might therefore say that a well-designed
schema should be in BCNF. If R is some database type and X a set of functional
dependencies on R, then we say that R is in Boyce-Codd Normal Form (BCNF) if
and only if every X — Y € X* is trivial or a key dependency on Ng. We might now
ask whether BONF for a database type is a sufficient and necessary condition for the
non-redundance of R. Clearly, a database type in BCNF is non-redundant in the sense
of Definition 11. The converse, however, is false.

EXAMPLE 9. Let BANZUKE={RIKISHI,BASHO',PARTICIPANT} be a HERM schema
with

— RikisHI' =({Shikona, Name, Birthday(Date, Place), Height}, {Shikona}),

— BasHO' =({Name, Year},{Name, Year}) and

— PARTICIPANT = ({is : RIKISHI, in : BASHO'}, {Rank, Yokozuna-since{Date}, {is :
RIKISHY, in : BASHO'}).

Functional dependencies on PARTICIPANT are

ParTicIPANT(is(Rik1sHI' (Shikona)))} — PARTICIPANT (is( NVRiisur' ) 9
PARTICIPANT(in(BAsHO' (Name, Year))) — PARTICIPANT(in(Npasuot)  (10)
PARTICIPANT(R:;mk) — PARTICIPANT(Yokozuna-since{A})  (11)
PARTICIPANT(is(RIKISHI (Shikona)), in(BASHO'(Name, Year))) = Negmopnr  (12)

where (9) is a key dependency for the component RikISHI' of PARTICIPANT, (10) is
a trivial key dependency for the component BASHO' of PARTICIPANT, (11) is a nasty
dependency and (12) is a key dependency on PARTICIPANT. Thus, (12) is the only
dependency on PARTICIPANT which is not nasty. Since it is a key dependency, however,
PARTICIPANT is a non-redundant database type with respect to Definition 11. As the
dependencies (9) and (11) are not trivial, PARTICIPANT is a non-redundant database
type which is not in BCNF. o

Example 9 shows that BCNF is not a necessary property for non-redundant database
types. Thus, BCNF is too strong to characterise non-redundant database types and,
therefore, we would like to find a weaker normal form.

Definition13. Let R be some database type and X a set of functional dependencies
on R. We say that R is in Higher Level Normal Form (HLNF) if and only if every
X — Y € X* is a key dependency on Np or a nasty dependency on Ny with respect to
z. o

Note that BCNF for database types implies HLNF. We show now that HLNF captures
exactly those database types which are non-redundant in the sense of Definition 11.

Theorem 14. Let R be a database type and X a set of functional dependencies on R.
Then R is non-redundant with respect to X' if and only if R is in HLNF.



100 S. Hartmann et al. / A New Normal Form for Conceptual Databases

Proof. Assume that R is in HLNF. If R was redundant with respect to X*, then there
would be some 7 C Dom(Ng) with |, Z* and t;, %3 € r, 1 # £ with 7rIZV“z (t) = ng“ (t2)
for all Z € X U Y and some functional dependency & — Y € X* which is not nasty.
In particular, 73%(t;) = 7¥?(t,) holds for all X € X. Since R is in HLNF and X — Y
is not nasty it follows that X" is a superkey for Ng. This implies ¢; = ¢ which is a
contradication. Therefore, R must be non-redundant with respect to X*.

Assume R is non-redundant with respect to X*. Let X — Y € X* be a functional
dependency which is not nasty. Non-redundance of R with respect to 2™* implies that
ty = ty for all t1,¢, € r C Dom(Ng) with |=, Z* and 73" (t)) = my%(ty) for all
Z € X UY. This means that X U) is a superkey for Np. If wgﬁ (t,) = wg"(tz) holds
for all X € X for some t,,t; € r, then TR (t;) = 7R (t,) also holds for all Y € Y since
=, X — Y. This implies 7)2(t,) = ny*(t;) for all Z € X UY and t; = t, follows. In
other words, X is already a superkey for Ng. Since this is true for every X — Y € 2*
which is not nasty we conclude that R is in HLNF. O

ExAMPLE 10. The database type BoUT from Example 1 is not in HLNF with respect
to the set X from Example 2. In particular, the functional dependencies (2) and (5) are
not key dependencies and not nasty on BouT. O

Finally, we present an equivalent HERM schema for Ozumo from Example 1 where
every database type is in HLNF.

ExAMPLE 11. Define a HERM schema OzZuMO'={RIKISHI, BASHO, STATISTICS, PAR-
TICIPANT, BouT} with

— RixisHI = ({Heya, Name, Shikona, Birthday(Date, Place}, Height}, {Shikona}),

— BasHO = ({Name, Year, Part{Rikishis}}, {Name, Year}),

— Sratistics = ({of : RikisHI}, {Weight, Won{Yusho}, Awards(Shukon-Sho, Kanto-
Sho, Gino-Sho)}, {of : RikisHI, Weight, Won{Yusho}, Awards(Shukon-Sho, Kanto-
Sho, Gino-Sho)}),

— PARTICIPANT = ({is : RIKISHI, in : BasrO}, {Rank, Yokozuna-since{Date}}, {is :
RIKISHL, in : BASHO}}), and

— Bout = ({Winner : PARTICIPANT, Loser : RikisHi},{Day, Kimarite, Bout-Time},
{Winner : PARTICIPANT, Loser : RIKISHI}).

Figure 3 illustrates the HERM schema Ozumo’.

Bout-Time

Yokozuna-since{Date}
Part{Rikishis}

Birthday(Date,Place;
Name

Fig. 3. The corresponding HERM diagram for QzumMo’
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We will now define functional dependencies on BouT and StATisTICS. First we have
the key dependency

BouT(Winner(Np,rricieant), Loser(Nruism)) = Nour

on BouT. Moreover, the winner of a bout in a tournament and the day of the bout
determine the loser, i.e.,

BouT(Winner{PARTICIPANT(iS{ Nrysm), In{VBasuo))), Day) = Npoyr-
Next, we have two key dependencies on the subcomponent RIKISHI of BOUT, namely

BouT(Winner(PARTICIPANT (is(RIKISHI(Shikona))))) —
Bour(Winner(PARTICIPANT(is( Nryqsu))))

and
BouTt(Loser(RikisHI(Shikona))) — BouT(Loser(Ngxsa;))-
Furthermore, a key dependencies on the subcomponent PARTICIPANT of BOUT is

BouTt(Winner(PARTICIPANT(is( Nrusi)s 10 (NVBasuo)))) —
BouT(Winner(Nparricipant))-

A key dependency on the subcomponent BAsHO of BouT is

BouTt(Winner(PARTICIPANT(in(BasHO(Name, Year))))) —
BouT(Winner(PARTICIPANT(in{ Npasio) )))-

A key dependency on the component RIKISHI of STATISTICS is
StatisTics(of(RIKISHI(Shikona))) — STATISTICS (of(Npuisw))-
The key dependency for STATISTICS itself is trivial

STATISTICS(Of (NVRusiz), Weight, Won{Yusho}, Award(Shukon-Sho, Kanto-Sho,
Gino-Sho)) ~» Nsramsrics-

Finally, we have the nasty dependency

BouT(Winner(PARTICIPANT(Rank))) —
BouTt(Winner(PARTICIPANT(Yokozuna-since{A}))).

Since all dependencies are key dependencies or nasty functional dependencies, BouT
and STATISTICS are both in HLNF. The functional dependencies on RIKISHI, BAsHO
and PARTICIPANT are already implicitely given. All are key dependencies or nasty, as
well. Therefore, all database types of OZUMO’ are in HLNF. ]

5 TUpdate Anomalies

In the RDM, a relation schema in BCNF does not have any update anomalies. This is
another justification why relation schemata should be in BCNF (see [6]). In fact, Fagin
proves in [13] that BCNF is equivalent to the fact that there are no insertion anomalies.
Moreover, Vincent defines replacement anomalies of three different types and shows
that BCNF is equivalent to the absence of replacement anomalies of type 1 and 2 (see
[24]). The next example reveals a surprising fact.
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ExXAMPLE 12. Take again a look at the HERM schema BANZUKE from Example 9
together with the set X of functional dependencies (9) to (12). Recall that the database
type PARTICIPANT was non-redundant with respect to X. Assume now that there is an
instance Z over PARTICIPANT with exactly one element

((Musashimaru, Koyo Musashimaru, (02. 05. 1971, America), 191cm), (Kyushu,
2000), Yokozuna, {May 99}).

Suppose now that one would like to insert the element

((Takanohna, Koyi Hanada, (12. 08. 1972, Tokyo), 184cm), (Kyushu, 2000),
Yokozuna, )

into Z. Then still, after the insertion, all key dependencies on PARTICIPANT and all key
dependencies on subcomponents of PARTICIPANT are satisfied. The functional depen-
dency (11), however, does not hold anymore. Clearly, this defines an insertion anomaly.

O

Example 12 shows that, in general, the absence of redundancy for a database type does
not imply the absence of insertion anomalies. Therefore, it cannot be expected that
database types in HLNF do not have update anomalies. We define, however, strong
update anomalies in the context of the HERM. The main difference to the RDM is that
updated relations which have any strong anomaly do not only satisfy all key depen-
dencies on a database type, but also all nasty functional dependencies on this database
type. As in the RDM, deletion anomalies cannot occur with functional dependencies
and are therefore not defined.

Definition 15. Let R be a database type and X a set of functional dependencies on
R. Let Xy, C X* be the set of key dependencies on R.

(i) We say that R has a strong insertion anomaly if and only if there is some r C
Dom(Ng) with |=, £ and some t ¢ 7 with |=rug) Diey U Zifigry, but Frugy 2.
(if) We say that R has a strong replacement anomaly

— of type 1 if and only if there is some r C Dom{Ng) with =, X and some t € r
and ¢’ € Dom(Ng) with 732 (t) = 7x*(¢') for all K € K of some superkey K on
R and i=r—{t}u{t'} Ekey U EITmy and bér—{t}u{t'} X hold.

— of type 2 if and only if there is some 7 C Dom(Ng) with |=, X and some t € r
and ¢’ € Dom(Ng) with 7 (t) = mg*(¢) for all K € K of some primary key
K on R and f=r_{t)u{y} Zkgy U E,Tasty and b‘—',-_{g}u{y} X hold.

— of type 8 if and only if there is some r C Dom(Ng) with |=, ¥ and some ¢t € r
and ¥ € Dom(Ng) with wi2(t) = mR*(¢') for all K € K of all minimal keys K
on R and }=r—{t}U{t'} Zkey U Z,Tasty and b&r—{t}u{t'} 27 hold.

We say that R has a strong update anomaly if and only if R has a strong insertion or
a strong replacement anomaly of some type. |

In general, strong replacement anomalies of type 3 are also strong replacement anomalies
of type 2, and strong replacement anomalies of type 2 are also strong replacement
anomalies of type 1. We will see later on that strong replacement anomalies of type 1
coincide with strong replacement anomalies of type 2, but strong replacement anomalies
of type 2 are, in general, not strong replacement anomalies of type 3.
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EXAMPLE 13. Consider again the database type BouT from Example 1 together with
the set X of functional dependencies from Example 2. Then, BOUT has a strong inser-
tion anomaly. If one inserts for instance the value ts=(fcniyotaiksis Takanchanas tKyushu00;
(Yokozuna, {November 2000}), (15, Kawazugake, 22 sec.)) into Z(BouT), then all de-
pendencies from Example 2 are satisfied apart from (5). BOUT has also a strong re-
placement anomaly of type 1. If we replace ¢, in Z(BOUT) by #5=(tumusashimaru; LChiyotaikais
txyushuoo, (Ozeki, B), (12, Oshidashi, 13 sec.)), then again all functional dependencies
apart from (5) are satisfied. It is easy to see that BOUT has even strong replacement
anomalies of type 2 and 3. (]

The next result generalizes results from [13] and [24].

Theorem 16. Let R be a database type and X a set of functional dependencies on R.
Then

(i) R is in HLNF if and only if R does not have any strong insertion anomaly.
(it) R is in HLNF if and only if R does not have any strong replacement anomaly of
type 1 and 2.
(#11) If R is in HLNF, then R does not have a strong replacement anomaly of type 8. O

Proof. (Sketch) We show only the statement for strong insertion anomalies. Proofs
for the remaining statements are similar.

We show first that the HLNF is a sufficient condition for the absence of insertion
anomalies. If R is not in HLNF, then there is some functional dependency X — Y € 2*
which is not nasty and where X’ is not a superkey. We define the closure A% =
{Z . X = {Z} € Z1,} of X with respect to nasty functional dependencies. Note
that X — U € Enasty holds for all Y C X% The set A"% is obviously again an
ideal which meets the properties of Lemma 5. Note that we can always assume that
A% contains at least A as X — A is a trivial dependency. Therefore, we define some
{t',t} € Dom(Ng) by

TR (') = mpA(t)  if and only if W e AneW

Obviously, the singleton set r = {t'} satisfies |=, 2. We show first that f=,yg) Diey-
Let X be an arbitrary superkey for Ng. Since X is not a superkey for R we have
N¢xt={Z: X > {Z} € Z*}. From X™% C X* follows now that N ¢ A"*%.
This implies that X% cannot be a superkey neither. Consequently, K € A™*%, and
there is some K € K with K ¢ A"*%_We conclude that wNE(t') # 7% (t) holds.

We show that |=uqy Ly holds. Let U — V € Do IfU € A™Y, then TR (t) #

R(t) for some U € U and |=,ygey U — V holds. Suppose U C XA™% and, therefore,

mpR(t) = wya(t) for all U € U. It follows X — U € S, Since U = V € T,
we derive X — V € I}, as well. This means V C X™% and we conclude TpR(t) =
TpR(t) for all V € V. Hence, |y U = V.

Finally, we show that £y X holds. If Y C A™% held we would infer that
X >YelX nasty holds as well. This, however, is a contradiction to our assumption
that X — Y is not nasty Therefore, Y € X"*% and as X C A% holds as well, it
follows that w2 (#') = a%%(¢) holds for all X € X and 7p?(t") # 7p®(t) for at least
some ¥ € Y holds. We conclude }5,yq 2* and consequently Eropy 2

Vice versa, if R has an insertion anomaly, then there is some dependency X — Y €
X which is not nasty and where X is not a superkey. Hence, R cannot be in HLNF. O
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6 Conclusion and Future Work

Normalization is one of the most deeply studied topics in relational database design,
and relational database systems have benefited a lot from this research. The present
article is the starting point for normalization in conceptual data models. It has taken
up the notion of redundancy caused by the presence of functional dependencies in the
RDM, and adapted it to the context of conceptual schemata. It has been demonstrated
that Boyce-Codd normal form is too strong to exactly describe non-redundant database
types on the conceptual level. For this reason, the higher level normal form (HLNF) has
been proposed which exactly identifies the absence of redundancy. The HLNF is also
justified by the fact that it exactly describes database types that do not have any strong
insertion nor replacement anomalies. Moreover, BCNF always implies HLNF and in the
case of the RDM, both notions coincide. The results suggest that normalization should
be studied more deeply on the conceptual level.

There are some approaches to normalization in the nested relational model such
as partition normal form and nested normal form in [18],[19]. However, HLNF already
deviates from those normal forms when we restrict the underlying type system to base,
record and finite set types, since nested attributes such as RIKISHI(Won{A}) cannot be
expressed in the nested relational model. A detailed comparison, however, is beyond
the scope of this paper and will be studied in the near future.

Many interesting questions are brought up by the results of this article. It is well-
known that relational database schemata can be always decomposed into BCNF in a
lossless manner. This is due to the fact, that a relation is the natural join of some of its
projections whenever it satisfies a functional dependency. A similar result holds in the
context of the HERM which rises the question whether a lossless HLNF-decomposition
algorithm exists. It may also turn out that pivoting is a much more natural approach
to decomposing database types (see [7] and [14]). Example 11 shows a database schema
in HLNF. Can we obtain such a normal form for any database schema and for any set
of functional dependencies? If the answer is negative, then a generalization of the third
normal form to conceptual database schemata might be helpful. The study of multi-
valued dependencies in the context of conceptual databases is planned next. It is well-
known that multi-valued dependencies also cause redundancies and update anomalies
in the RDM, and that fourth normal form exactly identifies relation schemata that are
non-redundant and do not have update anomalies (see [24]). A generalization of this
fourth normal form is therefore also desirable on the conceptual level.
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Easy access of Internet has revolutionized the concept of electronic commerce.
As the bulk of business transactions shifts to electronic media, we have business
collaborations being negotiated between previously unknown partners. Thus a
Contract is the key to a successful business relationship. We foresee a need for a
unified contract management in order to achieve coherent business operations.
Interoperability and integration of business processes with the ‘agreed upon’
business, economic and legal terms and conditions as stated in a Contract is one
of our primary goals. We aim at building conceptual models to capture the
semantics of a Contract. An ontological approach enable us to analyze the same
contract from different perspectives — the legal and social behavioral centric, the
business and process centric, as well as the document centric ‘contract document’
view. This results in a basis for a Unified Contract Management framework
supporting all the phases of a Contract life cycle including conception, formation,
negotiation, monitoring and fulfillment.

1 Introduction

Contract management is not a novel concept. Contract Management tools and techniques
have been around for quite some time. One of the pioneers in the field of Contracting was
Ronald M Lee [6]. He has proposed methods to monitor and automate contracts using
Logic models and Artificial Intelligence agents. The advent of EDI made the vision of
electronic commerce possible but still remains elusive and expensive. The backbone of the
Internet is drastically changing this situation. Business partnerships are discovered and
negotiated on the Internet. Most business and trade relations are based on trust,
competency and understanding, which is of paramount importance between parties who are
relatively unknown to each other. This trust and understanding are recorded and captured
in the form of Agreements and Contracts and all the Obligations, responsibilities and duties
of each of the contracting parties are all captured in a contract.



V. Kabilan et al. / An Ontological Approach to Unified Contract Management 107

2  Related Research

Contracts have been a topic for research in diverse areas and for different purposes.
Frameworks for e-Contracts, have focused on different aspects, some of the key aspects
being:

Document Centric, in which case a contract is an archived document that is subject
to negotiations, signed and circulated among parties involved. After that, processes are
determined by rules and conditions that are defined in the contract. Most contract
management tools available in the market today, deal with the structural composition of a
contract and they extract the relevant Meta data content.

Process Centric, in which case a contract is an interpretation of activity states of
business processes as well as constraints on the business events. There exist constraint
based business rules courteous logic programming approach, which enables automated
agents to understand the rules of a contract as proposed by B. Grosof [3]. The COSMOS
project (Common Open Service Market for SMEs) has tried to model an Internet based e-
Contracting service to facilitate the business transaction process by providing tools for
automated contract negotiation and execution. They have a good conceptual model for a
contract but then have concentrated on the actual process centric and support infrastructure.

Responsibility/Obligation Centric, in which case a contract is an establishment of
various jurisdiction and contract laws and clauses. This has a special legal textual
implication. We find advances in the realm of Artificial Intelligence and logic
programming. Works of Asspassia Daskalopolu [1,2] have focused on the legal aspects of
contracts like logic-based tools for the analysis and representation of legal contracts, using
Artificial Intelligence, information retrieval from large corpora of legal texts and cases,
(Rissland et al., 1995;Hafner, 1987), interpretation of legal text, (Allen et al., 1993),
argumentation, (Prakken, 1997; Sartor, 1994), and legislative drafting, (Allen, 1982).
Daskalopolu has also been involved in a project to formalize the obligations and utterances
of a business contract in a Formal Language for Business Communication (FLBC), which
is based on the speech act theory developed by Austin, Searle and others. Yao-Hua Tan [4]
has used both speech act fundamentals and event semantics to analyze European Contract
Law, He has handled the concept of promises made by party and their prepositional content
in an appropriate manner. Currently there are legal groups like LegalXML are working on
developing Legal Ontologies for contracting within the ebXML Technical Committee
Group.

3 Current Approach

We find that any of the above perspectives alone is not sufficient to represent and manage
a contract in its entirety. One or all of the aspects play a vital role in different phases of the
contract life cycle. An Ontology provides a means to define an intermediate open layer that
enables translation and integration of all the facets involved in a contract management
scenario. A semantic ontology of contractual terms along with a conceptual modeling of
the understanding of the obligations, responsibilities and duties of each counterpart of a
contract, will aid in every phase of contract management, staring with contract monitoring
and execution. We are working on modeling a multi-layered approach for a conceptual
model along similar lines as proposed by Nicola Guarino [7].

A global upper level layer, Figure 1, could consist of fundamental concepts for any
contract, like their common terminology or their interrelationships. It is generic but
outlines the concepts and the inherent relations, constraints, which are inherited by domain
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Figure 1: Multi Layered Approach for Contracting

specific contracts. Some of the main concepts include Actors (parties to the agreement),
their Roles, their Obligations (responsibilities, duties), Consideration (purpose behind the
contract) etc. (See Figure 2: the figure is an illustration of some of the main concepts which
could be included). We introduce a classification of Commitment and Commitment types
along with commitment states and their transition in accordance with business actions.
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Figure 2: Example for an Upper Level Conceptual Ontology
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A domain specific ontology could be a secondary layer, which comprises of
terminology and concepts pertaining to a specific type or domain of contracting, like say
Sale of Goods Contract [10] (refer to Figure 3 given below, a sample sketch for a Sale of
Goods contract ontology). This inherits and builds on the concepts from the upper level
ontology. For example we can define a Seller as a principal Actor in the Sale of Goods
Contract Model whose primary role is to sell goods to a Buyer (who is an Actor with an
obligation to buy and pay for the goods received). This layer identifies concepts, which are
specific to the particular contract domain and can outline all allowable choices for this
level. For example ICC’s INCOTERMS could be shared ontology for Delivery Patterns for
International Commercial Sale of Goods. ’

At the lowest level we propose a library or catalogue of templates modeled or
implemented on the basis of the shared domain ontology. They could be ready to use
pluggable versions of standard contract models and guidelines, which can be readily
instantiated as a factual contract. For example the model for sale of motorboats or sale of
vehicle or a template for software licensing may all be modeled as template ontology. The
template ontology differs from the shared ontology in that it has a specific usage.

In order to have Unified Contract Management we need to have a methodology to
cover every phase of a contract life cycle from conception, negotiation, and storage, call
off, fulfillment. To have an effective contract management we need to have a seamless
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Figure 3: Example for a Domain Specific Shared Ontology

integration and interoperability with the actual business process (the purpose behind the
contracting). Hence we also intend to have a semantic mapping in between our model and
existing ontology like the REA ontology [8] and other Business Process Models. As a first
exercise we model the knowledge embedded in the INCOTERMS [9].

4 Ongoing Case Study

In our quest to model the concepts behind contracts, we chose INCOTERMS as a first case
study to evaluate as well as to test our theories and models. INCOTERMS are standard and
widely accepted trade definitions most commonly used in international sales contracts.
Devised and published by the International Chamber of Commerce, they are at the heart of
world trade. This makes the INCOTERMS an ideal candidate for a case study. For
example, a delivery pattern like EX-Works (EXW) outlines the obligations and duties of a
seller and a buyer. It also apportions the division of risks and costs in between them. The
obligation of a seller is fulfilled once he has marked the goods for delivery prior to the
agreed delivery date and accordingly informs the buyer so. Henceforth it’s the buyer’s
responsibility and cost to arrange for the transport, customs clearance and all other risks
and damage liabilities. We can see business activities like purchase order placement,
packaging, shipment, customs clearance, delivery, invoicing in the contract delivery
pattern. We also see that there is an agreed sequence and choreography of these activities.
On the legal perspective, we need to be aware of the extent of the seller’s obligation and
the buyers and the time and point of transfer of risk, responsibility, division of costs etc.
We link each action to its direct and implied commitments and their possible consequences
and counter actions. Since all these agreed terms have an existence in the form of an
agreement (whether as a physical document or an electronic archived document) we also
analyze the structural composition of the agreement or contract instance.

5 Uniqueness of Approach

We summarize the salient features of our ongoing work as:
o Three Tiered Architecture for a Contracts Conceptual Model
¢ Modeling the different nature and types of Commitments and obligations stipulated
in a Contract using Speech Acts
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Multi-faceted approach to interpret every aspect of a contract.

Easy interoperability with business process models and other Ontologies like REA
(8]

Covers the whole contract life cycle from the pre-planning phase through the
negotiation phase to the actual contract signing to the actual fulfillment and
monitoring of the contract. This is the foundation for our Unified Contract
Management framework.

6 Advantages

Most frameworks have concentrated on a single aspect of a contract and have proceeded on
their chosen track. In contrast our approach takes into consideration all the major aspects
and also has the key advantages of any ontology like sharing of domain knowledge,
reusability of knowledge, portability etc. In addition to these obvious advantages, some
specific advantages are

Classification and definition of Commitment Types, their relationships to Business
Processes, Actions.

Semantic mappings to other existing enterprise Ontology

Our conceptual model is an integrated framework analysis of the context, contents
and business model interoperability of a contract. Integrated approach for Unified
Contract Management from conception to fulfiliment.
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Abstract. We present an approach to implicit invocation of Web ser-
vices functions. Currently Web services functions must be invoked by
explicitly mentioning function names. By giving the set of semantic tags
to a small set of Web services functions, we may implicitly invoke all the
necessary Web services functions automatically.

1 Introduction

The purpose of this paper is to invite information modelling and knowledge bases
research people to take a closer look at current problems of the idea of Web services
and hopefully give better solutions. Our proposal here is essentially to use a small set
of semantic tags for Web services functions. Currently Web services functions must be
invoked by explicitly mentioning function names. By giving a set of semantic tags to
a small set of Web services functions, we may implicitly invoke all the necessary Web
services functions automatically.

The idea of Web services [1] is the realistic successor of Web applications we have
now and the predecessor of Semantic web [2, 3] expected to come in a future.

Now the clients of Web applications are human beings. Human beings manually
extract all the necessary semantic contents from the given HTML data. For example,
if we have a text "The temperature of Boston, Massachusetts on December 1st is 30
degrees.” in some HTML page, then we understand that Boston is a US city and 30
degree temperature is described in Fahrenheit.

On the other hand, the clients of Web services are programs. Programs perform
explicit invocations of Web services functions according to the specified interface given
by a language called WSDL (Web Services Description Language). Client programs
can receive the resulting data in spite of the differences of operating systems and pro-
gramming languages. For example, a function converting the integer value representing
Fahrenheit temperature into the integer value representing the Celsius temperature is
a typical Web services function.

Finally, the clients of Semantic Web are programs and human beings. Programs
may automatically recognize semantic contents from XML data with semantic tags and
RDF (Resource Description Framework) relations. Programs may have dialogues and
negotiations with other programs based on the large scale Web ontologies of semantic
tags automatically. For example, if we have a statement ” The temperature of Boston,
Massachusetts on December 1st is 30 degrees” in some XML page, Boston may have a

111
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semantic tag " US city” and 30 degrees may have a semantic tag ”Fahrenheit tempera-
ture”. Hence the program may recognize that the temperature of this US city is below
the freezing point of water.

2 Implicit Invocation

Our approach to achieve implicit invocation of Web services functions is as follows.

[Our Approach]

1. For a given small set of Web services functions we introduce semantic tags for
parameters of functions. We record the correspondence from semantic tags to
actual data structures of parameters of functions.

2. We allow users to implicitly invoke Web services functions by mentioning the
given input data with semantic tags and the semantic tag of the necessary output
data.

3. From the given input data with semantic tags and the semantic tag of the neces-
sary output data, we determine the necessary ordering of explicit invocations.

We give one example of implicit invocation of Web services functions. In Fig.1,
we assume that we have two functions get_flight_list and get-first_flight in one
Web service. Then we introduce semantic tags, flight, date, flight no, from city,
to.city, departure.time, arrival time, flight set, and first flight. As de-
scribed in relations among semantic tags, one data with semantic tag flight is a struc-
ture whose component data are respectively data with semantic tags, date, flight_no,
from city, to.city, departure_time and arrival time. One data with semantic tag
flight_set is a set of data with semantic tag £1ight. The set of data with semantic
tag first_flight is a subset of the set of data with semantic tag flight. (We say
that the semantic tag first_flight is a subclass of the semantic tag flight.) The
function get_flight_list has three input data with semantic tags date, from city,
and to_city, and one output data with semantic tag flight set. The function
get_first_flight has one input data with semantic tag flight_set and one output
data with semantic tag first_flight.

An example of implicit invocation of these Web services functions is shown in Fig.2.
Here we would like to know the first flight from Tokyo to Sapporo on April 1st, 2003.

The process of constructing explicit invocations of functions from the given input
data with semantic tags and the output semantic tag can be informally described in
Fig.3.

Here we explain guidelines of semantic tags used for describing Web services func-
tions. Traditionally semantic tags may have subclass relations, synonym relations and
antonym relations. For our purpose, we have following guidelines.

[Guidelines]
1. Each parameter of Web services functions has a semantic tag.

2. Semantic tag tagl may have a precise definition of testing if any given data is an
instance of tagl or not.
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Relations among semantic tags:

flight = [date,flight_no,from_city,to_city, departure_time,arrival_time]
flight_set = set flight
flight - first_flight

The set of functions:
get_flight_list(in date,in from_city,

in to_city, out flight_set)
get_first_flight(in flight_set, out first_flight)

Figure 1: Functions and semantic tags

in date 04-01-2003
in from_city TOKYOD
in to_city SAPPORO
out first_flight

Figure 2: Implicit invocation of functions

3. Semantic tags tagl and tag2 may have a subclass relation, a component relation,
a set relation and a sequence relation.

4. The relations of semantic tags tagl and tag2 must be compatible with corre-
sponding data structures of parameters. Corresponding data structures have same
subclass relations, component relations, set relations or sequence relations.

For example, if we introduce semantic tags, zipdata, zipcode, prefecture, city,
town, and postcard_pdfdata, then ZIP code functions may be stated as shown in Fig.
4.

An implicit invocation of Fig.5 causes invocations of functions getAddressFromZipcode
and getPDFData. Eventually we get a postcard layout PDF data representing the postal
address of ZIP code 1930045.

3 Mechanisms for Implicit Invocation

In order to achieve implicit invocations of a wider class of sets of Web services functions,
we need to perform following steps.

We first check if the set of functions with semantic tags have uniqueness (unique-
ness checking). Then we construct explicit invocations to achieve the given implicit
invocation (planning). Finally we actually invoke functions according to the result of
the planning.

We construct a directed hypergraph. We check if, from any set of input semantic
tags to any output semantic tag, there exists at most one directed path of hyperedges.
In implicit invocation, we provide at most one instance of data for one input semantic
tag.

The necessary functions and their appropriate ordering of invocations are computed.
This computation can be done by forward computation and backward computation.

In forward computation, we initially start from the set of semantic tags, which is
the set of given input semantic tags. Then we repeatedly increase the set of computable
semantic tags by using the set of functions until no new semantic tags can be added
further. Then we check if the set has given output semantic tag.
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1. The output semantic tag is first_flight. Given input semantic tags are date,
from_city, and to_city.

2. We take a look at output first_flight tag in get_first_flight function.

3. The input semantic tag of this function is f1ight_set. If the value of flight_set
tag is known, then we may invoke the get_first_flight function.

‘4. We search for a function where flight_set tag is output. We find the
get_flight 1ist function.

5. We have all values of input semantic tags of the get_flight_list function.

6. Hence, we first invoke get_flight_list function to get the value of flight_set.
Then, we invoke get first flight function to get the value with tag
first flight.

Figure 3: Actual explicit invocations

Relations among semantic tags:

zipdata=[zipcode,prefecture,city,town] in zipcode 1930045

The set of functions: out postcard_pdfdata

getAddressFromZipcode (in zipcode, out zipdata)
getPDFData(in zipdata, out postcard_pdfdata)

Figure 5: Implicit invoca-
Figure 4: ZIP code functions with semantic tags tion with semantic tags

In backward computation, we initially start from the set of semantic tags, which is
the set of given output semantic tag. Then we repeatedly compute the set of sets of
necessary input semantic tags by using the set of functions until all the necessary input
semantic tags of some set are in the set of given input semantic tags.

4 Conclusion

We have presented the idea of Web services functions with semantic tags and an ap-
plication to implicit invocation of web services functions. A small set of semantic tags
may allow us to invoke a number of necessary functions implicitly and automatically.

Web services functions with semantic tags may have other types of applications. For
example, we may convert one XML document having the semantic tag of Fahrenheit
temperature into another XML document having the semantic tag of Celsius tempera-
ture with corresponding values automatically.
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Abstract. This paper proposes a new 3D visualization tool for hierarchical information.

A 2D visualization tool for hierarchical information called treemap [1] has already
been proposed by Ben Shneiderman, et al. in 1992. In general, hierarchical
information is represented as a tree structure. Treemap hierarchically lays out each
node as a bounding box, whose size is the same as the specific weight or attribute
value of the node. After the original treemap algorithm called slice-and-dice, some
extentions to it have been proposed: squarified treemap [2], ordered treemap [3] and
quantum treemap {4]. In this paper, authors propose a new 3D visualization tool for
hierarchical information called treecube that can be taken as a 3D extension of treemap.
This tool seems very convenient for layouts of 3D objects in a specified, restricted 3D
space. This paper explains the layout algorithm of treecube and shows its prospective
application examples.

1. Introduction

This paper proposes a new 3D visualization tool for hierarchical information. A 2D
visualization tool for hierarchical information called treemap [1] has already been proposed
by Ben Shneiderman, et al in 1992. Generally, hierarchical information is represented as a
tree structure. Treemap hierarchically lays out each node as a bounding box, whose size is
the same as the specific weight or attribute value given to the node. Practically, a lot of tree-
structured data exist and the size of such data is going to be greater and greater. Such a huge
size of tree-structured data needs efficient visualization tool. As a result, the treemap has
become one of the very useful visualization tools. Furthermore, some extensions to the
original treemap called slice-and-dice have been proposed, for instance, squarified treemap
[2], ordered treemap [3] and quantum treemap [4]. However, all of them are 2D layout
algorithms. Recent advances in hardware technologies have made it possible to render 3D
images in real time even using a standard PC. As a result, 3D graphics visualization tools
have become in great demand. This fact motivated us to propose a new 3D visualization tool
called treecube that can be assumed as a 3D extension of treemap. To be precise, in this
paper, we have extended 2D versions of slice-and-dice and ordered treemap algorithms to
their 3D counterparts. This tool seems to be very convenient for layout of 3D objects in a
specified, restricted 3D space. This paper explains the layout algorithm of treecube and
shows its prospective application examples.

The remainder of this paper is organized as follows: First of all, Section 2 introduces our
treecube and explains its 3D layout algorithms, i.e., slice-and-dice and ordered treecube
algorithms. Following that, Section 3 discusses prospective application examples of treecube.

Finally Section 4 concludes the paper.
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2. Treecube Algorithms

Treecube lays out hierarchically structured information into a specified, restricted 3D space.
This uses, in fact, 3D versions of the treemap algorithms. Next two subsections explain them.

2.1 Slice-and-dice treecube algorithm

2D slice-and-dice algorithm creates a layout where the bounding box of each item ( node/leaf )
is located by the simple linear order. However, the aspect ratio of each bounding box does not
satisfy the requirement that the aspect ratio should be one in visual efficiency. In this 2D slice-
and-dice algorithm, a basic operation is applied to each intermediate node. It lays out all the
child nodes of this node. Each of them is placed sequentially and vertically if their level is an
even number, and horizontally if it is an odd number. In order to extend the 2D slice-and-dice
algorithm to 3D, we modified it as follows:

Like treemap algorithm, treecube algorithm also visualizes tree structural data consisting of
several nodes. At first, the user has to fix a rectangular solid. In 3D slice-and-dice algorithm,
each node is represented as a rectangular solid whose space corresponds to the weight value.
All the child nodes of a parent node should be placed filling the space of this parent node space.

So the rectangular solid space of a parent node is divided into the same number of sub-
rectangular solids as the number of child nodes of the parent node. This is an essential
operation. Actually, this operation cuts the given rectangular solid space along the direction
determined by the level of the tree, i.e., along x-direction if the level is i*3, along y-diection if
the level is i*3+1, and along z-direction if the level is i*3+2, where i is a non-negative integer.

For example, hierarchical information shown in Fig. 1(a) is laid out as shown in Fig. 1(b).

Implementation
Figure 2 shows a screen shot of treecube visualization tool. In this case, the tool visualizes
files and subdirectories structure of a certain directory of a file system using the slice-and-dice
treecube algorithm. This visualization tool is implemented using OpenGL 3D graphics library.
Because of the availability of transparent rendering mode in OpenGL, the user can see inside
as well as outside.

From figure 2, we see that there are many slender rectangular solids in this layout. That is,
these rectangular solids have high aspect ratio.

subdivision along
2z -~ the x-axis direction

D,
I
- N m e the y-axis direction e
e e
e the Z-axis direction
........... the x-axis direction Lot
¥ y-axis
(a) Hierarchical information and the direction (b) 3-dimensional slice-and-dice layout of
of the subdivision operation in its each level. the hirarchical information shown in Fig. 1. (a)

Fig. 1: Layout example of hierarchical informatio by the slice-and-dice treecube algorithm.



Y. Tanaka et al. / Treecube: 3D Visualization Tool for Hierarchical Information 117

Fig. 2: Treecube: slice-and-dice algorithm.
2.2 Ordered treecube algorithm

The main difference from the ordered treemap is that a rectangular solid ( bounding box ) is
divided into five volumes as shown in Fig. 3. There are four sub-bounding boxes R,, R, ,,

R, , and R, adjacent to R,. One of the inputs given to the ordered treecube algorithm is a

rectangular solid R . It represents a parent node. Another input is an ordered list of children of
this parent node. First of all, a pivot R, has to be determined. Similar to ordered treemap,

there are three ways to choose a pivot. After selecting R, using one of the three methods, the
remaining items of the list are assigned to the four sub-bounding boxes other than R, .
Fathermore, this process is applied to each sub-bounding box recursively.

Concrete Algorithm

The ordered treecube algorithm using pivot-by-size is described below.

1. The item of the largest space in the list is chosen as pivot P.

2. If the width of R is greater than or equal to its height as well as its depth, then divide R
into five rectangular solids, i.e., R, R,, Ry, Ry, and R,, as shown in Fig. 3. If the

height is greater than the width as well as the depth, use the same basic arrangement but
rotate 90 degrees along the diagonal line. If the depth is greater than the other two
dimensions, rotate -90 degrees.

3. Pisplaced in the R,, whose exact position will be determined by Step 4.

4. Distribute the items of the list (except P) into four lists L1, L2-1, L2-2, L3 laid out to R,
R, ., R, , and R, respectively. Let LI consist of all items whose indices are smaller than

that of P in the ordering. Let L2-1, L2-2, and L3 consist of all items whose indices are
greater than that of P, and let L2-/ consist of all items whose indices are smaller than those
of the items in L2-2, which are smaller than those of the items in L3.

5. Recursively layout L1, L2-1, L2-2 and L3 (if any are non-empty) in R,, R, ;, R, , and R,

by applying step 1 through step 4.

Implementation

Figure 4 shows another screen shot of treecube corresponding to the ordered treecube
algorithm. This also visualizes files and subdirectories structure of the same directory shown
in Fig. 2. This case uses the extended ordered treecube algorithm. As is easily understood by
the color, treecube of Fig. 4 has a lot of bounding boxes of low aspect ratio. This feature is
better than that of the extended slice-and-dice algorithm.
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Fig. 3: The pivot configuration of the ordered
treecube algorithm.

Fig. 4: Treecube: ordered treecube algorithm.

3. Applications

The visualization tools demonstrated in Fig. 2 and Fig. 4 seem to be useful for visualization of
various databases, for example, a 3D model database. However, current system provides only
an operation of its view direction change. Other operations/manipulations are not supported.
So, currently we are implementing the slice-and-dice and ordered treecube algorithm as
functions of IntelligentBox[5], which is a constructive 3D software development system and
provides various functions as software components and allows us various manipulations.
Therefore, using IntelligentBox, our 3D treecube algorithm is a strong visualization tool for
various databases. First of all, we will develop a virtual museum system. It would enable the
user to browse and search many kinds of databases represented by a 3D shape model, color,
text information as if he/she is located in the real museum.

4. Concluding Remarks

This paper proposed a new 3D visualization tool for hierarchical information. A 2D
visualization tool for hierarchical information called treemap has been proposed originally by
Ben Shneiderman, et al. in 1992. Treemap layouts hierarchically each node of a tree diagram
represented as a bounding box. In this paper, we proposed a 3D visualization tool called
treecube that can be taken as a 3D extension of treemap. Especially, we extended slice-and-
dice and ordered treemap algorithm to their 3D counterparts. This tool seems to be very
convenient for layouts of 3D objects in a specified, restricted 3D space.
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Basis and Aim of the Research

This position paper is one part of an ongoing research project that investigates children’s science
learning and thinking in a social context of a multimedia environment in an early years
classroom. The goal of the research project is to widen theoretical, methodological and
pedagogical understanding of children’s conceptual development in an activity context based
upon tool-mediation and socially shared learning activities, child-initiation and spontaneous
exploration. The detailed research questions are seen in the authors’ earlier article [6]. In this
paper we will be concentrated in methodological questions. Atz a methodological level, the
research project develops new analysis tools to capture the situative dynamics of conceptual
learning mediated by adult-child and child-child interactions and social activities. [6]

The research project approaches conceptual learning from the perspective of cognitive and
sociocultural psychology in order to illuminate the sociocognitive processes of science learning
when modern multimedia technological possibilities are in children’s use. The theoretical and
methodological foundations of the research project are laid by theories and set of concepts
derived from cognitive and social psychology, cognitive science, studies of discourse, learning
and social practice and from artificial intelligence. The empirical data of this research project is
derived from one Finnish day care centre. Twenty-three children aged between six to seven
years participated in the study. The data collection was conducted in a four-week period during
which the children took part in a learning unit on space and time. The learning activities and
tools in the unit consisted of child-initiated, exploratory activities during which children had
versatile tools in their use, including a multimedia learning tool, PICCO. The description of the
PICCO —simulation program has been seen in the earlier articles [1, 2, 6]. In all, the research
project aims at broadening and deepening the authors’ existing research which has highlighted
some intriguing findings concerning the development of children’s conceptual understanding,
exploratory learning, social interaction and their meaning in children’s conceptual thinking and
knowledge construction of natural phenomena when working in an open tool rich learning
environment [1, 2, 3, 4, 5, 6].

Requirements for Analysis Methods and Description Technigues

The research methods of this research project include the elicitation of children’s conceptual
models, as well as micro-level analyses of children’s exploration processes and social
interactions when working in an open, tool rich learning environment. The data of the research
project consist of video-recordings of children’s interviews before and after the learning unit as
well as of the children’s individual and social activities during the learning uvnit. Children’s
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exploration paths during the use of the multimedia environment have also been recorded.
Subsidiary data of the project consist of teacher interviews and parent diaries.

In order to obtain a coherent picture of children’s conceptual understanding, exploratory
leaming, social interaction and their meaning in children’s conceptual thinking and knowledge
construction, it has been necessary to synthesize the collected empirical data into a coherent
form. Specific description techniques have been developed for this purpose. The description
techniques aim at describing children’s conceptual learning and thinking at different phases by
taking into account their social interaction, communication and exploration processes in the
situated context. Due to the developmental age of the children as well as due to the tool rich
learning context, the analysis techniques do not only rest on verbal data. Instead, the techniques
try to capture children’s activities from the holistic viewpoint by concentrating on modeling
their non-verbal behavior and kinetics.

Earlier Research Methods and Description Technigues as a Starting Point

During earlier research projects, a model was constructed for describing children’s conceptual
models and the changes that occur in them. The description technique pays attention to the
different stages of the formation of children’s conceptual models, as well as how the conceptual
model concerning a given phenomenon is expressed. This means that the operative, visual and
verbal expressions of children that concern with a phenomenon or construction are included in
the description and can be differentiated from each other. With the description technique, it is
possible to follow the process of children’s knowledge construction in its different stages,
forms of expression children use, and changes that occur in the conceptual model. The basis for
the development of procedures for the elicitation of a conceptual model of the given natural
phenomenon has formed the theoretical framework for the concept of a conceptual model, the
given natural phenomenon and the children's insufficient ability to express recalled things
verbally. In the elicitation of a conceptual model, attention was paid to the order, continuity and
regularity of events of the natural phenomenon on the earth, the interconnections of the Earth
and the Sun in space, and interrelations of phenomena on the earth and in space. In addition,
the description techniques for children’s exploration processes have been developed in the
earlier research. In this research those techniques will be developed and integrated (e.g. [2, 7]).

The analysis of social interaction follows the framework developed by Kumpulainen and
Mutanen [8, 9]. This method of analysis particularly focuses on the mechanisms through which
the social and cognitive features of interaction operate in a socially mediated learning activity.
The theoretical grounding of the analysis framework is informed by the sociocultural and socio-
constructivist perspectives on interaction and learning. In this method, learning is seen to take
place as a result of individuals' active participation in the practices of the social environment.
Learning is viewed as an interactional process that requires an understanding of language and
other semiotic tools as both personal and social resources [10, 11, 12]. Social interaction is
treated as a dynamic process in which language and other semiotic tools are used as instruments
of communication and learning. Interaction is seen as a complex social phenomenon which is
composed of non-verbal and social properties in addition to its verbal characteristics. Discourse
itself is not treated as representing a person's inner cognitive world, nor even as descriptive of
an outer reality, but rather as a tool-in-action shaped by participants’ culturally-based definitions
of the situation [13].

In order to advance understanding of children’s conceptual learning at the intersection of
new technologies and learning cultures, it is necessary to develop new data analyses and
presentation techniques. Modern computer technology may provide researchers with new
powerful tools for the realization of these challenging goals. One of the researchers of this
project, Ohsuga [5] is making research on such an advanced method of modelling and its
manipulation. This method may be used effectively in this research project.
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Conclusions

The present research project aims at developing computer-based analysis and description
techniques in modelling the situated processes of children’s conceptual learning in an open, tool
rich-leaming context mediated by free exploration and social activities. The aim is to develop
techniques that will simulate and animate children’s individual and collaborative knowledge
construction processes in a multimedia environment. The pre-requisites for such developmental
work are to describe both knowledge construction processes and their phases. In addition, the
analysis tools should allow the researcher to investigate verbal and non-verbal communication
and behaviour. Furthermore, the unit of analysis for such a system need to be both the
individual child and the collective group. In an ideal situation, the system could analyse and
describe children’s conceptual leamning from multiple dimensions by taking into account the
dynamic and situated nature of conceptual learning and knowledge construction.

In this presentation we shall describe the existing description techniques and consider their
possibilities in the development of computer-based analyses tools and techniques for modelling
children’s conceptual leaming and knowledge construction processes in contemporary early
years classrooms.
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Abstract

In large-scale organizations, the need for enterprise information
modelling originates from new business opportunities like B2C
and B2B and new cross-domain business demands. This paper
sketches why enterprise information modelling is important in this
context and where it should be situated in the software engineering
process. We further stress the importance of coherent modelling.
The content of this position paper is the result of the application of
academic ideas in the real-life context of Toyota Motor Europe.

1. Intreduction

Currently large-scale organizations are facing huge challenges in IT. Within the
organization, newly demanded business functionality crosscuts legacy system borders. On
the other hand the internet and its related technologies offer new business opportunities,
forcing the organization to externalize some of its IT-systems. The newly demanded
functionality and the externalization however, were both out of the scope of the design of
the systems and applications currently executing company critical tasks; they are said to be
monolithic, designed to execute their task and not designed to deliver services to other
systems. In every-day practice this means that every one of these systems has been
constructed with its own view on the business model, its own design model, and its own
implementation model. The effort to filter out commonalities, model and implement them
separately and make them reusable was, if not at all inexistent, too small to be useful today.
The reasons for this, although mostly valuable, are for instance the scope of the project, the
available technology, the complexity of the system, the deadlines and costs... The major
concern at this point is to fulfil the new needs with the resources available at this moment.

We are convinced that Enterprise Information Modelling is of crucial importance to the
organization and its needs, in order to be able to adequately answer the new challenges it

123
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faces. We’re also convinced that coherence with other steps of the software engineering
process is crucial in order to introduce Enterprise Information Modelling successfully.

The ideas presented in this paper follow from and elaborate further on former work from
some of the authors {3], on well known work from others, nowadays considered as standard
works - we mention [1], [6], [7] — and on related new publications in the field (see e.g. [4],
[5D.

The structure of this paper is as follows: first, we present our understanding of Enterprise
Information Modelling; thereafter we situate it within other modelling efforts and within
the software engineering process. This is followed by a discussion of important
implementation issues that have to be tackled.

2. Enterprise Information Modelling

2.1. Information Domains

The concept of Enterprise Information Modelling, as defined in the next paragraph,
followed from our work regarding Information Domains. Information Domains, in our lines
of thought, are certain areas within an organization that deal with concepts that are of
importance to at least that area and possibly other areas. The concepts herein must be made
persistent under a certain form, mostly a database and more general a data-store. Whereas
we consider the data-store to contain the raw data, we consider information to be the
service-based delivery of that data through a well-defined interface into a format that is
independent on the format of the underlying data and that has the correct semantics for the
client(s) requesting that information. We consider a domain to be a higher structure
containing a set of concepts, the higher structure often being referred to as a package. It is
obvious that different approaches can be taken; we tried packaging by starting from an
organizational point of view, defining different domains from the organization chart, an
application / systems point of view, defining the domains from the existing logical grouping
of applications within the organization and a business process point of view whereby
domains are identified from looking to and organizing the concepts used within the
business processes. In our experience it turned out that a new view, orthogonal to the ones
formerly mentioned, gives the most natural classification of domains.

2.2. Definition

To our understanding, enterprise information modelling is that part of modelling
that is situated between the modelling of business processes and the modelling of any single
system or application. Its main objective is to define and model assets which are of
common use to different domains within the organization. In this way, Enterprise
Information Modelling presents an added value to the organization as a whole through its
reusability and its common semantics to different interested parties within the organization.
Where formerly the same concepts were modelled many times, often in different forms and
each time for the sake of one particular application, this effort can be done once. The result
of this reusability is a reduction in the overall cost. Furthermore Enterprise Information
Models do augment the understanding of the concepts modelled herein.

2.3. Positioning Enterprise Information Modelling

Modelling efforts on the highest level in an organization chart the business
processes of the organization. These business processes form the heart of the organization;
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they are its reason of existence. Applications are built to automate tasks or activities
extracted from the business processes. In that context they're a form of specification of the
task at hand: requirements are gathered, the task gets analysed, and a design and an
implementation are made. A crucial part that’s often lost, while automating a task, is
preserving an overview of how that task is interrelated with other tasks originating from the
same business process, how this task gets influenced and influences other tasks possibly
operating on the same information.

Things get even worse if another task in the business process is to be automated.
More often than not, the formerly automated task is not taken into account while designing
the automation of the new task, and even if it is, the conclusion is often that the former
cannot be reused. This should not astonish us as the first automated task was never
designed for reuse.

The conclusion to make here is that apparently an important step is overlooked; the
analysis of the task under hand should consider how previous efforts can be reused and how
the automation of this task can be achieved with possible reuse in mind. This exactly is
what Enterprise Information Modelling aims at and leads to the generalized modelling
overview in Figure 1.

[ Business process Model J

DN Dm0y D) D) )

Enterprise Information Model

package

package

package

Reuses / adapts / compleles I

Y
l Application Model J

Figure 1 : Interrelation between different models

As we will describe further (see the section on “2.5: Coherence”), the Enterprise
Information Model must be based on the Business Process Model. It is interesting to note
that Figure 1 also indicates that Business Process Modelling and Enterprise Information
Modelling can be looked upon as a horizontal cut through the organisation as where
Application Modelling is a vertical cut.
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2.4. Using Enterprise Information Modelling in the software engineering process

Whatever software engineering process is chosen, RUP, a tailored UP or extreme
programming, it is important to note that a consistent build-up and use of an Enterprise
Information Model will have a profound impact on the process itself. As described in the
previous paragraph, mining for existing assets and mining for new assets must become part
of the process.

The mining for new assets must be done as soon as possible in the software
engineering process and the outcome of this effort will clearly affect the overall cost for
building the application. An application that is responsible for the construction of a
company-wide reusable information asset clearly will have a higher price than the same
application solely built to serve its own purposes. The ROI for building this asset will only
be achieved through reuse, the initial cost is higher, see [2]. Furthermore, the actual
construction of the asset must be closely followed and guarded, to preserve its integrity and
future reuse. When using RUP e.g. yhis clearly has an impact on the inception, elaboration
and construction phase.

A possibly reusable information asset must be assessed for its reuse for the
application to be built in the first phase of the software engineering process.

2.5. Coherence

Whatever the correctness and the validity of every separate model in the modelling
chain may be, if there is no coherence between the different models, much of their intrinsic
value will be lost. Non-coherent models don’t lead to a common understanding of the
business and the problem at hand; they even cause more misunderstandings and
misinterpretations. This in turn causes a decreased reusability and an increased resistance to
use the models.

Furthermore, it’s not only important to guard coherence between different models,
but it’s as important to keep coherence between the models and the implementations made.
The ultimate goal is always to build a running system that not only meets the business
requirements but also the requirements imposed by the ideas behind Enterprise Information
Modelling. If this cannot be achieved, the reusability of the system will decrease to a level
comparable with the reusability of the older systems and the effort put in the modelling will
be lost.

An important feature to achieve coherence between different models is traceability
between different models. Traceability is necessary to be able to point out the repercussion
of a change in one model on other related models. Traceability as an extra requirement for
coherence allows for instance to check if all requirements are met and, in its ultimate form,
a traceable change in implementation shows the repercussion on the business process model
which offers an opportunity to formulate a business case and perform a cost-benefit
analysis.

Achieving coherence between models and the implementation is not only a
technical matter; organizational structures also play an important role. When looking at the
path from the business process model up to the actual information delivering service, build
upon a data-source, different profiles of people are involved. We mention for instance
business analysts, business modellers, project managers, application architects,
implementers... Ideally, every effort should be streamlined but every-day experience learns
that, for a plethora of possible reasons, involvement in other projects, deadlines, and
available resources... focus gets lost. It therefore is important to have a mediator role
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within the organization. Within the Toyota Motor Europe context this role is, amongst
others, performed by the Information Systems Architecture team.

3. Work in progress

Enterprise Information Modelling can be considered as a centralization effort within
an organization. Centralization efforts are always somehow squeezed between their
intrinsic long-time character and the needed quick-wins to maintain sponsorship from
management and business users. Applying lessons learned from the past, as well within
Toyota Motor Europe as outside, we set for an incremental strategy, wherein we mined for
small, rapid and easy to implement company assets. The mining and the development of the
basic strategy started as a small Architecture-internal project, preparing us to jump in at the
moment a new project needed the asset. This bought us visibility and credibility. We now
are on the verge of mining for more elaborate company assets stimulated by our business
users.

The mining for other assets, modelling them and implementing them from within
the context of a business-driven project, is a technical matter we will have to deal with in
the future. From an organizational viewpoint it’s important that, building on the first
success, awareness and buy-in is further created for the way of working described in this
paper throughout the organization. The matrix-based organization model of Toyota Motor
Europe is very helpful at this point. The awareness creation and buy-in is not only essential
to get the needed sponsorship but is a seed in the brains of those involved to look at IT from
a company-wide perspective instead of a one-application perspective.

In trying to preserve inter-model and model-implementation coherence, certainly in
a start-up phase, it is important to maintain an overview of what is going on at all different
levels, the business process modelling, the enterprise information modelling, the
application modelling and to support and motivate every participant in the process.

One of the most interesting challenges we met was the concern about information-
ownership. The question who is the owner of certain information has to be answered. The
main problem in this area is to define who has the right to create, update or delete
information. Again the answer was found by looking at the business process and by
determining where the information entered this process. Starting from there, a conceptual
owner can be defined and a set of guidelines on information ownership was created. This
now serves as a working document that gets fine-tuned from experiences with and feedback
from projects under construction.

4. Conclusions

Our conclusions so far are the following:

1. There is a need for a central team to keep a view on the complete process, from
Business Process Modeling over Enterprise Information Modeling to Application
Modeling and the actual implementation in the systems. This requires highly skilled
people with different competences and specializations but who are able to keep an
eye on the overall effort.

2. It is not sufficient to create a technical sound solution; the organizational structure
at hand must be taken into account and must be used to set out a strategy for
realization.
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3. Every effort made must be related to a business context or a business case, the
models under construction must adhere to the business and the actual
implementations must follow from projects realizing business needs.

4. Buy-in from management and from business users is a crucial factor. This long term
buy-in can only be achieved through successfully delivering projects.

S. Future work

To preserve the usability of the Enterprise Information Model it is of the uttermost
importance to have a structure to consult the information base. This must be done as well
on the modeling level as on the implementation level. On the modeling level we have a first
realization of a “city map”, showing the different assets, their packaging and their
interrelation. It will be very important to keep this “city map” synchronized with new
realizations from projects under construction. On the implementation level, standards and
guidelines have to be set for component and data-store development and maintenance. This
for instance must include guidelines for replication of information and guidelines for
coupling between different information assets.

The academic partners follow closely the efforts around modeling undertaken in the
Aspect Oriented Software Development community, By its very nature of describing
crosscutting concerns, this new paradigm may bring a tremendous advantage to Enterprise
Information Modeling once it becomes mature.

While modeling and implementing more and more company assets, the importance
of traceability will become greater and greater. How this can be achieved must be part of
future investigations and / or product selection.

How Enterprise Information Modeling and other modeling efforts within the
organization relate to the Model Driven Architecture proposed by the OMG — at whose core
is the gradually refinement of models - is also a topic which must be addressed by future
research.
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Abstract. Enterprise Application Integration (EAI), in association with Business Process Management (BPM)
has become a more appreciated and aftractive approach in meeting information system challenges of
enterprises specially operating in competitive business environments. Managing business processes in EAI is
a wider capability increasingly becoming a business requirement than technical.

Business Process Management is a capability to discover, design, deploy, execute, interact with, operate,
and optimise and analyse end-to-end processes, and to do it at the level of business design, not technical
implementation [1]

Therefore, tools enabling BPM should evolve to bridge the gap between the technological and business
aspects of managing business processes. Furthermore, future BPM tools should allow business analysts to
undertake business process management at the level of business design while also ensuring the value created
by the business process to its stakeholders and the profitability to the business enterprise that operate it.
Strictly enforcing business ontology in the modelling of business processes, and associating various
parameters that can help capturing the business process related requirements at different levels of abstraction
of a business process could lead to the attainment of the above goal. Along with this, the utilisation of a
process repository can help providing the required support to business analysts during BPM activities. This
requires the process repository is to be modelled based on business knowledge and semantics in addition to
the process knowledge.

1. Introducing the Problem

Business Process Management (BPM) is becoming increasingly popular at enterprises,
especially at those operating in competitive business environments as it provides the means
and ways of setting up business processes required by different business activities using
Enterprise Application Integration (EAI). But, business processes required by modern
business enterprises, appears to be fluid and dynamic, mostly due to the reason that they
require varying levels of customisation in meeting different service levels demanded by
different stakeholders.

At the same time, there are opportunities to reuse business processes as business
scenarios that lead to the selection and enactment of a business process repeat during
business activities. Furthermore, the BPM responsibility is becoming more a business
requirement than a technical requirement. As a result the business analysts at enterprises are
required to handle BPM at the level of business design by identifying and compiling
business processes required by specific business scenarios.

Addressing the demands for specifying and modelling business processes by business
analysts at the level of business design is the core problem to be addressed in this paper.
The solution proposed is about improving the “status of readiness” of enterprises to
exercise variants of business processes required to meet different business requirements by
storing the process knowledge in a process repository. In addition it is also proposed to
capture different business knowledge related to business processes enabling the
specification and modelling of business processes at the level of business design.
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2. Business Process Modeling Fundamentals

A business process is a persistent unit of work started by a Business Event such as an
invoice, request for proposal or a request for funds transfer and driven by business rules
that trigger tasks and sub-processes, with each state transition is executed within a
transaction and audited for business reasons when required [3]. At the higher levels a
business processes represents the exchange of different real world resources/commodities
between different real world agents with respect to specific business contexts. In practice
business processes are modelled as a combination of scripts and rules, where scripts defines
the process flow at a high level, and rules are the branch logic used to dynamically
determine the flow at the execution time. Tasks and sub-processes in the business process
are assigned to agents, which are either human possibly belonging to organisational units or
software, which are capable and authorised to play specific roles in the business process.
Rules can help determine the next step to be executed or binds the next step to a specific
agent and their evaluation is based on the workflow context and execution state, workflow
history, availability of agents, data retrieved from databases or passed in messages and
business policies.

Business processes are case based and a business process is often designed to handle
similar cases. Every piece of work is a business process is executed for a specific case,
while BPM requires handing cases efficient and effective as possible. Cases are handled by
executing tasks and/or sub-processes in a specific order, and the routing specifies which
task need to be executed and in which order [4].

At the bottom-most level a business process can be considered as a set of message
exchanges between the different information agents and activities mainly involving in the
preparation and conversion of information to be exchanged (See Figure 1).
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Figure 1: A Business Process at Bottom Level Representation
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Detail level messages arc considered as information resources and used in two types of
exchanges namely input and output types involving information agents. Information agents
involved at low-level message exchanges are of two types, the applications/application
components, which participate at automated activities and human actors who participate
over manual activities of the business process.

Message exchanges and other elements at the bottom level can be grouped to form
Business Tasks, which can be associated to specific Business Events in particular business
domains (See Figure 2).
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Figure 2: Business Tasks and Business Events in a Duality Relationship

Business tasks requires the bottom-most level process elements such as the message
exchanges, and others to be arranged in a particular order using all required sequential,
parallel and repetitive ordering. A set of workflow patterns [5] can be used for this purpose.
While some tasks require a fixed ordering of a predetermined set of root level process
elements, others require variations depending on the specific business circumstances and
requirements. A categorisation scheme proposed for business process modelling using
atomic concrete processes, non-atomic concrete processes and generic processes by van der
Aalst [4] seems fit even for the ordering of root level message exchanges and other process
elements into business tasks.

Variations of business tasks may be achieved by different means. This include
alternative use of information agents and information resources, reordering of root level
process elements to introduce parallelism etc.. Variants of a Business Task can be
considered as different specialisations of a generalised task, which cannot be associated
with a single specification, instead it refers to a family of possible specifications. Business
Events represents the business actions at a larger context and requires the ordering of
business tasks using the same conventions and rules applicable for the ordering of root-
level process elements at the business tasks.
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3. Modelling of Business Process at the Level of Business Design

Business processes are executed to help achieving business goals. Business goals are
liable to change over time due to changing business conditions such as the demand for
customisation and pressures imposed by competition, thereby also the business processes.
The value created by each business process to its stakeholders and the profitability to
organisation that operates the business process also requires measurement and assessment.

Considering the above, it is proposed to model a business process at four different levels
of abstraction namely the Business Process Scenarios, Contracts, Commitment and Consent
levels (See Figure 3).

BusinessScenario. L o

Event

Commitment |8

Task
Consents

Figure 3: Business Process Scenario, Contract, Commitments and Consents

The Business Process Scenario refers to the circumstances that demand for the execution
of a particular business process instance or case, where such a scenario or case can be
associated with a serial, selective, parallel and repetitive organisation of a set of Economic
Exchanges. A Scenario can refer to a set of Business Process Contracts, where each such
Contract is proposed to be associated with a value chain activity, as proposed by Michael
Porter [6] and corresponds to an Economic Exchange, which can be represented by a
duality relationship between one or more inflow and one or more outflow Economic Events
as proposed in the REA ontology by McCarthy and Geerts [7]. (see Figure 4).

Economic Economic E.
Resource Event Agent
duality

{transfer, transformation}

participation

stock-flow {outside, inside {accountability}}

{outflow {use,consumption,give}, inflow {take,production} }

Figure 4: An Economic Exchange

A Contract will also refer to the ordering of Economic Events in the Economic
Exchange. Representing a business process as a set of Economic Exchanges gives an
opportunity to assess the economic and stakeholder values of a business process as each
Economic Exchange in a business process comprises a set of Economic Events, which can
be associated with a set of real world resources and agents (See Figure 5).
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Figure 5: Business Process, a Collection of Business Exchanges

As an Event is represented by a set of Tasks, which in turn can be represented by a set of
root-level process elements, an Event can also be associated with a set of information
agents and resources. Real world agents and resources are not necessarily the same as the
information agents and resources of an Event, and real world agents and resources may not
involve in any information exchange with the business process concerned. But a set of
relationships and associations that can be defined within and between the real world entities
can be used to specify a business process at its different levels of abstractions.

A Business Process Commitment will be used to define an Event and the circumstances
that will lead to the enactment of an Event in a Business Process Contract of a Business
Process Scenario. It will also define the order of tasks in an Event. Similarly Business
Process Consent will be used to define a Task in full.

Complying with the trends and results of the continuous research in the area of workflow
and business process modelling, this paper proposes to describe business processes in a
broader sense, from a number of different perspectives.

The control flow perspective describes activities and their execution ordering through
different constructs, which permit flow of execution control by incorporating the options
for sequencing, selection, and paralielism and join synchronisation of activities.

A second perspective, the resource perspective refers to both real world resources and
information resources as defined above. While the real world resources will be used to
define the business processes and their elements through the declaration and identification
of a set of associations the business process and its elements can have with the real world
resources such as commercial and other commodities, the information resources will be
used to lay the business and processing data on the control flow where business documents
and other objects, which flow between activities, and the local variables of the business
process, qualify in effect pre- and post- conditions of activity execution [4].

The third perspective is an agent perspective, which provides both an organisational
structure anchor and interaction and control properties of business processes in the form of
human and device or software roles. As the agents refers to both real world agents and
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information agents, this perspective can be used to define both the context related to the
business process and the interaction and service consumption properties of business
processes.

Finally a fourth perspective is the operational perspective describes the elementary
actions executed by activities, where the action map into underlying applications also
referring to business and process data passed into and out of applications through activity to
application interfaces, permitting manipulation of data within applications. In defining a
business process further perspectives are possible, by combining the above perspectives.

Referring to the three levels of process abstraction, a Business Process Scenario is
proposed to be at the highest possible level, and needed to be associated with a set of
business level parameters, which can be used to identify a business process instance, which
required to be enacted in order to meet a particular business circumstance. Exploding a
business scenario will lead to the identification and organisation of Economic Exchange
instances that make up the business process instance. A Business Process Contract will
define the organisation of Business Event instances in a Economic Exchange instance and a
set of business level parameters that will justify the selection of particular instances of
Business Events in a particular Exchange instance. Similarly, Business Process
Commitment and Consents too defined to reflect business requirements at their appropriate
levels of abstraction.

Based on the above, it is possible to consider a business process as a composition of
Economic Exchanges, Economic Events and/or Business Tasks. In compatible with REA,
an Economic Exchange is made out of at least two Economic Events, where an Economic
Event is defined to be a composition of a set of Business Tasks. (See Figure 6).
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Figure 6: Compositions of a Business Process
4. Categorisation of Business Process Elements

Considering the fact that a Business Event participating in a Business Exchange is a Value
Chain activity, it is now possible to position an organisational business process and its
elements in specific business domains. Within the business domains selected, the business
processes elements at levels below the Business Events can be assigned to specific
normative sub categories of the Porter Value Chain. This proposal to model business
processes at the level of business design proposes extensions to this categorisation in order
to accommodate the categorisations of resources and agents.
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Table 1: Porter Value Chain and Extensions

Normative
Sub-Category

Resource
Inflows and
Outflow

Major Types

Economic
Agents and
Roles

Procurement Bid Submission | Money | Payments Buyer
Contract Raw Materials | Purchase Seller
Negotiation
Facilities Purchase Vendor
Purchase Order Orders
| Preparation Services Cashier
| Price Quotes
| Receiving Technology | '
| | Contract
| | Negotiation
| Human Hiring Money | Cash Payments | Employee
| Resources
| Training Purchased | Acquisition Of | Student
| Training Labour
Payroll Materials | Beneficiary
Management Training
Purchased
Personnel Benefit
L 3 Deployment Packages
| Transportation | Loading Raw Materials | Shipment Buyer
Shipping Delivered Raw | Warchousing Vendor
Materials Tasks
Packaging Logistics
Manufactured Material Worker
Goods Handling I
Trucker [
Delivered Trucking
Manufactured
- Goods ) |
Manufacturing | Product Facilities And | Manufacturing | Factory Worker |
Development | Technology Operation
Supervisor '
Product Design | Labour | Raw Material
| Issue QC Inspector
| Assembly Raw Materials |
[ | Manufacturing

| Quality Control

Finished Goods | Job

Normative
Category

Sub-

Normative

Business
Events

Category

Business
Tasks

Real world
Resource
inflow and
outflow

Information
Resource
inflow and
outfow

Real world
Agents

and Roles Roles

Information
Agents and
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Accordingly, a further column to list the different possible tasks for each Business Event
and a split to both the resource and agent columns currently listing the economic agents and
resources in the Porter’s Value Chain to list the real world and information resources and
agents separately are proposed.

5. Associations and Relationships

Considering the possible associations and relationships that can be exploited to define
business processes and its elements at the level of business design, it is proposed to look at
some of the early work by both William McCarthy & Geerts [7], and Eric Yu & John
Mylopoulos [8], {9]. While capitalising on these works, this paper is proposing to refine the
associations and relationships so that further relationships can be established to define the
business process and its elements (content) and the context they operate using the semiotic
relations the business processes can have with its environment namely the resources and
agents. It is also proposed to establish relationships so that business processes and its
elements can be described unambiguously at four levels of abstractions proposed, thereby
business processes and their elements required to meet specific business conditions can be
identified and enacted with the help of a process repository. To facilitate this, a process
repository should be designed to accommodate both the process knowledge and their
associated business knowledge involving these semiotic relationships. It is also proposed to
organise this process and business knowledge in such a way, that the knowledge can be
used incrementally during the identification of a specific business process so that more
detail level knowledge is required only when tracing for more ambiguous processes.

The strategic actor dependency relationship as defined by Yu & Mylopoulos proposes to
model the business process with respect to its goals and rules. Yu and Mylopoulos proposes
four kinds of dependency relationships namely the goal dependency, task dependency,
resource dependency and soft-goal dependency

Task dependency

O

(] coadepentency
w Soft Goal dependency
L]
)

Resource dependency

Strategic Actor

Figure 7: Actor Dependency Relationships [8]
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Using a vehicle accident insurance claim example, they propose a goal dependency
between each pair of actors, and a set of soft-goal dependencies to strengthen the properties
of the goal. “Repairs be covered” a goal set between the “Car owner” and “Insurance
company” has a soft-goal “Customer be happy” probably can be used to define a set of
properties with which the customer can be made happy. These properties possibly
interpreted as a set of non-functional requirements associated with the functions involved in
providing the cover to repairs after an accident. They also propose a workflow model
representing the different activities and flows of information resources between the
activities [10].

As an extension of these thoughts, this paper insists the need to model a business process
as a control flow of activities represented at different levels of abstractions as suggested in
the early parts of this paper and a set of background models, which will capture different
business related semantics in terms of different business parameters at each level of
abstraction. For this purpose it is proposed to restrict the representation of information
entities to the modelling of control flow and the real world entities in the background
models. This means while the information agents and information resources will be
modelled with process activities in control flow, a set of background models will be
produced based on the relationships between the process elements and real world agents
and real world resources. This approach will help precise definition of business processes
with respect to specific business circumstances.

Starting with background models, a business process can be defined at its highest level
of abstraction as a set of business goals to be achieved, where each such business goal can
be associated with an Economic Exchange as proposed by this paper, thereby enabling a
rough assessment of economic and stakeholder value of a business process at its initial
states of definition. Each such goal is proposed to be set between a collection of real world
agents and resources unlike the case in the strategic actor dependency relationships as
proposed by YU and Mylopoulos, where it is associated with a pair of agents participating
in a Depender and Dependee relationship [8].

Economic Exchanges that will make up a business process need to be categorised by
different business domains under which they will be assigned to sub-categories of
normative categories of the value Chain [6]. A repository of process and related business
knowledge can help business analysts in the identification of a set of Economic Exchanges
associated with a required business case. This knowledge needs to be fed to the repository
by domain experts. The process repository is also expected to accommodate the information
that help organise the Economic Exchanges by business analysts in the desired business
processes using the possible workflow control structures such as sequence, selection,
repetition, etc., [S5]. It is also expected to incorporate historical information on the
compilation and execution of business processes concerning the Economic Exchanges.

This paper also proposes to permit the business analysts to associate each Economic
Exchange identified in the process of compiling a business process to a set of sub-goals.
Each sub-goal in relation to a goal is proposed to be associated with a workflow activity
and to represent a Business Event within the corresponding Economic Exchange. Sub-goals
need to be expressed in different levels enabling their mapping against Business Events at
their higher levels down to Business Tasks at their lower levels. Sub-goals are also need to
be traced with a set of real world agents and resources in consistent with the goal. In
addition it is also to be associated with a set of information agents and resources enabling
the construction of a control flow of the business process in terms of process activities,
information agents and information resources. Each sub-goal is proposed to be possibly
associated with a set of soft-goals, each defining a different non-functional requirement
associated with the Business Event or Task. The process repository proposed is expected to
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contain information required in the selection of specific Business Events for an Economic

Exchange selected and the ordering of such Events in it.
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Figure 8: Proposal for Extensions to Dependency Relationships

It is also possible to formulate a set of relationships representing the semiotic
associations between the information entities namely the information agents and
information resources and the process elements to formulate a control flow of the business
process.

6. Business Scenarios, Contracts, Commitments and Consents

The Business Scenario is proposed to define the context that requires the execution of a
specific business process to meet a specific business case. The different parameters required
in defining the Scenario are to be selected from the different relationships the economic
primitives namely the real world agents and resources will have with the specific instance
of a business process and the associations within themselves with respect to a particular
business process instance. Therefore the process repository is to be designed to
accommodate these details.

This requires a Scenario to be considered as an aggregation of information pertaining the
relationships and associations between three types of constructs namely a business process
instance, one or more real world/information agents involved, and one or more real
world/information resources exchanged over the different Economic Exchanges, Events,
and/or process activities included in the Business Process (See Figure 9). In addition
information on sequencing process activities in the business process and any goal specific
information that cannot be directly associated to the relationships and associations
proposed, need to be attached to business scenarios.

A set of business process instances referring to different Scenarios may belongs to a
Business Process Type, which is a criteria that can be used to group business processes in
the process repository. The different Business Process instances of a Business Process Type
are the different customisations, which need be instantiated with respect to different
business cases.
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Figure 9: Business Process Scenario (Semantics)

A set of parameters that can be used to define the circumstances that demand for the
selection of a particular Economic Exchange instance within a particular Business Process
instance is named as a Contract (See Figure 10). The different parameters required in
defining the Contract are to be selected from the different relationships the real
world/information primitives such as agents and resources will have with respect to an
Economic Exchange instance and the associations of such primitives within and between
themselves with respect to the instance concerned.
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Figure 10: Business Process Contract (Semantics)

This requires the process repository is to be structured to capture the set of associations
and relationships the real world/information resources and real world/information agents
will have with economic exchanges and their values with respect to specific Economic
Exchange instances. As in the case of business processes, it is necessary to have
information pertaining to Exchanges and Exchange types to be captured and retained in the
repository for this purpose. Semantics pertaining to associated sub-goals will be represented
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in terms associations and relationships between the process elements and real
world/information primitives.

Similarly, a set of parameters that can be used to define the circumstances that demand
for the selection of a particular Economic Event to be used within an Economic Exchange
is named as an Event Commitment (See Figure 11) and those that can be used to define the
context of a Task are defined by a Consent (See Figure 12).
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Figure 11: Business Process Event Commitment (Semantics)
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7. Conclusion

It is appealing to engage business analysts in business process management as the people
who can understand the language of the business can effectively engage in the management
of business processes at enterprises. In making this goal a reality, the business processes
needs to be represented at the level of business design, and the facilities should be made
available to support the activities of business analysts at the level of business design. This
necessitates the application of a process repository at which, the business and process
knowledge from domain experts can be captured and retained for use by business analysts
during the BPM. When a business process repository is modelled in the manner presented
above, to capture business process semantics at four different levels of abstractions, it is
possible to associate the requirements pertaining to the enactment of a business process
with a set of business level semantics. What is required is the identification and definition
of a set of parameters, which can comprehensively define the business process at these
levels of abstractions. This will enable the business analysts to compile the business
processes required to specific business requirements instantly using the constructs in the
process repository, and pave the way to the BPM in future BPM support tools.
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Abstract. With the rapid progress of global network and database technology, vari-
ous information resources, such as relational databases, document databases and web
contents, have become accessible over networks. The integration among those infor-
mation resources adds new values to themselves. An active multidatabase system is
essential to provide dynamic access and integration functions for those information
resources. This paper presents a principled architecture of a meta-level active mul-
tidatabase system that provides active database functionalities for accessing and in-
tegrating heterogeneous information resources. The meta-level active multidatabase
system realizes active rules that check and react to changes of contents in different
information resources on the global-area network. The essence of our method is that
active database functionalities and database integration mechanisms are realized in
the meta-level system over local information resources. Our method applies the active
database functionalities to heterogeneous information resources to access and inte-
grate them in a dynamic way. In this paper, we clarify feasibility and effectiveness of
our system architecture by showing several experimental results.

1 Introduction

In global-area network environments, we have opportunities to access various information
resources, but database management systems, access methods and data models of those in-
formation resources are extremely heterogeneous. Providing an integration mechanism for
various information resources makes it possible to add new values to those information re-
sources [4].

Most of those databases in the global-area network are passive databases, and they are
triggered in response to requests given by users. Active database systems realize new search-
ing/modifying operations in response to changes of contents and situation in databases [3, 18].
Active databases also realize automatic provision of information in their application phases.
Conventional active database systems can push up-to-date information in specific information
resources to users. However, users must manually compare, examine and integrate different
information resources to obtain objective information, because it is difficult for the conven-
tional systems to support such comparison and examination automatically among different
information resources.
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In the current situation of the global development and evolution of WWW, people are
publishing and sharing information in lightweight data repositories, such as spreadsheets,
HTML files or text files, rather than traditional heavyweight databases, such as relational
databases. Users can easily write and upload HTML files, and quickly link them from/to other
files. Because those lightweight data repositories support incremental and ad-hoc authoring,
tasks for authoring information are easily facilitated. However, when lightweight repositories
grow larger in scale and become more semantically complex, it is difficult to automatically
check and react to changes of contents in those data repositories. The Internet is still a passive
infrastructure, because methodology for activating a variety of such ad-hoc repositories does
not exist. Evolution of the Internet and WWW to the “active ” infrastructure is important to
realize an advanced information system environment.

Semantic interoperability of heterogeneous information resources on WWW is also an
important issue to be solved. It is difficult to statically describe semantic relationships among
information resources on WWW, which are dynamically changing. Therefore, we focus on
the system design for dynamically computing the semantic relationships among heteroge-
neous information resources.

Currently, a large legacy information systems, such as web servers and RDB servers, have
been already running on the Internet. When we try to make those legacy servers “active”, it
is desirable to minimize the change to their system configuration for the active integration.

To realize those new objectives, we propose a system architecture for active integration of
heterogeneous information resources. This paper presents a meta-level active multidatabase
system architecture, called Active and Dynamic Meta-level Integration System (ADMIS), that
realizes active database functionalities for accessing and integrating heterogeneous informa-
tion resources, such as relational databases, document databases or web services. The design
of ADMIS is motivated by the current situation of the global development and evolution
of WWW. To retrieve up-to-date information through information servers on the Internet, we
have designed and implemented both an integration mechanism and an active database frame-
work for heterogeneous information resources. ADMIS dynamically applies reactive actions
to information resources according to changes of contents and situation on the Internet. Four
distinguishing features of ADMIS are as follows:

Feature 1: ADMIS makes it possible to deal with heterogeneous information resources
as a single active database, because ADMIS provides the active database functionalities over
those information resources. Even if those information resources are manipulated in pas-
sive systems, such as plain text files or web search engines, ADMIS actively integrates
those information resources in the framework of active database, because ADMIS provides
the capability of accessing and integrating passive systems with the processes of condition
evaluation or action execution.

Feature 2: ADMIS is a meta-level system, that is designed in an abstract and higher level
layer of local information systems, and it is constructed independently of the local infor-
mation systems. We do not take an approach to directly integrate legacy databases, but an
approach that connects those databases to the meta-level system to indirectly integrate them
[13]. To realize semantic interoperability of heterogeneous information resources, we have
designed relationship computation functions that dynamically compute relationships between
data values of heterogeneous information resources. We have already proposed methods for
spatial and temporal database computations [8] and the framework for computing verbal con-
text recognition [10, 13] for the relationship computational method.

Feature 3: ADMIS manages and executes active rules, called Meta-Active rules in the
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meta-level system. Meta-Active rules are triggered upon events on heterogeneous informa-
tion resources. ADMIS provides event algebra in the meta-level layer to specify meta-level
composite events which consist of local-level primitive events. Meta-Active rules need to
react every local event and map it to the meta-level system. The meta-level system detects
various meta-level events by applying meta-level event algebra to those events. ADMIS se-
mantically evaluates conditions among heterogeneous information resources by applying the
relationship computation functions to heterogeneous information resources in the meta-level
layer. The most important feature of ADMIS is to realize both active database functionalities
and database integration mechanisms in the meta-level system.

Feature 4: To achieve architecture independence and applicability of Meta-Active rules,
we have designed a basic operation set (primitive set) of Meta-Active rules. Users can define
Meta-Active rules with these primitive operators and the relationship computation functions.
The system architecture of ADMIS reduces the implementation overhead to integrate hetero-
geneous information resources, even if information resources dynamically change.

Several active database systems for heterogeneous databases have been studied. For ex-
ample, the paper [15] presented active database functionalities in the CORBA services, and
this system realizes unified utilization for active database functionalities in the distributed and
heterogeneous database environment. This system also includes the active database frame-
work in information systems. The paper [9] presented a method to use heterogeneous legacy
OODBs as active databases by implementing middlewares which interpret active rules. It de-
fines data types and operations for spatial databases in the CORBA framework. This method
also provides spatial database functionalities to the active databases. In those systems, ac-
tive database functionalities are defined and implemented within a single database system.
Therefore, those systems do not support the active rules, such as the meta-level composite
events, the meta-level condition evaluation and the meta-level action execution, among het-
erogeneous databases. Although these systems provide the active database functionalities for
individual databases, it is difficult to detect the events which occur among heterogeneous
databases. It is also difficult to implement condition evaluation and action execution mecha-
nisms among heterogeneous databases.

In the paper [16], we have proposed the active meta-level system that connects relational
database systems as local information resources. In this paper, we present a system architec-
ture of a meta-level active multidatabase system, that provides active database functionalities
for accessing and integrating heterogeneous information resources.

2 An Example Application of ADMIS

To explain how ADMIS manages and executes the Meta-Active rules, we consider the situa-
tion that someone who wants to know the lowest price of a laptop PC writes a Meta-Active
rule. This Meta-Active rule monitors the update of different on-line shopping sites, and in-
tegrates the price information of the laptop PC to retrieve the lowest and most recent price.
When ADMIS accepts this Meta-Active rule, the event monitoring daemons required by the
Meta-Active rule are invoked. If the price information is updated, the event monitoring dae-
mons signal to the event manager of ADMIS server as shown in (1) of Figure 1. The event
manager detects composite events from event log written by the event monitoring daemons
((2) of Figure 1). In order to retrieve the lowest price of the laptop PC, the condition evalua-
tor integrates price information in the different on-line shopping sites ((3) of Figure 1). When
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the condition evaluator detects that the lowest price is updated, the action handler invokes the
e-mail client to notify users that the lowest price of the laptop PC is updated ((4) of Figure
1). In this example, the database of Shop3 is passive, but ADMIS successfully integrates all
three databases in an active database framework. We show the Meta-Active rule script for this
application as follows:

DEFINE META RULE exprule
ON update_con_shopl OR update_on_shop2

WHERE shopl.item == ’Laptop PC’
OR shop2.item == ’'Laptop PC’
OR shop3.item == 'Laptop PC’

DO select item, min(price)
FROM

(SELECT * FROM shopl
UNION SELECT * FROM shop2
UNION SELECT * FROM shop3)
AS pricelist;
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Figure 1: An Application for On-line shopping

3 Meta-Level Active Rule System

In order to realize an active rule system for the multidatabase environment, we have designed
a Meta-Active rule language. The Meta-Active rule language is need to define rules which
evaluates conditions among different legacy databases. The important feature of Meta-Active
rules is that they specify events, conditions and actions in a meta-level, which corresponds to
the higher level of local information resources, independently of the implementation of legacy
information resources. In the meta-level layer, the events of rules are composed from differ-
ent local events on heterogeneous information resources. The conditions of the Meta-Active
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rules are evaluated with semantic relationships between data values from heterogeneous in-
formation resources. The actions are executed as multidatabase commands over those het-
erogeneous information resources. The general form of Meta-Active rules is described in the
following:

define meta rule rule-name
on event-expression

where condition

do action

The on clause specifies composite events that trigger rules. ADMIS provides a highly
configurable event structure. Table 1 shows the basic event structure of Meta-Active rules.
The primitive event is a fundamental element in Meta-Active rules, that simply represents
the change of contents and situation in local information resources. To preserve architecture
independency and extensibility of the event structure, we have designed an abstract event
in event types, that is not related to any particular information resources. ADMIS accepts
arbitrary events as abstract events defined by users or applications, because the abstract event
structure provides capabilities to define/detect composite events which consists of various
events in local information resources. Composite event consists of the primitive events. AD-
MIS applies the event algebra [18] to the primitive events in the meta-level layer to create
a new composite event as shown in Figure 2. ADMIS provides five operators: And, Or, Not,
Repeat and Cycle. The most important point of this approach is that all events, which oc-
cur in different information systems, are mapped to the meta-level system, which detects
the meta-level events by applying meta-level event algebra to those mapped events. This ap-
proach makes it possible to detect various composite events independently of implementation
of heterogeneous information resources.

Table 1: Summary of Event Structure

Category Instantiation illustration
Primitive Event Abstract External Event, Application Defined Event
Composite Event Abstract Composite of Abstract Primitive Event
Event Algebra And ‘When two events occur.
Or When one of events occur.
Not When an event does not occur.
Repeat When an event repeatedly occurs.
Cycle When an event periodically occurs.

The where clause specifies conditions among legacy information resources. To realize se-
mantic interoperability among those heterogeneous information resources, ADMIS provides
relationship computational functions. Users can specify relationships among those heteroge-
neous information resources by using various relationship computational functions and their
parameters. For example, a spacial condition “A distance_less_than(r) B” represents that a
distance between A and B is less than “r”. In this case, “distance_less_than()” is the rela-
tionship computation function, and “r” is its relationship parameter. By applying those rela-
tionship computation functions dynamically to heterogeneous information resources, ADMIS
semantically evaluate conditions among those information resources.



148 S. Kurabayashi and Y. Kiyoki / A Meta-level Multidatabase System Architecture

trigger a ruls on trigger a ne on @

AandC tiggerarieonA  BandD
The mata-level events.
are composed by @

AandC o BandD | [ e,

locaklevel evenis.
meta-level event @ @ @
focal-level event

romiea | () () Q)
avents are signaisd
: Event Composition
e v s, O Fiecren
® ® O v
O—OOOO® G

event seq Figure 3: Tree Structure Representation of Com-

site Event “repeat((E1 and E2) or E3) and ((not
Figure 2: Meta-level Event Detection pE(;) and B4)” peat(( ) ) and ((

The do clause specifies an action to be performed when a rule fires. The action corre-
sponds to a multidatabase query or information notification commands. ADMIS provides the
primitive operators to specify actions.

The important feature of the Meta-Active rule is that ADMIS supports three different
opportunities to integrate information resources: the integration of event detection using the
meta-level event algebra, the integration of semantic condition evaluation using relationship
computation functions, and the integration of action execution with multidatabase queries.
This feature makes ADMIS feasible and flexible, which integrates heterogeneous information
resources in the framework of an active database.

3.1 Knowledge Model of Meta-Active Rule

Table 2 shows the knowledge model of Meta-Active rules, based on the fundamental knowl-
edge model of active database systems [18]. We extend the conventional knowledge model to
create a knowledge model for adjusting it to a multidatabase environment. By this extension,
our knowledge model can be applied to a multidatabase environment that the conventional
knowledge model does not support.

Table 2: Summary of the Knowledge Model

Category Feature Instantiation
Event Type {Primitive, Composite }
Source Abstract
Granularity Arbitrary
Role Mandatory
Conditions Role Optional
Context DB¢
Action Options | External, Structure Operation
Context DBy

We have designed the abstract event in the event type, that is not related to any particular
information resources. Users and applications can define their own events as abstract events.
ADMIS provides the capability to evaluate conditions among heterogeneous information
resources. ADMIS deal with the DB, database context without supporting transaction pro-
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cessing in a multidatabase environment. DB means the state of database in a condition
evaluation phase.

As an action, ADMIS executes multidatabase queries or external programs, such as /usr/bin/
perl, /fusr/bin/mail and /bin/sh to push required information to users. D B4 means the state of
database in an action execution phase.

3.2 Primitive Operators for the Meta-Level Active Rule System

As a basic operation set of the proposed multidatabase system, we define a primitive set in the
meta-level system. The primitive operation set is independent of legacy information systems
implementation. We implement each primitive operation as a function, and these primitives
are called primitive functions. The Meta-Active rule is described in a high-level declarative
language. A rule processor of the system transforms it into an equivalent sequence of low-
level primitive functions. Since the system interprets those primitive functions in a frame-
work of functional computation [7], the meta-level multidatabase query is easily evaluated
in a distributed and parallel processing environment. We have designed and implemented the
primitive functions for meta-level active database functionalities as follows:

AP1: composite event(EVi", EVi", q) — EVou

AP1 is a primitive function for defining composite events in the meta-level system. This
function accepts two meta-level event definitions “EV/™" and “EV;™”, and the meta-level
event algebra “g” which represents a relationship between “EV{™” and “EV;™”". As shown
in Figure 3, ADMIS defines a meta-level event as a tree structure. This function returns a
tree structured meta-level event “EV %", By recursively applying the composite_event
function to this structure, we can define various composite events in the meta-level. We
show an example of this function call is shown as follows:

composite_event (‘update_on_dl’, ‘clicked_on_d2’ AND} -> EVI1;
composite_event (EV1, ’‘error_on_d3’, OR) -> EV2;

This example uses the event algebra AND and OR to describe a composite event.

AP2: detect_event(EV, ES) — boolean

AP?2 is a primitive function to detect a primitive or composite meta-level event. “EV” is a
tree structured meta-level event definition which is composed by the function composite_
event. As shown in Figure 2, “ES” is the history data of primitive events notified to the
meta-level system. By comparing “EV™ and “E.S” in the meta-level system, ADMIS can
detect various composite events that are composed from events in different information
resources independently of the implementation of those information resources.

AP3: notify_event(EV)

AP3 notifies an event “EV” to the meta-level system when the specified event occurs. The
event monitoring daemons use this function, but users do not directly use this function.
Every event used in ADMIS is mapped to the meta-level system by this function. We
show an example of this function call is shown as follows:

notify_event ("update_on_rl’)
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This example notifies the event 'update_on_rl’. Any Meta-Active rule that requires this
event can be fired.

AP4: register_event(EV)

AP4 is a primitive function for registering events to be monitored. If this function is
called, the specified event monitoring daemon starts the monitoring session. When the
event occurs, the event monitoring daemon calls the noti fy_event function.

AP5: semantic.eval_cond(Vi", V™ F(r)) — boolean

APS is a primitive function for evaluating conditions. By applying a relationship compu-
tation function “F'()” and its semantic parameter “r”, the semantic_eval_cond function
computes relationships between two data sets “V/™ and “V™”. This function returns the
true value if the condition of “F(r)” is satisfied with the relationship between “V;»” and
“Vi™_ For example, the function call “semantic_eval_cond(R;, Ry, distance_1t(10))”
means that the data sets “R;” and “R,” are spatial data, and the distance between “R;”
and “R,” is less than 10 meters. To realize semantic interoperability among heterogeneous
information resources, ADMIS dynamically computes relationships among those in-
formation resources, by applying various relationship computation functions. This
is the most important feature of the mechanism for evaluating conditions in ADMIS.

AP6: exec_action(handler,args) — Integer

AP6 is a primitive function for action execution. This function executes external programs
with several arguments. This function accepts a file system path of “handler” and argu-
ments for its “args”. This function retumns a return value of the executed program. An
example of this function call is shown as follows:

exec_action(’ /usr/bin/perl’,
* /home/bob/scripts/mailto kurabaya@sfc.keio.ac.jp’)

This example executes /usr/bin/perl to send an e-mail.

3.3 Rule Execution

This section explains semantics of rule execution in ADMIS. We have designed ADMIS for
applying it to the retrieval operations on multiple and heterogeneous information resources.
The primitive operators for accessing databases are designed for retrieving. Any updating
operation is not supported. The Meta-Active rules, given as a set of primitive operations, do
not include updating operations and do not cause any updating conflicts among themselves.
The knowledge model does not cause any updating conflicts among the Meta-Active rules.

As shown in Figure 4, the rule system of ADMIS is composed of four modules: a rule
parser, an event manager, a rule manager, and a primitive interpreter manager. The rule parser
analyzes a Meta-Active rule and register the parsed rule to the rule manager. The rule parser
transforms an event expression specified in the “on” clause into primitive functions. For ex-
ample, the event expression “(E1 and E2) or E3” is transformed as follows:

composite_event (E1, E2, and)->MELl;
composite_event (ME1, E3, or)->ME2;
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The rule parser also registers events that trigger the rule to the event manager. The primitive
sequence created by the above translation process is registered to the event manager. The
rule parser also transforms a condition expression and an action command into primitive
sequences.

To detect meta-level events, the event manager calls the function “detect_event(EV, ES)”.
When it detects meta-level events, the event manager notifies the rule manager to trigger
Meta-Active rules. The rule manager evaluates conditions among heterogeneous information
resources by using the condition evaluator and the action executor. To evaluate conditions se-
mantically, the condition evaluator uses the function “semantic.eval_cond(Vi", Vi, F(r))”.
If the result of condition evaluation is “true”, the action executor executes the function “exec.
action(handler, args)”.

4 The Design and Concept of ADMIS System Architecture

The main feature of ADMIS is that ADMIS provides both information integration mecha-
nisms and active database functionalities in the meta-level system. In this section, we present
the meta-level architecture for active integration of heterogeneous information resources.

4.1 The System Architecture

Figure 5 shows the system overview of the ADMIS architecture. As shown in Figure 5, AD-
MIS consists of four components:

Event Manager: The event manager records an event-log and detects a composite event
among heterogeneous information resources. ADMIS provides a reactive event detection
mechanism where each event source notifies occurrences of events to the event manager. The
event manager has capability of detecting composite events that are composed with primitive



152 S. Kurabayashi and Y. Kiyoki/ A Meta-level Multidatabase System Architecture

Signaling events Signaling events

Event
WMonitoing
\Qsemes’

Monitoring
{By DB-Trigger)

Moniloring
(By file system pooling)

Cusrinper) | Clusnbinimpg123
— F—_-- Clusebin/mail > K 3 4

Tl Maiing
PostgreSQLl Sysiogl ‘ List

L A A - L i e .

Heterogeneous Data Sources

Figure 5: ADMIS System Architecture

events of different information resources. To detect various composite events, ADMIS pro-
vides primitive operators and the meta-level event algebra. Users can describe the composite
events with the event algebra.

Condition Evaluator: This subsystem evaluates conditions among the integrated informa-
tion resources. ADMIS dynamically integrates heterogeneous information resources, in ac-
cording with active rules given by users.

Action Handler: The action handler executes multidatabase queries, external programs or in-
ternal special commands with a specific security policy. In the design of ADMIS, we assumed
that the applications of ADMIS are related to the provisions of up-to-date information, such
as the example shown earlier to find the lowest price or an intelligent navigation system in
the mobile computing environment. We did not intend to develop conventional applications
of active databases, such as maintenance of integrity constraints. By this design principle,
ADMIS provides flexibility to execute actions with invocation of the external programs for
the information provision.

Event Monitoring Daemons: ADMIS provides a reactive event detection mechanism. When
an event occurs in legacy databases, the event monitoring daemons signal to the event man-
ager as shown in Figure 6. The event manager adds the signaled events to the event log.
ADMIS can accept any information system that is capable of signaling to the event manager,
even if the information system has poor computation resources, such as GPS, PDA or a cel-
lular phone. To realize such a flexible architecture of the event monitoring dacmons, we have
implemented a three-layer model of the event monitoring daemons as shown in Figure 6. The
bottom layer of the event monitoring daemons represents a mechanism for monitoring a spe-
cific information resource, such as a database trigger or a file system monitoring mechanisms
provided by an operating system kernel. The middle layer represents an access method to the
bottom layer, such as database connection libraries or file I/O libraries. The top layer repre-
sents an event notification module provided by ADMIS. This layer is common to all event
monitoring daemons.
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Figure 6: A Three Layer Architecture of Event Monitoring Daemons

One of the important advantages of this architecture is to reduce I/O overhead between
the meta-level system and the event monitoring daemons. We can reduce the I/O overhead,
by tightly coupling the bottom layer of the event monitoring daemon onto a legacy infor-
mation system. And, we can construct flexible and reusable event monitoring daemons by
loosely coupling event monitoring dacmons. Naturally, flexibility and performance are under
the trade-off relationship. We should choose s tight or loose coupling carefully, depending on
the frequency of updating or scale of information resources. This three-layer model makes
the event monitoring daemons flexible and portable.

5 System Implementation

In this section, we describe the system implementation of ADMIS. As shown in Figure 7, we
have implemented ADMIS by using the PostgreSQL server [19], which is currently one of the
typical open source ORDBMS’s. The reason for using PostgreSQL is that the implementa-
tion for source codes of ADMIS can be supported by using the relational algebra and triggers
provided by PostgreSQL. We have implemented our system in C language. The amount of
source codes for the system proposed as a multidatabase system in the paper [16] is approxi-
mately 6,500 lines in the Java language. The mechanisms of the extensible SQL are useful to
implement ADMIS.

5.1 Semantic Interoperability in Virtual Database

To realize transparent data accesses to remote information resources in the conventional OR-
DBMS, we propose a concept of virtual database, that is used for giving a view for remote
and heterogeneous information resources. The virtual database gives abstraction of access
methods to remote information resources by view mechanisms provided by the conventional
ORDBMS. As shown in Figure 10, an integrated schema is available and accessible as views
that are defined as virtual databases. When a user gives a query to those virtual databases, the
query is rewritten as a new query that contains connection/retrieval procedures to remote in-
formation resources. ADMIS provides capability for extension of local information resources
by using the pluggable modules called access drivers which include the access/retrieval pro-
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cedures to information resources. To integrate schema-less information resources, such as
plain texts or HTML files, we have designed an intelligent filter that organizes local data into
a relation in the conventional ORDBMS. The intelligent filter also converts data types. To
realize flexible and portable conversion of data types, the access drivers create local data as
an ASCII text form, not as a binary form. Users can apply various data formatting/converting
functions to those ASCII text data to convert those data into complex objects, such as a 2D
Point type or a Box Region type. Users can also apply aggregation functions in SQL to the
virtual databases. In addition, users can apply existing database applications, such as SQL
clients, OLAP engines and database visualization utilities, to the virtual databases. Figure
8 shows the relationship among the three components in a manner of traditional three-level
schema architecture of DBMS. By these virtual database mechanisms, we realize transparent
accesses to remote and heterogeneous information resources in conventional ORDBMS.
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5.2 Access Driver Mechanism

To integrate heterogeneous information resources, we have designed an abstract access driver
mechanism that is specialized for a multidatabase environment. This driver mechanism pro-
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vides a highly abstract interface to heterogeneous information resources. ADMIS loads an
appropriate access driver according to a database URL given by users. For example, when a
user connects to PostgreSQL server on 192.168.0.1, the user gives the database URL “virtu-
aldb:postgresql://192.168.0.1/sampledb”. We define the format of database URL as follows:

protocol:sub protocol://{host name | IP address}/database name

To connect to different databases, a user changes a sub protocol name. When a user con-
nects to the Google web search engine, the database URL is given as “virtualdb:google://
www.google.com/”. When a user connects to a CSV file, the database URL is given as “vir-
tualdb:csv:// localhost/home/foo/data.csv”.

5.3 Intelligent Filter

ADMIS provides an intelligent filter to integrate information resources that are created based
on heterogeneous data models. The intelligent filter creates a schema of the virtual database
with the access driver and formatting/converting functions. To realize transparency with the
relational model in PostgreSQL, we have implemented the intelligent filter with the view
mechanism and the query rewriting system of PostgreSQL. In a muitidatabase environment, it
is difficult for access drivers to provide the unified data conversion mechanism, because those
access drivers are commonly used by all applications that require different data conversion
mechanisms. The intelligent filter provides customizable data conversion mechanisms for
each application. We show example of data mapping as follows:

select vdb_attr(shadow.ptr, 0)::text as rname,
vdb_attr (shadow.ptr, 1)::text as outflow,
vdb_attr (shadow.ptr, 2)::integer as len,
vdb_attr (shadow.ptr, 3)::integer as basin,
vdb_attr (shadow.ptr, 4)::integer as rate
from (select
virtualdb (’virtualdb:mysql://localhost/dbc’, fshuichi’, ’'mysql’,
'select rname, outflow, len, basin, rate from river’)
as ptr) as shadow;

The implementation of functions used in the example is as follows:
ICP1: virtualdb(URL, USER, PASS, QUERY, FILTER) — ConnectionHandle

This function connects to remote information resources by using an appropriate connec-
tion driver, and returns a pointer to the connected object. We show an example for con-
necting to the Google web search engine and submitting a query “Muitidatabase and
Active” as follows:

virtualdb (’virtualdb:google://www.google.com’, '/, '’,
‘Multidatabase+Active’, ’'Google2Table’)

ICP2: vdb_attr(ConnectionHandle, Index) — Value

This function retrieves a value through ConnectionHandle using a value index. We show
an example that retrieves a value, named “outflow,” from ConnectionHandle shadow.ptr,
and converts the value as a text.

vdb_attr (shadow.ptr, 1)::text as outflow,
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Figure 10: Query Rewriting for Remote Information Resources

6 Experiments

‘We have performed two experiments to clarify feasibility and effectiveness of our meta-level
system. We have designed an experimental environment to show the execution process of
Meta-Active rules by ADMIS.

6.1 Experiment-1

We have performed the experiment for executing an actual Meta-Active rule in ADMIS. The
aim of this experiment is to clarify the feasibility and availability of ADMIS by showing the
detail of our system processes. We have implemented three local information resources and
an active rule in the experimental environment.

e Local Information Resources
We have connected the following two relational database systems and a web search engine
to ADMIS.
(LDB,) PostgreSQL V7.2.1
(LDB;) MySQL V3.23.49
(LDBj3) Google (www.google.com)
We have generated sample data, and stored them into LD B; and LD B,. These data con-
sist of two text string attributes, and those attributes are named “title” and “location”. The

“title” attribute represents a location name, and the “location” attribute represents a geo-
graphical place with x and y axis values. The followings are sample data of those local

databases.
name location
KEIO UNIVERSITY SHONAN-FUJISAWA CAMPUS | (50, 10)
The Tokyo City Kanasogi elementary school (100, 200)
Ota-City Syosen Elementary School (20, 10)
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LDBjs is one of the most famous web search engines. We have implemented the access
driver for Google to connect it into ADMIS. By applying the intelligent filter shown in
Section 5, LD B; will have a relational schema as follows:

title URL

European Japanese Conference | www.pori.tut.fi/ hj/ejc/
on Information Modeling and ...

e Meta-Active rule

We have applied the following Meta-Active rule to ADMIS. This rule detects the com-
posite event “insert_on_ldbl AND delete_on_1db2” which means that the update operation
occurred in LD B, and the delete operation occurred in LD B;. When the composite event
is detected, ADMIS checks conditions “ldbl.location distance_1t(10) 1db2.location AND
1dbl.name == 1db3.title ”. These conditions mean that the distance between the locations
of LDB, and LDB, is less than 10 meters. The location of LD B; is restricted by the
result obtained from LD Bj.

DEFINE META RULE exprule
ON update_on_ldbl AND insert_on_1ldb2
WHERE ldbl.location distance_1t (10) 1db2.location
AND 1ldbl.name == 1ldb3.title
DO "benchmark’;

As shown in Section 3, ADMIS executes Meta-Active rules by the six steps. All the active
database operations of ADMIS are implemented as primitive functions. To process the Meta-
Active rules, ADMIS interprets those primitive functions.

Step-1 Parsing Rule: If the Meta-Active rule is submitted for execution, ADMIS parses
the Meta-Active rule. The parser module generates the primitive sequence shown in Section
3.2. The Meta-Active rule is parsed into three primitive sequences: event detection sequence,
condition evaluation sequence and action sequence.

Step-2 Register Monitoring Events: The following event detection sequence is registered
in the event manager.

register_event (update_on_1ldbl);
register_event (insert_on_1db2)};
composite_event (update_on_1ldbl, insert_on_1db2, and)->El;

The event manager interprets the primitive sequence and invokes event monitoring daemons
for each local information resource.

Step-3 Event Signaling: If events occur, the event monitoring daemons signal to the event
manager by using the primitive function notify_event() as follows:

notify_event (update_on_ldbl);
notify_event (insert_on_1db2);

Step-4 Event Detection: The event manager detects meta-level composite events by applying
the detect_event primitive function to event sequence which is signaled by the event moni-
toring daemons. When the detect_event primitive function returns “true”, the event manager
triggers the Meta-Active rule.
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Step-5 Condition Evaluation: When the Meta-Active rule is triggered, the condition eval-
uator executes the condition evaluation primitive sequence. In the process of condition eval-
uation, ADMIS integrates heterogeneous information resources by applying the relationship
computation function to those information resources. In this case, “distance_lt()” is the rela-
tionship computation function, which evaluates whether the distance between “ldb1.location”
and “Idb2.1ocation” is less than 10km. The primitive sequence for condition evaluation is de-
scribed as follows:

open(ldbl, placel)->DB1l;
open{ldb2, place2)->DB2;
open (1db3, web)->DB3;

join(placel, location, place2, location, distance_1t(10))->R1l;
join(R1l, name, DB3, title, =)->R2;

The primitive function open() is used to establish a connection to local information resources,
and to retrieve the required data. The implementation of this function is provided by each
access driver for local information resources.

Step-6 Action Execution: As an action, the action handler executes multidatabase queries,
external programs and internal special commands. In this case, the action handler executes
the internal special command “benchmark” to record the benchmark of this rule.

6.2 Experiment-2

We have performed an experiment to clarify feasibility and effectiveness of our meta-level
system in the view point of system performance. In this experiment, we have used ADMIS
and the Meta-Active rule used in Experiment-1, and have measured the system performance
in processing the Meta-Active rule. We examine the time when the last event is notified to the
meta-level system and the corresponding action is executed. The aim of the study is to show
that ADMIS actively integrates heterogeneous information resources with practical perfor-
mance for realizing the active multidatabase environment. We have implemented ADMIS on
a PC/AT compatible machine whose specification is as follows:

Category Instantiation
CPU Intel Mobile Pentium4 1.6GHz
Main Memory 512MB
Hard Disk IDE 40GB (5,400rpm, UltraATA 100, 16MB Cache)
NIC 100Base-TX
(o) Linux Kernel version 2.4.18
File System ext3

Figure 11 shows the average elapsed time for processing the Meta-Active rule. In this
graph, the horizontal axis represents the number of tuples in each local information resource,
and the vertical axis represents the average elapsed time for processing the Meta-Active rule.
Our system processed the Meta-Active rule for 100,000 tuples in 2.2 seconds per each local
DB. This experimental result shows feasibility and effectiveness of ADMIS for integrating
heterogeneous information resources.
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Arumber of tuples

Figure 11; System Performance

7 Conclusion

In this paper, we have presented the active multidatabase system architecture which realizes
the meta-level database retrieval and integration mechanisms, called ADMIS. ADMIS pro-
vides an execution framework of active rules in the meta-level system. The most important
feature of ADMIS is to realize the active database functionalities for heterogeneous informa-
tion resources, even if the information resources are manipulated by passive systems.

‘We have implemented the ADMIS architecture, and clarified feasibility and effectiveness
of meta-level active database functionalities through the experimental study in the view point
of processing time. As the future work, we will develop actual applications related to mobile
computing or ad-hoc network environment and we will analyze the system performance on
practical application environments.
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A Computational Method for Spatial and Temporal
Equivalence with Context Recognition Functions
for Document Databases
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Abstract. In this paper, we present a new computational method for
spatial and temporal equivalence with context recognition functions for
document databases.

There are two types of spatial and temporal representations: (type-
1) a coordinate representation (C) like (z,y), and (type-2) a pair of a
context and a coordinate representation (CX, C). The type-2 represen-
tation points out a region where the boundary is dynamically defined
by a context ‘CX’. The feature of the type-2 representation is to include
the context information for computing spatial and temporal equivalence
in a context-dependent way. By introducing context information, type-2
representations are more expressive than type-1 representations.

In our method, spatial and temporal equivalence is computed be-
tween the type-2 ‘A’ and the type-2 ‘B’ when A.CX = B.CX A A.C =
B.C. We define the process for computing A.CX = B.CX, as ‘context
recognition’. Our method makes it possible to extend the applicable
scope of existing databases to that with spatial and temporal contexts.

We clarify the feasibility and effectiveness of our method by showing
several experimental results.

1 Introduction

Information resources with spatial and temporal representations are increasing in a wide
area computer network. Spatial and temporal computation technology can be applied
to information retrieval for those resources from spatial and temporal viewpoints.

In this paper, we present a new computational method for spatial and temporal
equivalence between spatial and temporal representations in the information resources.

We classify spatial and temporal representations into the following two types, and
propose a new computational method for spatial and temporal equivalence between
type-2 representations.

Type-1 (C)
This type is used to describe a region in a spatial or temporal space. The region
is defined as a finite set of boundaries. The region is also described as a set of
coordinate values ‘C’. We define ‘C’ as ‘a coordinate representation’.

Type-2 (CX, C)

This type is used to describe a region where the boundary is dynamically defined
by a context ‘CX’. The feature of this type is to include the context information
for computing spatial and temporal equivalence in a context-dependent way.
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Type-1: {(10,10),(10,100),(100,100),(100,10)}

Type-2: (besides l
{(10,10),(10,100),(100,100),(100,10)})

Figure 1: Type-2 and its location

Figure 1 shows type-1 and type-2 representations in a 2-dimensional space. In this
figure, the type-1 representation strictly defines a rectangle by the boundary. The
type-2 representation defines a area around the rectangle. It is difficult to define
the area by using a finite set of boundaries (the broken lines in the figure). By
using various contexts, we can fix the boundary of the area around the rectangle.
By introducing context information, type-2 representations are more expressive
than type-1 representations.

In our method, spatial and temporal equivalence is computed between the type-2
‘A’ and the type-2 ‘B’ when A.CX = B.CX A A.C = B.C. We define a process for
recognizing A.CX = B.CX, as ‘context recognition’.

Temporal relationships for type-1 representations have been described in [1, 10].
Spatial relationships for type-1 representations have been described in [2]. A spatial
and temporal data integration method among heterogeneous legacy databases has been
presented in [5]. Those conventional computational methods mainly use type-1 repre-
sentations for spatial and temporal relationships[l, 2, 5, 10].

Our method makes it possible to extend the applicable scope of existing databases
to that with spatial and temporal contexts.

The main features of our method are summarized as follows.

(1) A practical context recognition

Our method is used for practical context recognition with type-2 representations.
This method realizes ‘prepositional-phrase-based context recognition’ for type-2
representations.

We focus on contexts related to prepositional phrases. The location (the meaning)
of a type-2 representation changes according to interpretations for the preposi-
tional phrases.

As shown in Figure 2, our method recognizes that (Document-A) and (Document-
B) give the same meaning about the park, and (Document-C) gives the different
meaning about the park from (Document-A) and (Document-B).

We show availability and effectiveness of our method by several experiments.
(2) A semantic recognition on equivalence between contexts without de-
scribing explicit semantic equivalence

Our method is used for computing semantic equivalence between contexts without
describing explicit semantic equivalence.
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The document database:
{Document-A) John waits in the front of the park.
(Document-B) John runs in the front of the park.
{Document-C) In the park, John watches birds.

QOur context recognition method:

(Document-A)
("in the front of", {(100,20),(120,80),(220,80),(200,20)})

(120,80) (220.80);:,},
the park k ,}f

<(100,20) (200,20)

(Document-B) -~
("in the front of",
{(100,20),(120,80),(220,80),(200,20)})

(Document-C)
{"in", {(100,20),(120,80).(220,80).(200,20)})

The results of our computational method:
* (Document-A) and {(Document-B) give the same meaning
about the park.
* (Document-C) gives the different meaning about the park
from (Document-A) and (Document-B).

Figure 2: Our approach for computing spatial equivalence in a document database

Many methods for computing semantic equivalence have been proposed. The-
saurus, Ontology and the Mathematical Model of Meaning [7, 8] have been de-
signed as computational methods for semantic equivalence.

By cooperating with those methods, our method can compute semantic equiva-
lence between contexts without describing explicit semantic equivalence.

(3) A language-independent context recognition

Our method can be applied to type-2 representations described in any language,
because our method uses conventional methods for computing semantic equiva-
lence.

2 Related Work

A computational method for spatial predicates by using a natural language has been
designed in [3]. This method has contributed to simple manipulation for geographic
information systems by using a natural language. Our method is designed to com-
pute semantic equivalence for type-2 representations. Our method makes it possible
to extend the applicable scope of existing databases to that with spatial and temporal
contexts.

Some spatial and temporal information retrieval systems for document data have
been developed in [9, 11]. Those systems have been developed to compute similar-
ity among document data by spatial and temporal terms of the document data. Our
method can compute spatial and temporal equivalence between document data by sup-
porting the type-2 representations appearing in the document data.
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In terms of context recognition, the Mathematical Model of Meaning[7, 8] has been
developed to compute semantic equivalence and similarity among words dynamically,
according to a given context. Our method is designed to identify the same type-2
representations with different context representations.

3 A computational method for spatial and temporal equivalence for type-2
representations

Our method computes spatial and temporal equivalence between type-2 representations
by the following procedure.

(Step-1) Context recognition for type-2 representations

This step evaluates A.CX = B.CX by A.CX € X, and it computes A.CX € X by
using a simple pattern matching technique, where X is a set of contexts with the
same meaning as B.CX.

In this step, our method recognizes semantic equivalence between contexts with
different representations.

Figure 3 shows that our method identifies type-2 representations with the same
context.

Thesaurus, Ontology and the Mathematical Model of Meaning {7, 8] have been de-
signed as computational methods for semantic equivalence. By computing A.CX
€ X by using those methods, our method can compute semantic equivalence be-
tween contexts automatically.

(Step-2) Location recognition for type-2 representations

In this step, our method computes A.C = B.C by using the spatial and temporal
boolean operator f.(A.C,u.) described in [1, 2].

The spatial and temporal relationships between type-1 representations can de-
fine a set of the coordinate representations with the same meaning as B.C in a
continuous space.

In Figure 3, there are infinite points in the given rectangle, and the user describes
all of the points by using the spatial operator ‘contains’ for type-1 representations.
Our method can select only correct locations in the given rectangle, from the
results of (Step-1).

By applying the conventional spatial operator to ‘Type-2’ in Figure 3, four locations
in the rectangle are selected. Two of the four locations are not suited to the context.
Our method makes it possible to select type-2 representations only corresponding to a
user’s context.

3.1 The data structure of a type-2 representation

Our method represents ‘CX’ in a variable-length array of characters.
Our method also represents ‘C’ in the data structures of the spatial and temporal
operators described in [1, 2].
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This figure shows the procedure for recognizing an area around the buildings in a given rectangle.
The conditions of the recognition are as follows:
{1) Type-2.CX is one of the following contexts: 'in the front of, ‘besides’ and ‘behind’.
(2) contains({S2dVr,(10,10),(50,50)},Type-2.C) = true.
‘Type-2' shows a set of locations on the 2D space.
‘Contains’ shows a spatial operator for type-1 representations in [2], and retumns ‘true’ when the
second input is the interior of the first input.
The given rectange {S2dVr,(10,10),(50,50)} is defined by a diagonal line {{(10,10),{50,50)}.
‘S2dVr represents that the coordinate representation is a rectangle on the 2D space.
‘S2dVs’ represents that the coordinate representation is a point on the 2D space.

(" {S2dVs,(10,90)) )

Type-2 .

{behind,{S2dVs,(10,80)}}
(529 (in the front of {S2dVs,(10,90)})
Lz p(in,(S2dVs,(10,90)})

~ (benind,{S2dVs,(10,30)) 54 (n{S2dVs,(10,90))
in the front 9f.{SZst.(10,30)}) ) (in the front of {S2dVs,(1G,90)})
(in,{S2dVs,(10,30)}) g

{over,{S2dVs,(10,30)), o
(in the front of, {S2dVs,(10,30(=) €0 (in the front of,{S2dVs,(20,30)})
(besides,{52dVs,(10,30)hkE) (for,{S2dVs,(20,30)})

(besides.(SZst,(ZO,SO)))
(oo (at,{S2dVs,(20,30))

D

2~ i52dVs, (10,30} {82dVs,(20,30)}

\ 2D space )
(Step-1) Selection of the type-2 representations
with one of the given contexts:
J ‘in the front of’, ‘besides’ and ‘behind’

(SZst,(10,90)) band,(S2dVs,(10,90))

CoYin the front of {S2dVs,(10,80)))
(I5in the front of {S2dVs,(10,90)))

{behind {S2dVs,(10,30}})

K e ront o sSaeve 1030 3 (besides.{S2dVs,(20,30)))

in the front of, s,(10, . 4\
(besides.{S2dVs,(10.30}) 3 g (in the front of,{S2dVs,(20,30)})

{S26Vs,(10,30)} {S2dVs, (20,30)} 2D space

(Step-2) Selection of the type-2 representations
included in the given rectangle, by applying the
‘contains’ to the results of (Step-1)

R ES Ut

{S2dvr,(10,10),{50,50)}
() (besides,{S2dVs,(20,30)})
(in the front of,{S2dVs,(20,30)))

wio{S2dVs,(20,30)} 2D space

Figure 3: The computation of spatial equivalence for type-2 representations by our method
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3.2

The primitive operators for computing spatial and temporal equivalence for type-2
representations

Our method computes spatial and temporal equivalence for type-2 representations by
the following primitive operators.

(F-1)

recognize_contezt(D™,U;) — D
This operator performs (Step-1).

D™ shows a set of type-2 representations. U; shows a set of representations of the
same context.

The result D°* is defined as the following set of type-2 representations :
Do = {d|Cu)(w € i Ad € D" AACX =u))},
where u; shows an element of U}, d shows an element of D™, and d.C X shows the
context of d.
In our method, equivalence between d.CX and u; ( d.CX = v; ) is computed by
the simple pattern matching technique.
recognize_ location(D™, { f,, u.}) = D™
This operator performs (Step-2).

D™ shows a set of type-2 representations. Here, f, shows a spatial and temporal
operator for type-1 representations, and ., shows a coordinate representation.

The result D is defined as the following set of type-2 representations :
D = {d|d € D™ A f.(d.C, u) = true},

where d.C shows the coordinate representation of d.

In our method, the set operators are defined as follows:

(F-3)
(F-4)
(F-5)

3.8

union(D¥, D) — D
dif ference(Di*, Dif) — Dowt

intersection(Di*, Di*) — Dot

The procedure for computing spatial and temporal equivalence for type-2 represen-
tations

The procedure for computing spatial and temporal equivalence for type-2 representa-
tions is expressed as follows.

recognize_location(recognize_context( D™, Uh), { fz, uc})
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Table 1: All contexts of the temporal type-2 representations in the articles

Context Number
on 61
in 29
during 18
since 10
of 4
after 2
from 2
at the end of 1
late in 1
later 1
before 1
through 1
to 1
for about 1
earlier 1
until 1

Table 2: All contexts of the spatial type-2 representations in the articles

Context umber
in 58
at 7
from 2

4 Experiments

We have performed several experiments to clarify feasibility and effectiveness for our
computational method.

Experiment-1: Feasibility of our method for recognizing semantic equivalence be-
tween contexts

Experiment-2: Extension of the applicable scope of existing databases to that with
spatial and temporal contexts by our method

4.1 The experimental data

In these experiments, we used 44 English articles of The Japan Times [6] as the ex-
perimental data. These articles describe the resulis of the baseball games in which a
baseball pitcher ‘Nomo’ pitched from Jan. 1st, 2000 to May 31st, 2001.

There were also some temporal and adverbial phrases such as ‘last year’ and ‘last
week’, in the articles. We converted those phrases to the type-2 representations with
the preposition ‘during’.

Table 1 and Table 2 show all contexts and the number of contexts in each article.

Table 3 shows the operators used in the experiments. The operators with the prefix
‘t1d_> are temporal operators in {1]. The operators with the prefix ‘s2d_’ are some
spatial operators in [2].
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Table 3: Boolean operators for type-1 representations used in the experiments

Operators True conditions
tld_contain(t1,t2) | t1 is during 2.
tld_before(tl,t2) | tl is before t2.
tld_disjoint(t1,12) | 1 and £2 are not joined.
s2d_inside(sl, s2) | sl is inside of s2.
s2d_equal(sl, s2) s1 1s the same location as s2.

4.2 FExperiment-1

To clarify feasibility of our method for recognizing semantic equivalence between con-
texts, we compare our method and a comparative method, in terms of accuracy of
computational results.

We have implemented our method and the comparative method which was designed
so as to deal with just a single context representation, unlike our method.

We have used the following three context sets as queries.

Context Set-1 {on, in, during} for temporal type-2 representations

These contexts give the same meaning for temporal type-2 representations, be-
cause any type-2 representation represents when an event (a fact) happened. In
this experiment, for dealing with this set, several queries have been executed for
retrieving articles describing events (facts) happened at the time.

Context Set-2 {late in, at the end of} for temporal type-2 representations

These contexts give the same meaning for temporal type-2 representations, be-
cause any type-2 representation represents the end of time. In this experiment,
for dealing with this set, some queries have been executed for retrieving articles
describing an events (a fact) happened at the end of indicated time.

Context Set-3 {in, at} for spatial type-2 representations

These contexts give the same meaning for spatial type-2 representations, because
any type-2 representation represents a location where an event (a fact) happened.
In this experiment, for dealing with this set, some queries have been executed for
retrieving the articles describing an event (a fact) happened in a given location.

We have used three pairs of {f,, u.}. Table 4 shows all queries for both methods.
We compare the results of both methods by using the following indicators which are
often used to evaluate information retrieval systems.

CorrectBySystem
Recall = ————F—=———
eca CorrectArticles
. CorrectBySystem
P =
recision ArticlesBySystem

Correct BySystem shows the number of the correct articles retrieved by a system.
CorrectArticles shows the number of the correct articles. ArticlesBySystem shows
the number of the articles retrieved by the system.
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Table 4: The queries used in the Experiment-1

The queries for our method The queries for the comparative method
Context | recognize.location{ recognize location(recognize_context(D™, {on}),
Set-1 recognize_context(D”, {t1d_before, {T1dVp,(20010501)}})
{on, in, {on, in, during}), recognize_location(recognize_context(D*", {in}),
during } {t1d_before, {t1d_before, {T1dVp,(20010501)}})
{T1dVp,(20010501}}}) recognize_location{recognize_context(D*", {during}),
{t1d_before, {T'1dVp,(20010501)}})
Context | union(union(union( union{
Set-2 recognize_location( recognize_location(
{late in, recognize_context(D ™, recognize_context(D" {late in}),
at the {late in, at the end of}), {!t1d.disjoint,
end of} {!t1d_disjoint, {T1dVi,(19990901,20000101)}}),
{T1dVi,(19990901,20000101)}}), recognize.location(
recognize_location( recognize_context(D*" {late in}),
recognize.context(D*, {!t1d.disjoint,
{late in, at the end of}), {T1dVi,(20000901,20010101)}}))
{!t1d disjoint, union(
{T14Vi,(20000901,20010101)}})), recognize_location(
recognize_location(D*", {t1d.contain, recognize.context(D™*,{at the end of}),
{T1dVi,(19990901,20000101)}})), {!t1d.disjoint,
recognize_location(D*®, {t1d_contain, {T1dVi,(19990901,20000101)}}),
{T1dVi,(20000901,20010101)}}}) recognize_location(
recognize_context(D™* {at the end of}),
{'t1d_disjoint,
{T1dVi, (20000901,20010101)}}))
Context | recognizelocation{ recognize_location(recognize_context{D*" ,{in}),
Set-3 recognize_context(D*™,{in, at}}, {s2d.inside, {S2dVr,(100,100),(350,200)}})
{in, at} {s2d_inside, recognize location(recognize_context(D**,{at}),
{52dVr,(100,100),(350,200)}}) {s2d_inside, {S2dVr,(100,100),(350,200)} })

4.2.1 The experimental results and consideration

Figure 4 shows the recalls and precisions of the queries in Table 4.

The white diamonds show the recalls and the precisions of our method. The black
diamond shows the average in our method. The white triangles show the recalls and
the precisions of the comparative method. The black triangle shows the average in the
comparative method.

By those results, we have clarified that our method could recognize semantic equiv-
alence between contexts without describing explicit semantic equivalence.

4.3 Ezperiment-2

This experiment has been performed to show the new applicable scope of our method
for spatial and temporal databases. We compare the accuracy of the retrieval results
of four document retrieval systems statistically.

System-1 The spatial and temporal document retrieval system by our method (Our
system)

In this system, an article is represented as a set of tuples. Each tuple is composed
of the following items: (AID) the identifier of an article, (Article) a set of
all words in the article, and (Type-2) a type-2 representations included in the
article.

Table 5 shows the representations of an article including four type-2 representa-
tions.
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T e S SRR

0.9
0.8
0.7
0.6
05
04 |

Precision

bur n'lethod

03 - The average of our method €p |
A
A

02 F The comparative method

01 F The average of the comparative method

0 1 1 1 1 1 1 1 1 i
0 01 02 03 04 05 06 07 08 09 1
Recall

Figure 4: The results of the Experiment-1

This system returns the following set of articles:

{t.AID|t € T™ A Uy, C t.Article
At.Type-2 € recognize location(recognize_context(T™. Type-2, Up), { fo uc ) }

where ‘T™ shows a set of articles, ‘¢.AID’ shows ‘AID’ of the article ‘t’, ‘t.Article’
shows ‘Article’ of ‘t’, ‘T**.Type-2’ shows a set of the type-2 representations in
‘T ‘J," shows prepositions given as queries, and ‘U’ shows keywords given as
queries.

This system also evaluates ‘U C ¢.Article’ by a conventional document retrieval
method based on the pattern matching technique.

System-2-1 A spatial and temporal document retrieval system by the conventional
methods in [1, 2]
In this system, an article is represented as a set of tuples. Each tuple is composed
of the following items: (AID) the identifier of an article, (Article) a set of all
words in the article, and (Type-1) a type-1 included in the article.

This system returns the following set of articles:

{t.AID|t € T*™ AU, C t.Article
At.Type-1 € recognize_location(T". Type-1, { fo,uc. 1)},

where ‘T* shows a set of articles, ‘t. AID’ shows ‘AID’ of the article ‘¢’, ‘. Article’
shows ‘Article’ of ‘¢’, ‘T**. Type-1’ shows the set of all type-1 representations in
‘T ‘U, shows prepositions given as queries, and ‘Uy’ shows keywords given as
queries..

This system also evaluates ‘U, C t.Article’ by using a conventional document
retrieval method based on the pattern matching technique.
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Table 5: An example of the experimental data for the System-1 in the Experiment-2

AID Article Type-2
CX C
20000602 | In Chicago, ... walked two. in {S2dVs,(256,162) ]
20000602 | In Chicago, ... walked two. on {T1dVp,(20000602) }
20000602 | In Chicago, ... walked two. | since | {T1dV1,(19451001),(19451101)
20000602 | Tn Chicago, ... walked two. | during | {T1dV1,(19451001),(19451101)

System-2-2 Another spatial and temporal document retrieval system by the conven-
tional methods in [1, 2]

This system is designed to realize another context recognition for type-2 repre-
sentations by selecting articles including one of given prepositions.

The data structure of this system is the same as System2-1. This system returns
the following set of articles:

{t.AID|(t € T™ A (Fuy € Up){(w; € t.Article
AUy C t.Article A t.Type-1 € recognize_location(T™ . Type-1, { fo, uc})},

where ‘T shows a set of articles, ‘¢.AID’ shows ‘AID’ of the article ‘¢’, ‘t.Article’
shows ‘Article’ of ‘t’, “T"*® Type-1’ shows a set of the type-1 representations in
‘T [J;" shows prepositions given as queries, and ‘Uy’ shows keywords given as
queries.

This system also evaluates ‘Uy C t.Article’ by using a conventional document
retrieval method based on the pattern matching technique.

System-3 A conventional document retrieval system based on a pattern matching
technique.

In this system, an article is represented in a set of tuples. Each tuple is composed
of the following items: (AID) the identifier of an article, and (Article) a set of
all words in the article.

This system returns the following set of articles:
{t.AID|t € T A Uy, C t.Article},
where ‘T” shows a set of articles, and ‘U’ shows keywords given as queries.

We have used several conditions for document retrieval. Table 6 shows the six groups
of retrieval conditions and the number of the correct articles.

We evaluate accuracy of the results of the four methods by using the same indicators
used in the Experiment-1.

4.8.1 The ezperimental results and consideration

Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10 show the averages of
precisions and recalls in query execution in the four systems.

The precision of the System-1 (our system) was higher than that of the System-2-1.
The gap between the precisions was larger, when U; was composed of rare prepositions
in the articles (Figure 5 and Figure 7).
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Table 6: The query groups used in Experiment-2

Query [ [ {fcrue} the number of
Group the correct articles
Condition-1 Nomo, {since} t1d_contain, {T1dVi,(20000101),(20010601) 3
win, 1id_contain, 1 T1dV1,(30000101),{20010101)

won t1d_contain, { T1dVi,(20000401),(20000701)
t1d_before, {T1dVp,(19990101)
t1d_before, {T1dVp,(19900101)
tld_before, {T1dVp,(19800101)

Condition-2 Nomo, {on,in, t1d_contain, {T1dVi,(20000401),(20000430)
win, during} t1d_contain, {T1dVi,(20000401),(20000531)
won 11d_contain, { T1dV1,(20000401),(20000630)

t1d_contain, {11dVi,(20000401),(20001101)
t1d_contain, {T1dV1,(20000101),(20010101)
t1d.contain, {T1dVi,(20000101}),(20010601)

Condition-3 no-hitter, {since} t1d_before, {T1dVp,(20000101)
complete game t1d_before, {T1dVp,(19980101)
t1d_before, { T1dVp,(19960101)

Condition-4 Orioles {in, at} {s2d_inside, {S2dVr, (100,100),(350,200)} }

{s2dnside, {52dVr, (100,100),(350,200) 1 }
{s2d_equal, {S2dVs, (310,156)}}
Condition-5 Tigers {on,in, t1d_contain, {T1dVi,(20000401),(20000701)
during} t1d_contain, {T1dVi,{20000401),{20001101})
t1d_contain, {T1dVi,(20000401),(20010601)
Condition-6 Tigers {since} t1d_before, {T1dVp,(20020101)
t1d_before, {T1dVp,(20010101)
tid_before, {T1dVp,(20000101)
tid_before, {T1dVp,(19990101)
t1d_before, {T1dVp,(19900101)

o} o0 00| oof oo] 2| 531 ] vof wof cob el wof cof S5l 00| aof v] vof | o] 1] | €] o)

In Figure 6 (the Condition-2), the precision of the System-1 was very low. This
result shows that the conventional document retrieval method could not distinguish the
following articles: (A-1) the articles of Nomo’s victory, and (A-2) the articles of the
opposing teams’ victory in the game when Nomo pitched.

The System-1 marked the same recall as the System-2-1 in Figure 5, Figure 6, Fig-
ure 7, Figure 8 and Figure 9, and it showed the lower recall than the System-2-1 in
FigurelQ. This result shows that our method could not identify the same time repre-
sented by different context representations and different coordinate representations. In
this experiment, though ‘since 1950’ and ‘in 50 years’ were equivalent in the articles
described in 2000, our system retrieved only ‘since 1950°. However, our method is more
effective than the conventional methods in most cases.

The System-1 always led to higher precision than the System-2-2. This result shows
that the System-2-2 could not recognize the connection between a context represen-
tation and a coordinate representation. Our context recognition process for type-2
representations is important to improve the accuracy of document retrieval results.
Our method has also contributed to the extension of the applicable scope of existing
databases to spatial and temporal databases.

In comparison with the System-3, our method has contributed to the improvement
of the precision of document retrieval results drastically. It is available to apply our
method to a filtering function for document databases.

By those experimental results and the considerations for document retrieval, we
have clarified that our method gives higher feasibility than conventional spatial and
temporal computational methods, and contributes to the extension of the applicable
scope of spatial and temporal databases.
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Figure 6: The results for the Condition-2 in the Experiment-2
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Figure 8: The results for the Condition-4 in the Experiment-2
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Figure 9: The results for the Condition-5 in the Experiment-2
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4.4 Consideration for effective processing of our method

There are several effective processing mechanisms for the conventional pattern matching
technique and the spatial and temporal computing techniques. Those mechanisms, such
as hashing, B-tree, R-tree[4] and so on, contribute to high performance processing by
our method.

It is also possible to optimize processing of application programs including our func-
tions on the basis of the optimization scheme for functional programming.

5 Conclusion

In this paper, we have presented a new computational method for spatial and temporal
equivalence in database retrieving.

There are two types of spatial and temporal representations: (type-1) a coordinate
representation (C) like (z,y), and (type-2) a pair of a context and a coordinate repre-
sentation (CX, C). The type-2 representation points out a region where the boundary
is dynamically defined by a context ‘CX’. The feature of the type-2 representation is
to include the context information for computing spatial and temporal equivalence in
a context-dependent way.

In our method, spatial and temporal equivalence is computed between the type-2
‘A’ and the type-2 ‘B’ when A.CX = B.CX A A.C = B.C. We have defined a process
for recognizing A.CX = B.CX, as ‘context recognition’.

Our method makes it possible to extend the applicable scope of existing databases
to that with spatial and temporal contexts.

The main features of our method are as follows.

(1) A practical context recognition

QOur method is used for practical context recognition for type-2 representations.
This method realizes ‘prepositional-phrase-based context recognition’ for type-2
representations. We focus on contexts related to prepositional phrases because
the location (the meaning) of a type-2 representation changes according to inter-
pretations for the prepositional phrases.

(2) A semantic recognition on equivalence between contexts without de-
scribing the explicit semantic equivalence

Many methods for computing such semantic equivalence have been proposed. We
have also proposed a recognition method of semantic equivalence between contexts
by cooperating with those methods.

(3) A language-independent context recognition

Our method can be applied to type-2 representations described in any language,
because our method uses conventional methods for computing semantic equiva-
lence.

We have clarified that our method is very attractive in comparison with the con-
ventional spatial and temporal computational methods for document retrieval, and
contributes to extending the applicable scope of existing databases to that with spatial
and temporal contexts.

As the future work, we will design and implement a method for recognizing the same
type-2 representations with different contexts and different coordinate representations.
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We will also realize a computational model for the other relationships between type-
2 representations, like ’part-of’, similarity and so on. We will realize a method for
automatically extracting type-2 representations from document databases.
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Abstract.

Collaborative editing of documents online in organizations helps the col-
laborators keep up to date with rapidly changing information, especially in
technical fields. Because of its speed, editing documents on-line can have dis-
advantages, too: the repository of documents (document space) can grow large
and redundant.

To enforce coherence and reduce redundancy, a strong (hierarchical) struc-
ture of the document space can be imposed. In this case, each document has
a strictly defined slot in the document space, it can be located by navigation
and altered or extended. It has been our experience, however, that users do
not like hierarchical structures and find the navigation cumbersome. Another
possibility, more liked by the users, is to have a loosely structured document
space, and support the users with tools for document retrieval and intelligent
linking between documents.

In this paper, we present a tool with which the user can see which other
documents are related to his documents. The intended use for the tool is that
the user edits a document to insert a query variable and after editing saves it.
Saving a document automatically launches a query, whose results are a set of
links to the most similar documents in the work space.

In order to measure similarity, we have evaluated several methods, includ-
ing Myers’ O(ND) method (string comparson by edit distance) and a method
based on Salton’s Vector Model. In our reference document server (that con-
tains about 1000 technical documents entered by the users) it was found that
both methods worked quite well.

The users of the document server have found our implementation useful,
since they can (i) see if someone has already considered the topic that they are
working with (ii) find information that is otherwise interesting to them.

1 Imtroduction

Collaborative environments for sharing information in organizations have been around since
the introduction of Local Area Networks (LANs). Most collaborative environments feature
”pages” of information and hyperlinks that link these pages with each other. Simple links can
easily lead to badly structured information. To prevent that, intelligent linking {13] and hier-
archical structures in the collaborative environment user interface (as with Tuovi/Kronodoc
document management system, {16]) have been proposed and implemented.

In this paper, we concentrate on an Open Source collaborative environment called TWiki.
TWiki is a World Wide Web (WWW) based collaboration platform” {20] that enables editing
pages of the collaborative environment using a normal WWW browser. TWiki’s flexible
software structure makes it easy to write additional modules to extend TWiki’s functionality.

We present a prototype of an additional TWiki plug in module called SimilarityPlugin.
It focuses on the problem of badly structured information by finding similar pages in the
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collaborative environment. The intended use of the plug in is as follows: the user types a
page and checks if there are some related one already in which case he makes links to them.

The benefits of this module are making the users aware of related information that is
already there, discouraging redundant work.

2 Background and Terminology

Bielawski and Boyle [2] define document management as creation, management and distri-
bution of document-based information. Here, we define a collaborative environment simply
as a computer program that facilitates document management, typically within one organiza-
tion. We call the collection of documents within one collaborative environment a document
space.

The World Wide Web (Web) is a network of information resources [4]. The Web relies on
three mechanisms to make these resources readily available to the widest possible audience:
1. A uniform naming scheme for locating resources on the Web (e.g., Universal Resource
Identifiers, URIs). 2. Protocols, for access to named resources over the Web (e.g., HyperText
Transfer Protocol, HTTP). 3. Hypertext, for easy navigation among resources (e.g., Hyper-
Text Markup Language HTML).

A server is “an application program that accepts connections in order to service requests
by sending back responses.” [7] Thus, a world wide web server is a server that accepts HTTP
requests and as responses send information in the form of HTML.

A web based collaborative environment in the world wide web context is a collabora-
tive environment implemented by means of a web server. Documents are HTML pages and
contain links to other documents in the same document space.

3 Related Work

Knowledge management in organizations is a widely studied area (e.g. [1]). There are also
many works focused in knowledge management in WWW environment (e.g. [14]).

In information retrival, methods of recovering documents based on keywords are well
known. In a typical application, the user enters a query, i.e. a keyword or a set of keywords.
The system tries to find documents that match the vser’s query. The system’s response is a
group of documents such that for each of them there is a “rank”, a similarity index often based
on the amount of matched words compared to the total number of words in the document (see
e.g. [6]).

To evaluate how well the resulting documents correspond to the given query, Kent et al.
[10] have defined two measurements for information retrieval: Precision, that is, how large
portion of the retrieved documents were relevant and recall, that is, how large portion of all
relevant documents were retrieved. These measures serve well as a theoretical background;
studies in information retrieval discuss how to design and implement systems that find a good
balance of precision and recall (see e.g. [9]). The problem with these measures is, however,
that it is very difficult to evaluate them in practice.

We can generalise the notion of document - query similarity to document - document
similarity. There, maybe the best known of document - document similarity measurements
is the traditional Salton Vector Model {19]. The idea behind the vector model is to present
the documents as vectors and then compute the similarity of these vectors. The vectors are
constructed based on the words in the document. It is possible to use only some (human)
defined key words or process the whole document using computer. Salton [18] shows that
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automated method works as well as manual one. Common words, like articles and preposi-
tions, should be removed before constructing the vector. Other possible methods to compare
similarities are, for example, string comparison methods, like O(ND) of Myers [12] based
on edit distances. In our case, the string comparison method gave similar kinds of result as
the Vector Model. Most of the methods return a decimal value that indicates how similar the
documents are. This enables us to rank the relevant documents. The ranking is useful since
in large databases the number of relevant documents can be too much to display for the user
(8]

Among the more recent approaches, semantic networks and structural similarity have
gained attention.

Ruge has used semantic networks in information retrieval in order to find alternative query
terms [17]. This study shows that a spreading activation network [3] can easily find alternative
terms that are more than just synonyms. Our method can be seen as a application of semantic
networks. The documents are nodes in the networks and the connections between the nodes
represent the similarity of the nodes. The activation of the document at hand is increased and
the increased activation spread via the connections to other nodes. The activation level of the
node detones the nodes’ relevance for the user.

Cruz et al. [5] have studied how structural similarity of web pages can be detected. Their
idea is to give the user a possibility to retrieve information from web pages based on the
structure of the pages. They use three different distance functions for measuring the similarity
of documents. The functions are based on tag frequencies, parametric functions, and edit
distances.

An obvious application of similarity measurements is detecting plagiarism. We have
tested an algorithm primary designed for this purpose (“Sherlock™ discussed in [11]) in our
implementation, too.

4 Wiki, TWiki Basics, and use at the Helsinki Institute of Physics Technology Pro-
gramme

*TWiki is a leading-edge, web-based collaboration platform targeting the corporate intranet
world. TWiki fosters information flow within an organization; lets distributed teams work to-
gether seamlessly and productively; and eliminates the one-webmaster syndrome of outdated
intranet content.” [20]

TWiki is a enhanced implementation of Cunningham’s “"WikiWikiWeb” (http://c2.com
/cgifwiki), software that allows users to create, edit and hyperlink web pages using only a web
browser. The first Wiki implementation used at Cunningham’s website consisted of about 500
lines of Perl code interfaced to a database manager, in this case Gnu DBM (gdbm) the GNU
database manager.

A basic Wiki installation consists of the following features: (i) A simple syntax for for-
matting headings, bold, italic, fixed font text, creating internal and external links. (ii) Possi-
bility to create internal hyperlinks to pages within the wiki installation using a ”WikiWord”
syntax and external links with by embedding a traditional “http://” link within the text. (iii)
A simple search facility that will provide links to pages containing the search text.

A WikiWord is any word consisting of one upper case character followed by one or more
lower case characters followed by one upper case character followed by one one or more
lower case characters. If a page with the name WikiName exists, the test WikiName will
link to the page called WikiName. Otherwise, a question mark following WikiName ("Wiki-
Name?’) will link to a page allowing one to create a page named WikiName.
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The Helsinki Institute of Physics, Technology Programme started to use Cunningham’s
Wiki in February 2001 to maintain a non-hierarchical and easy to update set of web pages for
internal and external use.

The following TWiki Enhancements influenced our decision to adopt TWiki in Novem-
ber 2001: (i) Version control and ability to look at changes between different versions of a
page. One of the uses of the TWiki was to keep track of configuration information. The
version control allowed us to see by whom and when changes were made to documents. (ii)
Flexible access control (Read/Write/Change by a user or a group of users, editable by users
via a browser interface). (iii) “Webs”, i.e. separate document spaces of interest to a limited
audience.

From a user’s perspective, the following features have been most useful:

(i) The ability to upload files from a browser. (ii) More flexible WikiWord syntax allowing
use of multiple upper case letters as well as numbers. (iii) Possibility to subscribe to daily
notifications via email of changes to pages in a web. (iv) Signing up and password setting
via a simple web form. (v) Syntax for including tables in a page, and (vi) The ability to put
HTML tags into the text.

TWiki does not enforce a strict hierarchy of documents: within one web, all documents
are on the same level. It is up to the user to provide links between them. Naturally, this can
lead to redundancy. The SimilarityPlugin has been developed as a solution to this problem.

5 Description and Implementation of the Similarity Search
5.1 Description

Before creating a new document, users regularly use the basic search function to see if there
are related documents (e.g. same words in their subjects) in the document space already.
However, since the documents can be edited by dozens of users, any two documents may
end up having lots of related contents, even if the phrasing of their subject is different. The
users find this annoying especially in the cases when the documents describe solutions to
technical problems: the user writes his solution and discovers later that someone else had
already produced a similar solution.

In order to overcome the difficulties of redundant documents in Wikihip (available on:
http://wikihip.cern.ch), a similarity search function was proposed. The users envisaged that
the system should function in a following way:

o The user either enters a new document or edits an existing one;

e When saving his documents he would have an option of checking if there is already a
similar document in the document space.

« If this option is selected, the software should output links to the most similar docu-
ments.

e The user can follow the links and study the related documents.

5.2 Implementation

The algorithm employed by default is that of O(ND) of Myers [12]. We have tested an
algorithm based on Salton’s Vector Model (outlined in [15]), too, but its implementation was
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slower and there was no apparent differences in the results. The algorithm can be changed,
since the interface supports any function that compares two strings or files and outputs their

relative similarity.

; 11The function was implemented using TWiki’s “plugin API”, and can be described as
ollows:

store the current page in variable CURRENT
initialize a list LIST of pairs <page,similarity-value>
for each page PAGE in document space
compare similarity with CURRENT
push PAGE and similarity value into LIST
sort LIST according to similarity values

The plugin in action (while editing and after saving the document) can be seen in Figure 1.

6 Conclusions and Discussion

In this paper, we presented a practical method to reduce redundancy in collaborative docu-
ment management environment, an automated similarity search.

As a possibility to extend the system, a thesaurus can be introduced as a part of it. in
other words, we would use a controlled vocabulary to find documents that are about the same
subject but can use different terminology.

As a prototype environment, we used TWiki, a web based document management pro-
gram. Our instance of TWiki (used at CERN), currently contains about 1000 documents and
serves ca. 50 users. User feedback has been positive; the users especially appreciate the
possibility to find technical (trouble shooting) documents similar to theirs.



M. Gindonis et al. / Document Similarities in Collaborative Environments

Don't forget - if you change m:ﬂ:ma,d.o!thi oo¢ wmdmnmlha__mm_
Main.MarkoNiinimaki hxum'sig_am!or

Preview, then 20 Back sod can't find your changes, wse the browser's  Copyright @ 2001 by the contributing suthors. ALl
rton (net Preview), then Save Vour changes wll be S sndvou can materhl oo this collaboration ool i the property of the
1. This i caused by » caching tn‘  Intemet "x;"l?:(:, e contributing wthors.
Tdeas, requests, probloma segasding Wikihig? Send

are similarity vith CURRENT
PAGE and similarity value into LIST
sort LIST according to similarity values

Figures 1,2 and 3 flustrate how the user sees the functionality.

CanSimD:s ﬁunAndl ierne.rununn

cAmssmssmn

I0.400259850074962 HimUsm

I0.39574587 1816401

0.392686357243319

1029230150822 5679

0.388067312595614 Tm:tMana erNotes
0.357 826961770624 Gnangnil’uhlir.[.imse
0.367096774193548[WorkingMethods
[0.384078573274748| T estSimilarity
10.38391845979614% W1l |
0.352284382284382 90
0.381742738589212 |Compiling Rernels '
0.37967032967033 |AnalysisOfTheClusterPerformance
10.379139072847682|M e316]an2002
I0.373676680972818|WabiSabi
[0.3715012722545631 | JuneWeek24

Figure 1: The Similarity plugin and its user interface
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Abstract.

The SD-Form Semantics Model, developed by the authors, is a framework to
deal with semantic processing of natural language. We made the new retrieval
system based on web-based system. The new system use video movie, text data, and
the SD-Form as their semantic description. The System used HTML (Hyper Text
Markup Language) for the video database and use common gateway interface scripts
are written in perl and the system worked well.

1. Introduction

Recently, the number of web-based applications is increasing at very fast rate with the
exponential increase in the number of people using the World Wide Web (WWW). So it is
very important to utilize efficiently the available application on network. In this paper we
apply the semantic retrieval for video data on a network. This scheme differs in
implementation with respect to the semantic processing on WWW.

Previously, the authors proposed a new semantics model using SD-Forms as a meaning
description language.'> 2> ® > I They termed it the SD-Form Semantics Model, The
authors have already reported several feasibility studies on applications. ™% 12 1-16) Tpe
most important point of the model is that it is equipped with a scheme for semantic metric
computation in terms of a semantic difference measure.

This paper presents our new attempts to video database system. The most important point
is that each video scene and dialogues is described semantically by using SD-Form. Each
scene is retrieved by an SD-Form. In other words, similarity of two gives scenes is
computed by using attached SD-Form in conjunction with the system knowledge that are
episode knowledge, scene knowledge and general knowledge.

In Section 2 we review the SD-Form Semantics Model. In section 3 we will explain our
system. Finally in Section 4, we summarize our present work and show the problems for
our future work.

2. The SD-Form Semantics Model

The SD-Form Semantics Model defines the SD-Form as a meaning description language.
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An SD-Form is a well-formed symbol string which we use to describe concept structures.
“A concept” in English generally refers to “word meaning.” While, in this paper, it refers to
a piece of an idea contained in a word, sentence, greeting phrase, fact, rule, or emotional
utterance.

2.1 The syntax of the SD-Form

The syntax of the SD-Form is regulated by a context-free grammar named SDG
(SD-Form derivative Grammar.) '  Symbols of the SD-Form include the following.

SD-Forms are categorized into the 8 types of syntactic structures which follow. “D, D1,

D2,...” in the following description take one of 8 types.
Type 1) Variable label
X, X1,Y (something)
Type 2) Simple label
FOREST, SNOWHITE, HUMAN, RUN, SOME, 21, $1
Type 3) Parameterized label : g(f)
AGE(40), PAGE(3), DOLLAR(25) (age 40, page 3, 25 dollars)
Type 4) Modified SD-Form : D/D1
APPLE/PRETTY )para(RED) (a pretty red apple)
Type 5) Prescribed SD-Form : Pi(D)
nega(AWAKE/MOOD/ABILITY) (can not awake)
Type 6) Connected SD-Form: (D1)Ci(D2)
(SNOWHITE)kdof(HUMAN) (Snow-White is a kind of human.)
Type 7) Statement SD-Form : [s(D1),w(D2), ...]
[s(QUEEN/SOME),»(BE),c(MOTHER/SNOWHITE)]
(Some Queen is the mother of Snow-White.)
Type 8) Emotion SD-Form : [a(D)], [(D)] or [e(D)]
[a([s(1STPSN),v(SURPRISE)])] (Oh!)

The usage of each SD-Form type is standardized by a usage manual®. Each SD-Form(D)
has a “semantic information score” described by S/(D). The reason we associate each
SD-Form with such a score is so we can evaluate the amount of semantic information of
each concept by a number .

2.2 Semantic information of an SD-Form

Each SD-Form (D) carries a certain amount of semantic information. This amount
depends on the syntactic structure of D. We designate it by S/(D) and call it the semantic
information score of D. Although the score-assignment details are left open to each model
user, we have some general ideas about it.

2.3 Elaboration in the SD-Form Semantics Model
An elaboration relation in the SD-Form Semantics Model is a generalized idea of the
traditional “IS-A”, “PART-OF” or “IF-THEN” relations. This is because all the “IS-A”,
“PART-OF” and “IF-THEN” relations describe the inheritance of a true property, and the
elaboration relation in the SD-Form Semantics Model also refers to the inheritance of a true
concept property. It has two types. One is ELABsyn(D1,D2) and the other is
ELABknow(D1,D2).
When D1 and D2 are related in one of the following cases, D2 is called “syntactically
elaborated” from D1 by the score . .
We designate it by, ELABsyni{(D1,D2) =n, or ELABsyn{D1,D2,n).
We introduce the “specific-knowledge based” elaboration relation.
We designate it by,ELABinow(D1,D2) = n, or ELABimow(D1, D2, n) Let a system be
equipped with specific knowledge, then the corresponding ELABinow(D1,D2) relations on
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the right side hold true. Specific knowledge must be explicitly given to the system by users.
Therefore, different systems have different specific-knowledge based elaboration scores
depending on the knowledge difference.

2.4 Definition of ELAB relation
In the SD-Form Semantics Model, an elaboration relation between D1 and D2 is denoted
by
ELAB(D1,D2)=n, or ELAB(D1,D2,n)
where, 7 is the elaboration score given by
n = min {ELABsyn(D1,D2), ELABknow(D1,D2)}.
(i.e., n is the minimum value of ELABsynt(D1,D2) and ELABknow(D1,D2)).
ELABsynt and ELABimow are syntactic and knowledge based elaborations, respectively.
The unit of both scores is “semit.”

2.5 Nearest common ancestor and the semantic difference measure
The nearest common ancestor (Do) of D1 and D2 is a common ancestor which is the

nearest to both D1 and D2 among all common ancestors.
We describe this relation as follows.

NCOA(D1,Do,D2,n)

(n = {ELAB(D0,D1)+ ELAB(D0,D2)}
=minD {ELAB(D,D1)+ ELAB(D,D2)})

We defme the semantic difference measure between D1 and D2 as;

DIFF(D1,D2)=n.

3. Video database

3.1 Video data

A video movie data is a time series of motion picture associated with speech sound and
other sounds. A video movie sequel is a segmented story. Each segment, in some case, is a
short story on video movie which is called "Episode." An episode forms a substory of a
whole story. An episode consists of time series of "Scenes”, and a scene is a series of
"Shots" (cf. Fig.1).

When we talk about a motion picture with speech sound included, we phrase it as "video”
like in "video scene” and "video shot."

We picked up a video movie, as our source data for our system, which was for 122
minutes. This story was not only in Japan as an entertainment program on video movie, but
also as a study material for people who are eager to learn conversational English. The most
special point about this story is that it is bilingual (English and Japanese). A typical episode
in this story has a statistics like the following.

1. A video movie data has 10 episode.

2. One episode has 5-15 scenes.

3. One scene (lasting for about 2 minutes) has 10-40 shots.
4. Number of speech utterances in one scene is 5-50.



188 M. Wakiyama et al. / A Prototype of Semantic Retrieval for Video Data

Story
Enisode 1 Episode2 cen
Scenel Scene2 cee
o e Shot
oo Frame of Image oo

Fig. 1 Hierarchy of a story structure

3.2 Definition of Scene

Most scenes include some people, and they converse on some topic. The conversation
topic, as well as the place of conversation, will last or continuously shift within a scene, but
will not go beyond the scene. We assume that one scene has only one conversation topic
and one place. A "place" in this context is not necessarily a geographical place. We also
assume that every scene includes at least one utterance of speech sound. A shot is an
interval of motion picture, which is a series of still picture frames, during which the picture
was taken without interruption. Fig.1 illustrates this hierarchy.

3.3 Description of Video data
We are filing each video scene (motion picture with speech sound) of a video movie in
our PC system. The sampling features are as follows.

Image Sampling
1 Frame : 320 x 240 pixel
Pixel Color : 24 bit/pixel (Full colors)
Number of Frames : 30 Frame /second
Speech Sampling
Data Bits : 8 bit
Sampling Frequency :32KHz
Number of Channels : 2 (English and Japanese)

At the moment, we do not use any image compression technique in filing. All data are
directly stored in the hard disk of the server. The amount of necessary memory for one
minute sampling is about 70 MBytes. This means one episode of video movie data needs
more than 3 GBytes. We found that almost half part of a whole episode is silent, or
voiceless, i.e., we need not file it as a part of video scene. Therefore, we need about 1.5
GBytes or more for one episode.

3.4 Description of meaning data

In our new system we are implementing a new operation which retrieves a specific scene
through semantic data. For instance, we want to find out such an explosive scene.

In order to make such a retrieval possible, each scene (identified by Scene-Id) in system
must be associated with (or linked to) the following.
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1. Keywords of the scene
2. Structural information of the scene
3. Scene description (Scenario) by SD-Form
4. Scene-Specific Knowledge by SD-Form
Information in categories 1, 2 and 3 is the semantic description of the scene. In scene
retrieval operation, the system searches for a specific scene firstly by Keywords, secondly
by Structural information, and finally by the Scene description by SD-Form. Information in
category 4 works as the Knowledge when the system searches for a scene. An illustrative
example is shown below.
<Example>
This example illustrates the way we gave semantic information to a specific scene in
video movie data. In this scene, the terrorists were making escape with 747 airplane. The
leader of terrorist is Colonel Stuart. McClane, police lieutenant, attaches fire to fuel that is
overflowing from an airplane to impede it, and explodes and checked the escape of a
terrorist.
Scene Id :
DH2: EPI10: 084
1. Scene Keywords:
(Airplane, Cargo bay, Cockpit, Explosion, Flame, Lieutenant, Plane, Runway,
Terrorist)
2. Scene Structure:
Participant-Type (Lieutenant, Terrorist)
Number of Participants  (3)
Names of Participants (McClane, Stuart, Terrorist)
Focused Participants (McClane, Stuart)
Scene Atmosphere (Joy, Despair)
3. Scene Description (Scenario) by SD-Form
S-1. [s(747($1)),v(MOVE/(CONTINUE)para(PLACE/RUNWAY))para
(CONCUR/[s($1),»SPILL/CONTINUE)),o(FUEL)])]
(The 747 continues to move along the ninway, spilling a trail of fuel.)
A-1. [s(MCCLANE) v(LIGHT),o( TRAIL/FUEL)]
(McClane lights the trail of fuel.)
(Speech-11), (Speech-12)
S-2. [s(FLAME),W(RACE/(TO/PLANE)para(TIME/[s(PLANE),»(TAKE-OFF)]))]
(The flame races toward the plane as it begins to lift off the ground.)
S-3. [s(FLAME),w(SHOOT/PLACE/REAR/747))]
(Flames shoot through the rear of the 747.)
S-4. [s(COCKPIT),v(pass(DESTROY),b(FLAME))]
(The cockpit is engulfed in flames.)
$-5. [s(747),WEXPLODE/TOOL/FLAME))]]
(The 747 explodes into flames.)
A-2. ([s(MCCLANE),WLIE/PLACE/GROUND)])pseq([s(HE),v(LAUGH)])
(Mclane lies on the ground and laughs.)
(Speech-21), (Speech-22)
Speech-11: Yippee-ki-yea, motherfucker.
Speech-12: Yeah. All right.
Speech-21: Holly!
Speech-22: There’s your fuckin’landing lights!
As we see in this example, “Scene Description” consists of three types of information,
e.g;
Scene Setup (8-1, 8-2, ..., 8-5),
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Action Description (A-1,A-2),
Sequence of Speech Utterance (Speech-11, Speech-12, ..., Speech-22).

The Scene Setup describes the setup of the present visual scene, Action Description
explains the movement of the participants in the scene, and Sequence of Speech Utterance
designates the timing of respective speech in the scene. It is linked to speech text in English
and Japanese Text base.

3.5 Description of Knowledge data
We experience daily, human conversation stands on knowledge which speaker and listener
share in common. Such knowledge in our system is categorized into three classes. The
example below is taken from video movie data again.
A. General Knowledge
Story-independent knowledge is categorized as General Knowledge. It is pre-installed in
the system. It is utilized independent of each story.
<Example>
[s(AIRPLANE),W(POSSESS),o((COCKPIT)plus(REAR))]
(There are the cockpit and the rear in airplane.)
((assu([s(X),W(BE),c(WIFE/Z)]))caus([s(Z),WBE),c(HUSBAND/X)]))
(If X is a wife of Z, Z is a husband of X.)
((assu([s(X),(EXPLODE)]))caus([s(CREW/X),w(DIE)]))
(If X explodes, then the crew die.)
B. Story-Specific Knowledge
This gives us the background information about the story. In some case it can be
subcategorized into Episode-Specific Knowledge. Knowledge data in this category must be
associated with Story-Name.
<Example>
[s(STUART/COLONEL),WBE),c(LIEUTENANT)]
(Colonel Stuart is a terrorist.)
[s(HOLLY),w(BE),c(WIFE/ MCCLANE)])
(Holly is a wife of McClane.)
[s(LORENZQ/CAPTAIN),»(BE),c(POLICE/AIRPORT))]
(Captain Lorenzo is an airport police.)
In retrieving operation, the system utilizes the knowledge in this category independent of
scene. It must be replaced every time the system seeks around different stories.
C. Scene-Specific Knowledge
Special knowledge about a specific scene is categorized as Scene-Specific Knowledge. A
piece of knowledge which is true in one scene is not always true in another scene. However,
there is no strict distinction between Story-Specific and Scene-Specific knowledge.
Scene-Specific Knowledge is assigned to respective Scene Id. When scene changes, it must
be replaced.
<Example>
[s(747),v(BE),c(AIRPLANE)]
(The 747 is a plane.)
[s(CREW /747),WBE),c(TERRORIST)]
(The 747 crew are terrorist.)
Those knowledge are categorized as a set of facts, some of which are unified with
general rules (i.e., the General Knowledge in the system).
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3.6 Video data retrieval system'®

Our mechanism of the video data retrieval system is a client/server model. It uses a
standard http to load the HTML from the web server. The client is independent of any
platform, it must have access to the Internet. The Web clients can be located anywhere in
the network. Our system with common gateway interface (cgi) scripts are written in perl
language. The data in the server host is accessed by internet using world wide web.

Our system operation is as follows.
1. We input the input-data which is retrieving scene.
2. The system compute the semantic difference between input-data and scene-data
which is semantic data of scene (cf. section 3.4.)
DIFF(input-data, scene-data).
3. The system creates new pages and the user view such desired scenes by web-browser,
The details are beyond the scope of this paper.

4, Conclusion

In this paper we described web-based video data retrieval system. The system worked
well. The system is experimental research level. We must make more video scene data and
knowledge data. Presently, we are working on the following projects in conjunction with
SD Form Semantics Model.

. Question answering system

2 Story understanding system

3. Self organization process of concept h1erarch¥

4. English and Japanese sentence generation

5. Retrieval of multimedia data '

All these projects are more experimental than theoretical. We will soon become more
explicit about soundness and usefulness of the SD-Form Semantics Model through these
research projects.

The merits of the SD-Form Semantics Model are the following.

(1) It gives a well-formed syntactic structure for meaning description.

(2) The syntactic difference of two SD-Forms expresses the semantic difference.

(3) It is an interlingua reflecting the basic structure of natural language such as English

and Japanese.

(4) Itis easy to learn SD-Form usage in the meaning description.

The algorithm of the semantic difference computation will open many ways to the
meaning processing of natural language, such as in recognition, understanding and leaming.

Some of the problems we should work on in the near future are the following.

(1) Testing the model in a more realistic world, even if it is small.

(2) An abstracting algorithm of story data written by SD-Forms.

(3) To make our SDENV-3 a faster system.

5) 12)
2),8)
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Motto: Es gibt eine und nur eine vollstaendige Analyse des Satzes.
Wittgenstein, Tractatus, 3.25

Abstract. Traditional, intuitive conceptions of concepts and their shortcomings are summarised
first. We pose five worrisome questions, answering which becomes extremely important when we
want to build ontologies of particular domains of interest, to “conceptualise” them and to perform
a terminological classification, which should be used for an intelligent search in the huge amount
of data on web pages. Since traditional, set-theoretical concept theories do not answer these
questions in a satisfactory way, we introduce a new non-traditional theory of concepts. A concept
is explicated by the key notion of Transparent intensional logic — logical construction, i.e.
structured procedure. We show that between an expression (of any language) and the denoted
object beyond the language (denofatum) there is just the meaning of the expression, i.c., the
respective concept, which identifies (or fails to identify — in case of empty concepts) the
denotatum. Whereas the denotatum is a “flat” set-theoretical entity (intension in case of empirical
expressions), the meaning (concept) is structured procedure consisting of parts — constituents. This
conception enables to adequately solve the problem of the so-called hyper-intensional contexts of
knowledge, beliefs and hypotheses. Thus our theory not only provides a precise explication of
intuitively used notions like concept, ontology, meaning, etc., but it also provides an essential
extension of traditional theories including Kauppi’s axiomatic theory and Ganter-Wille
conception.

Key words. Concept, structured meaning, construction, ontology, conceptual lattice.

1. Introduction

Ontology is a notion borrowed from philosophy where it stands for handling possibilities and

conditions of being, so that it is closely related to epistemology, which envisages the

possibilities and limits of human perceiving and knowledge. Answering the fundamental

ontological question "What is there?” is in no way as trivial as it may seem, since (quoting

from [16]):

a) our perception of reality by our organs is filtered, so that we cannot be sure that the world
so is and behaves as we perceive it

b) answering has necessarily to use linguistic means, so that we possibly digress from the
properly ‘being’ when choosing our concepts and using special words.

And we add:
¢) There are also many abstract objects the acquisition of which by our ‘mind eyes’ is limited

by our mind capabilities.

In many areas of informatics we meet the task of representing what is known, believed,
inferring other pieces of deduced knowledge and hypotheses, and communicating such
knowledge. Hence knowledge is inherently endowed and connected with concepts. Men can
obtain, save and exploit concepts intuitively, using their mind capabilities. If, on the other
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hand, automata take over the search, inference and communication, they need the
representation of the respective concepts (and their interrelations). Thus in the recent years
we can notice a proliferation of the term ‘onfology’, since some branches of informatics have
for the above purpose coined the notion ontology. T. Gruber [15] has defined ontology as “an
explicit formal specification of a shared conceptualisation”. In this sense ontology describes a
knowledge domain by means of a standardised terminology, concepts and inference rules.
Since there are many knowledge domains — using specific or even competing vocabularies — it
is meaningful to use (unlike in philosophy) also plural "ontologies”. The use of ontologies in
informatics is very broad, in particular in those domains that concern saving, combination and
derivation of knowledge, i.e. in artificial intelligence, (deductive) databases and (global)
information systems (“the web”).

Building ontologies (and semantic search methods in particular) is, in general, based
on a traditional conception of concepts: Concept is generally understood as a ‘universal’,
which is expressed by a meaningful expression and is determined by its content (intension)
and extent (extension). Further, the extension of a concept is understood as a set of objects
that ‘fall under’ the concept; the intension of a concept is the set of attributes (aspects) that
characterise these objects. Thus, for instance, ‘municipalities of the Czech republic’ and
‘cities and districts of the Czech Republic’ have the same extension (the set of cities, towns,
etc.), but different intensions, which means that these are distinct concepts. Classically it is
affirmed that between an intension and extension of a concept there is an inverse relation:
Increasing the content of a concept decreases its extent, and vice versa. Thus, for instance
‘university student’ has a greater content than ‘student’, but smaller extent.

This might seem to be a satisfactory theory, but accepting it, we meet many problems
and questions. First, it was already Bernard Bolzano [2] who realised that it does not answer a
fundamental ontological question, namely:

a) What kind of entity is a concept?

It only says that a concept consists of content and extent; but what is the content and what is
the extent? If these are not defined independently of a ”concept”, we have a case of a circular
“definition”. If, on the other hand, content and extent are conceived in a naive way, just
“syntactically” as a set of sub-expressions, we meet serious problems. Thus, e.g., the concept
of ‘prime(numbers)’ has a content distinct from that of the concept of ‘numbers that have
exactly two factors’, and yet these are evidently identical concepts, what else might the
expression ‘prime’ mean than the latter?

The inverse relation between content and extent of a concept is also not precisely
specified: For instance the concept ‘student of a Prague university’ has smaller content but
also smaller extent than the concept ‘student of a university in Prague or in Brno’. (B.
Bolzano adduced a similar well-known example: ‘Man who understands all European
languages® vs. ‘Man who understands all living European languages’) Moreover, it is
obvious that concepts are not independent. For instance, the concept ‘cities and districts of the
Czech republic’ has content distinct from (greater than?) the content of ‘cities and districts in
Moravia’, but the extension of the latter is necessarily a subset of the extension of the former.
There is also a problem of adjectives, which modify a property to form another (possibly
independent of the original) property: ‘Wooden horse’ has a greater content than ‘horse’, but
the extent of the former is never a subset of the latter (wooden horse is not a horse!). Is the
concept of ‘horse’ contained in the concept of ‘wooden horse’? We can formulate two further
questions:

b) What kind of entity is the content and extent of a concept?

c) What can be deduced from (*follows from”) a concept?

Still, there are other worry-some questions: The extent (as “defined” above) of a concept C
keeps changing! For instance, the extent of the concept ‘university student’ varies with each
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newly accepted student or a student who graduates. Hence this concept keeps changing? But it
is all the same concept! Yet, it is often said that “concepts change, evolve, arise, cease, etc.”.
Did the concept of ‘ontology’ evolve? Or did the concept of a computer exist before people
invented computers? The other question to answer is:

d) Do concepts "change™?

If we want to build ontologies of particular domains of interest, to “conceptualise”
them and to perform a terminological classification, which should be used for an intelligent
search in the huge amount of data on web pages, these questions are extremely important. For
instance, using the Law of inverse proportion of extension E and intension 1, a partial ordering
on a set of ‘concepts’ is defined: <I, E;> < <Ip, E;> iffI; ¢ I, (or E; € Ey, which is said to be
the same as the former). If correctly defined (e.g. on the basis of Galois connections [14]), the
poset of ‘concepts’ forms a lattice, and a theory of conceptual lattices has been developed,
which is broadly used just for the intelligent ‘semantic’ search. In order that the theory can be
used properly, the above partial ordering should be based on the relation of "what follows”
from a concept, which is trivially fulfilled by the traditional conjunctive conception. However,
it is just a special case, not exhausting all the possibilities. For instance, if somebody is a
university student, than he certainly is a student (concept ‘student’ is contained in the concept
‘university student’), but not only that. We can also deduce that he is tax sheltered, etc.
Moreover, there are important concepts which cannot even be defined using conjunction of
some attributes, e.g., ‘ancestors of an entity’.

It might seem, that concept can be identified with a meaningful expression, which is

actually the case in traditional conceptions. But how would we then answer the question
¢) What does it mean that some expressions are synonymous?
Well, they are expressions with the same meaning, but then there is another question what the
meaning is. Denotational semantic theories answer that meaning of an expression is the entity
that is ‘falked about’, i.e. the entity denoted by the expression, its denotatum. Leaving aside
for a moment the question ‘what the denotatum is", let us contemplate whether denotational
semantics is fine-grained enough. Consider the classical example ‘equilateral triangle’ vs
‘equiangular triangle’. These expressions denote exactly the same set of geometrical figures;
does it mean that they are synonymous, have the same meaning? But these are evidently
distinct concepts (with different contents), and if they had the same meaning we would not
have to study geometry so as to know that they have the same denotation, linguistic
competence would do. Or, our students would not have to learn logic, they would know
immediately that sentences like ‘It is not true that if A then B’ and ‘A and not B’ are
equivalent, i.e. denoting the same proposition (and up to logical symbols they have the same
“content”), knowledge of mother tongue would suffice. How would we perform translation
into another language? On the basis of identical denotations? But then it would not matter
whether we translated a sentence of the former type or of the latter, which again is obviously
not true. Moreover, some meaningful mathematical expressions, like ‘the greatest prime’, do
not denote any object; does it mean that they do not have any meaning? But we can
reasonably claim and prove that ‘the greatest prime does not exist’; how then could we
compose a non-reasonable expression into a reasonable true sentence? What are we talking
about? According to Parmenides, we cannot talk about anything that does not exist!

An attempt at a more sophisticated theory of concepts is presented by Ganter & Wille
in [14], and Kauppi in [18] introduces perhaps the best work out of axiomatic set-theoretical
concept theories. K.D. Schewe presented in {26] a very good survey of these traditional

'If, e.g., the denotatum=meaning of ‘the mayor of Dunedin’ were the extension of this concept, then we would
not understand it till we'd perform some empirical investigation, e.g., visiting New Zealand and finding out who
happens to hold the office of the mayor, but how could we perform such an investigation when not
understanding the term?
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conceptions, including the intuitionistic approach. Summarising briefly, all these set-
theoretical conceptions could be in general characterised as follows: a concept is a logical
theory, axioms of which form the intension of the concept, and a set of models of the theory is
the extension of the concept. These axiomatic conceptions are more adequate in solving the
problems as stated above, still do not answer all the questions we pose. In particular, they do
not distinguish between identical and equivalent concepts. In the concluding Chapter 5 we
summarise particular items in which the theory of structured meaning proposed in this paper
form an essential extension of these traditional theories.

In this paper we answer the above questions, exploiting modern theory of concepts,
first proposed by Materna in [20]. This theory conceives concepts as structured, “hyper-
intensional” entities, i.e., as logical constructions. The origins of the theory can be found
already at B. Bolzano [2] and in part also at G. Frege [13], and B. Russell [25], but its full
development has been made possible by a new paradigm of Transparent Intensional Logic
(TIL), the author of which is late Prof. Pavel Tichy [29]; his follower Pavel Materna [20] and
others [6], [7], [8], [9] explicated concept by the key notion of TIL, namely logical
construction. Chapter 2 is a brief introduction into the philosophy and basic notions of TIL.
The exposition of the theory of concepts can be found in Chapter 3, and in Chapter 4 we deal
with the problem of analyzing natural language. The concluding Chapter 5 contains an outline
of possible applications. The goal of this brief study cannot be a detailed recapitulation and
exhibition of the entire theory and its applications, we would rather like to motivate the reader
so as to find the theory interesting, worth studying, and to stimulate further discussion on its
possible promising use.

2. Transparent Intensional Logic

Due to the sensitivity of a meaning to the logical structure of an expression, the analysis of
‘what is known, believed’ and other attitudes has become a stumbling block for all the
denotational (set-theoretical) semantic theories that take into account just the denoted entity.
Our knowledge and inferential capabilities are inherently connected with the sense (meaning)
of an expression. Since Frege’s times, many leading logicians strived after logically handling
structured meanings, to name at least Russell’s structured propositions, Carnap’s [4] attempts
at the formulation of a stronger criterion for the identity of belief, i.e. intensional isomorphism
between substituted expressions, Cresswell’s tuples [5], etc., etc. B. Russell’s results were
perhaps the closest to a satisfactory solution: The world consists of “complexes” that are to be
understood as “logical constructions” formed from the immediately given entities of
sensation, viz., “sensibilia”. (Russell 1918, [25]). Still, none of these attempts carries
conviction of a full adequacy and cotrectness (see, e.g., Tichy [29], Materna [20]).

Frege’s contextualist approach inherited by most of current logicians (including
Montague [22]) has been criticised by Pavel Tichy who presented a fundamental revision of
Frege’s (sense-reference) semantic scheme, which makes it possible to adequately explicate
the “behaviour” of expressions even in hyper-intensional belief’knowledge contexts. Tichy’s
solution respects the distinction between the meaning (sense) of an expression and the object
denoted by the expression; but it differs from most current conceptions (incl. Montague’s) in
at least two points:

a) it logically handles the hyperintensional structure of the meaning, sense is explicated
as a hyperintensional entity (construction)
b) No contextualism is present; expressions simply denote either an extension or an

intension via its sense. Empirical expressions always denote intensions, and where it
seems that they denote extensions they only possess de re supposition.
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In contrast to a model theory, which starts with a naked syntax and only subsequently
proceeds to a semantic interpretation in a model, TIL is ‘transparent’ not only that it is anti-
contextualistic but also not formalistic. Notion of a naked formal expression as a pure graphic
shape can be arrived at only through abstracting its sense from it. In terms of conceptual
priority, TIL starts with sense-endowed expressions, which is to say that the “formal
language” of TIL-constructions constitutes an “interpreted formalism”, Every factor that is
semantically salient is explicitly present in the respective formalism. This is evident, for
instance, in the explicit typing of the theory, the types of TIL being exclusively objectual. So
what qualifies the formal language of TIL as transparent, inherently interpreted, is that a
naked shape can be introduced as an expression only if it is paired off with a construction
constructing an object of a particular type.

Definition 1 (Simple types of order 1):

{An objectual) base is a collection of mutually disjoint nonempty sets.

1) Every member of the base is a fype over base.

i) Let o, Bi,..., Pm be fypes over base, then (o B;... Bm), i-e. the set of all m-ary (total and
partial) functions with an argument (a tuple) (by,...,bn), where bi (1 <i<m)isa
member of the type B;, and at most one value of type a, is a fype over base.

iii) Nothing is a type over base unless it so follows from i) - ii).

An object O (that is a member) of a type o will be called an a-object, denoted O/at.

An objectual base is a special kind of base, over which (an infinite) hierarchy of
functions and constructions can be built up, and our conceptual scheme can be adequately
modelled within this system. This base consists of sets of objects of four basic categories:
1,0,®,T, where 1 is a type (set) of individuals. The objectual base together with the
interpretation of other elements constitutes an epistemic frame. Interpretation of its other
elements is as follows: o is the type (set) of truth-values {T, F}; wis the type (set) of
possible worlds, and t is the type (set) of time points (or real numbers). The collection of
pre-theoretically given (basic) features (traits), by the usage of which all the other notions are
defined, constitutes the intensional base of the given system.

Empirical expressions denote infensions, i.e. functions from possible worlds to
chronologies of members of a type o Hence o-intensions are functions of type
((at)w), which will be abbreviated by a.,. Extensions are objects of other types (ca-objects),
namely they are not functions from possible worlds ...

Note: Intention (extension) in the above sense, viz., og-object (a-object) must not be
confused with ‘intention of a concept’ (‘extension of a concept’). We will better use the terms
‘content/intent’ and ‘extent’ for the latter.

Examples of intensions:

Individual concepts (offices), like ‘the Pope’, ‘the richest man’, are objects of type t.o;
properties of individuals, like (being a) ‘student’, are objects of type (01)wn;

binary relations-in-intensions between individuals, like ‘kicking’, are objects of type (011)ry;
propositions, like ‘The Pope is in danger’, are objects of type 0.

According to Zalta [30], Russellian ‘structured propositions’ play the desired role of
complexes that result by ‘plugging’ objects into the gaps of properties and relations. In our
opinion, properties, relations, i.e. functions in general, have no ‘gaps’; particular objects
simply are members of (the arguments of) these flat functions. But we can accept the
possible-world semantics of propositions, while the demand of structured meanings is met by

2 For details, see [Tichy 1988, 2011f].
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another entity: Between an expression and the denoted flat object there is a structured mode of
presentation (construction in our terminology) of the object, i.e. meaning (perhaps the
Fregean sense) of the expression. It is a complex, a (declaration of a) procedure that consists
in a creation of a function by abstracting over objects and/or in applying the function to its
arguments. But particular (physical/abstract) objects cannot be “plugged” into such a
(conceptual) procedure; they must always be presented in an (albeit primitive) way, i.e., their
concepts are constituents of the procedure. There are two such primitive modes of
presentations that fill in the objects into the construction: variables and trivialisations. The
other two kinds of constructions working over these ones are more complex; they are closure
(creating a function by abstraction) and composition (applying a function to an argument).

The TIL language of constructions can be viewed as a typed A-calculus whose terms
are names of (denote) constructions. They might be conceived as Montague’s A-terms with
fixed (intended) interpretation of components, which denote rot the function (or its value), but
the way of arriving at it. Due to the perfect correspondence between terms and constructions
it is idle to mention the terms, and we transparently talk about the constructions. Thus, e.g.,
instead of claiming that “Ax (% x %7 denotes the construction Ax [*> x °0] which constructs
the class of positive numbers, we simply say Ax [*> x °0] is the construction.

Definition 2 (Constructions):

i) Variables are constructions. Variables and constructions involving variables construct
objects dependently on a valuation v, they v-construct.
if) If X is an entity whatsoever, even a construction, then °X is a construction called

trivialisation. Trivialisation ®X constructs X without any change.

iii) If X is a construction that v-constructs a function (mapping) F, i.e. an (a Bi...5n)-
object, and X,..., X, are constructions that v-construct B-,...,a-0bjects by,...,by,
respectively, then [Xo X1 ... Xn] is a construction called composition. If F is defined
on the argument (b,....,by), then the composition [Xp Xj...Xy] v-constructs the value of
F on (by,...,by); otherwise it does not construct anything, it is v-improper.

iv) Let x1,...,xn be pairwise distinct variables that range over types Bi,...,Bn, and let X be a
construction that v-constructs an a-object for some type ct. Then [Ax;...x, X] is a
construction called closure (abstraction). It v-constructs the following function F (of
the type (c Bi...PBn) ): Let v’ be a valuation that differs from v at most by assigning
objects by,...,b,, (of the respective types) to variables xi,...,%,, respectively. Then the
value of the function F on the argument (by,...,by) is the object v'-constructed by X. If
X is v'-improper, then F is undefined on the given argument.

v) Nothing is a construction unless it follows from i) - iv).

Notes:
1. The simplest constructions are variables; they are open constructions that construct
objects dependently on valuation (they v-construct). They are no letters, characters, x’,

€, 60

'y’, ‘2’, ... are names of variables.

2. Trivialisation consists in grasping an object and its “delivering” without any change. If X
is an entity, then °X is a presentation of X without a “perspective”. The term ‘°X’ might
be likened to a constant of a formal language; but unlike such a formal constant, which
can be interpreted in many ways so as to denote different entities and thus actually not
being a constant but a “variable construction”, ‘*X’ rigidly denotes construction X that
constantly constructs the X. A possible objection against such a conception might be:
Well, your transparent approach is punctilious, but you lose the expressive power of
model theories that enable us to examine common features of properties and relations
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between objects of all the particular models. Our answer is: Not at all; TIL transparent
approach is more precise without losing anything; due to the infinite hierarchy of types
we have at our disposal variables ranging over objects at any level, which makes it
possible to render particular “models” by valuations of (higher-level) variables.

3. A composition corresponds to the traditional operation of application (of a function to an
argument). (Only) composition may fail to construct anything, it may be (v-)improper,
namely in two cases: First, the component Xo constructs a function F and components
Xi,.--Xn construct {by,...,by), but F is not defined at this argument. Second, some of the
components Xo, X, .., X; fail to construct an object (they are v-improper).

(In case Xj,...,Xn do not construct objects of proper types to create an argument of F,
the expression ‘[Xg X ... Xq]’ is meaningless, it does not denote a construction.)

4. Closure (A-abstraction) enables us to construct a function, and thus to analyse talking
about the whole function (to “mention” it), not only talking about a particular value at a
given argument (to “use” the function). Closure can never be improper, even if it
constructs a (degenerated) function that is undefined at any of its arguments, like, e.g.,
ax[%: x °0].

We commonly use variable w as ranging over o, and variable ¢ as ranging over . If X
is a construction that constructs an intension of type o..,, then instead of [[Xw]¢] we write X,,,.

Quantifiers — general V,and existential 3, —are functional objects of type
(o(oar)). We will write VxA, IxA instead of [*V, Ax A), [*3, Ax A], respectively. Quantifiers
are “totalising”, i.e., they always return a truth value when being applied to a class (even if the
characteristic function of the class were undefined at some arguments), namely Vo Ax A)
returns True iff [Ax A] constructs the whole type o (A v-constructs True for all x ranging over
a), otherwise False, [*3, Ax A] constructs True iff [Ax A] constructs a non-empty subset of «
(A v-constructs True for some x), otherwise False. Singulariser 1, is an object of type
(o(oa)), and instead of [Otakx A] we will use wA (the only x such that A), [Otukx Al
constructs the only member of the class constructed by [Ax A] iff [Ax A} constructs a
singleton, otherwise it is an improper construction. We will use a standard infix notation
without trivialisation in case of using truth-value functions (A, v, ...), less-than, greater-than
and identity functions (2, <, =, ...), but we have to keep in mind that these are just
abbreviations that conceal the self-contained intrinsic meaning of the respective ‘logical
symbols’.

The bridge between an expression and a construction (logical analysis of the
expression) is provided by a principle of subject-matter, which says, roughly, that an
expression is about all and only those objects, incl. constructions, which receive mention in
the expression (see [10]). Constructions are mentioned, e.g., in hyper-intensional contexts of
knowledge, belief, etc., where the meaning, i.e. the expressed construction plays a crucial
role. Thus a construction/meaning is a ‘full-right’ object to talk about, and has to be of a
definite (higher-order) type, which is not possible within the simple hierarchy of types. What
follows is a modification of Russell’s ramified hierarchy of types:

Definition 3 (Ramified hierarchy of types)
Let B be an objectual base, i.e. a collection of mutually disjoint non-empty sets.
1. Types of order 1 over B
defined according to Definition 1.
2. Constructions of order n over B.
(Cui) Let a be a type of order n over B. If € is a variable that ranges over o, then £ is a
construction of order n over B.
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(Cyii) If X is a member of a type of order n, then X is a construction of order n over
B

(Caiii) If Xo, Xis..., Xm are constructions of order n over B, then {Xy X;..Xnlis a
construction of order n over B.

(C,iv) If distinct variables xy, ..., X, as well as X, are constructions of order n over B,
then [Ax;...xmX] is a construction of order n over B.

Let *, be the collection of all constructions of order n over B. Types of order n+1 over B are
defined as follow:

3. Types of order n+1 over B.
{Ta+11) *, and all the types of order » are types of order n+1 over B.
(Tp+1ii) If o, By, ..., Pm are types of order n+1, then the set (o B1...pm) of all m-ary (total
and partial) functions from B; X... X B to « is also a #ype of order n+1 over B.
(T,+;iii)Nothing is a type of order n+1 over B unless it so follows from (T+i) or
(Tn+lii)~

Since the terminology in the area of logical analysis of natural language is vague and
ambiguous, we exploit the results of Tichy’s followers, as they have been presented, e.g., in
[20], [21]. Just a brief summary: An expression expresses its sense (=meaning, concept) that
identifies (non-fregean) denotation. Hence an expression denotes (talks about) its denotation
via its meaning-sense.’ The sense of an expression is in principle a (structured) ‘procedure’ —
a closed construction (the concept specified by the expression). A construction identifies
(constructs) the denoted object that is (in case of a “successful” constructing, i.e. construction
not being improper) an intension or extension (a first-order, set-theoretical object), or even a
higher-order object (involving a lower-order construction). Empirical expressions always
denote an intension, and in this case we also speak about a referent or reference of an
expression, which is the value of the denoted intension in a given world/time. The relation
between the first-order object (intension) and that what is in most semantic theories
considered to be a reference of an expression (for instance an individual in space and time, a
set of individuals, etc.) does not have a semantic character; it is influenced by an empirical
factor — state of affairs, and thus it is not directly a subject of a semantic-theory investigation,
Hence a co-reference of expressions is from the TIL viewpoint a contingent, empirical matter.
Expressions can be equivalent when they denote one and the same object, but do not have
(even in this case) to have the same sense, i.e. do not have to be synonymous.

Definition 4
(From the TIL viewpoint) logical analysis of an (empirical) expression E consists in
specifying a construction expressed by E, which (v-)constructs the object denoted by E.

Note: Correct analysis of an expression E has to respect the principle of subject matter. Tt
means that the very perfect analysis of E (the concept expressed by E) has to be composed of
only and just the constructions of all the entities E talks about.

Example: We will analyse the sentence
The assets of the richest (i.e. "the most rich”) man are greater than $10 000 000.

a) Type-theoretical analysis of subexpressions:

Assets — Ass /[ (Tiyy Empirical function that assigns a number to an individual
Most — Most / (1{o1)) Function that picks up an individual from a set of
individuals

3 This is the most significant divergence from Tichy’s original proposal, according to which an expression
denotes its referent that is the respective construction. [Tichy 1988, 224].
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Rich — Rich / ((01)(0Lo ) Adjective modifier creates a new property from a
property

Man — Man / (0)re Property of individuals

Greater than — >/ (0(17)) Relation between numbers; (10 000 000 / 1)

b) Synthesis (into the construction)
Rich man denotes a property of individuals / (ot),,, Which is constructed by:

Awit [*Richy, *Man] — concept of a rich man
The richest man denotes an individual office / 1, which is constructed by:

Awit ["Most [AwAt ["Richys ®Man]]w ] ~ concept of the richest man
Assets of the richest man denotes a magnitude / T, Which is constructed by:

AwA? [PAssw [AWA? [*Most [AwAz ["Richw "Man]lu 1lw 1 -

concept of the assets of the richest man
The whole sentence claims:
The value of this magnitude (in a world/time) is greater than 10 000 000:

Awkt [Awrs [PAssy; [AwAt ["Most [AwAz [*Richy “Man] ]y [lw 1wt > 10 000 000]
This is the very analysis of our sentence, which can be "hominized” by performing
equivalent B-reductions:

AwAz [ [ Assw [ "Most ["Richy “Man]] 1> 10 000 000 ]

¢) Type-theoretical checking:
Awt [ [ ®Asswt [ "Most [*Richw, “Man]] ] > 10 000 000 ]
(ov)(0t)w (O
yo1) (oy
T 1
T o(11) T
Orw 0

Note: Such a correct analysis is a necessary condition of performing adequate inferences.
Now, using inferential rules of the system (Gentzen’s natural deduction in our case} we can
deduce that, e.g.:

The richest man exists

Some rich man possesses more than $10 000 000

Some man possesses more than $10 000 000, etc.

But our sentence does not talk about any particular individual; in particular, it does not talk
about Bill Gates (the office of the richest man serves here only as a ‘pointer’ to an unspecified
individual). If we perform an empirical investigation (for instance the search in the database),
and find out that Bill Gates happens to play the role of the richest man, then only by using this
additional premise we can deduce that Bill gates possesses more than $10 000 000.

3. Theory of concepts

Now you can ask: Did we answer the fundamental ontological question a) What is a concept?
Not yet. We just provided a preliminary characterization: It is the meaning of an expression,
i.e. the logical construction specifying the way, in which particular entities the expression
talks about are composed, so as to identify the resulting denotation of the expression.

For instance, the meaning of the expression ‘primes’ is a concept of primes, i.e. the
construction: Ax ( [*Nat x] A [°Card Ay (["Nat y] A [’Div x y])] = °2 ), which constructs the
class of natural numbers that have exactly two factors. Meaning of the expression ‘the greatest
natural number’ is the concept: wx ( [*Nat x] A Vy ([°Nat y] o [x = y]) ), which does not
identify anything, it is an empty concept.
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Concepts, logical constructions, are abstract objects (like numbers, algorithms,
procedures — but not their recording or performing); therefore it is not reasonable to ask
whether they exist, or where and when they are. They are beyond time and space [3]. Hence
concepts are entities beyond the language, we do not create them, and we just discover some
useful “needed” procedures and coin them by expressions. Conceivng concepts as
constructions might answer the question a), but we still have to perform a slight correction of
our conception. First, concepts are only closed constructions (without free variables). But
constructions are in a way too fine-grained entities to specify (conceptual) procedures. Thus
constructions that are almost (‘quasi-*) identical up to using bound variables, like Ax[x > °0],
My > 0], Az[z > %0}, etc., are, from the conceptual point of view, almost indiscernible. Hence
we say that concept is the first (in lexicographic ordering) of them, the other point at the
concept. Moreover, concept is not that construction which is “unreasonably n-expanded™. For
instance, (primitive) concept of adding is %+, but not Axy [°+ x y] (which just points at the
former). (For details see [17].) The following definition provides an answer to the question a):

Definition 5. Concept is a closed construction C such that C is the first one from the ordered
set of quasi-identical constructions that point at C.

Neglecting, for the sake of simplicity, the slight distinction between quasi-identical
constructions, we answer another question b):
Definition 6 (content and extent of a concept).
A concept C, is (intensionally) contained in a concept Cy, iff C, is a sub-construction of C,.
Content (intension) of a concept C is the set of concepts that are contained in C.
Extent (extension) of a concept C is the object E, which is constructed by C.
An empirical concept is such a concept Cg, the extent of which is an a-intension I (/ o).
The extent of an empirical concept Cg in a world/time w,t is the value of its extent in w,t (Iy).
An empty concept is a concept the extent of which is an empty set.
A strictly empty concept is a concept that does not have an extent (does not construct
anything, the construction is improper).
A simple concept (primitive with respect to a given conceptual system) of an object X is X (it
cannot be strictly empty).

Relation of intensional containment, as defined above, is the relation of partial
ordering on the set of concepts; it is evidently reflexive, anti-symmetric and transitive. Still, in
general, it cannot be used for a correct definition of a semantic conceptual lattice, because it
does not have to be in accordance with the relation of ‘deducing from a concept’, which will
be defined in the next chapter. Just an enumeration of the set of contained concepts does not
suffice. We also have to specify the way in which these contained concepts are composed
together to form a complex (see [9]). Otherwise we might obtain such absurd consequences,
as have been presented, e.g., in [23].

4. Language and concepts

As has been stated in Chapter 2, analysis of an expression consists in specifying a

construction expressed by the expression that identifies its denotation. But each expression

can be usually analysed in more correct ways, less or more fine-grained. A correct analysis

follows the principle of subject matter, i.e., only constructions of the objects mentioned by the

expression are composed together. This principle has been first formulated by Frege [12]:
Ueberhaupt ist es unmdglich, von einem Gegenstande zu sprechen, ohne ihn irgendwie
zu bezeichnen oder zu benennen.

Such a correct analysis enables us to perform adequate inferences. To be able to perform all
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the correct inferences, our deduction has to be based on the most fine-grained correct analysis,
which takes into account all the objects mentioned or used by the expression. The proof of the
claim that to each meaningful expression E the unique best analysis C exists has been adduced
in [10]. This analysis C is the concept expressed by expression E, the meaning of E.

Example: Expression ‘assets of the richest man’ might be analysed by "ARM, where ARM /
T, 15 the denoted magnitude. Obviously, such an “analysis” would not enable us to perform
any reasonable inferences. But meaning of the expression is the concept

Awt [PAsswt [AwA ["Most [AwAz [*Richy: "Man]Jue 1] ],
B-reduced equivalent analysis AwAz [°Assyt ["Most ["Richy, 0Man]]] is easier to read, it points
at the concept. The extent of this concept is the magnitude ARM / 1, the extent in w,tis a
number / 1, i.e. the value of the assets in w,t (the world/time is usually ‘mirrored by’ a
knowledge base).
The concept contains (besides the simple concepts °Ass, “Most, °Rich, “Man) compound
empirical concepts:
AwAt [ORichw. "Man] - concept of a rich man
Awht ["Most [AwAz ["Rich,, ®Man]}, ] — concept of the richest man
The extent of the former is a property of individuals RM / (01)y, the extent in w,t is a set of
rich men. The extent of the latter is an individual office MRM / 14, the extent in w.,t is the
individual who plays the role of the richest man (in w, t).

But the assignment ‘expression — concept (=meaning)’ is given by a linguistic
convention, it is an empirical relation. Thus an answer to another introductory question d)
Do concepts change? is no; just the above assignment of concepts to expressions can change,
meaning of an expression changes, we even invent new expressions to name some ‘newly
discovered’ concepts, and some old expressions cease to be used. Hence a (living) language
develops, and moreover, each domain of interest uses actually its own “jargon”. (We have to
take into account a certain fixed, say current, standard, official language of a domain.)

Now we can answer the remaining introductory questions ¢) and e). We first define
synonymy, homonymy and equivalence of expressions, and then explicate a vemacular
“what follows from a concept”.

Definition 7.

An expression E is homonymous, if E has more meanings, i.e., E expresses distinct concepts.
Expressions E,, E; are synonymous, if they have the same meaning, i.e., E; and E; express one
and the same concept C.

Expressions E,, E; are equivalent, if they denote one and the same object O, i.e., concept C; —
meaning of E;, and concept C; — meaning of E; have the same extent, they construct O.
Empirical expressions E; and E; are coincident (co-referential), if they currently refer to the
same object (in the actual world/time), i.e., Concepts C; and C; happen to have the same
extent in the actual, current world/time.

Examples:
= Coincident (but not equivalent) expressions: Morning Star, Evening Star.
They denote distinct offices / 14,
= Equivalent (but not synonymous) expressions:
E; - Charles likes only football fans
E, — Charles does not like anybody who is not a football fan.
E; — There is nobody such that Charles likes him and he is not a football fan.
E,, E; and E; are equivalent, they denote the same proposition P / 04, constructed by:
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E;’ — Awit Vx ([*Likeys °Ch x] > [FootFany, x])
Ey’ — Awit Vx (—[FootFany, x] > —["Like,; °Ch x])
Es’ — Awhs —3x ([*Likew: "Ch x] A —[FootFany, x])

Definition 8.
Each complex nonempty concept C is an ontological definition of its extent, i.e., concept C
defines the object O constructed by C.

Example: Ontological definition of (the class of) prime numbers (/o) is:
Ax ([®Nat x] A [°Card Ay ([°Nat y] A [*Div x y])] = 22)

This is not a common way of using the term ‘definition’; there is no definiendum and
definiens! By a ‘definition’ we usually understand the following schema:

Expression E; (definiendum) =4 expression E; (definiens).

From the logical point of view this is a linguistic definition. It associates the expression E,
(which is usually, but not necessarily, a simple expression that has not been used in the
language till now) with the meaning of the expression E». In other words, linguistic definition
assigns a new meaning to E,, namely the ontological definition of the object denoted by E,
i.e., it makes the two expressions synonymous on the basis of linguistic convention. Thus
simple expressions often do not express primitive simple concepts (trivialisation of a denoted
object), but complex concepts, see also [21].

Example: Primes =¢r Numbers that have exactly two factors
Cat =4¢ Domestic carnivorous animal, a feline, ...

To answer the last question c), which means to explicate vernacular “what follows from a
concept”, we need to define the so-called requisites of a property (/of an office) and properties
typical for a property (/for an office):

Definition 9. Let P, Q, G be any properties and U an office. We define:
[Req” P Q] = Ywr Vx [[Que x] D [Pwe x]] (P is a requisite of Q)
[Req” P U] = Vwt [[*Ewt U] 2 Vx [[Ust = x] 5 [Pwt x]]]
(P is a requisite of U, where E is the property (of an office) of existence)
[TP" P Q G] = Vwt Vx [=[Gy x] D [[Qwt x] D [Pw x11]
(P is typical for Q, unless G)
[TPP'P U G] = VYt [[®Bwt U] 2 Vx [—[Gyr x] S [[Ust = x] [P x]11 ]
(P is typical for U, unless G)

Note: In artificial intelligence the condition G in the definition of a typical property is called
the guard of a rule. The existential E / (0 t)x, is a property of an office, returning True (in
w,t) when the office is occupied (in this w,t). Generally, existential presupposition concerning
the ‘office rules’ can be also conceived as a guard of the rule. Such an existential guard is
indispensable in case of offices, because if the office U is vacant in some world/time w,t, then
the composition Uy, and thus the whole composition [[Uw: = x] D [Pwt x]], are v-improper, see
Definition 2.

For instance, sentence The King of France is a ruler of France is ambiguous. It can be
read as a true sentence claiming that being a ruler of France is a requisite of the King of
France (which does not imply the existence of the King), or as a sentence claiming that the
(current occupant of the office of the) King of France is a ruler of France, which does not
have any truth value, because its existential presupposition is not met. If it were true or false,
then it would imply that the King of France exists (see [28]).
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Examples of typical properties are, e.g.:

A typical property of a bird is flying, unless it is a penguin or an ostrich.

A typical property of a swan is being white, unless it has been born in Australia or New
Zealand.

Now we can answer question c¢):
Definition 10.
Let C be an empirical concept, the extent of which is an intension I, and let the “population™
of I in a world/time be I« Then it follows from the concept C that:
Any member of the population I has any property R such that R is a requisite of I, and has
any property T such that T is typical for I, if the guard is satisfied.

Hence we can say that it follows from the concept of cat that my "Minka” is a feline, or, it
follows from the concept of spider that any spider has eight limbs, etc.

Finally, we define a semantic partial ordering on the set of (equivalence classes of)
concepts that can induce a conceptual lattice.

Definition 11.
Let C; and C, be empirical concepts such that C; constructs a requisite R of the extent I
constructed by C,. Then C, is weaker than or equivalent to C,, denoted C; < C,.

Claim:
Let properties EC;, EC; be extents of concepts Cj, Co, respectively, such that C; < C,. Then
necessarily, i.e., in all world/times w,t, ECyys € ECjwt.

Proof: Follows from the definition of requisites.

As a special case, if the number of all the requisites R! of an intension I is finite, a
concept C can construct I by means of “conjuncting” R":
Awkt Ax ([R'wi X] A ... A [R% x]).
Then, obviously, for any C; such that
Cj = AwAt Ax ([RMue x] A ... A [R¥4 x]), where {iy,...,ix} < {1,...,n} it holds that C; < C and
in any world/time the extent of C is a subset of the extent of C; (ECw: < ECjw1), i.€., the law of
inverse proportion is valid.

We have explicated and obtained the classical conjunctive conception of Galois ordering,
which is just a special case of our general definition.

Another “weaker semantic” ordering on the set of concepts can be defined on the
basis of typical properties: Let C; and C; be empirical concepts such that C; constructs a
property T typical for the extent I constructed by C;. Then C; <¢ C»;

Now the inverse relation between the extents in world/times holds only on the
condition that the respective guards are satisfied (which can be formulated as some non-
intrinsic integrity constraints, and their validity will be checked by the program):

Claim:

Let intensions EC,, EC; be extents of concepts C;, C,, respectively, such that C; < C,. Then
a guarded rule is valid on the assumption that the respective guard G is satisfied (in
world/time w,t): ECast € ECiwt (in case EC; is an office and the office is not vacant, then
Esz [ EC]M )

Proof: Follows from the definition of requisites and typical properties.
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5. Conclusion

We presented logical apparatus together with the philosophical background of a new modern
theory of concepts, and proved that this theory not only provides an exact explication of
frequently used but vaguely “defined” traditional terms like ‘concept’, ‘ontologies’,
‘conceptual lattice’, ‘semantic search’, etc., but that this theory is an essential extension of the
traditional conception. Thus the simplest case, when the definition of the denoted ‘sought’
object is given in the form of a conjunction of basic traits (requisites in our terminology, or
perhaps Bolzano’s "Merkmale ) is just a special case of our general theory. Since such a
conjunctive definition (though frequently used) is not the only possible one, and it is often the
case that the object which is sought cannot be even defined in this way, our general theory
may lead to a substantial qualitative extension of the methods of building particular domain
ontologies, and provide a powerful tool supporting semantic search in the huge amount of
data spread in web files. Last but not least, the TIL method of finding the analysis of an
expression serves as a common unique tool for knowledge representation and acquisition.
Knowledge can be not only described and specified in this language, but also particular
queries on both explicit and implicit (deduced) knowledge can be specified (see [11]).

You may wonder, which of the logical features provided by TIL are not covered by
traditional systems. What follows is a brief summary specifying the essence of TIL extension
as compared with particular traditional logics. Since Ganter-Wille and Kauppian theories are
based on a classical predicate logic, this survey provides a comparison of a set-theoretical
classical theory of concept vs. TIL-like procedural theory of concepts as well.

a) Extensional systems of predicate logics (of any order) do not make it possible to
distinguish between analytical and empirical expressions, i.e., empirical expressions the
reference of which changes dependently on states of affairs (i.e. dependent on modal
and/or temporal parameters) are not properly analysed.

Possible recovery. Using some system of modal and/or temporal logic, or
(preferably) intensional logic, e.g. Montagues’s system or TIL.

However, most of these systems (unlike TIL) do not distinguish between temporal
and modal parameters.

b) First order predicate logic does not make it possible to analyse mentioning of functions,
propositions, properties and relations, which is to say, the distinction between using an
expression (and its respective meaning - construction) in the de dicto vs. de re
supposition is not rendered.

Possible recovery: Using some system of higher order logic.

¢) Denotational approach to semantics (the meaning of an expression is conceived as a
denoted object) does not take into account the mode of the presentation of the denoted
object, and synonymous expressions are not distinguished from equivalent expressions.
Therefore, the proper analysis of the so-called hyper-intensional contexts (of
knowledge, beliefs, hypotheses) is a stumbling block for all the denotational semantics,
including Montague’s systems. Since Frege’s times, logicians strive for logically
treating structured meanings (to mention at least Russell’s structured propositions,
Carnap’s intensional isomorphism — critised by Church and Tichy, Cresswell’s
structured meanings, i.e. tuples — critised by Tichy and Jespersen, etc., etc.).

Possible recovery: Using procedural declarative semantics that enables us not only
to use concepts — constructions, but also to mention them.

d) Formalistic approach to semantics does not make it possible to handle a rather fine-
grained distinction between a representation of a construction and the construction
itself.
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Possible recovery: Using a transparent (formal but anti-formalistic) approach.

Note: Ttems ad c) and d) are closely interrelated. The need to mention particular
constructions can be (to some extend) met even in a formalistic logic using Godel’s
system of numbering formulas. However, a loyal knowledge representation should
take into account attitudes to constructions.

e) Classical systems of predicate logics do not make it possible to handle partial
Junctions. This feature is particularly restrictive when analysing definite descriptions
(like the greatest prime, the King of France, etc.) when we have to deal with value gaps
(‘holes in reality’). The problems of (non-)existence and sentences with existential
presuppositions become a stumbling block of classical logics.

Possible recovery: Using a system that can properly handle partial functions and
‘empty concepts’. There are many of them®*; the question is which of these is a proper
one (from a mathematical point of view, computer scientist’s point of view,
analytical-philosophy point of view, etc.). From the viewpoint of analysing natural
language, perhaps the most promising are the systems that use the method of
‘partiality being propagated up’, which is adopted by TIL as well.

We can see that from classical 1*-order predicate logic we would need to proceed to more and
more expressive systems, which less or more still lack some expressiveness. An ideal
apparatus should cover all the features mentioned above so to say "under one hat” and without
the necessity to use a meta-language. Such an ideal logic that would enable us to cover all the
peculiarities of natural language is of course just a dream. Logic can hardly involve, e.g.,
pragmatic features of a language, particular emotional attitudes, poetic metaphors, context
dependent anaphors and situation dependent indexicals, etc. Yet, under some simplification,
considering a standard form of current language, we can claim that TIL is the system that
meets all the needs we have stated above. In other words, TIL is an ideal system for logical
analysis of a language. When performing logical analysis of a language, we also abstract of
the ‘evolutionary features’ of the language and of the way in which the concept acquisition is
performed. In cognitive disciplines these features are important, and a form of Quine’s
approach (“don’t ask for meaning, ask for using”) might be justified.

Still, one of the problems that have to be solved is a practical applicability of the
method in the web environment comprising a huge amount of heferogeneous documents.
Adequate logical analysis of a natural language is only a necessary condition to meet the
problem. But we also have to deal with reducing the ‘dimension of the problem’, which is
usually not a subject of a logical theory. Anyway, a promising idea of using lattice theory
promoting building ontologies in the area of ‘Information retrieval’ has been presented
already in the work of Arents and Bogaerts [1]. In the Department of Computer Science of our
university the Amphora Research Group (ARG) was founded in 2001, the intention of which
is to form an organized research unit specialized in topics of Information Retrieval (IR) and
other related disciplines. A software tool has been built up here, which exploits a generalized
theory of ‘conceptual lattices” [14], SVD (singular value decomposition) and other methods
[27], [19], to explore web pages so as to “quarry”, extract particular interesting domains
together with their (limited) vocabularies.

The next step to be done now is a linguistic one: it consists in a disambiguation of the
obtained vocabulary, and creation of the so-called ‘intelligent thesaurus’, viz., a semantic
dictionary in which each important term is provided with the ontological definition of the
denoted object, i.e., the concept (logical construction) expressed by the expression is assigned
to it. Using inference rules of the logical system (Gentzen’s natural deduction in case of TIL,

* A good survey of particular approaches to partiality within the Simple Theory of Types can be found in [31]
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or logical programming tools of resolution and unification), we can define a semantic partial
ordering on the obtained set of concepts and create the respective conceptual lattice, which
will make it possible to conduct a really semantic and at the same time effective ‘web-search’.

Another promising area of future theoretical research is using soft-computing methods
of reasoning and inferring implicit knowledge. TIL, being a higher-order logic, is not and
cannot be, of course, complete. But Henkin’s completeness can be obtained in a ‘TIL-like
(limited) theory’, and the first theoretical results obtained so far in the area of ‘designing
fuzzy TIL’ are presented by V. Novak in [24].

This work has been supported by the grant project of GACR No. 401/03/1403 — Principles of Logical Analysis
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Abstract.

We present a logic programming based dialogue system that enables the access
in natural language to the heterogeneous external relational databases of the Evora
University.

The proposed system has the capability of inferring user attitudes and uses ISCO
in order to view the University relational databases as a part of a declarative/deductive
object-oriented (with inheritance) database allowing the mapping of relational tables
to classes — which may be used as logic (Prolog) predicates.

Keywords: dialogue managers, natural language processing, logic programming, knowl-
edge bases.

1 Introduction

Over the last couple of years Universidade de Evora has committed itself to the development
of an Integrated Information System (SIIUE) [2]. SIIUE is not just a set of databases which
have information about several aspects of the University (Academic, Research, etc.) but also a
group of applications built to give that information an easy (read/write) access in conjunction
with the ISCO development tool [2, 1].

The main purpose of the dialogue system presented in this article is to enable the users —
eg. the administration — that are not aware of the University information structure to obtain
the information they need. For instance, in the context of the University degrees evaluation
the following question could be posed by the administrative staff in order to evaluate the
performance of computer science professors that teach in the mathematics degree.

Que docentes de informatica leccionam matematica?

{Which computer science professors teach mathematics?)

This information could be obtained in the University web pages (or with an SQL or ISCO
query) if the staff knows the internal structure of the university information. The above natural
language query will allow the staff to obtain the answer even when they do not know the
information structure.

This query has some ambiguities that our system must resolve before it answers the user.
The system is able to dialogue with the user to resolve ambiguities such as the one introduced
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by the noun phrase “computer science professors”. In the context of the University of Evora
information system this phrase may refer to!:

o professors that teach computer science courses

s professors that teach courses from the computer science degree

e professors that belong to the computer science department

The phrase “mathematics” in this context may refer to:

applied mathematic curriculum

mathematic teachers curriculum

mathematic courses

Note that the administrative staff may not be aware of all the possible interpretations of
their query. They may not know that the university has two degrees with the word mathe-
matics’ in their name but when they are confronted with those options they are able to choose
the right one.

The remainder of this article is structured as follows: in section 2, the ISCO language is
described. In section 3, the LUPS language is briefly described. In section 4 the overall struc-
ture of the system is presented; section 5 deals with the semantic/ pragmatic interpretation. In
section 6 the dialogue manager is presented more extensive example is presented and, finally,
in section 7 we discuss some current limitations of the system and lay out possible lines of
future work.

2 ISsCo

ISCO is a new Logic-Based development language implemented over GNU Prolog that gives
the developer several distinct possibilities, useful for the development of applications such as
SIIUE:

o [t gives a simple database structure description language that can help in database schema
analysis. Tools are available to create an ISCO database description from an existing
relational database schema and also the opposite action.

o View relational databases as a part of a declarative/deductive object-oriented (with inheri-
tance) database. Among other things, the system maps relational tables to classes — which
may be used as Prolog predicates.

¢ Gives simple access to arbitrary relational data through ODBC using a GNU Prolog in-
terface with unixODBC, which has been developed within the SIIUE project. Whenever
appropriate, native interfaces to specific databases have been developed; such is the case
for PostgreSQL.

This example will be detailed in the following sections where we show how is that our system deals with
the problems of this question.
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o By virtue of the GNU Prolog implementation base, ISCO applications may resort to Con-
straint Logic Programming techniques. More specifically, finite domain constraints are
supported in ISCO queries.

The dialogue modules use ISCO’s capability to establish connections from Prolog to the
relational databases in an efficient way. For example, the following SQL table:

CREATE TABLE "student" (

"number" int4 NOT NULL,

"name" text,

"id_card" text,

Constraint "number pkey" Primary Key ("number")
)i

Maps into the following ISCO class definition, which can be automatically generated by a
support tool:

external (sac, student) class student.
number: int. key.
name: text.
id_card: text.

Class student is mapped into clauses for a set of Prolog predicates that implement the
four basic operations: query, insert, update and delete.

Variables occurring in queries are mapped to SQL and may carry CLP(FD) constraints,
which will be expressed in SQL, whenever possible. For example, suppose variable X is an
FD variable whose domain is (1..1000), the query student (number = X, name
= Y) will return all pairs (X, Y) where X is a student registration number and Y is the
student’s name. X is subject to the constraints that were valid upon execution of the query,
ie. in the range 1 to 1000.

ISCO class declarations feature inheritance, simple domain integrity constraints, global
integrity constraints and a comprehensive and simple to express access-control mechanism.

3 Dynamic LP and LUPS

LUPS ( “Language of UPdateS” [3]) is a declarative language for knowledge updates that
describes transitions between consecutive knowledge states. It consists of commands, which
specify what updates should be applied to any given knowledge state in order to obtain the
next knowledge state.

The simplest update command consists of adding a rule to the current knowledge state
and has the form: assert (L — L1, ..., Lx). In general, the addition of a rule to a knowledge
state may depend upon some preconditions being true in the current state. To allow for that,
the assert command in LUPS has a more general form:

assert (L « Ly,...,Ly) when (Lyy1, ..., Lm) ¢))

The meaning of this assert command is that if the preconditions Ly, ..., Ly, are true in
the current knowledge state, then the rule L «— L,, ..., L should hold true in the successor
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knowledge state. The added rules are inertial, i.e., they remain in force from then on by
inertia, until possibly defeated by some future update or until retracted.

However, in some cases the persistence of rules by inertia should not be assumed. Take,
for instance, an user utterance. This is a one-time event that should not persist by inertia
after the successor state. Accordingly, the assert command allows for the keyword event,
indicating that the added rule is non-inertial.

assert event (L «— Ly,...,Lg) when (Lgt1, ..., L) )

In order to specify persistent update commands (which are called update laws) it exists the
syntax:
always [event] (L « Ly, ..., Ly) when (Lgt1, ..., L) 3)

4 Natural Language Dialogue System

As was already stated the main goal of this work was to build a system that could get a
Portuguese natural language sentence sent by a user through a web interface and respond
accordingly.

To answer the question/sentence the system has to pass it from a web-based interface
to a GNU Prolog/ISCO active process (A), the process must analyze the sentence accessing
the relational database(s) when needed to get or check any information (B) and finally when
acquiring all needed information, it has to build a comprehensive answer and pass it to the
web-based interface (C).

<t-t---- GnuProlog
+

------- >\ Isco

User

Relational
WWww Databases

Figure 1: Simplifi ed SIIUE-NL system architecture

The processement of a natural language sentence is split in four subprocesses: Syntax,
Semantics, Pragmatics, Dialogue manager

The user sends the question about the information that exists in the SITUE. For that he/she
uses a web-based interface using the scripting language PHP and the tools available by the
php module of ISCO.

The question is then sent to an active Prolog process that already knows all the rela-
tional database structure to be used. ISCO manages the conversion of that structure to Prolog
predicates that can access the relational databases through SQL primitives as selects, inserts,
updates or deletes. In our case, as we’re facing a querying system we only need to use selects.

Besides all database structures, this Prolog process does all syntactic, semantic and prag-
matic analysis. After analyzing the sentence received, the process has to generate an adequate
answer, which will be shown to the user through the web interface.
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Syntax Analysis The syntactic interpreter was built using Chart Parsers[4]. This is one of
many techniques to build syntactic interpreters. The decision of developing the interpreter
using this technique was mainly because chart parsers can parse incomplete sentences. The
user can place complete or incomplete questions and the system must be able to answer them
accordingly, so the need to parse incomplete sentences is essential.

The interpreter also uses a lexicon to identify the syntactic properties of the words in the
sentences. For that the interpreter is connected with a relational database (Polaris) which has
syntactic (and semantic) information about Portuguese words. This integration is possible
through ISCO because this tool already knows the Polaris database structure and can access
it through ODBC.

This module will produce an output that consists in a list with all possible syntactic repre-
sentations of the sentence placed by the user. As an example, if the user placed the following
sentence as input to the system:

"Que docentes de informatica leccionam & matematica?"

(“Which computer science professors teach mathematics?”)

The syntax module will return a list with the sentences’ syntactic parse:

phrase([np([det (que,_+_+_), n(’docente’, 3+p+m),
pp (de,np( [name {’ informidtica’,3+s+£f)]}) 1},
vp(v(’leccionar’, 3+p+_)),
args_v ([{np ([name (‘matemdtica’,3+s+£)])]1)]).
% (phrase ( [np([det (which, +p+_), n(’'professor’, +p+m),
pp (of,np ( [name (‘' computer science’, +s+m}]1))1),
vp(v('teach’,3+p+_)),
args_v{[np([name ('mathematic’, +p+m)])1)]1).)

o0 o

o

Semantic Interpretation The syntactic parsing output will be sent to the semantic mod-
ule. This module will get the syntactic structure and rewrite it in a First-Order Logic. The
technique used for this parsing is based on DRS’s (Discourse Representation Structures)[6].

This technique identifies triggering syntactic configurations on the global sentence struc-
ture, which activates the rewriting rules. We always rewrite the pp’s by the relation ’rel(A,B)’
postponing its interpretation to the semantic pragmatic module.

This module returns a DRS build with two lists, one with the new sentence rewritten and
the other with information about the referents that were created in this analysis.

For instance, if this module receives the syntax module output presented in the previous
sections it will return as semantic representation of the sentence the expression:

professor (d), name(B, ’‘computer science’),
name (C, ‘mathematics’),
rel (A,B), teaches(A,C).

and the list with the discourse referents:

[ref (A,p+_+_,which),ref (B,s+_+_,undef),ref(C,p+_+_,undef)]
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5 Semantic/Pragmatic Interpretation

The semantic/pragmatic module receives the sentence rewritten (into a First Order Logic
form) and tries to interpret it in the context of the SIIUE databases information.

In order to achieve this behavior the system tries to find the best explanations for the sen-
tence logic form to be true in the knowledge base for the semantic/pragmatic interpretation.
This strategie for interpretation is known as “interpretation as abduction” [5].

The knowledge base for the semantic/pragmatic interpretation is built from the ISCO de-
scription of the SITUE databases. The Kb rules are generated from the databases descriptions.
This process was described in detail in [9].

From the description of the relation si_teaches the KB has rules for the interpretation of
the predicates: teaches(A4,B) and rel(A,B).

class si_teaches.
lecture: si_individual.id.
degree: si_degree.code.
course: si_course.code.
year: int.

The rules in semantic/pragmatic Knowledge base are like the one below and they enable the
interpretation of a sentence like “lecture teaches course” as the ISCO expression:
si_teaches(course = B, lecturer = A).

rel(A,B) <-
si_lecturer(a),
si_course (B),
abduct (si_teaches(course = B, lecturer = A)).

In the semantic/pragmatic interpretation the evaluation of a predicate like “si_course(A)”
is done by an access to the relational databases through ISCO. The result of such an evaluation
is the constraint of variable A to database identifiers of objects from class course.

The interpretation of names (eg. name(A,mathematics)) is done by accessing the SITUE
in order to collect in (constraint) A all entity identifiers that have in their name the word
mathematics’.

The result of interpreting the sentence represented by:

professor (A), name (B, ‘computer science’),
name (C, ‘mathematics’),
rel(A,B), teaches(A,C).

[ref (A,p+_+_,which),ref (B,s+_ +_ ,undef),ref(C,p+_+_,undef)]
is the following ISCO expressions:
1. teaches(lecturer=A,course=B,degree=C)

e A= #(7001...7852) — A is constraint to all lectures

e B= #(1046..1049:1345:1456..1457) —B is constraint to the courses that
have in their name the expression *computer science’
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e C=_#(3046:3123) — C is constraint to degrees with the word *mathematics’ in
their name.

2. teaches(lecturer=A:,course=C:,degree=B:)

e A=_#(7001...7852) — A is constraint to all lectures

e B=_#(3012) — B is constraint to degrees with the word *computer science’ in their
name.

L) C’=_# (1265..1281:1431:1454..1455:1784:1791) —1is constraint to the
courses that have in their name the word *mathematics’.

3. department(key=B:, lecturer=A:), teaches(lecturer=A:,degree=C:)

e A= #(7001...7852) — A is constraint to all lectures

e B=_#(101) — B is constraint to departments with the word "computer science’ in
their name.

e C=_#(3046:3123) — Cis constraint to degrees that have in their name the word
’mathematics’.

4. department(key=B:, lecturer=A:), teaches(lecturer=A:,course=C:)

e A=_#(7001...7852) — A is constraint to all lectures

e B=_#(101) — B is constraint to departments with the word *computer science’ in
their name.

e C=_#(1265..1281:1431:1454..1455:1784:1791) — C is constraint to
courses that have in their name the word *mathematics’.

The above ISCO expression contains the possible interpretations of the sentence in the
context of the University information.

6 Dialogue Manager

The Dialogue Manager must disambiguate the sentence possible semantic pragmatic inter-
pretations. It has to recognize the speech act associated with the sentence (in this domain it
can be an in form, a request, or a askif speech act), to model the user attitudes (intentions
and beliefs), and to represent and to make inferences over the dialogue domain.

This task is achieved through the use of a logic programming framework rules and the
LUPS language (see {8, 7] for a more detailed description of these rules).

For instance, the rules which describe the effect of an inform, a request, and a ask-if
speech act from the point of view of the receptor are:

always bel(A,bel(B,P)) when inform(B,A,P)
always bel(A,int(B,Action)) when request(B,A,Action)
always bel(A,int(B,inform-if(A,B,P))) when ask-if(B,A,P)
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In order to represent collaborative behavior it is necessary to model how information is
transferred between the different agents:

always bel(A,P) when bel(A,bel(B,P))
always int(A,Action) when bel(A,int(B,Action))

These two rules allow beliefs and intentions to be transferred between agents if they are
not inconsistent with their previous mental state.
There is also the need for rules that link the system intentions and the databases accesses:

always yes(P) — query(P), one-sol(P) when int(A, inform-if(A, B, P))
always no(P) — query(P), no-sol(P) when int(A, inform-if(A, B, P))
always clarif(P) < query(P), n-sol(P) when int(A, inform-if(A, B, P))

These three rules update the system’s mental state with the result of accessing the knowl-
edge bases: yes, if there is only one solution; no, if there are no solutions; and clarification, if
there are many solutions (the predicates that determine the cardinality of the solution are not
presented here due to space problems, but there implementation is quite simple).

After accessing the databases, the system should answer the user:

always confirm(A,B,P) when yes, int(A, inform-if(A, B, P))
always reject(A,B,P) when no, int(A, inform-if(A, B, P))
always ask-select(A,B,C) «— cluster(P,C) when clarif(P), int(A, inform-if(A, B, P))

The first rule defines that, after a unique solution query, the system confirms the answer.
The next rule defines that, after a no solution query, the system rejects the question. The
last rule defines that, after a multiple solution query, the system starts a clarification answer,
asking the user to select one of the possible solutions. In order to collaborate with the user
we have defined a cluster predicate that tries to aggregate the solutions into coherent sets, but
its complete definition is outside the scope of this paper.

Considering the question:

Which computer science professors teach mathematics?

As we presented in the previous section the semantic/pragmatic interpretation will give
rise to the following expression:

R={ref (A,p+_+f ,which),ref(B,s+_+_,undef), ref (C,p+_ +_,undef)]
v=[(A1,B1,C1l), (A2,B2,C3), (A3,B3,C3), (A4,B4,C4)]

I=[si_teaches(lecturer=Al, course=Bl, degree=Cl},
si_teaches (lecturer=A2, course=C2, degree=B2),
(si_department (key=B3, lecturer=A3),

si_teaches (lecturer=A3, degree=C3)),
(si_department (key=B4, lecturer=34),
si_teaches(lecturer=A4, course=C4))]

After having the sentence re-written into its semantic representation form, the speech act is
recognized and we’ll have:
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ask-if (user, system, [R,V,I])
Using the "ask-if" and the transference of intentions rules we’ll have:
int (system, inform-if (system, user, [R,V,I])).

Now, using the rules presented in the previous section, the system may access the knowl-
edge bases (using the ISCO modules). The first step is to decide what is the meaning of the
user sentence since there are four possible interpretations for each discourse referent (the V'
list has four elements). Using the following rule, the system is able to detect if there are many
possible interpretations, and to obtain, for each referent variable, its respective classes. Then,
it will ask the user to disambiguate the question:

always ask-select(A,B,[VC,R,V]I]) — int(A, inform-if(A, B, [R,V,I])), cardinal-
ity(V,N), N > 1, get_classes(V, VC).

get_classes is a predicate that obtains the set of possible classes for each variable referent.
For instance, in our example we have:

get_classes([(A1,B1,Cl1),(A2,B2,C2),(A3,B3,C3),(A4,B4,C4)], [([lecturer], [course,
degree, department], [degree, course])])

The ask_select predicate chooses the first referent variable which has more than one
possible class (B in the example) and, as a consequence, the dialogue system is able to ask if
the user wants *computer science’ to refer to:

® course
e degree
e department

Suppose the user selects the option department. In this situation, there are two possi-
ble options for variable C: degree and course. The system will ask again the user to select
the class of variable C. Suppose the user selects degree. Now, there is only one possible
interpretation.

I = [teaches(lecturer=A, degree=C),
department (key=B, lecturer=3)]

After having disambiguated the question interpretation, the system will use the rule pre-
sented previously and it will access the databases: guery(l)

Suppose there are two possible solutions for the variable referent C': one for the degree of
"Applied Mathematics" and another for "Mathematic Teachers". In this situation the n_sol
predicate holds and the system will start a clarify interaction (using the ask_select rule and
the cluster predicate):

ask-select (system, user, ["Applied Mathematics",
"Mathematic Teachers"}).

Now, suppose the user answers "Applied Mathematics”. Using the inform and the trans-
ference rules, the system is able to add the information to the constraints of the current ques-
tion and to, finally, answer the user question.
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7 Conclusions and Future Work

The dialogue system described in this paper is still in an experimental stage and it has not been
tested in "real” situations. We intend to have it available to all users using the University’s in-
ternal web interface, via Universidade de Evora’s web page (http://www.uevora.pt/)
in a short period of time.

Clearly, and due to its complexity, all modules have aspects that may be improved:

o The syntactical coverage of the Portuguese grammar
e The coverage of the semantic analyzer (plurals, quantifiers, ...)

¢ The capability of the dialogue manager to take into account previous interactions and the
user models
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Abstract

The goal of this paper is to build a bridge from a certain intuitive conception of natural
language communication, called the SLIM theory of language, to a technical approach,
called database semantics (cf. Hausser 1999/2001). The intuitive approach proceeds
from the interfaces of a cognitive agent’s recognition and action, the levels of language
and context, the nature of concepts, and the reconstruction of reference based on internal
matching between the two levels, including an intuitive theory of signs. The technical
software approach begins with a data structure suitable for the indexing and retrieval
of content, an algorithm operating on the data structure, and a procedure for modeling
language interpretation, inferencing, and production based on this algorithm.

Both approaches have coexisted for years, illuminating each other in suggestive
ways, but without a systematic transition from one to the other. When it comes to the
details of handling individual words in language interpretation and production, however,
the intuitive theory of signs must be reconciled with the structural details required by the
technical approach. The solution presented in this paper reconstructs the language and
context components of the intuitive approach by refining the data structure of database
semantics. For this, the different sign types are integrated into the basic information units
of proplets as the values of certain attributes. Furthermore, different language proplets
and context proplets are distinguished, and stored in different areas of the database.

1 Interfaces and Basic Components of a Cognitive Agent

Up to now, scientific analyses of natural language have been mostly limited to structural
objects, fixed on paper or magnetic tape. Such objects are exemplified by a single word form,
a sentence, or a text. By concentrating on the structure of the signs, one has attempted to
abstract away from the aspect of communication.

The purpose of producing and interpreting language in the first place, however, is interaction
between cognitive agents. Therefore, a scientific analysis of natural language cannot fail to
be inadequate if it does not include the production and interpretation procedures inside the
cognitive agents. The question should not be what a sign of language is, but rather what it
does, and how it does it by virtue of the way it is.

In order to have artificial agents which can tell what they see and do what we tell them,
they must be designed to have vision, hearing, articulation, locomotion, and an arm to handle
things. And they must have a central control which integrates cognitive input and output as
well as physical interaction with the world into a smooth routine.

Such a functional model must be verified in the form of a hardware realization which in-
teracts with the real world. This is an engineering task consisting of a hardware part and a
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software part. In order for the various parts to interact smoothly, there should be a declara-
tive specification. A declarative specification may be written as a design plan before starting
to program or as a design explanation after the implementation. Often the two interact in a
sequence of development cycles.

The crucial aspect of a declarative description is its level of abstraction. The need for sucha
level is shown by computer source code, which runs perfectly but is very hard to read. More-
over, source code fails to specify which properties are accidental (e.g., programming style
including choice of programming language) and which are necessary. Therefore, a declara-
tive specification is needed not only to guide the implementation of the system, but also to
provide a wider public with a clear understanding of the theoretical solution instantiated by
the implementation.

A declarative specification should be like an algebraic definition in logic: it should list the
basic elements and specify the rules of combination. However, unlike an algebraic definition,
a declarative specification is not restricted to set theory. Also unlike an algebraic definition, a
declarative specification must take care of many additional aspects related to computational
modeling such as the input-output conditions, the procedures of recognition and action, the
data structure, the method of indexing and retrieval, inferencing, control structure, spatio-
temporal orientation, interpretation and production of language, etc.

Let us begin the design of the declarative specification of our functional model by deter-
mining the input-output conditions of a talking cognitive agent. They are based on (i) sign
recognition and synthesis and (ii) context recognition and action.

1.1 INTERFACES OF A COGNITIVE AGENT

--------- Cognitive Agent

(i) sign recognition
(ii) sign synthesis +—————

central cognition

(iif) context recognition—‘—q
(iv) context action «————:

peripheral cognition

External reality

Peripheral cognition handles the agent’s interaction with the external world. This interaction
may be viewed as the processes of transporting agent-external aspects of the world into agent-
internal cognition (recognition and language interpretation) and of transporting agent-internal
aspects of cognition into the world (action and language production).

Central cognition handles storage and retrieval of content provided originally by peripheral
cognition. We may assume that the processing of this content in central cognition is based
on a homogenous coding, such as neural activity in humans or electronic operations in a
computer. This coding may be described in an abstract manner which is independent of its
realization in brain or computer.

Next we tumn to the basic functional principles of cognition. The first, obvious requirement
is that these functions combine to connect the input and the output of the agent.
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That is, sign recognition must be connected to context action and context recognition must
be connected to sign synthesis. These connections are not just a reflex between a stimulus
and a response, but based on a memory with associated inferencing. This is the basis for sign
and context recognition with processing but without extemal action, for context interaction
without language, and for language interaction without input-output activity at the context
level.

These structural properties of communication and cognition are best handled by comple-
menting the distinction between peripheral and central cognition, indicated in 1.1 above, with
the distinction between the levels of language and context, shown below:

1.2 COMPONENTS OF CENTRAL COGNITION

....... Cognitive Agent

sign recognition

. b Theory of Grammar
sign sy P

[ pragmatics l -t Theory of Language

contex recognition
context action

ontext component

External Reality peripheral cognition

The distinction between the levels of language and context is motivated by the evolutionary
fact that there are cognitive agents which resemble humans in many respect, yet don’t have
the capability of language. Thus, language may be viewed as an additional component, built
upon the earlier developed context component.

The distinction between the two levels is also motivated functionally in that the context
provides the content which is expressed in language by the speaker and stored in the context
by the hearer. The context component stores what the agent recognizes, and provides algo-
rithms for drawing inferences on this content and for deriving actions. The language level, in
contrast, has the task of encoding a certain content of the context level (speaker mode) and of
decoding a given language sign for storage in the contextual database (hearer mode).

The interaction between the two components is handled by the rules of language prag-
matics. Language pragmatics may be analyzed as a phylo- and ontogenetic specialization
of nonlinguistic pragmatics, just as language recognition and synthesis may be analyzed as
phylo- and ontogenetic specializations of contextual recognition and action, respectively.

2 A First Step: Designing a Context Component

The structural analyses presented in 1.1 and 1.2 raise the question of whether they could be
agreed upon by a wider range of sciences. After all, the basic structure of cognition is being
studied in several fields, each taking its own point of view. Consider the following examples.

Evolutionary psychology studies higher primates in order to construct a model of com-
munication which explains how human communication evolved from this higher primates.
Thereby it finds that these animals have skill teaching, highly evolved social structures, and
some surprisingly language-like forms of communication (Marc D. Hauser 1997).
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Cognitive psychology wrestles with the question of how to present the concept of, e.g., a
car, given that we can see only one side of a car but are able to imagine the whole shape, and
even add structural and functional information such as where the engine is and what it does
(Barsalou 1999). Others study the emergence of language from embodiment (MacWhin-
ney 1999), which has also become a topic in philosophy, as witnessed by a recent boom in
Merleau-Ponty (Dreyfus 2002).

Attificial intelligences is spearheaded by the MIT robotic lab. Its wellknown effort is the
building of COG (Brooks et al. 1998), a metallic robot resembling a human from the waiste
up, with a face consisting of video cameras, but also eye brows to signal emotions, with arms
and hands to perform acts of holding and moving, and an elaborate mechanism to model
‘shared attention’, i.e., the following of the other’s gaze during communication, especially
important in early child-mother interaction.

As the cognitive models mentioned above do not form a coherent, explicit theoretical whole,
we do not know whether our model of input-output conditions, peripheral and central cogni-
tion, and language and context level would be acceptable to them. To enhance compatibility,
however, we pay heed to the other sciences’ credos. Thus, we would certainly want our model
to be in concord with the basic principles of evolution. It should also be compatible with the
findings of cognitive psychology. And it should be verified in the form of computational hard
ware models functioning in the real world.

Given the difficulty of our task, we would like to begin with the most basic component in
its most basic form. This component is what we call the context. In animals without lan-
guage, the context is the only component of cognition. In humans, it is one of two cognitive
components, the other being the language component.

The construction of a cognitive agent with a context but without language, as exemplified
by a dog, is a good starting point! for the following reasons. First, when we come to modeling
language interpretation and production, we will need a context component anyway. Second,
if we assume that there is a natural relation between the cognition of dogs and humans, there
is a good chance that there is a natural upscaling from a model of a dog’s cognition to that of a
human. Third, the comparison of what the cognition of a dog and a human have in common,
i.e. the context component, provides heuristics for finding abstract representations behind a
multitude of variants.?

3 Level of Abstraction

To increase the chances of success, we must simplify the design of a context. For this, we
take a lesson from modern ecology by controlling the robot’s environment — and thus the
conditions of its recognition. For the purpose of modeling recognition and action in principle,
we use the simplified world of colored geometric objects such as triangles, squares, etc.

The cognitive building blocks of the context are called concepts. They are used to classify
bitmap outlines for recognizing squares and triangles as well as intervalls of the color spec-
trum to recognize red, green, etc. They are also used for storing content in memory, as the
data on which inferences are run, as the input to context action and language production, etc.

Concepts come in two varieties, types and tokens. This distinction, introduced by Peirce, is
illustrated in the following example of the type and the token of the concept square:

!'We are using dogs as our example because higher primates are currently subject of a debate as to whether
or not they exhibit rudimentary language and culture.

2For example, we take the liberty to omit smell in our model, even though it is important for dogs (and for
non-verbal communication in humans).
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3.1 THE TYPE AND A TOKEN OF THE CONCEPT square

type

fedge 1: a
angle 1/2: 90°¢
edge 2: o
angle 2/3: 90°
edge 3: a
angle 3/4: 90°¢
edge4: o
| angle 4/1: 90°]

token

ledge 1: 2cm 1]
angle 1/2: 90°
edge 2: 2cm
angle 2/3: 90°
edge 3: 2cm
angle 3/4: 90°
edge 4: 2cm
Langle 4/1: 90° |

The type defines the necessary properties of a concept by means of constants and the acci-
dental properties by means of variables. In the above example, the necessary properties of
the concept type square are four angles of 90 degrees and four edges of equal length. The
accidental property is the edge length, represented by the variable o. The variable makes the
concept type applicable to squares of any size.

In recognition, concept types and concept tokens function together as follows:

3.2 CONCEPT TYPES AND TOKENS IN CONTEXTUAL RECOGNITION

cognitive agent without language

changes in the
external environment

[ 3
» | concept
- ,:token _J

sensory T l
surface

The incoming parameter values are matched by a concept type, which is instantiated as con-
cept token: The concept type is provided by memory. The resulting context token is stored
in memory. The matching process involving a concept type and and a concept token is illus-
trated below with the recognition of a square:

memory

3.3 CONCEPT TYPES AND CONCEPT TOKENS IN RECOGNIZING A SQUARE

edge 1: o cm edgel: 2cm

............... angle 1/2: 90° angle 1/2: 90°
e | edge2:0acm o | edge2: 2cm

o | angle2/3:90° | angle 2/3:90°

e | edge3:acm | €dge3: Zcm

SO angle 3/4: 90° angle 3/4: 90°
bitmap outline edge 4: o cm edge4: 2cm
angle 4/1: 90° angle 4/1: 90°

concept type concept token

1t would be no problem to build a machine that can recognize colored geometric objects using
concepts like those illustrated above. This is because the notions used in the definitions have
procedural counterparts which can be implemented relatively easily. Incidentally, they also
correspond to the line, edge, and angle detectors discovered by Hubel and Wiesel 1962 in the
visual cortex of cats.
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Next consider the inverse direction. The inverse of perception and recognition is intention
and action. Intention is the process of developing an action cognitively, while action is the
mechanism of realizing an intention by changing the external environment.

3.4 CONCEPT TYPES AND CONCEPT TOKENS IN ACTION

cognitive agent without language

: action —
changes in the = =] concept | 30..0] concept
type

external environment  -—- - - token
realization T T
component memory

L

Intentions are represented as constellations of concept tokens and realized as actions by
means of corresponding types. The formation of intentions is based on the agent’s control
structure, current situation, and inferences over content stored in memory.

4 Adding Language: Basic Reference
In cognitive agents with language, the concept types acquire a secondary function as the

meanings of words. This is the basis of reference, which comes about by matching the
concept types of language meaning with the concept tokens at the level of context:

4.1 SYMBOLIC REFERENCE BASED ON INTERNAL MATCHING

cognitive agent with language

external surface | surface type surface token
Look, alsquare! |——~{squarc] [square]
lexical lookup
concept
fype
: internal
. matching
r;oncept concept
Ltype token
external object

In this example, the cognitive agent recognizes a square at the level of context and the sign
Look, a square! at the level of language (immediate reference).

Sign recognition and synthesis at the level of language are analyzed as specializations of
context recognition and action, respectively. Just as the recognition of a square at the level
context is based on parameter values in a certain modality (here vision) which are matched
by a concept type and instantiated as a concept token, the recognition of the word surface
square is based on parameter values in a certain modality (e.g., hearing) which are matched
by a surface type and instantiated as a surface token. And similarly for contextual action (cf.
3.4) and sign synthesis.
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The recognized surface of the sign is passed to lexical lookup, which assigns a literal mean-
ing defined as a concept type. Reference comes about by matching the language concept type
with the context concept token, as illustrated below:

4.2 INTERNAL MATCHING BASED ON THE TYPE-TOKEN CORRELATION

surface: square
l noun

edge : a.cm
angle 1/2: 90°
edge 2: o cm
angle 2/3: 90°
concept fype: edge 3: a.cm
angle 3/4: 90°
edge 4: e em
angle 4/1: 90°

language level

internal matching

edgel: 2cm
angle 1/2: 90°
edge2: 2cm
angle 2/3: 90°
concept token: edge3: 2om context level

angle 3/4: 90°
edged: 2cm
angle 4/1: 90°

In this example, the concept type used in 3.3 for contextual recognition is reused in a sec-
ondary function as a literal meaning which is lexically attached to the English surface square.
Furthermore, the type/token relation used in 3.3 for recognition is reused in the secondary
function of internal matching.

The principle of internal matching between concept types and concept tokens models the
flexibility of reference which distinguishes the natural languages from the logical and pro-
gramming languages. It allows use of the same analyzed sign to refer to an open number of
different referents at the level of context — in language interpretation and language production,
and in immediate reference as well as mediated reference.

S Reference Mechanisms of the Different Kinds of Signs

The mechanism of reference illustrated above with the word square is characteristic for a
certain kind of sign, called symbol. Other kinds of natural language signs are proper names
like John or R2D2, and indexicals like here, now, |, you, or this. In addition, there is the
sign type of icons, which is marginal for synchronic natural language communication,? but
important for explaining the evolution of symbols.

In modem times, the theory of signs was founded by Peirce, who analyzes the sign kinds
symbol, indexical, and icon, but omits names. Symbols are defined as follows:

A symbol is a sign which would lose the character which renders it a sign if there were
no interpretant. Such is any utterance of speech which signifies what it does only by
virtue of its being understood to have signification.

Peirce 1940, p. 104.

3 As pointed out by de Saussure 1967, pp. 81, 82. See Hausser 1999/2001, pp. 114 f.
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Similarly, an index is defined by Peirce as a sign which would lose the character which
renders it a sign as soon as the object it is pointing at is removed; an icon is defined as a sign
which retains its character as a sign even if there is no object to refer to, and no interpretant.

The disadvantage of Peirce’s definitions is that they are unsuitable for computational imple-
mentation. For the purpose of modeling natural language communication computationally,
the functioning of the different sign types, i.e., their respective mechanisms of reference, must
be explained in terms of their meaning structures instead.

The different reference mechanisms of symbols, indexicals, and names, based on their dif-
ferent kinds of meanings, is illustrated in the following schematic comparison of the three
sign types, used to refer to the same contextual object, i.e., a blue square.

5.1 COMPARING ICONIC, NAME-BASED, AND INDEXICAL REFERENCE

symbol name index
surface  blue square R2D2 this
language level
meaning, bluc SH%&
$#%&
referent blue blue blue context level

At the language level, each sign type consists of a surface and a lexically attached meaning;.
At the context level, the referential object is a blue square in a simplified representation of a
concept token.

The meaning, of a symbol is a concept type. As explained in the previous section, reference
with the sign type of symbol is based on matching the concept type at the level of language
with a corresponding concept token at the level of context.

In the sign type name, the role of the meaning; is taken up by private identity markers.
They originate at the level of context in order to indicate that different appearances of the
referential object are being recognized as the same individual.*

In cognitive agents with language, (copies of) the private markers are reused by attaching
them to public surfaces in an act of naming, Thereafter, reference with a name uses the
public surface to call up each agent’s private marker to match the corresponding marker in
each agent’s cognitive representation of the referential object.

Acts of naming may be explicit, as in a ceremony of baptism, or implicit, as in the following
example: Agent A observes an unfamiliar dog running around, appearing and disappearing
in the bushes. For continuity, the private identity marker $#%é& is inserted into the cogni-
tive structures representing the different appearances of the dog in A’s context. Later, the
owner calls the dog Fido. Agent A adopts the name by attaching $#%& to the public surface
Fido. Henceforth, the name Fido refers for A to the dog in question by matching the pri-
vate marker attached to the name with the corresponding marker inserted into (the cognitive
representations of) the referent.

The sign type indexical, finally, has a meaning; defined as one of two characteristic pointers.
The first points into the agent’s context and is called the context pointer or C. The second
points at the agent and is called the agent pointer or A. Consider the following examples:

4The marker used in 5.1 is $#%&, because the cognitive ability of recognizing identity may be present in
agents without language and without a competence of numbering.
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5.2 INDEXICALS AS NOUNS AND ADJECTIVES WITH A AND C POINTERS

noun A noun C adj A adj C

I, we you here there
he, she, it now then
this, they

Indexicals sharing the same pointer differ in terms of additional symbolic-grammatical dis-
tinctions. For example, the context pointer of the word this is restricted to single, non-animate
referential objects, while they is restricted to a plurality of referential objects which may be
animate or inanimate. Similarly, you is restricted to referential objects of any number and
gender which are potential partners of communication, while he is restricted to a single refer-
ential object of male gender which is currently is not regarded as a partner of communication.

All three mechanisms of reference must be analyzed as internal, cognitive procedures. This
is because it would be ontologically unjustifiable to locate the fixed connections between
surface and meaning; in the external reality.

The distinction between the different kinds of signs, i.e., symbol, name, and indexical is
orthogonal to the distinction between the main parts of speech, i.e., noun, verb, and adjective,
as well as to the corresponding distinction between the basic elements of propositions, i.e.,
argument, functor, and modifier. Symbols occur as noun, verb, and adjective. Indexicals occur
as noun and adjective. Name occur only as noun.

The orthogonal correlation between the kinds of signs and the parts of speech may be rep-
resented graphically as follows:

5.3 RELATION BETWEEN THE KINDS OF SIGN AND THE PARTS OF SPEECH

name Fido

indexical | this here

symbol dog | black see

noun  adj. verb

The kind of sign which is the most general with respect to the parts of speech is the symbol,
while the name is the most restricted. Conversely, the part of speech (and, correspondingly,
the propositional element) which is the most general with respect to different kinds of sign is
the noun (object), while the verb (relation) is the most restricted.

6 Database Metaphor of Successful Communication

The theory of language outlined above is modeled computationally in database semantics
(dbs). Dbs is based on the assumption that the knowledge of the speaker and the hearer are
represented in the form of databases. Furthermore, communication is successful if the speaker
encodes a certain part of his or her database into language, and the hearer reconstructs this
part analogously in his or her database — in terms of (i) a correct decoding and (ii) a correct
storage at a corresponding location.

It is a crucial property of natural language that a sign’s storage location in the speaker’s
database can be reconstructed by the hearer without any need for special indexing informa-
tion. Achieving this kind of automatic indexing and retrieval is not trivial.
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Consider robot A coding current observations in the following form:
Field contains triangle. Field contains square.
These are two elementary propositions® concatenated in terms of their adjacent position in
the sequence. The elements of the propositions are the words.

Intrapropositonally, the words are related by a functor-argument structure. The functors are
two instances of contain, which have the arguments field and triangle in the first proposition,
and the arguments field and square in the second.

Extrapropositionally, the two propositions are related by their concatenation in terms of
adjacency. They are also related in terms of the identity between the referents of the two
occurrences of the noun field — assuming that the triangle and the square are observed in the
same field.

Robot A’s reporting his findings to robot B using a language raises the question of where
robot B should store the propositions in its database:

6.1 ILLUSTRATION OF THE HEARER’S STORAGE PROBLEM

hearer

input sentence
field contains triangle < field contains triangle

U hearer'’s linguistic analysis
s

VP

NP v NP

field contains  triangle

’
hearer’s database ?

The external sign (input sentence) is represented inside the hearer and linguistically analyzed.
For the sake of the argument, the analysis is a familiar phrase structure tree.

Storing this analysis in the hearer’s memory (database) requires a primary key. Which
property of the tree should be selected? The S node is not suitable as a primary key because
it is shared by all phrase structure trees. The structure of the tree® is not be suitable either
because it is shared by many different contents.

Furthermore, when the hearer turns into a speaker, the hearer’s problem of storage turns
into the speaker’s problem of retrieval. Assume, for example, that the speaker has just the
uttered the proposition field contained triangle. This raises the question: Which key should
allow the robot to retrieve the closely related content of field contained square in order to
arrive at a coherent sequence of utterances?

7 Data Structure of a Word Bank

The solution of database semantics to the indexing and retrieval problem of successful com-
munication is based on following principles:

5For an explanation of the classic notion of a proposition see Hausser 1999/2001, Section 3.4, pp. 61-63.
6 Assuming that the tree structure is coded into a compressed form, e.g. (S(NP VP (V NP))).
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BASIC PRINCIPLES OF DATABASE SEMANTICS

The primary key is the content words. Content words are the nouns (including names),
verbs, and adjectives, in contradistinction to function words, which include determin-
ers, auxiliaries, and prepositions.

. Content words may be connected by two kinds of relations: intrapropositional and ex-

trapropositional. The intrapropositional relations are the functor-argument structure
between verbs, nouns and adjectives within the same elementary proposition. The ex-
trapropositional relations are the identity between nouns and the conjunction between
verbs of different propositions.

. The intra- and extrapropositional relations are not represented by graphical means. In-

stead, the content words are analyzed as feature structures called proplets” such that all
intra- and extrapropositional relations are coded by means of attributes.

These principles are realized as the data structure of a word bank, consisting of proplet types

and proplet tokens.

7.2 DATA STRUCTURE OF A WORD BANK
type, token,; token, token,s token,y, etc.
types tokeny; tokenp, tokenps tokengy, etc.
type. token.; token,, token,.; tokens, etc.
etc.

The proplet types are like the owner records, and the proplet tokens are like the member
records of a classic network database. Like a network database, a word bank can be simulated
in a relational database system.

In a word bank, the two concatenated propositions of 6 are represented as follows:

7.3

REPRESENTATING THE PROPOSITIONS OF 1.2.1 IN A WORD BANK

PROPLET TYPES PROPLET TOKENS

[verb: contain [verb: contain verb: contain
arg: arg:fi eld triangle| |arg:fi eld square
cin: ctn: 2 contain ctn:

ctp: ctp: ctp: 1 contain
|pm: | pmn: 1 m: 2

[noun: fi el [noun: fi eld noun: fi eld

finc: fnc: contain| | fnc: contain

idy: idy: 1 idy:1

Lprn: {prn: 1 m: 2

[noun: square [noun: square

fe: fnc: contain

idy: idy: 2

|prn: | prn: 2

"The term proplet is coined by analogy to droplet and refers to a basic part of an elementary proposition.
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noun; triangle noun: friangle
finc: fnc: contain
idy: idy: 3

m: m: 1

This word bank is based on two kinds of proplets, verbs and nouns, the attributes of which
are defined as follows:

7.4 DEFINITION OF ATTRIBUTES IN VERBAL AND NOMINAL PROPLETS
verb: = part of speech

noun: = part of speech

arg: = argument(s) of a verb

& .t( ) fonc: = functor of noun
ctn: = connection to next . . .

. . idy: = identity number
ctp: = connection to previous -
. prn: = proposition number

pm: = proposition number

In proplet types, all attributes except for the part of speech (pos) have the value NIL (repre-
sented by empty space). As shown in 7.3, the types are ordered alphabetically in a column.
Each type is followed by a token line. All proplets in a token line have the same pos value.
The number of proplets in a token line is open.

Proplet tokens belonging to the same proposition share a common proposition number pm.
The arg attribute in verbs and the fnc attributes in nouns are the intrapropositional continua-
tion predicates. They code the functor- argument structure. For example, the proplet®

[verb: contain

arg:fi eld triangie|

ctn: 2 contain

ctp:

Lprn: 1

of proposition 1 specifies field and triangle as its arguments. The proplets

[noun: /i eld noun: triangle
fnc: contain d fnc: contain
idy: 1 and igy: 3 ’
Lpmn: 1 m: 1

also belonging to proposition 1, specify contain as their functor.
The extraprositional relation of conjunction is coded in the ctn and ctp attributes of the two
verb proplets in the word bank 7.3 :

verb: contain verb: contain

arg:fi eld triangle arg:fi eld square

ctn: 2 contain ctn:

ctp: ctp: 1 contain
rn: 1 m: 2

As shown by their different proposition numbers, these two proplets belong to two different
propositions. However, the ctn attribute of the verb of proposition 1 specifies the proplet

$Superfi cially, proplets may seem to resemble the feature structures of HPSG. The latter, however, are in-
tended to be part of a phrase structure tree rather than a database, do not encode the functor-argument structure
in terms of bidirectional pointers, do not concatenate propositions in terms of extrapropositional relations, and
thus do not provide a suitable basis for time-linear navigation.
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contain of proposition 2 as its successor, while the ctp attribute of the verb of proposition 2
specifies the proplet contain of proposition 1 as its predecessor.

The extrapropositional relation of identity is coded in the idy attributes of the following two
noun proplets in the word bank 7.3:

noun: fi eld noun: fi eld
fnc: contain fnc: contain
idy: 1 idy:1

rn: | m: 2

Again, the different proposition numbers indicate that these two proplets belong to differ-
ent propositions. They are asserted to be coreferential, however, as indicated by their idy
attributes having the same value, namely 1.

8 Autonomous Navigation

By coding all intra- and extrapropositional relations of concatenated propositions into the
proplets of their content words, database semantics achieves complete freedom from the con-
straints of graphical representations. This provides for easy storage and powerful retrieval.
The continuous retrieval of successor or predecessor proplets in a word bank constitutes a
kind of operation which conventional databases do not provide, namely an autonomous time-
linear navigation through the concatenated propositions of the database. Navigation plays a
crucial role in the modeling of successful communication in database semantics: it is used
for the conceptualization and basic serialization of language production by the speaker.
Consider the following example of language production from a word bank:

8.1 PRrRODUCTION OF fi eld contains triangle

field contain triangle
A A A

isolated fowner records) connected (member records)

T
I
1
1
1
contain............... : ............................ yverb: contain
| : arg: field triangle
! navigatian step 1 /| P 1
1 :
1 :
] noun: field
field ................. [ AP foc:  contain :
' . :
) pm: 1 :
) navigation step 2 :
) :
V :
) : noun: triangle
triangle............... P P R PR RS fac:  contain
\ pm: 1
|
i
!

The navigation happens to begin at the proplet field with the proposition number 1. Based on
the proplet’s continuation predicate, i.e., [fnc: contain], the navigation algorithm looks for
the token line of contain and proceeds from the owner record to the member record with the
pm value 1. The proplet contain has the continuation predicate [arg: field triangle]. The first
value, field, confirms the previous navigation. The second value triangle is the new ‘next’
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proplet. Again, it is found by going to the token line of triangle and proceeding from the
owner record to the member record with the prn value 1.

The content traversed may be read out automatically by matching the value of its pos at-
tributes (here field, contain, and triangle) with corresponding language-dependent surfaces
— as indicated in the top line of 8.1. The hearer receives the surfaces and assigns suitable
language proplets to them via lexical look-up, resulting in a sequence of lexical types. Time-
linear parsing of this sequence completes the lexical types into proplet tokens.

8.2 INTERPRETATION OF fi eld contains triangle

input field contain triangle
— . o
lexical look-up noun: field verb: contain | noun: triangle
; fnc: arg: fnc:
!
(i-proplets) o | prn: ] prm ]

noun: field [verb: contain —_ ] noun: triangl?
parsing fnc: %’ -] c
m: | prm: | pm |

resuit noun: field [Verb: contain | noun: 1ria.ngm
(c—proplets) fc: contain arg: field triangle fnc: contain
P!

n: 1 pr: | prn: 1

The completion consists in copying the pos value of one proplet into a suitable continuation
attribute of another, and vice versa. The result is a(n unordered) set of the three co-indexed
proplets field, contain, and triangle. The hearer may store the resulting proplets in accordance
with the principles of the data structure in question, eliminating the time-linear order:

8.3 TRANSMISSION OF CONTENT BY MEANS OF NATURAL LANGUAGE

sign Field contains triangle

hearer speaker
field. ... noun: fleld ¢ [ noun:” fierd f
fne: contain .| fnc: contain :
pmn: 1 i |pm:l ;

pm: 1

contain ........... verb: contain | :
arg; field triangle verb: contain
pm: 1 : arg: field triangle
noun; friangle el B ; /
i fine: contain ’
triangle, .............] pm: 1 [oun: iriangle :’

foc: contains
pm: 1

When the hearer turns into the speaker, however, the time-linear structure of language is
reintroduced by means of navigation.
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9 Reconstructing Internal Matching in a Word Bank

Next, the theory of signs presented informally in Section 5 must be reconciled with the data
structure and communication mechanism of a word bank. This is accomplished by means of
the following extensions of the data structure:

9.1 EXTENSIONS OF WORD BANK TO ACCOMMODATE THEORY OF SIGNS

1. The levels of language and context must be distinguished in the data structure of a word
bank.

2. The different kinds of signs must be integrated into the proplets representing the lan-
guage level.

The first requirement is fulfilled by introducing a general distinction between language pro-
plets and context proplets in a word bank. This distinction is realized (i) by introducing
characteristic differences between proplets and (ii) by storing different kinds of proplets in
different areas in the word bank.

The distinction between areas in a word bank is shown in the following example in com-
parison to our intuitive correlation of the language and the context level:

9.2 ADAPTING INTUITIVE APPROACH TO WORD BANK DATA STRUCTURE

extended word bank
context component language component
intuitive representation /”/\ //\
language component ,E,':,tﬁ: ing
O et
internal || & lets lets | a—ri lets
matching prople prople prople
context component
types  absolute episodic languge
propositions Ppropositions propositions

In the intuitive representation, the border line between the language and the context compo-
nent is horizontal, such that internal matching occurs in a vertical direction. In the word bank,
in contrast, the vertical direction is already occupied by the column of types (cf 7.3 and 8.1).
Therefore, internal matching occurs here in a horizontal direction, whereby the borderline
between the language and the context component is vertical.

The horizontal axis of the word bank in 9.2 is differentiated further by dividing the context
into the areas for absolute and episodic proplets, used for absolute and episodic propositions,
respectively. Absolute propositions express content which is independent of any specific
spatio-temporal event, like 4 square has four corners. Episodic propositions, in contrast,
express content representing a specific observation or action, like Field contains a square.

In addition, the horizontal axis is utilized for the spatio-temporal indexing of episodic
propositions, This is shown by the following example of a word bank, containing an ab-
solute, two episodic, and one language proposition.



9.3 HORIZONTAL MATCHING OF LANGUAGE AND CONTEXT PROPLETS

context type

sur:
noun: apple
cat: NP
sem:
mdr:
fne:
idy:
prn:
[sur:
verb: be
cat: V
sem:
mdr:
fne:
cin:

ctp:
prn:
sur:
verb: buy
cat: V
sem:
mdr:

fnc:

ctn:

ctp:

prn:

['sur: ]
verb: eat
cat: V
sem:
mdr:

finc:

ctn:

ctp:

prn:

sur:
noun: fruit
cat: NP
sem:

mdr:

fnc:

idy:

pro:

[sur:

noun: person”
cat: NM

sem: sg def
mdr:

fnc:

idy: *&%#
|pm:
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absolute context token

sur:
noun: apple
cat: NP
sem: sg def
mdr:

fnc: be

idy: 2

| pro: a4 ]
sur:

verb: be

cat: V

sem: pres
mdr:

arg: apple fruit
ctn:

ctp:

|pm: a4

sur:
noun: fruit
cat: NP
sem: sg def
mdr:

fnc: be

idy: 2

| pm: a4

episodic context token
[sur: 1 [sur ]
noun: apple| [noun: apple
cat: NP cat: NP
sem: sgdef | [sem: sg def
mdr: mdr:
fnc: buy fnc: eat
idy: 2 idy: 2
[pm: el4  prn: el5
[sur: |
verb: buy
cat: V
sem: pres
mdr:
arg: person” apple
ctn: el5 eat
ctp:
| pm: €14 ]
[sur:
verb: eat
cat: V
sem: pres
mdr:
arg: person’ apple
ctn:
ctp: el4 buy
Lpm: el5
[sur: T [sur: ]
noun: person®| |noun: person®
cat: NM cat: NM
sem: sg def sem; sg def
mdr: mdr:
fanc: buy fnc: eat
idy: *&%# idy: *&%#
|pm: el4 Lpm: el5

language token
[sur: this

noun: C

cat: SNP

sem: -animate sg
mdr:

fnc: eat

idy: 1

Lpm: 1

fsur: ate

verb: eat

cat: V

sem: pres
mdr:

arg: person’ C
ctn:

ctp:

Lpro: 1

[sur: John
noun: person®
cat: NM

sem: sg def
mdr:

fnc: eat

idy: *&%#
Lpm: 1

235

The first column shows the proplet types serving as owner records. The second column
presents the absolute proposition an apple is a fruit with the proposition number a4. The
third and fourth column present the episodic propositions John buys an apple and John eats
the apple with the proposition numbers €14 and el5, respectively. The fifth and last column
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shows the language proposition John ate this with the pm 1, containing the symbol ate,
the name John and the indexical this. It is produced from proposition €15 by matching its
episodic proplets with corresponding language proplets.

The spatio-temporal indexing is based on the linear sequence of content coming into (recog-
nition) and going out of (action) the agent’s database, illustrated by the propositions e14 and
el5 in 9.3. The sequence is established by adding episodic propositions representing the
agent’s incoming recognitions and outgoing actions in the natural order of their occurrence.

For spatio-temporal orientation, the agent uses propositions which relate to temporal or
spatial landmarks. Temporal landmarks are cyclical events such as the change of day and
night, the phases of the moon, the changing seasons, the daily round of the milkman, etc.’
Spatial landmarks are familiar objects fixed in the agent’s environment.!?

10 Integrating Different Kinds of Signs into Proplets

To complete the reconstruction of our intuitive theory of signs in database semantics, it re-
mains to realize the second requirement of 9.1. It is fulfilled by replacing the values of the
noun, verb, and adj attributes in language proplets — represented so far by English words for
simplicity — by corresponding concepts in the case of symbols, identity markers in the case
of names, and pointers in the case of indexicals.

As an example consider the following language proplets representing a symbol:

10.1 LEXICAL PROPLET TYPE AND LANGUAGE PROPLET TOKEN OF square

lexical proplet type language proplet token

sur: square surface type sur: square surface token

noun: square noun: square

cat: SN cat: SNP

sem: g sem: sg indef

mdr: mdr:

foc: fnc: contain

idy: idy: 1

prm: pm: 1
edgel: a edge 1: o
angle 1/2:  90° angle 1/2: 90°
edge2: o edge2: o
angle 2/3: 90° angle 2/3: 90°

conceptiype | edged: a concept type | dged: ©
angle 3/4: 90° angle 3/4: 90°
edged: o edged: o
angle 4/1: 90° angle 4/1: 90°

In language interpretation, the parameter values of the incoming sign surface, here square,
are matched by the surface type!! of a matching lexical proplet. Thereby, the surface is in-

9Cyclical events are also used for structuring the future, as when telling a child: You have to sleep three
more nights and then it will be your birthday. Applying temporal inferencing learned from analyzing the past,
the child can extrapolate into the future.

19Qyr approach to spatio-temporal indexing corresponds to the A-series of MacTaggert 1908. His distinction
between the A- and the B-series refbcts two basic approaches found from antiquity to present, called here the
subjective and the objective approach. Simply speaking, we say that on the subjective approach time and space
are moving through the agent, while on the objective approach the agent is moving through time and space.

' The difference between surface types and tokens resembles that between concept types and tokens in that
surface types specify accidental properties by means of variables while surface tokens specify them by means
of constants.
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stantiated as a token and provided with a lexical analysis (lexical lookup). Syntactic-semantic
parsing of the preceding and following proplets (cf. 8.2) results in a language token of square
by supplying values to various attributes. Both kinds of language proplets use lexically pro-
vided concept zypes as the value of their noun attribute.

The corresponding context proplets differ from language proplets in that the value of their
sur attribute is NIL. There are context proplet fypes, which serve as the owner records of
the word bank, and context proplet fokens. The tokens are divided further into absolute and
episodic proplet tokens for representing absolute and episodic propositions, respectively.

The three kinds of proplets at the context level are illustrated below with explicit concepts:

10.2 CONTEXT TYPE AND ABSOLUTE AND EPISODIC CONTEXT TOKENS

context proplet type absolute context proplet episodic context proplet

sur: sur: sur:

noun: square noun: square noun: square

cat: SNP cat: SNP cat: SNP

sem: sg indef sem: sg indef sem: sg indef

mdr: mdr: mdr:

foc: foc: have fne: contain

idy: idy: al3 idy: €9

prn: pm: a2l pm: el4

concept type concept type concept token

edge l: o edgel: o edge : 2cm
angle 172: 90° angle 1/2: 90° angle 172: 90°
edge2: « edge2: o edge 2: 2cm
angle 2/3: 90° angle 2/3: 90° angle 2/3: 90°
edge3: © edge3: © edge 3: 2cm
angle 3/4: 90° angle 3/4: 90° angle 3/4: 90°
edged: & edged: © edge4: 2cm
angle 4/1: 90° angle 4/1: 90° angle 4/1: 90°

Context types and absolute context tokens take concept types as the value of their part of
speech attribute (here noun), while episodic context tokens take concept tokens. Absolute
and episodic proplets are further distinguished in terms of their identity and propositions
numbers, which are prefixed by a and e, respectively (cf. 9.3 ). Context proplet types are like
absolute context proplet tokens except that most of their attributes have the value NIL.

The five kinds of proplets used in dbs may be represented as the following hierarchy:

10.3 HIERARCHY OF THE FIVE KINDS OF PROPLETS USED IN DBS

proplet
language context
1 lexical type 2 token 3 type token
4 absolute 5 episodic

The different proplet kinds have the same attributes for nouns, verbs, and adjectives, respec-
tively. They differ only in whether certain values are types, tokens, or NIL.
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Just as the sign type of symbols is based on the prior existence of concept types!? as their
literal meanings, the sign type of names is based on the prior existence of private markers.
Consider the following illustration of the five kinds proplets of a proper name, corresponding
to those of a symbol in 10.1 and 10.2:

10.4 FIVE KINDS OF PROPLETS RELATED TO A NAME

lexical type language token  context type absolute token  episodic token
[sur: Fido 7] [sur: Fido T [sur: 7 [sur: 1 [sur:
noun: dog’ noun: dog” noun: dog’ noun: dog® noun: dog®
cat: NM cat: NM cat: NP cat: NP cat: NP
sem: sg def sem: sg def sem: sem: sg def sem: sg def
mdr: mdr: black mdr: mdr: mdr:
fnc: fnc: run finc: fnc: have fc: run
idy: *&%## idy: *&%# idy: *&%# idy: *&%# idy: *&%#
| prn: J |pm: 32 | | prn: § | prn: a21 lpm: el4 |

The identity marker characteristic of a proper name is the value *&%# of the regular idy
attribute of nouns. For simplicity, we will use numbers prefixed by n, e.g., nl, n2, n3, etc., to
represent the idy value of names.

In addition to the idy value, the referent of a name is characterized by a concept, here dog?,
which serves as the value of the noun attribute. In the name proplet of a person like Aristotle,
the concept would be person’, in the name proplet of ship like Missouri, the concept would
be ship*, and similarly with cities, countries, cars, pet animals, etc. 13

The concept dog” in the lexical type, the context type, and the absolute token of 10.4 is
the type of a particular dog, which is instantiated by corresponding concept tokens in the
proplets of language tokens and episodic tokens. For example, the concept type of Fido may
characterize it as a dog of medium size, black shaggy hair, etc., while a corresponding concept
token may instantiate the hair at a particular moment as wet and dirty.

The general concept dog of a symbolic context type and the particular concept dog® of
a named context type may interact as follows: first, the agent recognizes a dog, using a
symbolic context proplet type; then the agent recognizes the dog as Fido using a named
context proplet type, and instantiating it as a named episodic proplet token. Assuming that
Fido is familiar, the agent has a lexical type as well as a context type already available, both
containing the same specialized dog? concept type and the same identity marker *&%#.

A symbolic language proplet can refer to a symbolic token as well as a named token. For
example, the name-based context token Fido may be referred to with the language proplet
dog. A name-based language proplet, however, cannot refer to a symbolic context token.
For example, one cannot normally use Fido to refer to a generic dog. This is because the
particular concept dog” in the name-based language proplet is a more specific type than the
concept dog in the corresponding symbolic episodic token.

Finally consider the reconstruction of irdexicals in the word bank example 9.3: the lan-
guage proplet this is positioned opposite the episodic proplet apple serving as referent, the
characteristic pointer into the context is represented by the value C, and the values SNP (sin-
gular noun phrase), -animate and eat provide additional referential restrictions.

21n the sense that the concept types evolve already in agents without language. Cf. 3.2 and 3.4.

130n the on hand, our analysis follows Frege 1896 in that name proplets contain a concept which may be
regarded as providing a sense (‘Kennzeichnung’). On the other hand, our analysis differs from Frege in that the
reference of names depends not only on the concept, but also on the private identity marker.
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Thus, the formal reconstruction of indexicals as proplets provides at least as many structural
details as the intuitive approach illustrated in 5.1. A systematic analysis, however, requires
more space than that remaining in this paper.

Conclusion

This paper reconstructed the language and context components of an intuitive approach to
natural language communication by refining the data structure of a word bank. The motiva-
tion for this refinement was the introduction of different kinds of signs, i.e., symbols, names,
and indexicals, into database semantics.

This leads naturally to the question of how exactly the mechanisms of reference character-
istic of each kind of sign function in language interpretation and production. In the case of
symbols and names, the storage of language and context proplets in the same token line, and
the compatibility or incompatibility of their attribute values, provides for a fairly straightfor-
ward implementation, at least for literal uses. The inferences!* needed for non-literal uses,
based in part on absolute propositions, and the spatio-temporal indexing!® needed for indexi-
cals, however, lead into areas beyond the scope of our present topic. Apparently, the questions
raised by a paper are sometimes more interesting than those it set out to answer.
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Abstract. This paper treats a 3D model database system that accepts a hand sketch
image as its query. To develop 3D model database systems, two main questions arise:
what is the best feature as the similarity measure among 3D models and what is the best
way to specify the query. In this paper, the author proposes the hand sketch image as
the answer of the second question. Then the author has already developed a 3D model
database system [1, 2] that accepts a hand sketch image as the query. This system
employs the silhouette image matching as similarity measure. This is the answer of the
first question. Furthermore, the author has developed more intuitive interface for
entering the query as hand sketch images using InfelligentBox [3]. This paper proposes
such a database system and describes its usefulness showing its experimental results.

1. Introduction

This paper treats a 3D model database system. The development of 3D model database
system poses two main questions: which feature can be assumed to be the best similarity
measure among 3D models, and what is the best way to specify the query. We have already
proposed the hand sketch image as the answer of the second question and the silhouette image
matching as the answer of the first question. Then we developed such a 3D model database
system [1, 2]. Furthermore, we have developed more intuitive interface for entering the query
as hand sketch images using IntelligentBox [3]. In this interface, the user specifies the
bounding box of his/her required 3D model in a 3D space, and does painting silhouette images
of the model on the three orthogonal faces of that bounding box using a mouse-device. In this
paper, we propose such a 3D model database system and describe the usefulness of the system
with experimental results.

Some works on 3D model matching have already been done. Paquet and Rioux [4]
proposed a 3D model database system. This system manages colored 3D models because it
employs the color distribution in addition to the scale and the shape distribution as similarity
measure. Osada et al [5] proposed 3D mode! matching, called D2, using distribution of
distances between any two random points on the surface of a 3D model. This paper reported
good search results in comparison with the other same typed similarity measures based on
rough (global) features of shapes. As a similarity measure based on local features of shapes,
Hiraga et al [6] proposed a new topology matching technique using Multiresolutional Reeb
Graphs (MRGs). Bandlow et al proposed recognition method of objects using their sithouette
[7]. In this case, objects are not 3D models but 2D images. We have not met any research on
3D model matching using a hand sketch image as the query, and any 3D model database
system that has such an intuitive interface for entering the query as proposed in this paper.
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The remainder of this paper is organized as follows: Section 2 describes overview of the 3D
model database system and explains the silhouette image matching. Section 3 describes how
the system works by showing its screen images. In Section 4, we show experimental results to
clarify usefulness of the system. Finally Section 5 concludes the paper.

2. Matching algorithms

Basic idea is very simple as shown in Figure 1. First of all, the system automatically generates
silhouette images of each 3D model in a 3D model database and stores them as their feature
information. Next, the user enters hand sketch images as the query to search his/her required
models. After that, the system retrieves and shows the best match models according to the
silhouette image matching result.

2.1. Principal axes

Silhouette image generation needs a 3D model to be rendered on a computer screen, and its
image to be captured and stored. For rendering a 3D model, it is necessary to determine its
view direction from the eye-position. A very common way is to use the principal axes of the
tensor of inertia of a model [4][8]. The tensor of inertia of a model is defined as a matrix 7,
where

I, I, 1,
=1, 1, 1,]| )
1, 1, I,
Here, each element/,, , g,7 € {x, y,z} is calculated by the following equation:
1 n
I, =[;Z[S.~X(q.--qm)><(r,~ —rcu]}, 2
=1

where » is the number of triangular faces of a model, $, is the area of i -th face, gy, 70y are
g,r clements of the center of mass of the model, and g, are g,r elements of the center of i -
th face.
Finally, the principal axes are obtained by computing the eigen vectors of the tensor as
follows:

Ia; =\a;, iefl23) &)

The eigen vector having the biggest eigen value is the first principal axis and the eigen vector
having the second biggest eigen value is the second principal axis. The remainder is the third
principal axis. Their positive or negative directions are determined by distribution of amount
of surface area.
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Silhouette imaga_creation 7

% Hand sketch images as query
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Figure 1: System overview.
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Figure 2: Two sets of normalized images. Figure 3: Histogram of contour pixel distances.

2.2. Silhouette image generation

As shown in Figure 2, the system generates three black and white sithouette images by
rendering 3D scenes on a computer screen, e.g., a background color is set to white and a 3D
model color is set to black. The calculation cost is very small because the most part of the
rendering process is supported by the hardware. After rendering one scene, its image is
captured as a square shape in specified resolution, e.g., eight by eight, 16x16, 32x32
(pixels) * -+, and then is stored into a storage device. As will be described in 2.3.1, the square
shape of a silhouette image is convenient because each model has three silhouette images and
there are some combination patterns of image comparing, e.g., the system compares the top
image of a model with the front image of another model.

There are two kinds of normalizations, (A) and (B), as shown in Figure 2. The (A) uses the
maximum length of the width, height and depth of the bounding box of a 3D model as a size
of the square. The ratio among the depth, width and height of the bounding box of a model is
one of important similarity measures, and is preserved in this case. On the other hand, the
case (B), the bounding box of a 3D model is normalized into a cube shape and the 3D model is
also normalized. Then three silhouette images are generated and stored. In this case,
information of the ratio among the width, height and depth size of a 3D model is lost. To
compensate this, scaling information is used as another part of similarity measure as will be
explained in 2.3.2. Furthermore, as will be described in 2.3.1, while calculating similarity
between three silhouette images of a model and three hand sketch images entered by the user,
we use their contour pixel distribution as shown in Figure 3. Such information, which is a set
of three histograms of the contour pixel distributions, is also stored besides the silhouette
images.

2.3. Silhouette image matching

Two 3D models are assumed to be similar if they have a smaller error between their three
silhouette images. In the following subsections, we describe how to calculate the error.

2.3.1 Error between the two set of the silhouette images of two models

Simply, error between two images is determined as the ratio of the number of different pixels
to the total pixels as follows.

) - different pixels @

mage total pixels

However this is very sensitive to their scale and position. Therefore, we decided to use an
error value as difference between the contours of two silhouette images. Namely, we use

Error



Y. Okada / 3D Model Database System by Hand Sketch Query 243

distribution of contour pixel distances as shown in Figure 3. Contour pixel distances are
represented as the following set.

D={Dl’DZ""vDi""an—lsDn}’ (5)
where D is a set of all contour pixel distances from their center, and D, is i -th contour pixel
distance calculated by the following equation.

Di=V(xi_X)2+()’i‘Y)2 ©)

where X and Y are coordinates of the contour center.

Three histograms of three contour pixel distributions are generated as shown on the right part
of Fig. 3. Finally, we obtain the error value between two images as the Euclidean distance
between the two histograms, 7 and G, calculated by the following equation.

Errorimnge=D(F’G)=“Z(fi_gi)2 (7)

where f, and g, are the i -th rank value of a histogram F and a histogram G respectively.
Each 3D model has its three sithouette images. Total error is determined as mean value of
three image match errors as follows:

Error + Error, . + Error .
top_image front_image side_image
Error = (8)
3

However, even if the shape of one 3D model is very similar to that of the other model to be
compared, their three principal axes may be different. Therefore, we have to calculate
equation (8) for all combination patterns as shown in Table 1. There are six combination
patterns. The error PError, of each combination pattern is calculated by the following
equation:

, Ei
g rrarj

=1
PErrark = L—-‘—S——‘— . (9)

For example, in the case of PError, between a model A and a model B, Error; is an error value
between the front image of model A and the front image of model B, Error, is an ermor value
between the top image of model A and the top image of model B, and Errory is an error value
between the side image of model A and the top image of model B.

Then we obtain the final error value between two 3D models as the minimum of error values,
i.e., six combination pattems.

Error,,,. = min(PError,, PError,,---, PErrorg) (10)

image

2.3.2 Error for scaling factor between two models

As previously mentioned, there are two sets of normalized silhouette images (A) and (B) as
shown in Figure 2. As will be described in Sec. 3, our intuitive interface generates hand
sketch images falling in the category of the set (B). In this case, the scaling factor of a 3D
model is lost due to the reason already described in 2.2. To compensate this defect,
information of ratio among the width, height and depth size of a 3D model should be used
because this information is important to distinguish the 3D model from others. We employ

Table 1: Six combination patterns between model A’s three images and model B’s three images.

k= 1 2 3 4 5 6

j= { modelA's modelB's modelB's modelB's modelB's modelB's modelB's
Front Front Front Top Top Side Side

2 Top Top Side Front Side Top Front

3 Side Side Top Side Front Front Top
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two scaling values, i.e., the ratio of the length of the second principal axis to that of the first
principal axis and the ratio of the length of the third principal axis to that of the first principal
axis. Next equation (11) defines the error between two 3D models concerning their scaling
factor. Mean square root value is used because it is popular measure.

Error, =, —my)? +{l, —m,)? @11
Here /, is the ratio of the length of the second principal axis to that of the first principal axis
and /, is the ratio of the length of the third principal axis to that of the first principal axis for

one of the two 3D models to be compared. Similarly, m,,m, are the two ratios for the other
3D model.

2.3.3 Total error between two models
Finally, we calculate the total error value using the next equation.

Weightimage x Errorimage + Weight 1. % Ermrscale

Error =

(12)

Weightimage + Weight
Here weigh,,  andWeight,,, are weight values, which are specified arbitrarily by the user. If
the user thinks the shape of his/her required model is significant, the user should make
Weight,,,,, larger than Weight, . If the user thinks the scale of his/her required model is

significant, the user should make them opposite.

scale

3. 3D Model database system and its intuitive interface

Figure 4 shows a screen image of the previous prototype system. The system automatically
generates three silhouette images for each 3D model by actually rendering them on a computer
screen. Then the user enters the query as his/her hand sketch images on the computer screen
and retrieves required 3D models interactively. Three right lower small windows are query
windows for entering three hand sketch images. The main window on the left upper corner
shows the camaro model that is actually retrieved from the 3D model database as the first
match of the three hand sketch images shown in each of the three query windows.

As you see Fig. 4 and understand, the three query windows are not intuitive interface.
Although these windows correspond to top, side and front silhouette images, it is difficult to
understand, for example, which side of the front silhouette window is top or bottom, and left
or rightt To overcome this problem, we developed more intuitive interface using
IntelligentBox [3]. Figure 5 shows four screen images of the interface. The upper-left, lower-
left and upper-right screen image comrespond to front, side and top silhouette images
respectively.  The lower-right screen image depicts components of the interface.

e o

CEErEr e e s R e

Figure 4: Screen image of the prototype
system.

Figure 5: Intuitive interface for entering
silhouette images by hand sketches.
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IntelligentBox is a constructive visual 3D software development system. It provides various
3D visual components called boxes. This interface is realized as the composition of several
boxes, i.e., mainly PaintBox and ScalingBox. PaintBox uses a texture mapping mechanism
and provides a canvas on which the user does painting using a mouse-device. Indeed, three
PaintBoxes are used in the interface. ScalingBox changes the size of itself by the mouse-
device operation. Three PaintBoxes are assigned as children of the ScalingBox, and then, the
user can decide the size of front, top and side silhouette images by manipulating the
ScalingBox interactively. In this case, the shape of a PainfBox changes visually. However,
the shape of its texture image does not change due to the ease of implementation. Therefore,
each PaintBox has a fixed texture image, i.e., a square image, and its hand sketch image
becomes a normalized image like one of the set (B) of Figure 2.

4. Experiments

This section presents experimental results of 3D model search using hand sketch images as the
query and using a 3D model as the query. First of all, we introduce our 3D model database in
the following subsection.

4.1. Preparation

We made a 3D model database by collecting 3D models from Internet. It consists of 150
models. We classified 150 models into 30 classes so that each class consists of five same
kinds of models. Our prototype system generated three silhouette images of each model and
totally 450 silhouette images of all the models. Its generation time for one set of three
silhouette images, 32x32 pixels resolution, and three histograms of their contour pixel
distributions, is about 0.3 second on a standard PC (Pentium IV 2GHz CPU, 512MB memory,
GeForce3 Graphics).

4.2. Search by hand sketch images and its results

We performed experiments of 3D model search using hand sketch images as the query [1].
For example, if the same three orthogonal hand sketch images, as shown in Figure 4, are
entered, the system outputs 3D models illustrated in Figure 6. Top 12 models include all the
five car models. Figure 7 shows jet-plane search result. In this case, top 15 match models
include all the five jet-plane models. Execution time for one search is less than one second

- Hand sketch images

gl | sketch images -

——— Search result UUUF\‘E
-

Figure 6: Result of automobile search. Figure 7: Result of jet-plane search.
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when sithouette image resolution is 32 x 32 pixels. More accurate time appears in 4.3.2.
4.3. Similarity search and its results

Furthermore, we performed experiments of 3D model search using a 3D model as the query.
First of all, the following subsection explains evaluation measures and, then subsection 4.3.2
shows experimental results and discusses them.

4.3.1 Evaluation measures
We use the same three evaluation measures described in [S]. They are "First Tier", "Second
Tier" and "Nearest Neighbor" as follows.
First Tier : This criteria means the percentage of top (k —1) matches (excluding the query)
from the query’s class, where & is the size of the class. This criteria is stringent, since each
model in the class has only one chance to be in the first tier.
Second Tier : This criteria is the same type of result, but for the top 2(k —1) matches.
Top(k — V)matches (13),  SecondTier = Top2(k —-1)matches (14)

k-1 k-1
Nearest Neighbor : This criteria means the percentage of test in which the top match was
from the query’s class.

FirstTier =

4.3.2 Results and discussion

Table 2 shows experimental results. First tier, Second tier and Nearest neighbor results are
0.390, 0.528 and 0.533 respectively. Each of these three values is the mean of the
corresponding values for all models. These values are better than the corresponding values of
D2 applied on the same 3D database because they are 0.317, 0.418 and 0.447. Osada et al
present their own evaluation results in their paper. These values are 0.49, 0.66 and 0.66 for
their own 3D model database. These values depend on a 3D model database. Any way, our
results are very close to them. Our total search time for 150 model queries is 12 seconds using
the same PC (Pentium IV 2GHz CPU, 512MB memory) so that one search time is 0.08 second.
This value is not bad because D2 takes more time. Therefore, it can be said that our silhouette
image matching is efficient as similarity measure for 3D model search. In Table 2, deep color
columns are classes that have larger value than 0.5, i.e., a better value rather than others.
These classes apt to have three principal axes those are independently distinguished. So our
methods are especially efficient for models belong to such classes.

Table 3 shows evaluation results with silhouette images of varying resolution. As you see
this table, at most 32x32 resolution is enough. Of course, search time is also better than that in
cases of higher resolutions. All the cases use the same PC (Pentium IV2GHz CPU, 512MB
memory). Consequently 32x32 resolution is the best for our method.

Table 2: Evaluation result | (silhouette image resolution: 32x32 pixels)

Second Nearest Second Nearest Lu

Classes First Tier | Tier _ Nei _bor Classes First Tier | Tier Neighbor
Jet Plane 0.40 080 el A c 10.55 f 0205
Helicopter 0.30 10:555 10.20 Missile 0.35 J

Space Ship 0.15 0.20 0.00 Guitar 045

Human 035 | : Tree 0.30

Head ~  [065 |0

Fish 0.30 0.35 0.00 :

Bird 045 |0350.  foso- ~Jcar =~ o095+ |100 - [080 © -
4 legs animal | 0.15 0.30 ’0.20 Motor Bike [ 0.10 0.15 l 0.20
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Computer 0.20 0.25 Submarine 0.05 0.15 0.00
Sofa 0.30 0.35 0.40 Rifle 0.15 0.20 0.20
Bed 0.15 0.20 0.20 Knife 0.30 0.40

0.30 Sword 0.25 0.25

0.45 Door 0.20 0.35 0.00

Mean value 0390 ﬂ

Table 3: Evaluation result 2 (various silhouette image resolutions)

Resolution ( pixels ) | Search time (sec) | First Tier Second Tier Nearest Neighbor
8x8 0.05 0.250 0.375 0.407
16%16 0.06 0.350 0.482 0.507
64x64 0.09 0.375 0.553 0.533
128x128 0.14 0.363 0.545 0.500

5. Concluding remarks

We proposed a 3D model database system that uses the silhouette image matching as the
similarity measure and accepts hand sketch images of 3D models as the query. This paper
especially proposed the new interface of the system for entering hand sketch images easily and
rapidly. This allows us to enter the query in more intuitive manner rather than our previous
system. This paper also presented the experimental results.

As future works, our 3D model matching is based on the 2D image matching. Already
many researches on the 2D image matching have been done [9]. Using such more efficient
algorithms, we will make our 3D model database system enable to retrieve 3D models more
accurately.
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Abstract. We describe here our ongoing research on modeling conceptual and narrative structure of
fairytales by a computer system. In this paper we focus on the variations of fairytales based on Cinderella
from all around the world. We analyzed twenty-three Japanese texts of Cinderella tales and modeled their
conceptual and narrative structures using the notions of composition elements and motifs. We then
incorporated all these structures into a unified structural model of Cinderella story. Finally, we
implemented a computer system based on the unified structural model to automatically generate variations
of Cinderella tales. The system was able to generate variations that were quite different from any of the
original Cinderella tales.

1. Introduction

Humans find it natural to organize information in terms of narrative structures. For
example, in ancient times, elders passed their knowledge and wisdom to the new
generation by telling stories, which were often augmented or modified slightly with
each retelling to incorporate the experiences and interpretations of the narrator.
Variously referred to as folktales, fairytales, myths, etc., such stories have played a
powerful role as archetypes that influence one’s individual perceptions and actions as
well as define societies and cultures, and continue to do so even in this modern age of
information technology (Campbell [1]).

Several studies have been done to analyze the structure of folktales, fairytales, and
stories in general (Bal [2], Chatman [3], Currie [4], Martin [5], Propp [6]). Essentiaily,
two structural components can be identified in a story: one concerned with the
relationship among the characters, which we will refer to as conceptual structure, and
the other concerned with the temporal relationship among the events, which we will
refer to as narrative structure. Attificial Intelligence researchers have also been quick to
recognize the importance of the role played by stories in knowledge representation, and
some attempts have been made to model their underlying conceptual and narrative
structures and apply it for various purposes (Lang [7], Rumelhart [8], Schank [9]). All
this research has been applied to develop narration theory-based information systems
that present stories in various mediums such as text, theater, animations, etc., and allow
different levels of interactions between the system and the user, who manipulate the
system to generate stories (Szilas [10], Riedk et.al.[11]).

In all the studies mentioned above, the narrative elements are defined independently
of each other, and the task of braiding these elements into a story is relegated to
narrative theories. Such approaches do not clarify how a user imagines and plans the
conceptual and narrative structures of a generated story, and how the user-system
interaction leads to the unfolding of this structure. Of course, in these situations, the
system can produce unexpected progressions of events in stories, which can entertain or
delight the user. Nonetheless, it reduces the role of the user to an audience or at most to
a limited participant. For story-generating systems that are designed to leave the user in
the driver’s seat, unexpected progressions generated by the system can cause frustration
to the user and may lead to ineffectiveness.



8. Kawakami et al. / On Modeling Conceptual and Narrative Structure of Fairytales 249

The purpose of this research is to extend these ideas and explore more deeply the
issues concerning how to represent the conceptual and narrative structures of stories in
an information system, and how to manipulate and apply these structures effectively.
More concretely, we have focused on variations of the classical fairytale Cinderella
found around the world. We refer to these variations as Cinderella tales in this paper. In
the research presented here, we analyzed twenty-three Japanese texts of Cinderella tales
to abstract the conceptual and narrative structures inherent in these stories. Based on this
analysis, we created a synthesized structural model of Cinderella tales.

The motivation behind developing this structural model, and the criterion used for
evaluating it, is that it can be used to regenerate each of the original stories on the
analysis of which the model was based, as well as new variations. As far as the original
stories are concerned, they can be generated from the structural information containing
definitions of kinds and consequences of actions, sequences of actions, and methods to
reason about actions and situations. In generating new variations, however, the
following problem occurs. Once an action in a sequence is replaced with another kind of
action, the consequence of the new action and the following sequence may become
quite different from the original. In this case, the story based on the generated sequence
may not always be regarded as a variation of the original. In order to resolve this
problem, it is necessary to somehow capture the essence of a story in terms of
constraints on its conceptual and narrative structure. But this is difficult to realize in
models based on action sequences because a generated action sequence carries a
different significance than the original, and the essence of the story, however it may
have been characterized, must cover the new action sequence (in being able to decide
whether it is a variation of the original or a different story.) Therefore, one must rely on
some other method to characterize the essence of a story.

Our approach is to introduce a motif network model of narrative structure to resolve
this issue. In our analysis, we identified the motifs appearing in each of the stories,
looked at their order of appearance, considered which motifs can be unified with each
other, and generated groups of mutually compatible motifs. The motif network model
incorporates the conceptual and narrative structures of each of the analyzed story,
multiplexing parts of the stories where motifs are unified. This characteristic of the
structural model makes it easy to regenerate any of the original stories and also to
generate new ones. Thus, the motif network model described here is an open-ended
synthesized structural model of Cinderella tales.

Finally, we implemented a computer system to automatically generate variations of
Cinderella tales. The system can regenerate any of twenty-three original Cinderella tales
as well as versions not in the original. We present one such variation generated by our
program, and then discuss the implications of our research for information modeling as
well as future research directions.

2. Analysis of Cinderella tales

The goal of this analysis is to identify and delineate the conceptual and narrative
structures underlying different variations of Cinderella-based fairytales, and identify a
common archetype for them. The traditional approaches for analyzing folk and fairy
tales often use motifs for representing narrative structures. Though we also use motifs to
represent abstract structure of a story, our method of analysis is to divide the text of a
story into small fragments, and then represent the structure of each fragment as a
composition element. Thus, in our approach, conceptual and narrative structures are
analyzed and composed in terms of compositional elements. This allows us to stay very
close to the concrete text, which makes it easier to use the model in the reverse direction,
that is, to generate a text based on the structure specified in terms of compositional
elements.

In the rest of this section we provide a list of texts used in our analysis, define motif
and composition element, describe the factors that affect compositional elements,
compatibility among compositional elements, and a method to integrate conceptual and
narrative structures of each text.
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2.1 Texts for Analysis

We analyzed the following twenty-three texts of fairytales from around the world that
can be considered as variations on Cinderella. All the texts used were in Japanese.

Text01: SANDORIYON or Shoes of small glass, France [12}]
Text02: HAIKABURI, Germany [13]

Text03: RODOPISU NO KUTSU, ancient Egypt

Text04: RIAOH NO KODOMOTACHI, Ireland

Text05: RAGUNA RODOBUROKU NO SAGA, North Europe
Text06: KUNARATAISHI NO HANASHI, ancient India
Text07: RARUDAIOH TO HUTARI NO ADOKENAI HIME, India
Text08: KIN NO SHOKUDAI, Iran

Text09: KEGAWA MUSUME, Turkey

Text10: MAMAHAHA TO MAMAMUSUME, Macedonia
Textl1: YOGEN SURU USHI TO SONO SHUJIN, Hungary
Text12: JUUNI NO TSUK]I, the Czech Republic

Text13: KUCHI WO KIKU ATAMA, England

Textl4: NAKUSHITA KIN NO KUTSU, Iceland

Textl5: KIN NO KUTSU, Ukraine

Text16: FURISHA TO HUTARI NO MUSUME, North Africa
Text17: AOI OUSHI, New México, North America

Text18: PAWANGU PUTEE TO PAWANGU MERA, Java island
Text19: KONJI PATJI, Korea peninsula

Text20: HUTATUME, North China

Text21: YANPA TO YANRAN, the Miao tribe, China

Text22: PA ERU PU NO SANSHIMAI, Tibet [14]}

Text23: NUKAHUKU KOMEHUKU, Japan (15]

Some texts are partially abbreviated and a few others exist only as outlines. The last
text is originally mentioned in a separate volume, “Folktale of Ina-mura”, of “Notebook
of folktale” (Daiichi Hohki and Society of Japanese folktales).

2.2 Motif and narrative structure

Given a portion of text, we define its motif as the most significant action described by
the text. The representation of a motif contains information about the kind of action, the
characters performing the action or affected by the action, the objectives of the action,
and so on. Certain motifs may be incidental, whereas others may recur repeatedly and
contribute to the narrative structure of the story. Also, in comparing motifs across
different stories, we find that some motifs are peculiar to a certain story, but some others
are shared by different stories.

Motifs make it possible to compare the structure of two or more stories without
having to abstract and standardize objective units such as actions, episodes, etc. that
may differ in various texts. Narrative structure of each story is expressed in terms of
motifs. Different narrative structures arise from different configurations of motifs. In
previous research, Cox [16] and Rooth [17] have examined and compared some
common motifs underlying Cinderella tales. Cox classified three hundred forty-five
variations of Cinderella tales into five categories, where each category is characterized
by its principal motifs as shown below:

Group1 "heroine abused” and "recognition by shoes"

Group2 "unusual father” and "flight of heroine"

Group3 "Judgment of King Rea" and "banishment of heroine"
Group4 Similar but not applicable to those three groups
Group5 The protagonists are male.

Rooth also classified Cinderella tales into five types. Each type and its particular
motifs are given in the following table:

Type A "stepmother”, "deceased mother”, "spin into yarn" and "cow as an assistance
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person”
Type AB  "garments”, "party", "shoes" and "marriage" in addition to type A
Type B "stepmother”, "deceased mother", "tree”, “"garments", “division grains",

"party”, "shoes" and "marriage"
Type Bi “father proposes”
Type C The protagonists are stepsons.

Even though those motifs signify structural differences among the groups, they
contain only information that is common among the original stories. In other words, the
motifs and other information pertaining to the peculiarities of individual stories are not
maintained.

2.3 Composition element

We define a composition element to be a small set of actions that comprises an action
sequence. A composition element also contains a label pointing to the motif
corresponding to it, information about the characters participating in the action and their
situational settings, and a template of the original text. Thus, each composition element
contains a partial conceptual and narrative structure and also preserves information that
is omitted from the original story in motifs.

To divide an original story into composition elements, first we extract principal
characters from the story and all actions concerning these characters, Next we identify
those actions that make a sequence of actions temporally or spatially dependent. Actions
such as speaking are combined with other related significant actions. These sets of
actions are now regarded as composition elements. Then the most significant action is
extracted from each action set and is regarded as the motif of the composition element.
Relationships among the characters that were affected by the actions, as well as their
state and setting is also extracted and included in the composition elements.

Composition elements are similar to events, episodes or scripts, which are often used
to represent narrative structures. For example, Rumelhart [8] and Schank [9] described
narrative grammars that represent narrative structures using these concepts. Based on
these representations, some story-generating systems have been implemented by Lang
[71, Hosaka et al. [18] and Kawakami [19]. However, episodes and scripts (also stories)
are eventually represented as a sequence of actions conceptually. Thus, if each action
sequence can be identified, narrative structure of a story would be represented by the
series of actions without mentioning episodes or scripts. We choose this action-level
representation because it has the flexibility and potential for being extended when using
the model for generating stories. Fig. 1 shows the conceptual relationship among
different levels of representation including composition element and motif.

scripts
""""""""""""""""""""""" composition element ¢
episodes motifC
"""""""""""""""""""" composiion
composition element A element B
motifA motifB
descriptions textA textB textC

Fig.1 Conceptual level of stories and composition elements
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2.4 Narrative structure

Narrative structure of a story is represented by appropriate composition elements
ordered linearly. In previous studies that focused on narrative grammars or motifs as
mentioned before, narrative structures of folktales were also linear. For example, Propp
[6] analyzed Russian folktales and extracted forty-two functional elements in terms of
which narrative structures of many of the Russian magical folktales can be represented.
In this approach, each functional element is property that relevant part of a folktale
signifies that kind of function and the narrative structure of the folktale is constituted by
a linear sequence of functional elements. However, in cases when a false hero or
heroine appears in a story, its narrative structure becomes partially parallel.

The effectiveness of representing the narrative structure of a story in terms of
functional elements is marred by the fact that a sequence of functional elements does
not allow sufficient variations in the features. Features are inherently variable in any
part of a narrative structure. In functional element-based representation, in order to
figure out feature variations allowed within a functional element, it is necessary to refer
to the contents of all those parts of the narrative structure that are relevant to that
functional element. This problem is also encountered in action-based approaches
[71(8]1[9], where narrative rules define features as ‘variation’ gathered from all relevant
parts of the narrative structure.

Accordingly, our model focuses on narrative structures of variations in ‘Cinderella
tales’. In particular, we define composition elements and linkages between composition
elements to represent detailed information about the contents of a story and allowable
feature variations for ‘Cinderella tales’. Of course our model is not yet extensible to
cover other kinds of fairytales, especially general stories, but we feel that our research
constitutes a first step towards this larger goal.

2.5 Conceptual structure

Conceptual structure of a story is composed from information contained in various
facts mentioned in the story. This structure includes information about the characters,
their attributes and roles, settings, social relationships among them, ownership relation
between them and items, and so on. The information contained in the conceptual
structure, which is essentially situational, is orthogonal to the structure contained in the
narrative structure, which is temporal. However, the Ssituational information also
changes in response to the unfolding of the narrative structure. Therefore, we explicitly
introduce the concept of time into conceptual structures. Temporal durations, if attached
to a fact, determine the time period during which that fact remains valid.

2.6 Compatibility of composition elements and Similarity between narrative
structures

We chose to enforce a conceptual compatibility among composition elements that
correspond to the same motif. A motif essentially contains an abstracted structure, as
explained above in Sec. 2.2, and each composition element contains its own concrete
narrative structure, as explained in Sec. 2.3. Therefore, different composition elements
that are labeled with the same motif must be conceptually compatible.

However, composition elements labeled with the same motif are not always
compatible when narrative structures are reconstituted. It is because, even though
different composition elements are labeled with the same motif, each composition
element contains different conceptual and narrative structures internally. Furthermore,
the number of times each composition element can recur in a narrative structure is
restricted. When a composition element needs to be chosen from among the available
compatible composition elements, the choice must be determined depending on relevant
conceptual and narrative structures. In creating a structural model of Cinderella tales, to
be described in the next section, we unified narrative structures of different stories.

It is possible to consider similarity between narrative structures based on motifs. For
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example, in the area of oral literature, Aarne and Thompson [20] focused on narrative
features including motifs to consider similarity between various kinds of folktales in
their comparative studies. Seki [21] also classified Japanese folktales by a similar
method. Our method of analyzing the similarity between texts focused on composition
elements including relevant motifs. This method keeps the potential for comparison,
while at the same time maintaining the required information to describe the contents of
each part in the structural model of Cinderella tales.

2.7 Temporal points through a story

The concept of temporal point is used to represent the time progression in a story. We
divided narrative structure of a story into several composition elements, with all the
clements serially ordered. The indices corresponding to the position of each
composition element in the sequence of narrative structure is regarded as temporal
points of the story. A simple example is shown in Fig. 2.

narrativell composition composition composition composition composition

structure]| element A element B element C element D element E
¢
el start T T2 T3 T4 end

Fig.2 Temporal periods through a narrative structure

Strictly speaking, any action performed by a character requires some time to finish.
Under this consideration, a composition element that contains several actions is spread
over a period of time. In stories other than fairytales, such as novels and movies, this
kind of spread over time is explicitly mentioned or visually presented. For example, a
scene 18 described in more detail and many concrete particulars are provided. However,
this kind of spread over time is not common in fairytales. For example, Luthi [22] noted
that in fairytales, the time progression does not cause any change in the protagonists.
Therefore, we assume that any changes in the protagonists happen suddenly at a
particular point in time and are completed immediately. Thus, in our analysis, only the
concept of temporal points is considered.

2.8 Unifying composition elements

We unified composition elements extracted from variations of Cinderella tales into an
integrated model. In the unification process, each composition element is regarded as a
node and each link between two composition elements is represented as an arrow.
Nodes of conceptually compatible composition elements are unified into a node and
links between the unified node and following composition elements form branches. We
performed integration of composition elements following this process:

Step1  Analyze HAIKABURI and SANDORIYON, compare composition elements of
each story and unify them. These two stories are quite typical and their
variations are well known. They were also written at about the same time. So it
is easy to compare them.

Step2 Analyze other texts and unify composition elements extracted from them that are
compatible to the composition elements unified at Step1.

Step3  Unify “banishment” and “flight”

Step4  Unify other appropriate composition elements.

2.9 Results of analysis

We obtained five hundred fifty-four composition elements and relation links between
pairs of them from analyzing twenty-two stories. We also obtained consistent
conceptual structures for these composition elements. From this data, we created a
structural model of Cinderella tales as described in the next section.
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3. A structural model of Cinderella tales

The structural model of Cinderella tales is composed from composition elements,
consistent settings of characters that were mentioned in each story and linkages between
pairs of composition elements occurring in a sequence. Composition elements and
linkages between pairs of composition elements are combined into a network model of
narrative structures. Composition elements which are recognized as compatible are
unifiyed in the network model of narrative structure. Conceptual structures are made up
of composition elements and settings of characters. Fig. 3 shows the information
contained in the structural model.

Lcomposition element I I character l
—Eequence of actions | —I role in the original story ]

—{ roles of characters appear in J —[ Job or social relationsJ

| | jobs or social relations of familiar relations

characters appear in
—| items owned by the character I

relations of

| characters appear in m

L—l template of text output I

link between two composition
elements

Fig.3 Knowliedge stored in structural model
3.1 Setting of characters in each analyzed story

Settings of the characters mentioned in the story in which the characters appeared
originally are integrated into the structural model. Each setting is consistently available
throughout the story here. There are four items of information contained in the setting of
a character as follows:

Role in the original story

Job or social relations
Familial relations

Items owned by the character

3.2 Composition elements

Each composition element has a label to identify its motif. It contains a series of
actions where apropriate roles of characters occur as well as conceptual information and
restrictions required of those roles. Situational settings are also restricted in the
composition elements and defined under temporal points. Five kinds of information and
restrictions contained in each composition element are:

Sequence of actions

Roles of characters appearing in this part

Job or social relations of characters appearing in this part
Relations of characters appearing in this part

Template of text output

3.3 Links between pairs of composition elements occurring in a series

Links between pairs of composition elements occurring in a series are integrated into
the structural model. The structural model has the characteristic of a network model.
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The progression of a story is represented through composition elements from the start to
the end. Some composition elements are connected with two or more linkages at the
output. Such connections carry the information that the progression of the story has
branches here. Fig. 4 shows a part of the structural model containing some composition
elements and linkages between them. Each labeled rectangle signifies a composition
element. Arrows signify the direction of progression of the story.

?

l death of mother I Ldesire of father J [ death of farther I

v
[Temarriage of father | [ separation to mather ]
[ engage to an old man4| m

paint tar

I farther goes to a market

v
[ create candle standJ

Lnotlce ofa danoe m
) 1

L preparing of sisters ] I selection of beanj

I sell candle stand J

v

buy candle stand J

help of tree and blrds

[ carriage of pumpkm

help of tree and burdsJ life with prince
Ijnendans of lizards ] T l

[ help of tree and birds I
drivers of rats
| get decoratlons I

y
L test with Cinderella ]

discovery

A 4
discovery

test with sister

@ start of story
O endtsin
composition  element
L with label as motif
EEE—— linkage as progression of story

Fig.4 A part of the structural model
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4. A story-generation system based on the structural model of Cinderella tales

Based on the structural model of Cinderella tales, we implemented a system to
generate variations of Cinderella tales. It contains five kinds of database, including the
structural model explained above, and a main module containing four sub-modules. The
story-generation system generates variations as ‘Cinderella tales’ searching the network
model. Fig. 5 shows the internal structure of the story-generation system. We briefly
describe each database and each module in the rest of this section.

General Composition

rules elements

e :
Settingof 1 1| Selectand set :
characters | characters ¥ ¥ !

, Determine Generate | |
; composition r—» text E
rT— E Trace links in elements outputs :

two composition [#1*]  the structural + 4 i

elements ' model !
"""""""""""" Main module ———

Narrative

rules

Fig.5 Internal structure of the story generation system

4.1 Databases

Five kinds of databases are used in the system. The database of character settings,
composition elements and links between two composition elements corresponds to the
three kinds of information contained in the structural model of Cinderella tales. Even
though the databases of general rules and narrative rules are not based on the analyzed
stories, the rules contained in these databases are generally available in folktales.

Setting of characters
Setting of characters is done based on their appearance in the analyzed stories, for
example:

role(sandoriyon, protagonist, 0, 100).

The first argument defines the name of the character, and the second
argument its role. The name of each character is unique, and it can take one
of the 8 possible roles: protagonist, father, mother, step-mother, villain,
helper, gift, and spouse.

relation(parents, father, sandoriyon, 0, 100).

The first argument names the relation between the characters specified in
the second and the third arguments. This example defines that the character
father is a parent of the character sandoriyon. We classified the possible
relations between characters into two kinds as follows:

Familial relations: Parent and child, married couple and brothers or sisters

Social relation: Master and servant

own(sardoriyon, pampikin, 0, 100).
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It defines that the character specified in the first argument owns the item
specified in the second argument.

Jjob(prince, prince, 0, 100).
It defines that the character specified in the first argument has the job
named in the second argument.

live-in(king, castle, 0, 100).
It defines that the character specified in the first argument lives at the
location or place specified in the second argument.

The last two arguments of each rule signify the initial point and the final point of the
time period when the declaration of the rule is valid. A value of 0 means beginning of
the story and 100 means its end. By default, each definition is assumed to be valid from
the beginning till the end, but it can be set differently depending on how a particular
story is progressing.

Additionally, definitions containing two binary functions, a-kind-of and locate-in, are
incorporated in the database. These definitions form an invariant part of the database. In
other words, these two functions cannot be invoked in a story.

ako(pumpkin, pumpkin).

It defines the first argument to be a kind of the second argument. Such
definitions create a classification hierarchy of characters, items, locations,
etc,

locate-in(pen of elephants, castle).

It defines the location or the place corresponding to the first argument to be
located at the location or the place named in the second argument. Such
definitions declare geographic relations between two locations or places that
cannot be moved.

Composition elements
Composition elements are formed as shown in the example below:

element (test with shoe, 1, X,T,R,STORY1,STORY2):-
determine character (protagonist, A, X, T),
determine character (spouse, B, X, T),
determine character (sister, D, X, T),
determine character (sister, E, X, T),
relation (elder and younger, D,E,T),
relation (master and servant, B, C, T),
determine character (assistant, C, X, T),
own (A.H,T),
concept (H, shoes),
re-define(DEFINITIONS_OF _CHARACTERS),
define(DEFINITIONS_OF_CHARACTERS),
generate text ([STORY1,Relevant_template, character list], STORY2).

The first argument of a composition element is a label that serves as its identifier. The
second argument contains the index of the original story from which the composition
element was extracted. The third, fourth, and fifth arguments contain, respectively, a
unified list of characters that are related to any action in this composition element, a
temporal step indicating the sequential position where this composition element occurs
in the current narrative structure, and the number of times the composition elements that
have the same label recurs. The last two arguments contain text outputs.

When any composition element is evoked, its corresponding characters are activated
to satisfy each role related to its character settings. Some of these characters are
examined to see if they hold any appropriate relation or own any item that is required
and that appears in this composition element. If any item appears in this composition
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element, the concept or kind of that item is examined. If any part of a character’s
definition is added or changed, the corresponding setting is defined or re-defined. These
determinations, detections, definitions and re-definitions proceed under the current
temporal point in accessing the databases ‘Setting of characters’ and ‘General rules’.
Finally, a text output is generated from the unified data and the appropriate text
templates.

Links between two composition elements
A link is formed when two composition elements are ordered. For example:

Link elements (propose, give presents).

The order of the arguments corresponds to the order of the composition elements, A
link can be defined recursively. For example:

Link elements(imitate king, imitate king).

This information is accessed from the module ‘Trace links in the structural model’ to
explore possible progressions of a story. These definitions are randomly ordered when
the story generation system is initialized.

General rules

This database contains concept definitions and declarations of commonsense
reasoning. These rules are accessed from the module ‘Select and set characters’,
‘Determine composition elements’. Some examples of these rules are as follows:

Concept definitions (reasoning for conceptualization of characters and items)
These rules are used to conceptualize characters and items when composition
clements are activated.

Commonsense reasoning (reasoning about familial relations)

This kind of rules is used to determine familial relations such & parent-child,
elder sister-younger sister, and spouses, between two characters. Referring to these
rules, it is determined which character takes which part. In Cinderella tales, for
example, such relations occur frequently.

Narrative rules

This database contains typical rules used in constructing narratives. We incorporated
the analysis of Luthi [22], who found that the same motif or episode is repeated by the
protagonist often three times in a fairytale with variations and expansions in the details
of the situation or setting, by designing corresponding rules. These rules are used by
module ‘Determine composition elements’ and ‘Generate text outputs’. Two examples
of such rules are:

Rules for repeating a kind of composition elements

This rule allows a composition element to be repeated in a story that is
being generated in the system. The repetition depends on the linkages in the
structural model because composition elements or sets of composition
elements are connected recursively. These rules permit repetitions at most
thrice. However, the composition elements of “marriage”, “help of fairy”,
“discovery” and ‘“revelation” are exceptions (they are not allowed to be

repeated) because they typically do not occur twice in a fairytale.

Rules for determining items of the same kind but differing in degree

These rules are used to determine items that are of the same kind, but in
differ in the degree of some relevant attribute such as expensiveness, beauty,
etc. For example, in variations of Cinderella tales, an event corresponding to
the protagonist going to a dance often appears three times. He or she wears a
general dress the first time, a more expensive dress the second times then the
most expensive dress the last time. These three kinds of dress in different
degrees are determined referring to the rule that allows repeating the same
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kind of composition elements.

Rules for determining items in the same concept and different kinds

These rules are used to determine items which are in the same concept but
are of different kinds, for example, a general dress and a robe where each
kind is in a concept ‘wears’ and differ from each other. These rules are often
referred to when an assistant who has magical abilities transforms poor items
owned by the protagonists into expensive items in certain composition
elements.

4.2 Main module

The main module manages all the other modules used in generating stories. The
procedure for generating a story proceeds in four main steps: 1) select and set characters,
2) determine composition elements, 3) trace linkages in the structural model and select
composition elements, and 4) generate text outputs. The process of selecting and setting
characters occurs once at the beginning of generating a story. The process of
determining composition elements proceeds by selecting and determining composition
elements and forming narrative structure of the story being generated. This process
manages the other two processes of tracing linkages in the structural model and process
generating text outputs. We designed a module corresponding to each of these four
processes. Each of these modules 1s briefly described below.

Select and set characters

This module selects characters to fill various roles from the database, and makes a list
of these characters at the beginning of generating a story. The characters are chosen
randomly, or as the original set of any of the analyzed stories. In the case of random
selection, the original settings of all the characters in the database are inherited.
However, relations between selected characters can change.

While the narration is in progress, this module decides whether a character included
in the list of characters and assigned a restricted role under a composition element
satisfies the required conditions. Different composition elements often require different
arguments to compose consistent components of a story.

Whenever the character settings change, for example if relations between the
characters change during the progression of story, this module updates the character
settings. This redefinition is processed when an updated definition satisfies the temporal
point at which a composition element is currently active.

Fig. 6 shows the internal structure of the module “Select and set characters’.

Initial State Select and set characters
- List of
characters R Selection of characters
| characters (at random N
‘ - or from an original) . Decidin
Settings of S: ttings of charactesr;s
. characters
Setting of _Mal Settings of characters |+——~———> and
characters composition
Management of | element
updating definitions
. L » of roles, relations and |«
Updating definitions items with temporal Temporal points
points Updating definitions
General +

rules

Fig.6 Internal structure of the module ‘Select and set characters’
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Determine composition elements

This module makes up the narrative structure of the story being generated, determines
its composition elements, and indicates sequels of generating story and formation of text
data corresponded into the composition elements. These processes are implemented as
clauses of the procedure make_storytrace:

make_storytrace(opening, X, T, List, STRUCT, STORY).-
link_elements(opening, NextElement),
make_storytrace(NextElement, X, T, List, STRUCT, STORY).

make_storytrace(ending, X, T, List, List, end):-!.

make_storytrace(CurrentElement, X, T1, List, STRUCT, STORY1).-
countAppear(CurrentElement, List, 0, R1),
check_repeat(CurrentElement, R1, RR1),
element(CurrentElement, ANY, X, T1, RR1, [], BUFFI) ->

link_elements(CurrentElement, NextElement),

T2isTI+1,
make_storytrace(NextElement, X, T2, [CurrentElement/List], STRUCT,
STORY2),
countAppear(CurrentElement, STRUCT, 0, R4)->
check_repeat(CurrentElement, RR1, R4, R),
element(CurrentElement, ANY, X, T1, R, [J, BUFF4),
atom_concat(BUFF4,STORY2,STORY1).

The first argument corresponds to a composition element that is indicated as a
possible candidate. The second argument corresponds to the list of characters set at the
beginning of story generation. The third argument corresponds to the temporal point of
this step. The fourth and the fifth arguments, respectively, correspond to the list of
composition elements that are currently being used to construct the narrative structure,
and to the completed structure. The last argument corresponds to the text output of the
generated story.

We now briefly describe the process of determining composition etements. First, this
module counts how many times the composition element CurrentElement occurs in the
narrative structure List that is being former. Then, it verifies that the number of
repetition of this composition element is under the limit specified in the database of
narrative rules.

Next, this module activates the composition element CurrentElement and determines
whether it can occur consistently at this step in the story being generated, referring to
the database of general rules and that of narrative rules. This process is repeated
recursively as necessary. In case the composition element is found to satisfy all the
requirements, the control is passed to the module ‘Trace linkages in the structural
model’ to select a candidate as NextElement. Next, the temporal point is incremented
and the search for the next composition element is started.

If the search reaches up to the ending, the narrative structure of the current story is
stored in STRUCT and the process of generating text output begins.

First, this module counts how many times the composition element CurrentElement
occurs in the narrative structure STRUCT, and adjusts the index of this composition
element in the STRUCT. The index of a recurring composition element can take one of
three values: first, second, and last. In the case when a composition element occurs once
or twice in the completed narrative structure, the index of the last occurrence of the
composition value takes the value ‘last’. This assignment of index values is consistent
with the limit on the number of recurrences of a composition rule as defined in the
database of narrative rules.

Next, this module activates the composition element CurrentElement and determines
whether it occurs consistently in the completed story. This process is repeated if
necessary.

Finally, the control is passed to ‘Generate text output’ module to generate the text
corresponding to the sequence of composition elements and the character settings.
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Trace linkages in the structural model

This module refers to the database of links between pairs of composition elements
and selects composition elements that can possibly occur in the generated story. It also
reorders all the link information randomly at the start of each story generation. Finally,
it passes a candidate composition element to the module ‘Determine composition
elements.’ Fig. 7 shows the internal structure of this module.

Trace links in the
structural model

Initial State
i IT'\’e-order of clauses ] Composition
Composition element -
m following Deciding
Selection of a characters
Link between »| composition element > and
two ___] as candidate composition
composition element
elements 4——l Search the next
composition element
Composition element following current Composition element
currently occurs composition element currently occurs

Fig.7 Internal structure of the module ‘Trace linkages in the structure model’

Generate text outputs

Depending on the output of the module ‘Determine composition elements’, this
module generates a text containing the relevant parts of the story that are covered by the
composition elements. In this process, this module receives information about the
characters, items and templates from the module ‘Determine composition elements’ for
generating the text. It also refers to the database of narrative rules for adding narrative
characteristics into the text.

4.3 Samples of generated stories

The story-generating system produced variations of Cinderella tales that were not the
same as any of the analyzed stories. We provide below two sample stories generated by
the system with a sets of characters and an order of composition elements that are
combined into each story. Sample storyl is almost the same as one of the original
analyzed story (Text08). This story is generated under the restriction that the character
settings were the same as in Text08. Sample story2 is a new variation, and is generated
with the kinds of roles allowed set to a maximum, and with the characters being selected
at random from several analyzed stories.

Sample storyl:
The following roles and characters were randomly selected:
[PROTAGONIST, FATHER, MAN, ASSISTANT, ASSISTANT,
ASSISTANT, ASSISTANT, SPOUSE, OPPONENT, OPPONENT,
OPPONENT].

Set of characters:
[Girl, Trader, Ugly oldman, Oldman, King, Blacksmith, Retainer, Prince,
Princess, Queen, Slave]

Order of composition elements:

[desire of fathor, locked, marriage engage to oldman, create candle stand,
hide in, sell candle stand, leave from home, buy candle stand, discovery,
life with prince, jerous of princess, rent candle stand, burnt, abuse, excile,
help of oldman, life with oldman, sick of prince, order to treat, cook gruel,
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put ring, discovery of ring, revelation, marriage]

Story (Japanese description):

BBLEIEICAH IO LVETHEE > TVEL /. BT
PRBEDICEL IO 5D LVDT, SHICPBXICHDFY
ATLIE L& SEBVIEATIDZNDIICELIHT, FHICE
BOELSELEBATLE, LE 2EVICARTTDERIZS
BICAEGFSOCAZTEEIEDANRE LI, BTDIFLEL S
UEANC AR BN A B I JICTEDBRELIER, Lk SIENICA
BOSTEREEFVATLI, BIDIRBESDTL L ST
AN TBBEEEZADLESEVEDIS 2T ZS, €I3LES
DELIBLESIEOICADBEIDICEDELE S LVWELTL,
Lk SIVICABE D FS BBEXZADL L STEVEDICHEL
Feo L&k SIFVICADLEEIZTHTE &, BTDINEICSDE
BOTLRANGZADL X S PODEDICIF ST, EULEDE
SLBELRZ, LESIEVIEADDA DTS BEBTHDIH I
ECICERAF R Ao BTBDLODBOEILBOTHZDEHRT,
BGONOEICREZITIEDIEEBEVE L, Lk IEWICALL
PELUSTEADLESTEORBHCRICS o TLEVELE, 553
EE, BIUMFSVZEBOIHNDE LI, BILEREADL &
STEVEETEZICVD, Do TADELE, ZLTLEADE
LBlEBZELIe, 5L, EDI320SLWLEBTHDECSNE
T ZDTEESTOOLEIEXRBEEDELE, EHDOE
BETE, BICRHFILTTEREZT, SESPVDEELD
5. FoEBITBEIEGBEDDDFE L, B3 ITHEE
TETEICEDELE, BILBOEDVEE:, BTOHB5H
NEDENY FOEDHERTINE L, BohBDEBICETHD
WTTLBEBI CRIBRPBETESTDHEONEZIELIE, U
& TBERGELDD, TNEELIEVD LeThs s, &
D TH/e LIRICANTADBAKDI T ECiEx, ChETD
CEBINTRELELEL LI, E5LTHEI LLEEITHIEY
FLIAED, &IBId, VEFEFEADLL SEVIEHS N, FB
BTBETTETBICELEEDLSSTTLELE, ECADHELB,
BEI5LEBTODBLETEDLBELTVEDE, EEIHD
S/ ERVBRBICL T, AHBDEL & BITdHEADL &<
TEODEPICIF 2 TS DEBE LI TLTENNGEBS LD
CARSLP THBUDIC, CDTEEDEAELE, UBIFET
bEBCDELIe, BBU BIULHBRDICTPITEw 5 TAZS
TIELE LT, UDIZHES CDRIEERC [2x 50307 LDET
BICEPSDBBDT. ESNEADL LS EVENL TS EENY
ETeDBE LI, (FIZERIFEDI CHEADL & STEVICTENS S
DoBEVTERLOTVEDT, TELBSELELED. U
BSODILIEDBDT, DVICEADL ESTEVEDPLTHITE
Lizo UDIFEADL & STEVIZ40IFADE 5 ELS BT, INXT
ICOBDFE LIz BT DIEDETEADL & SIEVDLEDIE
FAEAEDDIL D, BIDIRDFALENTICLVELE LI,
BTDEDSIELR FICRFERLOT, TDEEEES LEVE
L7zo UBBOTHOBLAZLBED. EANVEHNUT, TTH
BED S TADIENICT TECE LIz ZCNET LSS CAD
EBOYDBE, ECHSPDIDESHECAPECATEEL
7o B9 LAMRETDICEDNDVT, ETHELEL, ZLT,
WEIEDATHAD, RFEICSTDBHoTHITE L, 550
AT ITDEDPDNEIICHFLLY, RLASCLICLELIE B
CAamOpseEoTheE. EADLLSIENIED D F LM,
B S S IEIC 2 TOE LTz B LRETOPIE T 0T
CLBETEDALA, ESEIUXF3EEHEOTLENE L
BICIEAWIEEDBNESTHEINEDE LT, RIEEDICE
NELZE, SECpS3DOLRPEI CEBRELEDN, IENbEL
FCLETEEVATLE, 65L&, CEDIEBTEESIC, 15
W TES CEEDREVE, TEZOLDPBELREE TIREE
S5HEVTLEI) EVVELE, BIBENZENT HRdBE
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EFLVEDE, BEADEIOEDEDS VEDE, TATDY
DXk 5 OEVELAEDS D, B3 LOEENCTAELS &,
SIELBSEDVANLELR, Z5LTHE030E40&3D
FESTXELED, 55 CEENDEDELTERES ELEY
ATLE. B35 CANBIDDE:> LDT ERFRTEETHI
EhDEDS DELc, 2LTBTDREPPERTIEE LS D
pIcnT, BICICE 5ok ZADBTPEVNEE, 55 Ch
ICE S TRICE D TUDEELTE, ZT LSS CANSTIES
LS DODES 2 TEEDERBE. BABBIDEVELR, L
DLBS Lig, BHBERSEELELSHDNTET, NZL
DELSz, BHWIEETEBOLLT, B3 LIFTRTEVLITE
L7, F5E50DDETIcEADDYDIR2TOELE, B
5 Clg LR AdCFARICHD, §CEES S5 CARLUERT 15
DEDL S DIRENEDY] EEVERUEL. 35 LAl
[3BIEDBTTODDS DELRE] TR, 579 LARTT
DEEETNTRELELR, 25 LT, BFpRESLEF-C

ALELE, BLED

(Abridged translation):

There was a Girl and she was beautiful. Father desired Girl. Father
locked Girl in the house and engaged her to an Ugly oldman. Girl asked
Father to make a big gold candlestand. Girl hid in the candlestand. Father
lost Girl and sold the candlestand to a Blacksmith. A Prince bought the
candle stand from Blacksmith. Prince discovered Girl in the candlestand.
Girl and Prince lived in the Prince’s room. Princess found Girl and asked
Prince lend the candlestand. Princess ignited candles and burnt Girl.
Princess exiled Girl. An Oldman found Girl and helped her. Girl lived in
the house of Oldman. Prince became sick. King ordered people to cook for
Prince. Girl cooked gruel and hid the ring Prince gave her into the gruel
on the plate. Oldman brought Prince the plate. Prince ate gruel and found
the ring. Girl was found by Prince and they were married.

Sample story2:
The following roles and characters were randomly selected:
[PROTAGONIST, STEPMOTHER, WOMAN, FATHER, SISTER, SISTER,
ASSISTANT, ASSISTANT, ASSISTANT, SPOUSE, OPPONENT, MAN].

Set of characters:
[Cinderella, Stepmother, Queen, Father, Younger sister, Elder sister,
Kusha-Rakan, Ministor, King Bob, Prince, Pirates, Rich man]

Order of composition elements:
[remarriage of father] [jealous of stepmother] [cut hair) [paint tar] {harsh
work] [bathing] [discovery] [marriage]

Story (Japanese description):

SUFLFEOS BARDINE LR, BBELE, BT EI}
BEXOCHLELE, FEFNIETEE 5 FAEEZEBEALZDD
ETL FERBESSFLINS DL LODICREFE BEDE,
DBEED, DBICE—JVEBS T, DB DEDEIET, DL
BB BE L, S TLIBNEICE XBBITTBE. BHD
THRIBUELTOE LIz, ROTIIFLZEH5 CidiFoChL
FEBIFE LTy ST LSUHER, BRELEES, FOEFEL L
3o CATHEL, TILTLBLH5LELE, BLED

(Translation):

There was a girl named Cinderella. One day, her Father married a
Stepmother. Stepmother was very arrogant. Stepmother feeling jealousy
towards Cinderella, cut her hair, painted her face with tar, and ordered
harsh work. Cinderella bathed after working. Cinderella married a Prince.
Cinderella arranged her sisters to marry with nobles.
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5. Discussion

The story generating system produced new variations of Cinderella tales based on the
structural model. Depending on the combinations of conceptual structures and narrative
structures that the system chose, it produced some stories that were similar to the
analyzed stories, but also some that were quict different. When attempting to generate
stories with characters that appeared in an original story, conceptual structures become
closely constrained by the characters and by the composition elements from the original
story. In the case of random selections, the conceptual structures are not so constrained.
As one might expect, we found that more stories similar to the originals were generated
in the former case than in the case of random selections.

Given the variety of narrative structures in generated stories, we consider that the
number of composition elements and the linkages among the composition elements
implemented in the structural model are sufficient for generating variations of
Cinderella tales. However, as the character settings and relations among them are
inherited from the original stories, relations among the characters and between
characters and items are sometimes inconsistent. Thus, the system sometimes produces
inconsistent combinations between some kinds of composition elements and sets of
characters, and story generation under these conditions fails.

One way to resolve those kinds of inconsistencies is to add a possibility to redefine
the settings of characters and relations between them at any activation of composition
elements. However, relaxing this constraint may also weaken the cohesiveness of the
structural model, thereby making it possible to generate stories that may not be
considered a Cinderella tale at all.

Using composition elements has the potential to facilitate regenerating text outputs
and expanding the structural model. A complex story can be divided into parts regarded
as composition elements. Then the information about the settings of characters and the
linkages between composition elements can be determined. Finally, one can incorporate
the complex data into the structural model without having to conceptualizations in terms
of narrative grammars and theories.

Another problem occuring in the current implementation of the story-generating
system is that it sometimes generates strange stories because of juxtaposing unrelated
composition elements. For example, a protagonist and the spouse may be married
suddnly after their meeting. This problem may be resolved by introducing appropriate
rules to constrain the possible places in a sequence that a composition element is able to
occupy.

6. Conclusions and Future Research

We created a structural model of Cinderella tales that was composed from three kinds
of information; settings of characters, composition elements and linkages between two
composition elements. Narrative structures were made from composition elements
ordered linearly, and conceptual structures provided settings of characters and
composition elements. Based on this structural model, we implemented a story
generating system that produces variations of Cinderella tales. Modelling of conceptual
and narrative structures focussing on motifs and composition elements allows for ease
of implementation and explanation.

We consider the structural model developed in this research is as a network model and
also a state transition model. Taking this point of view, we plan to design an interactive
system to generate stories between two computational systems or between a
computation system and a human. Based on the rules which decide appearance of
composition elements, it is also possible to introduce models of objective authoring into
the story generating system. Many story-generating systems, including the current
version of our system, determine conceptual and narrative structures that compose a
new story from subjective characters in the story. However, functions with models of
objective authoring cause the story generation task to let the conceptual structures and
narrative structures proceed in parallel and influence each other.
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Web Application Wrapping by Demonstration

Kimihito ITO and Yuzuru TANAKA
Meme Media Laboratory, Hokkaido University, Sapporo 060-8628, Japan

Abstract. Recent innovations in Web technologies enable end-users to
easily use various services through their Web browsers. Examples of
such services include various kinds of database service and various sorts
of analysis tools. This evolution in Web applications causes difficulty in
reusing functions embedded in Web applications. The purpose of this
study is to develop an environment where even an end-user can easily
wrap complicated Web applications to reuse their embedded functions.
In this paper, we propose a framework that enables end-users to wrap
Web applications through instruction by demonstration. IntelligentPad
architecture enables end-users to dynamically define functional linkages
among wrapped Web applications through drag & drop and paste oper-
ations.

1 Introduction

During the last several years, the Web has evolved into a world-wide information pool
where people can share intellectual resources. Information publishers represent their
intellectual resources in the form of semi-structured documents on the Web. Hyper-
links among documents allow users to navigate from one document to another related
document. An input-form in an HTML document enables users to submit data to a
server-side program, which is called Web application. A Web application is an appli-
cation program that has an HTML-based front-end for users to utilize remote services.
Today, many companies and researchers provide Web applications, such as various kinds
of database services and various sorts of analysis tools.

Recent innovations in Web technologies enable end-users to easily use various ser-
vices through their Web browsers. CGI(Common Gateway Interface), ASPs (Active
Server Pages), Java’s Servlet, JSP(JavaServer Pages) and PHP(PHP:Hypertext Pre-
processor) are all running at seryer-sides to dynamically provide HTML-based front-end
interfaces to users. Some sites use frames to present documents with multiple embed-
ded document views, or to popup certain information aside. Some sites use cookies to
maintain a session.

The evolution of Web application technologies causes various difficulties in reusing
embedded functions in Web applications. For example, if a user wants to send an output
from one Web application to an input-form of another Web application, he or she needs
to repeat complicated and sometimes tedious copy-and-paste operations. Firstly, he
must input some data on the first Web application and navigate through result pages
to obtain some result data. Secondly, he must copy a part of the result data using his
mouse, and paste this copy into the input-form on the second Web application. Finally
he must submit the input-form and navigate through the result pages to obtain some
result data from the second Web application. The user must repeat these three steps,
if he wants to apply the same processing for different inputs. Currently, in order to
automate this process, users must write a program called a wrapper in a programming
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Input form

Wrapping by
Demonstration

Web Application

Figure 1: An outline of our approach.

language such as Perl or Java, or based on a specialized framework such as SOAP, to
perform the required processing. Maintenance of a large number of wrappers is not
easy in practice. It is time consuming to rewrite a wrapper program every time the
syntax of the Web application page changes.

From this point of view, we propose a new framework that enables users to wrap
arbitrary Web applications through instruction by demonstration. IntelligentPad archi-
tecture enables end-users to define functional linkages among wrapped Web applications
through drag & drop and paste operations. In our previous works(14, 16], we presented
the simplest version of our wrapping method, and discussed its application to mobile
computing[16]. In [17], the whole strategy for the wrapping and functional linkage us-
ing IntelligentPad architecture was given. In this paper, we focus on Web application
wrapping through instruction by demonstration.

This paper is organized as follows. In Section 2, we address some fundamental
requirements concerning the end-users’ reuse of Web applications. Our methodology
for the Web application wrapping through instruction by demonstration is described in
Section 3. Details of the IntelligentPad architecture are presented in Section 4. Related
work is discussed in Section 5, and we conclude in Section 6 with our future research
plan.

2 Reuse of Web Applications : Requirements and Our Approach

In bioinformatics, for example, there are already many different kinds of database ser-
vices, analysis services, and related reference information services; most of them are
available as Web applications. However they are hard to interoperate with each other.
This has two reasons. Different Web applications use different data formats. In addi-
tion, there is no way on the client side to connect the output of one Web application to
the input form of another Web application other than making a copy of the appropriate
output text portion on the source page and pasting it in the input form of the target
page. While SOAP allows you to write a program to functionally integrate more than
one Web service, it is hard to use for non-programmers.

Before we describe our approach to solve this problem, we address some fundamental
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requirements concerning the end-users’ reuse of Web applications.
A framework where end-users can reuse Web applications requires the following
capabilities.

1. Easy specification of input and output portions of Web applications to reuse
embedded functions in them.

2. Easy definition of functional linkage between Web applications to compose a new
integrated application.

For the first requirement, we will propose a Web application wrapping method based
on the instruction by demonstrating an example sequence of user operations. Intelligent-
Pad architecture enables end-users to define functional linkage between wrapped Web
applications through drag & drop and paste operations. The use of IntelligentPad|(28,
29, 27] technologies achieve the second capability.

In figure 1, we summarize our approach of reusing functions embedded in behind
Web applications.

Users can create wrapper pads for Web applications based on the programming
by demonstration (PBD). A WebNavigationWrapperPad has the facility to record and
replay operations that are performed by a user. During its definition phase, WebNav-
igationWrapperPad records user’s operations on the Web browser interface. Users can
define data I/O ports called slots on intermediate pages that are returned by Web ap-
plications. Parameters in the recorded operations, such as values submitted to forms,
can be modified through corresponding input slots. WebNavigationWrapperPad auto-
mates navigation using the modified values. Users can also define arbitrary document
portions in pages that are returned by the Web application to work as output slots.

Using IntelligentPad architecture, users can functionally combine these wrapped
Web applications by connecting slots through the use of drag-and-drop and paste oper-
ations. Users can also reuse wrapped Web applications in collaboration with wrapped
local legacy applications.

3 Web Application Wrapping by Demonstration

In this section we present our method of the Web application wrapping based on in-
structions by demonstration. Programming by Demonstration (PBD)[7] enables users
to construct a script program by simply performing actions in the user interface. With
PBD, the user instructs the system to watch what I do, and a PBD system creates
generalized programs from the recorded actions.

3.1 Modeling Navigation within Web Applications

Many Web applications use more than one page to output and input data to and from
users. For example, the Web application shown in Figure 2 uses three pages for its
input and output. On the first page, this application requests users to input data. The
second page displays a list of result items. Users may select one of these items and
click its anchor to jump to the third page, where they will get result data from this
application.

Figure3 shows a site-specific navigation model for PubMed paper search{23], which
answers queries of the form “Search PubMed for words w”.
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navitation

the first page the second page the result page

Figure 2: An example of a Web application.

In order to simplify the description of our method, we first model the Web appli-
cation as a directed graph. We denote a graph of a Web application WA by G(W A).
For a Web application W A, graph G(W A) contains a node for each page p in WA. In
G(W A), there exists a directed edge (p, ¢) labeled with an operation op, if and only if
op on p causes a jump to the page ¢ in WA. Examples of operations includes opening
a page specified by a url, navigation along a hyperlink, and submitting some data to a
form.

We denote a navigation in & Web application as follows:

po o B B g,
where py, P, - - ., P 8re Web pages, and each op; is a user-operation at page p; to jump

to the next page p;;;. Formally, a navigation in a Web application WA is a path in
the graph G(W A).

We call a sequence of user-operations opq, ..., 0px—1 & navigation path. By a navi-
gation path opy, ..., 0pr-1, we identify the Web page p in a Web application WA as
long as opy, ..., 0px—1 is a path in G(W A).

Pr = 0Opo.0p1.0p2.* * * .OPk-1-

We may fetch the page p, with a URL directly. In general, however, every pages is not
accessible with URLs. For example, Web pages that are returned as a result of POST
are not specified by URLs.

By modifying an operator op; with op}, we get another Web page p}, of W A through
the same navigation from p); to p}.

opo opi—y o  ,  opiy1 4 oPr-1 4
Po——P1 " — Pi — Py — Piyz " —— P

Example of modifications contains substitution of input-value for an input-form on p;_;.
The page pj}, that are obtained by the modified navigation-path is represented by

Dy = 0P0.OP1. - - - .0Pi—1.0D;.0Pi41- " * * -OPk—1.
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Figure 3: A model of navigations within PubMed service.

8.2 User Operations within Web Pages

A user-operation op is an operation that users can perform with ordinary Web browsers
such as Netscape Navigator or Internet Explorer. Examples of user operations include
open of a specified url, click of an anchor, and submission of some data to a form.

In our framework, we use the following 5 operations.

user-operation :=  Open(url)
Click(anchor-elm)
Set(input-elm, value)
Submit(form-elm)
Back().

An Open(url) operation opens the page specified by given URL. A Click(anchor-elm)
follows hyperlink with the anchor-element anchor-elm. A Set(input-elm, value) sets the
given value to the specified input-form. and a Submit(form-elm) operation submits
the specified form to the appropriate Web Server to jump to the next page.

A navigation path is a sequence of user operations. Using a navigation path, we can
represent how to access a Web page.

navigation-path ;.= user-aperation
| user-operation.navigation-path.
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; 2002"
Document View Document Object Model
<HTML>
<HEAD><TITLE>Sample HTML</TITLE></HEAD>
<BODY>

A Query Form<BR>

<FORM method="GET" action=./sample.cgi>
<INPUT value="Tokyo" name="query">
<INPUT type="submit'>

</FORM>

<HR>Result<BR>

<A href="http://www.meme.hokudai.ac.jp">
AnchorText</A>

<DIV>Date=April 12, 2002</DIV>

</BODY>
</HTML>

Figure 4: An HTML document with its DOM tree.

3.3 Identification of HTML-Flements

There are many ways to characterize the position of specific HTML-elements in a DOM
tree.

Many researchers have worked on developing robust wrapping method of Web
applications(3, 25, 19]. Some wrapping method have robustness for changes in for-
matting. From the view point of computational learning theory, it is impossible to
deal with every kinds of formatting change. We do not focus on such robustness in this
paper. We focus on how instantaneously users can create wrappers of Web applications.

We use HTML-paths to specify elements in a DOM tree. The HTML-path expres-
sion is the specialization of the XPath expression[30].

An HTML-path is a concatenation of node identifiers along a path from the root to
the specified element. Each element identifier consists of a tag name and an index 3,
where this node is the ith sibling that has the same tag name. We define the syntax of
HTML-paths as follows:

HTML-path := tagnameli]
| HTML-path/tagnameli].
Figure 4 shows an HTML document with its DOM tree representation of a Web
application. Using HTML-paths, we can access texts in a DOM tree.
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For example, The circled portion in the document in Figure 4 corresponds to the
circled node whose HTML-path is

HTML (1]/BODY[1]/FORM[1]/INPUT[1].

This is the HTML-path of an input element of this Web application.
To access the detail of an HTML element, we use the following two extensions added
to the path-expression.

o HTML-path/Qattribute-name
o HTML-path/text ()

The function @attribute-name selects an attribute value named with the specified name.
We can set and get the value of the attribute. The function text() selects a text value
of the element. For example, consider the DOM tree in Figure 4. The attribute value
identified by “HTML[1]/BODY][1]/A[1]/@href” is the string:

“http://www.meme.hokudai.ac.jp”.

The text value pointed by “HTML[1]/BODY|[1]/A[1]/text()” is the string “Anchor
Text”.

We will extend HTML-paths with navigation-paths. Operational HTML-paths are
defined as follows.

Operational HTML-path ::= na,vigation—path/ HTML-path

Using an operational HTML-path, we can extract data in a Web page that is not spec-
ified by a particular url address, and we can wrap Web application into a component.
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3.4 Operation-based Wrapper of a Web Application

WebNavigationWrapperPad is a general wrapper for a Web Application. Figure 5 shows
an abstract architecture of a WebNavigationWrapperPad. A WebNavigationWrapper-
Pad is a kind of Web browser. Its facility to render Web documents is implemented by
wrapping Internet Explorer’s API[24].

A WebNavigationWrapperPad has user-defined HTML-node slots as its connection
interface. These slots are named with operational HTML-paths. The view of this pad
shows current page that is returned by a Web application. The value of an HTML-node
slot named with an operational HTML-path p is the text value of the HTML-node at
p.

In its recording phase, WebNavigationWrapperPad records user’s operations into a
navigation-path.

If the value of a slot of an input-form is changed, then the WebNavigationWrap-
perPad modifies the recorded navigation-path that the user performed previously, and
automatically replays it. While the wrapper replays the modified navigation-path, the
wrapper updates the values of slots defined within the loaded pages(Figure6).

As we describe in Section 4, IntelligentPad architecture allows users to define func-
tional linkage among wrapped Web applications through slot-connection.

8.5 User Interface for the Wrapping

To define a wrapper of a Web application, users may just open the Web page they
want to wrap using a WebNavigationWrapperPad. When a user performs a sequence
of operations on a WebNavigationWrapperPad to browse the Web, the WebNaviga-
tionWrapperPad records these operations into a navigation-path. If a user defines an
HTML-node to work as a slot, the pad associates this slot with the operational HTML-
path. The values of the user-specified slots are accessed through navigation-paths and
its HTML-paths on the DOM-trees.

To hide HTML-paths from users, the system calculates HTML-path expressions
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Figure 7: User interface for the slot definition.

from users’ operations. Using his mouse, users can directly specify any HTML-node to
work as a slot.
There are two ways for users to specify an HTML-node to work as a slot:

o specify an HTML element to work as a slot,
» specify a text portion to work as a slot.

If a user clicks with the right mouse button on a region that he wants to use as a
slot, a popup menu will be shown.

Selecting “HTML as Slot” in the popup menu, the user can use the HTML-element
at this location as a slot. Let pagepath be the navigation-path of the current page, and
htmipath be the HTML-path of the element (Figure 7).

1. If the element is a textinput element or textarea element, WebNavigationWrap-
perPad installs a slot named pagepath/htmlpath/@value.

2. If the element is an anchor element, WebNavigationWrapperPad installs a slot
named pagepath/htmipath/@href.

3. WebNavigationWrapperPad installs a slot named pagepath/htmipath, otherwise.

Selecting “Text as Slot” in the popup menu, the user can use the text string con-
tained in selected element to work as a slot. Let p be the HTML-path of the selected
HTML-element. The WebNavigationWrapperPad installs a slot named with p/text().

In Figure 7, the user selects a text input element to use this as a text input slot.
WebNavigationWrapperPad installed the slot named

opo-op1 /HTML[11/BODY[11/FORM{1]/INPUT[1]/@value,

where opp.op; is the current navigation-path of the page shown on this pad.
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In Figure 8, a user creates a wrapper pad that wraps PubMed service. Firstly, the
user may open the target NCBI page on a WebNavigationWrapperPad. Secondly, using
his mouse, he may specify regions that he wants to work as slots. Then the slots will
appear as sunk shaded regions on this page. The user may keep the background Web
page either visible or make it invisible. Thirdly, the user may embed other pads, such
as TextPads and WebBrowserPad, into these slots. Finally, the user may arbitrarily
relocate and resize the embedded pads to design their layout. If the user inputs some
data to the TextPad that is embedded in the input-form slot, then the WebNavigation-
WrapperPad will send this form value to the server. As a result, the WebBrowserPad
shows a new document that is retrieved by PubMed.

4 Re-using Web Application through Functional Linkage

In this section, we present how to visually define functional linkage among Web Appli-
cations. We apply the IntelligentPad architecture to this problem.

IntelligentPad architecture allows users to combine media objects(called pads), such
as multimedia documents and application programs, through their view integration.
Each pad has slots as data I/O ports. Through drag-and-drop and paste operations,
users can connect one pad to a slot of another pad. This operation simultaneously
creates both a composite view and a functional linkage through a slot connection.
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slot of P, is connected to the slot of P;.

4.1 IntelligentPad Architecture

IntelligentPad[29] represents each component as a pad, a sheet of paper on the screen.
A pad can be pasted on another pad to define both a physical containment relationship
and a functional linkage between them. When a pad P, is pasted on another pad P,
the pad P; becomes a child of P,, and P, becomes the parent of P;. No pad may have
more than one parent pad. Pads can be pasted together to define various multimedia
documents and application tools. Unless otherwise specified, composite pads are always
decomposable and re-editable.

Each pad has both a standard user interface and a standard connection interface.
The user interface of a pad has a card like view on the screen and a standard set of
operations like ‘move’, ‘resize’, ‘copy’, ‘paste’, and ‘peel’. Users can easily replicate
any pad, paste a pad onto another, and peel a pad off a composite pad. Pads are
decomposable persistent objects. You can easily decompose any composite pad by
simply peeling off the primitive or composite pad from its parent pad. As its connection
interface, each pad provides a list of slots that work as connection jacks of an AV-system
component, and a single connection to a slot of its parent pad(Figure9).

To set up data connection between pads, IntelligentPad uses three standard mes-
sages, set, gimme and update. We show an outline of these three messages in Table
1.

Table 1: A summary of three standard messages.
Message Summary
set slotname value | a child sets the specified value to its parent’s slot
gimme slotname a child requests its parent to return the value of its specified slot
update a parent notifies its children that some slot value has been changed

Each pad is embedded in one parent at most with its connection to one of the parent
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.slot

pad slots. Connected pads form a tree structure. We do not restrict the maximum depth
of the tree.

Each pad has one primary slot. When the value of the primary slot of a child is
changed, the child sends a set message with the new slot value to its parents. Using
this value, the parent changes its own slot values. Then, the parent pad notifies all of
its children pads of its state change by sending an update message. Each child that has
received an update message sends a gimme message to the parent pad, changes its own
slot values using the return value of this gimme message, and then sends an update
message to each of its children. Using this mechanism, state changes are propagated
from one pad to all the pads connected to it through slots (Figure 10).

4.2 Functional Linkage of Wrapped Web Applications through View Integration

A pad that wraps a Web application provides slots for some of the original’s input forms
and output text strings. Since wrapped Web applications are pads, you may combine
wrapped Web applications together through drag&drop paste operations. Through data
linkage between slots specified by a user, these wrapped Web applications cooperate
with each other (Figure 11).

Figure 12 shows a composite tool that integrates DDBJ’s Blast homology search
[9], GenBank Report service[8] and PubMed’s{23] paper reference service. Blast ser-
vice allows us to input a sample DNA sequence, and outputs genes with similar DNA
sequences. We have specified the input form and the accession number of the first
candidate sequence to work as slots. The accession number works as an anchor linking
to a GenBank Report Web page containing the detail information about this gene. Its
corresponding slot contains the URL to the target GenBank Report page. We have
pasted a WebNavigationWrapperPad with its connection to this second slot. As a re-
sult, this child WebNavigationWrapperPad shows the corresponding GenBank Report
page. This page contains bibliographic information about the related research papers.
We have visually specified the title portion of the first research paper to work as a slot
of this pad. We have also wrapped the PubMed service with its input form working as
a slot. PubMed service returns a list of full documents that contains given keywords.
We have made this slot work as the primary slot. By pasting this wrapped PubMed
service on the WebNavigationWrapperPad showing a GenBank Report page with its
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Figure 11: Functional linkage among different Web applications.

connection to the title slot, you will obtain a composite tool that functionally integrates
these three services.

The new integrated application in Figurel2 was composed within several minutes
by a biologist who has no programming expertise.

5 Related Work

There are lots of preceding research studies on wrapping of Web pages by demonstration.
However, there are few research studies that allow end-users to wrap Web applications
by defining input and output port for them.

WebVCR][1] provides sophisticated interface to record and replay users’ actions. It
replays a series of browsing steps in “smart bookmarks”, which are shortcuts to Web
contents that require multiple steps to be retrieved. Creation and update of smart
bookmarks is a simple process involving only the usual browsing actions by the user.
However, the system does not support the definition of I/O ports for Web applications.
For example, end-users could not modify the parameters for an input-form.

Bauer and Dengler[3] have also introduced a PBD(Programming by Demonstra-
tions) method in which even naive users can configure their own Web based informa-
tion services satisfying their individual information needs. They have implemented the
method into InfoBeans [2]. By accessing an InfoBox with an ordinary Web browser,
users can wrap Web applications. By connecting channels among InfoBeans on the In-
foBox, users can also integrate them functionally together. However, it seems difficult
for users to reuse a part of composite Web applications defined by other users.

WA4F[26], which is semi-automatic wrapper generator, provides a GUI support tool
to define an extraction. The system creates a wrapper class written in Java from user’s
demonstration. To use this wrapper class, users need to write program codes. DebyE({11]
provides more powerful GUI support tool for the wrapping of Web applications. WhyE
stores the extracted text portions in XML repository. Users have to use another XML
tool to combine extracted data from Web applications. LExIKON[12] learns an un-
derlying relation among objects within a Web page from a user-specified ordered set
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Figure 12: Dynamic gene annotation with visually wrapped Web applications. This was
composed within several minutes by a biologist who has no programming expertise.

of text strings. There is no GUI support tool for the join of two extracted relations.
WebView[10] allows us to define customized views of Web contents. However it seems
difficult for end-users to create a new view that integrates different Web applications.

6 Concluding Remarks

In this paper, we have proposed a Web application wrapping method based on a se-
quence of user operations on the target Web application. This framework is based on
the IntelligentPad architecture. Users can visually wrap Web applications into visual
components, and visually combine them together to define functional linkages among
them. Users can also visually define functional linkages between wrapped Web appli-
cations and such local tools in pad forms as chart drawing and spreadsheet tools to
compose a single integrated tool.

For future work, we are planning to introduce facilities to support debugging. We
have not implemented debugging tools such as error notification for defined wrappers.
WebNavigationWrapperPad may detect format changes when the extraction is failed.
Reasonable heuristics can be used to detect format-changes.

We also need to discuss solution to the copyright problem. Copyright policies have
been reconsidered and modified every time when people introduced new media technolo-
gies. Whenever a new media technology is introduced, the consensus on new copyright
policies gradually coevolves with new copyright protection and/or license management
technologies. We have been, and are observing such coevolution of new policies with the
Web technologies. Some have established closed services on the Web that are exclusive
to their members, while others have established a closed network, such as the I-mode
cellular phone network in Japan by NTT DoCoMo. Many other types of license and
account management are currently tried on the Web. The same situation will occur for
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our technologies.
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Database Visualization Framework based on
relational data model

Tsuyoshi Sugibuchi and Yuzuru Tanaka

Abstract. This paper proposes a framework for a database visual-
ization system. In this framework, specifications of visualization are
expressed based on the relational model, and both query and specifi-
cation of visualization can be described in SQL statements. We devel-
oped a database visualization system based on this framework. This
system provides functional components called operator boxes to spec-
ify database queries and visualization schemes. Each operator box has
a single function to modify an input database query. This system al-
lows users to design database visualizations easily and interactively by
manipulating and composing operator boxes in a 3-dimensional virtual
space.

1 Introduction

Because of the significant performance improvement of database management systems
(DBMS), the typical size of databases has remarkably grown during the last couple of
decades and new database applications are developed in various research and business
areas. Many new database technologies have been studied to understand global features
of retrieval data sets and to discover some useful knowledge from them. Information vi-
sualization is one of the major research topics in the 1990s to support user’s exploration
and analysis of large data sets.

A good visualization may be used to extract meaningful structures or trends from a
large data set beyond the manual analysis. For rapid construction of suitable visualiza-
tions of a given data set, automated visualization algorithms and visual programming
environments have been extensively studied in the last decade. Moreover, dynamic ma-
nipulations of visualization have been studied for multivariate data analysis. By using
such method, users can dynamically change parameter values for visualizations and find
trends in the target data set by observing the change of visualization.

In this paper we focused on trial-and-error data exploration tasks. In such explo-
ration tasks, users try to combine a data set with other probably related data sets, and
visualize them from various aspects. Users need to specify arbitrary combinations of
data sources, and need to combine data sources with visualizations in arbitrary ways.
Therefore, a visualization system must have an internal data model which permits
combinations of various data sources and visualizations. Moreover, various direct ma-
nipulation techniques of visualizations including zooming, brushing and dragging-and-
dropping have been developed. Nevertheless, these direct manipulations are hard-coded
in most interactive visualization systems. Hence these manipulations can be applied
only to prearranged data sets in a pre defined manner. To apply these manipulations to
arbitrary data sets, these manipulations must be formalized based on an internal data
model of a visualization system.

This paper propose s a new database visualization framework based on the relational
model. The primary idea of this framework is that everything visualized is treated as a
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view relation. Each visualization is represented as an extended view relation, and any
portion of a visualization is also treated as a view relation. Furthermore, user opera-
tions on visualizations are treated as relational operations on view relations. We can
associate a tabular data with a visualization by projecting source data to a view relation
specifying a visualization. We can select regions or graphical elements of visualizations
by applying restriction operations to the corresponding view relation. Moreover, deriv-
ing a new visualization from other visualizations is equivalent to deriving a new view
relation from others by means of relational operations. In the current implementation
of our framework, these user operations are associated with direct manipulations in a
3-dimensional virtual space. Users can specify visualizations by interactively manipu-
lating 3D functional components.

2 Related work

In this section we review related works of information visualization systems in term of
the following three points.

The first point is the design of a new effective visualization system to understand
target data sets. In the beginning of the 1990’s, several visualization systems that sup-
port automated mechanisms to generate new visualization are developed. These include
APT[1], BOZ[2], and SAGE(3]. SAGE has abilities to recognize data characterizations
of the source data and a knowledge database to apply effective representation methods.
SAGE system can generate effective visualizations from user’s completely partial spec-
ifications of visualizations. AVS and IBM DataExplore are flexible data visualization
systems that can be applied to various data domains. They have visual programming
environments and user can develop new visualization by constructing data flow dia-
grams in these environments. Tioga-2[4] is a database visualization system and it also
has a visual programming environment similar to AVS and IBM DataExplore.

The second point is the direct manipulation of visualization. Many visualization
systems support such direct manipulation as changing restrictions of visualized data
dynamically or moving viewpoints in large data sets. To support direct manipulations
effectively, the visualization system can update its display quickly.

The last point is coordinating multiple visualizations. To understand complex and
multivariate data, the specification of coordination among multiple visualizations that
represent the same information in different viewpoints is more effective than visual-
ization of all the information in a single visualization. In this method when users
manipulate one visualization, then other visualizations are updated immediately. This
method supports users to explore large data sets. DEVise[5] is one of data visualization
systems and it allows users to create multiple coordinated visualizations by specify-
ing links among visualization. DEVise supports several type links and many types of
coordinating functions (brushing-and-linkage, drill-down, aggregation, etc.). The snap-
together-visualization[6] system is based on SpotFire[7] and it also supports multiple
coordinated visualizations. In this system users can specify coordination between two
visualizations dynamically.

3 Framework

In this section we describe our database visualization framework. The basic idea of this
framework is to specify database visualization schemes based on the relational data
model.
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3.1 V-Extended View

To specify visualization by using the relational model, a structure of a representation
graphics is represented as a relational view. We call this view a v-extended view.
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Figure 1: V-Extended View

A v-extended view is a user-defined relational view and it consists of a set of VD
(visual deriving) attributes. Each VD attribute corresponds to a property of graphics,
like color, position, orientation, size, etc.

The v-extended view example is illustrated in Figure 1. In this example the v-
extended view consists of four VD attributes. The attribute TEMPLATENAME specify
a template to represent each retrieved record. A template contains several graphical
components including graphical primitives, text, and more functional objects. Users
can design a template by combining arbitrary graphical components. We give a de-
tailed description of templates in subsection 4.3. Other attributes XCOORD, YCOORD
and ZCOORD specify geometrical location in 3-dimensional space to arrange visualized
records. Therefore, this v-extended view described a specification of a 3-dimensional
scatter plot.

V-Extended views are defined according as structures of representation graphics.
For example, a v-extended view of a 2-dimensional bar chart consists of two VD at-
tributes, XCOORD, LENGTH (of each bar). When users design a new visualization scheme
by composing a new template or a coordinate system, our visualization system modifies
the v-extended view according to the new visualization specification.

8.2 Graphics specifications described in SQL

In many visualization systems, visualization methods are defined by mapping source
data attributes to visible properties of graphics. Usually these mappings are called
visual mappings. In our framework, a specification of graphics is expressed as one
relational view, and a visual mapping is equivalent to one projection operation on
source data schema.

To define visual mappings, source data attributes are associated with VD attributes
of a v-extended view. In the example illustrated in figure 2, three source data attributes,
E_GROUP, PERIOD, DENSITY, are associated with three VD attributes of the v-extended
view, XCOORD, YCOORD, and ZCOORD. To represent each retrieved record as a ball, values
of attribute TEMPLATENAME are fixed as “BALL”. This visual mapping is equivalent to
a projection operation on a source data schema to a v-extended view. This projection
operation can be described as a query written in SQL.
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NO | NAME | E_GROUP | PERIOD | DENSITY | ... SELECT
hydrogen 1 1] 0.00009 E_GROUP AS XCOORD,
DENSITY AS YCOORD,

visual PERIOD AS ZCOORD,
. "BALL" e
mappings | speciting | *BALL" AS TEMPLATENAME

-

XCOORD | YCOORD | ZCOORD | TEMPLATE FROM
NAME PERIODICTABLE
1| 0.00009 1 “BALL" WHERE
NO < 93

Figure 2: visual mappings described in SQL

In this query, the specification of the visual mapping is described in the “SELECT”
list, and the name of the source relation is specified in the “FROM” clause. Moreover,
a condition to restrict retrieved records is specified in the “WHERE” clause. In our
framework a specification of a visualization and a specification of a query are unified
into a specification of a query defining a v-extended view.

When our visualization system tries to display this visualization result, our system
executes this SQL query and fetches the retrieved records. Then our system interprets
attribute names and the value of each retrieved record to create a visualization result
from them.

2.8 Operators

Our framework provides several operators to specify SQL statements. Each operator
corresponds to an primitive operation to specify database queries and visualizations.

Operators for specifying queries

TableBox to specily a database relation to visualize
SelectBox to select records it enclosed
RecordFilterBox to add a new condition to restrict records
JoinBox to join two relations

Operators for specifying representations

TemplateManagerBox  to specify a template to represent records

AxisBox, OriginBox to specify the coordinate system to arrange records
ContainerBox to evaluate the input query and visualize records
OverlayBox to overlay more than one visualization result

Table 1: operators and its operations

Operators are classified into two categories, query specifying operators and repre-
sentation specifying operators. Queries specifying operators specify a base table to vi-
sualize (TableBox), add a new condition to restrict retrieved records (RecordFilterBox,
SelectBox), and join two relations (JoinBox), etc. Representations specifying operators
specify a template to represent each retrieved record (TemplateManagerBox), specify
a coordination system to arrange retrieved records (OriginBox, AxisBox), overlay two
representations (OverlayBox), and evaluate an SQL statement to visualize retrieved
records (ContainerBox). We would like to emphasize that most operators are designed
to correspond to user operations, but not to relational operators nor to clauses in SQL.
This allows users who are not database expert to design visualizations by themselves.
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Figure 3: Operator Example

Each operator takes an SQL statement as input and performs its operation by
modifying the input SQL statement. Then each operator outputs the modified SQL
statement. For example, a TemplateManagerBox is illustrated in Figure 3. To represent
each retrieved record, users can select a template named as template_name, and this
TemplateManagerBox adds a virtual attribute in the SELECT clause of the input SQL
statement, un such a way as “template_name AS TEMPLATENAME”. Users can create
connections among operators, and SQL statements are sent along these connections. An
SQL statement to define visualization is specified by a query flow, i.e., a flow diagram
consisting of operators and connections among them. The visualization specification is
equivalent to the query flow illustrated in Figure 4.
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Figure 4: query flow

SQL statements defining v-extended views are modified by each operator when these
statements flow through components in this diagram. A ContainerBox evaluates the
input SQL statement and retrieves records.

Currently, our DB visualization system based on this framework provides two meth-
ods to connect operators interactively. The first method uses visible plugs and visible

Template AxisBox ContainerBox

ManagerBox I Dropping ) |
Plug TableBox Jack i
T 55
A _ ]
Connecting s i

Template
TableBox M Box | AxisBox I—-l ContainerBox '

Figure 5: connecing by using jacks and plugs Figure 6: connecing by drag-and-drop action

jacks as illustrated in Figure 5. Some operator may have several plugs as input ports
and several jacks as output. Users can interactively connect a plug to a jack to connect
one operator to another in such a way as connecting AV equipment with cables. The
second method is a drag-and-drop action as illustrated in Figure 6. When an operator
is dropped into another operator, our system connects these two operators. For exam-
ple, when users drop an AxisBox (an operator to specify a coordinate system) into a
ContainerBox (an operator to visualize its input view), the coordinate system defined
by the AxisBox is applied to the visualization space defined by the ContainerBox.
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However, it is difficult for users to perform these manipulations in 3-dimensional
virtual space because a mouse ‘can sense only two dimensional movements. Hence,
our system supports user’s manipulations to connect a plug or to drop an operator
by presuming the destination object and automatically adjusting the Z-location of the
manipulated object. Furthermore, jacks and plugs reject wrong connections that make
loop connections.

3.4 Deriving new visualizations

In our framework users can derive a new visualization from others by modifying v-
extended view relations.

To derive new visualizations, users can select a portion of a visualization by modi-
fying a v-extended view. For instance, users can select a rectangular region in a visual-
ization by adding conditions to restrict attributes that are associated with coordinates
attributes XCOORD, YCOORD and ZCOORD.
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Figure 7: Deriving a visualization from one record

Moreover, we can also derive visualizations from one retrieved record by directly
manipulating a visual component representing a record. In our framework each operator
is implemented as a visual interactive component, and it outputs some view relations
modified by its own function. On the other hand, a visualization result consists of
visual objects. In our framework any portions of a visualization correspond to some
view relations, therefore a visual object contained in a visualization result also represents
a view relation corresponding to it.

As a result, an operator and a visual object contained in a visualization can be
generalized to components which output some view relations. By connecting such a
visual object to a query flow diagram, users can derive a visualization from a single
retrieved record.

In the example illustrated in Figure 7, a ball which represents ruthenium is dropped
into the SelectBox. A v-extended view which selects ruthenium from the periodic table
of elements is associated with this ball. Therefore, users can retrieve information related
to ruthenium by modifying this v-extended view. In this example, a list of isotopes is
joined to this v-extended view. As its result, all the isotopes of ruthenium are visualized
like B.
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To perform this operation, a visual object representing a record must be an in-
teractive object which allows direct manipulation. Moreover, such an object must be
a functional component which outputs a v-extended view related to a corresponding
record.

4 Implementation

We have developed a database visualization system based on this framework. In this
section we describe the implementation detail of this visualization system. First, we
describe the IntelligentBox[8] architecture we used as a base system.

4.1 IntelligentBox

IntelligentBox is component-ware architecture to develop 3D interactive applications.
IntelligentBox system provides 3D visual components which we call boxes. Boxes are
interactive and functional component. Boxes allow users to manipulate them by a direct
mouse operation, or by using other input devices (data gloves, WAND, etc) in a 3D
virtual space. Boxes have internal functions and several slots, i.e., a logical interface to
access the internal states of each box. IntelligentBox architecture dynamically supports
mechanisms to specify geometrical compositions and functional compositions between
two boxes. These mechanisms are box composition and slot connection.

IntelligentBox system allows users to combine two boxes into one composite box.
Between two combined boxes a hierarchical relation is defined. One composite box
example is illustrated in Figure 8. In this example, the Box B1 is a child box and B2 is
a parent box. Inferior boxes are fixed in the local coordinate system spanned by theirs
parent boxes. A composite box can be also referred to as boxes, and users can combine
a composite box with other boxes. Composite boxes have tree structures that consist
of primitive boxes and hierarchical relations among them.

#ratio : RotateBa
e AL B 25
Slot Connections

B2: SliderMeterBox

#height

Figure 8: composite box example

IntelligentBox architecture supports the slot connection mechanism to create a func-
tional linkage between two combined boxes. In Figure 8, the slot #ratio of Bl is con-
nected to the slot #height of B2. Each connected slot can read or update the value
of the other slot respectively by a set message or a gimme message. When the slot
value of a parent box is updated, an update message is broadcasted to child boxes. In
this example, if the box B2 changes its height, a value of the slot #height is updated
and an update message is broadcasted to child boxes. The box Bl receives this update
message, and Bl reads the value of the #height slot by sending a gimme message to
B2. Then the box B1 updates the value of its own #ratio slot to the read-out #height
slot value, and rotates its own shape according to the value of #ratio slot.
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Currently there are several implementations of the IntelligentBox architecture. In
this work, we use SGI IRIX version and Linux version IntelligentBox system developed
at Hokkaido University.

4.2 System architecture overview

We use the IntelligentBox system as a basis to implement a database visualization
system based on our framework. Our visualization system provides components sup-
porting operator functions as boxes. We call these boxes operator boxes. Users can
create database visualizations by manipulating and connecting operator boxes. Our
system uses composite boxes to represent each retrieved record and its attributes. In
the current implementation, our system uses an Oracle8 DBMS as a database server.
Our system can access a database server by using a small application implemented in
Java. This application uses the JDBC API and has an ability to transport data and
queries between a database server and an IntelligentBox system. A summary of this
system architecture is illustrated in Figure 9.
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Figure 9: overview of system architecture

4.3  Templates

Our visualization system uses composite boxes to represent retrieved records. We call
these boxes templates. IntelligentBox system provides many primitive boxes that can be
used to represent data values, and users can design templates by arbitrarily combining
these boxes. To represent attributes of retrieved records, visual mappings between
source data attributes and a template are required. Our system supports users to define
visual mappings by means of a TemplateBaseBoxes and TemplateManagerBoxes.
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Figure 10: TemplateBaseBox

A TemplateBaseBox is used as a root box of a template and users can add new slots
to a TemplateBaseBox. Adding slots to a TemplateBaseBox is equivalent to adding a
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new VD attribute to a v-extended view. An example is illustrated in Figure 10. In
this example the #length slot and the #label slot are added to a TemplateBaseBox.
Moreover, a SliderMeterBox and a StringBox are combined and two slot connections
are specified to represent values of two slots.

In our system, templates are stored in a template catalog that is an additional
relation stored in the database. A template catalog has two attributes, TEMPLATEBOX
and TEMPLATENAME. The first attribute stores registered templates. Registered templates
are named, and the second attribute stores a name of each template, as illustrated in
Figure 11.

A TemplateManagerBox specifies a template to represent each retrieved record and
specifies visual mappings. A TemplateManagerBox allows users to select a template
by using a menu dialog of templates stored in a template catalog. When a template
is selected, the TemplateManagerBox adds a virtual attribute in the SELECT clause
of the input SQL statement, in such a way as template_name AS TEMPLATENAME. A
TemplateManagerBox allows users to associate attributes of source data with slots of a
TemplateBaseBox to specify visual mappings. If the attribute DENSITY is associated
with the #length slot, a TemplateManagerBox adds a new attribute in the input SQL
statement, in such a way as DENSITY AS LENGTH.

4-4 Operator Bozes

Our system provides operator boxes that support an operator function. Operator boxes
have an input slot and an output slot to take SQL statements as input and output
modified them.

In later subsections we describe operator boxes supported by our current implemen-
tation.

4.4.1 TableBoz

A TableBox specifies a relation in the database to visualize. A TableBox supports this
function by specifying the FROM clause in the SQL statement. A TableBox can access
the database DDD and create a relation name list dialog. Users can select a relation
by using this dialog. When a relation is selected, a TableBox specifies the FROM clause
in such a way as SELECT ... FROM relname.

4.4.2  RecordFilterBozx and SelectBoz

A RecordFilterBox adds a new condition to the input SQL statement. User can give a
new condition to the RecordFilterBox by specifying a conditional expression directly or
using select dialogs for selecting an attribute, an operator, and a threshold. To create
these dialogs, a RecordFilterBox generates and executes SQL queries to get attribute
names lists or value lists of the selected attribute. A SelectBox is another operator box
to add a new condition. A SelectBox adds a new condition to select visualized records
enclosed by its boundary. By using a SelectBox, users can select visible records directly
and interactively.

4.4.8 JoinBoz

A JoinBox accepts two queries as inputs, and output a query that defines the relational
join of two input queries.
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4.4.4 TemplateManagerBoz

A TemplateManagerBox specifies a template to represent retrieved records and specify
visual mappings to represent attributes of retrieved records.

TemplateManagerBox
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Figure 11: template catalog

Furthermore, a TemplateManagerBox manages templates and template catalogs.
All templates used in our system are stored in the template catalog relation as illustrated
in Figure 11. Each template is stored in the template catalog relation as a text type
column value. A TemplateManagerBox can create a new template catalog and attach
one template catalog on itself to use. By using the TemplateManagerBox, users can add
a new template into the template catalog or remove templates stored in the template
catalog.

4.4.5 AxisBox

An AxisBox associates one attribute of the source data relation with the corresponding
axis to arrange visualized record geometrically. Users can select one attribute of the
source data relation by using a menu dialog. Then an AxisBox can normalize the value
of selected attribute to arrange all visualized record in the visualization space. An
AxisBox specify three attributes, XCOORD, YCOORD, and ZCOORD. These attributes are
used for arranging visualized records in the visualization space.

4.4.6 ContainerBoz

A ContainerBox evaluates input SQL statements and visualize retrieved records. A
ContainerBox represents each record by applying a copy of a template box and arranges
them in the visualization space. Therefore, A ContainerBoxes accepts a v-extended
view that has the following four attributes at least, TEMPLATENAME, XCOORD, YCOORD,
ZCOORD. When the input SQL statement is updated, a ContainerBox evaluates the
input SQL and fetches retrieved record. Then a ContainerBox makes copies of template
boxes according to values of the attribute TEMPLATENAME and substitutes values of other
attributes for slot values of copied templates. Last a ContainerBox arranges copied
template boxes geometrically according to values of three attributes, XCOORD, YCOORD,
ZCQORD.

A ContainerBox has a visualization space for arranging visualized record. Usually a
visualization space is limited in an enclosed area by the boundary of the ContainerBox.
Furthermore a ContainerBox can extend its visualization space by lifting this limita-
tion. In this case, A ContainerBox displays visualized records that are in the area as
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illustrated in Figure 12. By using this method for managing the visualization space, a
ContainerBox can display more visualized record.

4.4.7 OwverlayBoz

An OverlayBox overlies one more visualization results. An OverlayBox allows users
to visualize several visualization results in a single visualization space. In logically,
this function is equivalent to the union operation on v-extended view. But our cur-
rent implementation supports this function by evaluating input queries separately and
visualizing each set of retrieved records in a single visualization space.

5 Visualization Examples

5.1 Basic example

d. (wireframed cube)
Figure 13: basic example

In this example the periodic table of the elements is visualized by our visualization
system. The SQL statement is flowing from left to right. The TableBox specifies the
relation PERIODICTABLE to visualize. The relation PERIODICTABLE consists of records
corresponding to the elements. The TemplateManagerBox applies the template ”Ball”
for each record to visualize. Three AxisBoxes specify the coordinate system to arrange
retrieved records geometrically. Three attributes, E_.GROUP, PERIOD, and DENSITY are
associated with three coordinate axes. Then the ContainerBox evaluates the input SQL
statement and visualizes retrieved records. Users can select directly these visualized
records by using a SelectBox. We give one example of this operation in the next
subsection.

5.2 Qverlay example

In this example two visualizations are generated. Each ContainerBox visualizes the
relation PERIODICTABLE and arranges the elements using different coordinate systems.
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Figure 14: ’overlay’ example

In this example all of the elements are visualized as colored dots. The SelectBox is
dropped into the left ContainerBox to select visualized records it enclosed. The Tem-
plateManagerBox apply the template ”Simple Diamond” for each selected record, and
the OverlayBox overlay the visualization of selected records and the visualization of all
the elements. The right ContainerBox visualizes this overlaid result. Users can move
the SelectBox dynamically, and the right ContainerBox updates its visualization im-
mediately. Thus this coordination between these two visualizations is equivalent to a
blushing-and-linkage coordination.

5.3 Nested visualization example

Figure 15: nested visualization example

This example is the visualization of the prefectural cabbage production in Japan.
In this example a ContainerBox is used as a template to visualize each prefecture. Two
small AxisBoxes are embedded in this template and this template is designed to visual-
ize annual cabbage production changes of the corresponded prefecture. ContainerBoxes
used as a template give users a nested visualization result. In this example the Con-
tainerBox d (large wireframed cube) visualizes the cabbage production mounts of each
prefecture in 1991. Moreover, each small ContainerBox e visualizes the annual cabbage
production change of the corresponded prefecture.

6 Conclusion

In this paper we have proposed a new database visualization framework, and reported
the visualization system based on this framework together with application examples.
In our framework, visualization schemes are specified by database queries. In our
visualization system, users can create these queries by interactively connecting operator
boxes. In our visualization system, nusers can dynamically derive new visualizations from
another and specify coordination among several visualizations. These features support
users effectively to explore a large complex data set.

293
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In our future work, we will extend our visualization framework to cope with a larger
variety of visualization schemes and manipulations. For instance, aggregate functions
have not been supported yet in our framework. Furthermore we will study the query
evaluation optimization.
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Abstract. 'We propose a framework for searching large collections of information
resources that we call information bases. Examples of such collections are large
collections of files in a file system, or tables in a relational database, or objects and
classes in object-oriented databases, or large collections of Web pages. The
framework that we propose allows a user to define a sub-collection of resources of
interest, to name these resources using familiar names (local to the sub-collection)
and to refer to other sub-collections defined by the same user, or by a different user.
We call such sub-collections user contexts, or simply confexts. The main goal of
this paper is to provide a mechanism for context management in a web of
inter-related contexts, i.e., a set of tools for creation or deletion of a context,
insertion or deletion of objects in a context, search for objects of interest in a
context, and traversal of contexts in search of a context of interest.

1. Introduction

The rapid proliferation of information sources in recent years, and the advent of the
Internet have created a World Wide Web of interconnected resources. The Web represents
today the largest collection of information resources that an individual has ever been able
to access — and it is continuously growing at accelerating paces.

Several kinds of tools have been developed in recent years to help individual users to
access Web resources. The so-called search engines are the most popular among these
tools, as they allow users to access the Web resources they index using a very simple
search mechanism, namely keywords or combinations of keywords.

There is however a price to pay by users for the simplicity of the search mechanism: the
answers obtained from search engines usually contain large amounts of information that is
not related to what the user had in mind. This problem comes from the fact that any
given search engine indexes resources that cater to the interests of very large and highly
heterogeneous populations of users.

So, on the one hand we have a large collection of information resources, that we shall
call hereafter the information base, and on the other hand a very large and highly
heterogeneous population of users. Clearly, what is needed here is a personalization
mechanism that allows each user of an information base to define his (her) sub-collection
of resources of interest. It is such a “customized” sub-collection that we call a user context,
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or simply context.

Intuitively, a context is a set of objects within which each object is associated with a set
of names and a reference to some other context.

Perhaps the simplest example of context is the index, or directory, of a department store.
In most department stores, this index is usually located on the ground floor, and looks like
the table of Figure 1(a). It consists of a number of lines and each line contains one or more
keywords, or descriptors, describing kinds of items plus a number indicating the floor on
which such items can be found. For example, the first line contains the keywords
“Perfumes” and “Cosmetics” plus the number 0 indicating that such items are found on the
ground floor. Similarly, the sixth line indicates that furniture can be found on the fifth floor.

We can view the department store index as a context whose contents are triples of the
form, < line-number, descriptors, floor-number >, as shown in Figure 1(b). Under this view,
the line number in the triple is the object, the descriptors give the “semantics” of that
object, and the floor number is the identifier of just another context — the floor context.
Each floor context, in tumn, is again a set of triples, where each triple consists of a floor
sector number, a set of descriptors describing the items available in that floor sector and a
sub-sector number - if the sector is divided into sub-sectors (or Ni/, indicating that the floor
sector is not divided into sub-sectors).

A customer entering the department store looks at (or “accesses™”) the index, and then
examines one by one the triples of the index. Aided by the descriptors the customer selects
a floor number, i.e., a new context. Once on the selected floor, the customer repeats the
same steps but this time looking at the floor index to find the exact sector on the floor
where the items of interest are located. Note however that the items themselves are rot part
of the sector context. In other words, the context mechanism just helps you find where the
items of interest are.

It is important to note here that the notion of context is a “light-weight” abstraction
mechanism that is different than the usual abstraction mechanisms used in modeling
information systems (i.e., classification, attribution and inheritance). However, it can be
used orthogonally together with those mechanisms.

There are only three types of entities in our context mechanism, namely object
identifiers, context identifiers and descriptors; for simplicity, we shall call object identifiers
simply objects and context identifiers simply contexts. We assume that the set of objects,
the set of contexts and the set of descriptors are mutually disjoint sets. As a consequence, a
context cannot belong to the contents of any context.

It is important to note that the context mechanism that we use is not concerned with the
internal structure of the objects: they may be simple objects such as integers, characters, or
strings, or they may be complex objects such as files, tables, classes, images, and so on; as
long as they are identifiable, they can belong to the contents of a context. Actually, as we
shall see, the information base itself is considered as a context.

It is also important to note that our context mechanism has a minimal interference with
the normal operation of the information base: it can be implemented on top of the system
managing the information base, at a minimal cost.

Perfumes, Cosmetics ground floor <line# 1, {Perfumes, Cosmetics }, 0>
Women's Clothing 1* floor <line#2, {Women’s Clothing }, 1>
Men’s Clothing 2nd floor <line#3, {Men’sClothing }, 2>
Children’s Clothing 3rd floor <line# 4, { Children’s Clothing }, 3>
Sports, Casual 4% floor <line# 5, { Sports, Casual }, 4>
Furniture 5" floor <line# 6, { Furniture }, 5>
Restaurant 6" floor <line#7, {Restaurant}, 6>

(a) A department store index (b) The index seen as a context

Fig. 1. An example of context
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There are two main reasons for using a web of contexts on top of an existing information
base:

(a) to allow users to define their own, personalized sub-collections, and to name objects
using familiar names (local to the sub-collection);

(b) to speed-up searching for desired objects in the whole collection, by traversing
appropriate contexts.

For example, if one sits at the University context, and wishes to access tourist
information on Greece, the search will be much faster by traversing the
National-Tourism-Organization context rather than the National-Education context
(assuming the appropriate links exist).

Once again, we stress the fact that searching for desired objects is based on object names
and object identifiers, i.e., without consideration of internal object structure: the internal
structure can be described or “summarized” in the object name(s) which can be a piece of
text, an image, a sound score, or even an “object viewer” — a concept to be explained later.
Therefore, searching in a web of contexts is based on object names and object identifiers,
and makes no use of the internal structure of objects. This is precisely the reason why,
earlier on, we called our context mechanism a “light-weight” abstraction mechanism.

The main goal of this paper is to provide a mechanism for context management, in a
web of inter-related contexts, i.e., a set of tools for creation or deletion of a context,
insertion or deletion of objects in a context, search for objects of interest in a context, and
traversal of contexts in search of a context of interest.

The remainder of this paper is organized as follows. In section 2 we define the notion
of context that we use, as well as some auxiliary concepts. In section 3 we define the
information base “directory” i.e., a system context that contains the information necessary
for managing all user contexts and the basic operations of our context mechanism. In
section 4 we describe the implementation of the proposed context mechanism based on the
IntelligentBox system, a component-ware system developed at the Meme Media
Laboratory. Finally, in section 5 we offer some concluding remarks.

2. Contexts

In this section, we present the notion of context that we use and the query language for
context traversal. Qur definitions are inspired from the notion of context presented in
[1-4] with some extensions.

2.1 The notion of Context

A context consists of an identifier ¢ plus a content. The content of ¢ is a set of triples
of the form, < object-descriptors, object, object-references >, where object-descriptors is a
set of descriptions for the object and object-references is a set of contexts (eventually
empty).

We note that, contrary to [1-4], we allow our contexts to have multiple references. As we
shall see, this feature allows greater flexibility and provides for higher expressive power.
An object descriptor can be a piece of text, an image, a sound score, or even an “object
viewer” — a concept to be explained later. As for the object references, they are contexts
that contain information relevant to the object. It is important to note that descriptors and
references are context dependent. An object can belong to different contexts and may
have different names and/or different references in each context. This feature is useful
when we want to view an object from different perspectives.
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2.2 Accessing information through paths

Accessing information in a contextualized information base often involves navigating
from one object to another by following references. From an object within a given
context, we can reach any object that belongs to one of its references and, recursively, any
object that lies on a path. Navigation is based on the notion of path. A path is a
sequence of pairs of the form (¢, #), 1= 1, .., n, where

1/ ¢; is a context and ¢; = <d}, 0;, r; > 1s a triple in the content of ¢;, and

2/ cissisinr, fori=1, .., n-1.

We also define the concepts of descriptor path and object path as follows:
® a descriptor path is a dot-separated sequence of descriptors 4;.....d;, where d; is a

descriptor in triple 7;, i = 1,...k.

e an object path is a dot-separated sequence of objects o;.....0;, Where o; is an object in

triple t;, i = 1,...k.

Paths form the basis for reaching objects in a context navigating through the references of
objects.

2.3 Querying a Contextualized Information Base

The access to information is achieved using a path-language for context traversal. We
introduce here two macro-operations that are inspired from [4] :

look-up(c, d) : this operation takes as input a context ¢ and a descriptor d and returns the
set of descriptor paths starting with a descriptor in the content of ¢, and ending with
descriptor d.

cross-ref{c, o0): this operation takes as input a context ¢ and an object o and returns the
set of all descriptor paths starting with a descriptor in the content of ¢ and ending with one
of the descriptors of o.

This is useful as we can find alternative representations of the same object in different
contexts, as well as the descriptor paths to reach these representations.

3. Managing a Web of Contexts

We now turn to the question of how to manage a collection of contexts defined by users
on top of a given information base. To this end, in this section, we describe a mechanism
for creation or deletion of a context, insertion or deletion of objects in a context, search for
objects of interest in a context, and traversal of contexts in search of a context of interest.
Then, in the following section, we describe the implementation of our mechanism based on
the IntelligentBox system [6].

The basic concept of our mechanism for context management is the information base
directory i.e., a special context that contains the information necessary for managing all
user-defined contexts. The idea behind the directory is to provide an entry point to the
various contexts defined by the users. Therefore the directory acts as a registry where every
newly defined context is registered (inserted) and from where every undesired context is
un-registered (deleted). The directory can be referenced by any user-defined context in
read-only mode, and supports the following operations:

(1) Context Creation
The creation of a new context is implemented by
asking for a new context, say c;
asking for a new object, say o;
adding to the contents of the directory a triple < d, o, r >, withr = {c}.
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The object o acts as a surrogate for the context ¢ (since its reference is c), we shall
therefore refer to it as the context surrogate. The set d of descriptors contains user-defined
descriptors of the object o - and therefore of the context c. We assume that d also contains a
system-defined descriptor which is unique within the directory, we shall therefore refer to
it as the key of 0. Note that, according to the way contexts are created, for any two objects
o, 0’ in the directory we have: reflo)#ref(0’).

Access to a context is obtained only through the directory.

(2) Reference authorization

The first time that a context ¢ wishes to refer to a new context ¢’ an authorization is
asked from the directory. The authorization is granted if ¢’ is not deleted (see also the
discussion below concerning the deletion of a context). One could of course use more
sophisticated authorization mechanisms. However, this subject lies outside the scope of
the present paper.

(3) The Information Base Context
We assume that the directory always contains a special object representing the
Information Base Context, i.e., a context denoted by IBC and defined as follows :
contents(IBC) = { < {IB}, o, & >| o is an object in the information base}
In other words, the context IBC contains all the objects of the information base without any
references to other contexts. Its presence serves to allow users that do not want to work
with contexts to simply work with the information base (as usual).

(4) Context Deletion

The deletion of a context is implemented by simply putting to empty the reference of its
surrogate in the directory. Since use of contexts as references is always done through the
directory, a context deleted in this way will not be able to access.

The deletion of contexts poses the problem of “dangling references”. Indeed, a problem
arises when a context ¢’ is referenced by some of the triples of a context ¢. This problem is
dealt with by introducing a “shadow-context” to the directory, called the usage context.
The usage context contains a triple of the form :

< surrogate-key, surrogate-object, referenced-contexts >
for every surrogate object appearing in the directory. The third component of the above
triple consists of all contexts referenced by the context whose surrogate object is the
second component of the triple.

Whenever a context is deleted or the content of a context is updated the usage context is
updated as well. Moreover, following any update of the usage context, a notification may
have to be sent to contexts referencing deleted contexts (see the discussion below
concerning context deletion).

(5) Insertion of a Triple in a Context
The insertion of a triple < d, o, r > in a context ¢ is implemented as follows:
ifthereisatriple<d’ o, r'>inc
then modify this triple as follows: d’:=d’wd and r’:=r’r
else add < d, o, r > to the contents of ¢
We note that, in order to find contexts of interest to which one wants to refer (i.e., in
order to find r’ in the triple to be inserted) one has to always consult the directory. Indeed,
at any moment, the directory contains all contexts that are currently present in the
information base.
As we mentioned earlier, following an insertion, the usage context may have to be
updated.

299
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(6) Deletion of a Triple in a Context
The deletion of a triple from a context is performed by simply removing the triple from
the contents and updating the usage contexts if necessary.

(7) Search for objects of interest in a context

The search for objects of interest in a context is done using object descriptors. The
following operation is used:
search(d, c) : this operation takes as input a set d of descriptors and a context ¢ and returns
the set of all triples <d’, 0’, r’ > in ¢ such that dd’=J

(8) Traversal of contexts in search of a context of interest
Traversal of contexts is performed using the operations Jook-up and cross-ref seen
earlier.

4. Implementation of Contexts in the IntelligentBox System

In this section we describe the implementation of the proposed context mechanism based
on the IntelligentBox system, a component-ware system developed at the Meme Media
Laboratory [S].

A web of contexts can be implemented in the form of what we call an Information
Access Space. The basic components of such a space are what we call media objects that
are software entities defined in the IntelligentBox system. We use two kinds of media
objects, a context space and an object space, whose definitions will be given shortly. First
we explain how contexts and their contents are mapped into context spaces and object
spaces, respectively.

A context ¢ is implemented as a context space, denoted space(c), and each triple 7 in the
contents of ¢ is implemented as an object space, denoted space(?, c). For each triple ¢ in the
contents of ¢, the object space space(t, c) is bound to the context space space(c). Roughly
speaking, a context space consists of the object spaces into which its objects are mapped.
Note however that an object space is bound to one and only one context space, thus if a
triple ¢ belongs to two different contexts, say ¢ and c¢’, it will be mapped into two different
object spaces, namely, space(t, ¢) and space(t, c’), respectively. The object space space(t,
¢) will be bound to the context space space(c), while the object space space(t, ¢’) will be
bound to the context space space(c’).

In a context space, each object space of a triple models the descriptors and the references
of the triple, and moreover it provides a viewer to the content of the object in that triple. As
we shall see later, the viewer simply allows to inspect the content. We recall that the
content of an object is not part of the context mechanism, i.e., the contents of objects are
developed independently, and only their identifiers can appear in a context.

Given a collection of contexts, the set of context spaces into which the contexts are
mapped is what we call the Information Access Space of that collection. In what follows,
we describe the implementation of each of the basic components of an information access
space, namely, a context space, an object space, an object descriptor, an object space
reference and an object viewer.

(1) Information Access Module

Figure 2 shows the access mechanism to information bases from an IntelligentBox
environment. We provide a database access interface and predefined template query as
3D components. A Query Definition Box receives some arguments as inputs, and then
generates a query statement. A Database Proxy Box works as an interface between a
database system and the IntelligentBox system. Through a Database Proxy Box, the
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IntelligentBox system users can use a set of database functions in the form of boxes. A
Data Manager Box reifies database records as Boxes. This box keeps an identification of
the template Box(es) to materialize the database record. Arbitrary Boxes can be
pre-registered in the Template Box Table that is a global variable in the IntelligentBox
system. When the Data Manager Box receives the collection data, then the Data Manager
Box makes copies of template Boxes that is pre-registered. Then each copy of the
template Box is instantiated with the value of the corresponding element of the collection.
The Data Set Manager Box distributes each element of the collection to each Box, which
becomes an instantiation of the template model.

(2) Context Space

As we have seen, a context is a set of objects, in which each object is associated with a
set of descriptors and a set of references. Similarly, a Context Space is a virtual space
that includes a set of pointers to object spaces. A pointer to an object space is called an
object space port (OSP) and a pointer to context space is called a context space port (CSP).
The port is an entrance to access a target space.

Figure 3 shows the component structure corresponding to a context space. A CSP box
holds the context-id ¢ its slot #spaceID. An OSP Generator is constructed by the
Information Access module. It receives the context-id ¢ and reifies the object spaces that
correspond to the contents of context c. A Query Definition Box generates a query to get
contents of the context. Then a Database Proxy Box evaluates this query and sends the
result to a Data Manager Box. A Data Manager Box reifies the result as a set of object
spaces.

|wg T
(3) Object space #emplatelD #data_set
An object space is a 3D visualization of a Data Manager Box
triplet.  Figure 4 shows the component evaluate Fquery #results
structure corresponding to each object space. DB Proxy Box

Each OSP of an OSP generator box is e o
connected to a virtual 3D space, called an #query  #args
object space. In an object space, there are Query Definition Box

object descriptors, an object viewer and a set
of references that correspond to the triplet
da'fa in the context. A reference is a set of Fig.2. An access mechanism

pointers to context spaces, they are to an information base from IntelligentBox.

represented by CSPs.
Space

Information Base

Object
Space

(4) Object Descriptor
An object descriptor can be a piece of

text, an image, a music score and so on. #eid

Appropriate media object(s) are used as CSP Box

Object Descriptors. How to construct each Fig. 3. A components structure
object descriptor is up to the designer of an of Context Space.

object descriptor. In Figure 5, an
object-descriptor is text. We use a text Box to

represent it. Object |[Object
Descriptor | Viewer

Object
(5) Object Viewer dobject  Fobject Yiobject Space
An object viewer is also an appropriate | “descriptors -identifier  -references
media object to represent an object. How to ORF Box
construct each object viewer is up to the Fig. 4. A components structure

of Object Space.
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designer of the object viewer. In Figure 5, an
Image Viewer Box is used as an object viewer.

(6) Object Reference

An object reference is a set of context-ids.
When a Data Manager Box receives a set of CIDs, it
generates context spaces corresponding to the input
data. In each context space, each OSP Generator
automatically creates its own object spaces that are
the contents of each context.

5. Cencluding Remarks

We have proposed a framework for searching
large collections of information resources based on
context. This framework allows a user to define a
sub-collection of resources of interest, to name these
resources using familiar names (local to the
sub-collection) and to refer to other sub-collections
defined by the same user, or by a different user. The
main goal of this paper is to provide a mechanism
for context management in a web of inter-related
contexts, i.e., a set of tools for creating or deleting a
context, inserting or deleting the objects in a context,
searching for objects of interest in a context, and
traversal of contexts in search of a context of
interest. Fig. 5. An Exploration in a Context

We have implemented these concepts in the form based Information Access Space
of what we call Information Access Space, based on
the IntelligentBox System. As it stands now, our prototype allows for context traversal and
querying of a collection of contexts. However, no update mechanism has been
implemented so far.

Future work includes the implementation of update operations and the definition of a full
fledged query language.

Context Space
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Abstract

The purpose of this research is to develop methods for managing text documents written in
a natural language based on stories. Under defining a story as a sequence of events and every
document is interpreted as a story, we try to find documents that are interpreted as a same
story. In this paper we report some experimental resuits towards finding such documents, by
abstracting every raw document with a sequence of occurrence vectors, which is a modification
of well-known document vectors, by using some numerical function and Boolean function, and by
using a refinement operator for generalization of documents.

1 Introduction

The purpose of this research is to develop a method for managing text documents written in a natural
language based on stories. Stories have been used for transferring information for a long time. When
we read books, magazines, or newspapers, or when we watch TV programs, we remember the contents
as stories. Such experience in our everyday life suggests that stories might be used for managing
information.

In order to achieve the purpose, we must define stories as an abstract data model. Qur definition is
that a story is a sequence of events, where an event is a minimum element that cannot be divided any
more. We use these concepts as semantics of text documents. That is, a story is an interpretation of
some text documents. This definition does not assume that every document telling a same story should
be tell same events in a same order. For example, a sentence “He went to bed after he red a book” is
equivalently represented as “He red a book before he went to bed.” Under the definition, analysis of
documents sentence by sentence would not be meaningful. In this paper, in order to find similarity of
stories described to sentences, we propose a new method with which we compare two documents.

The first key idea for our method is that, instead of treating raw documents, we abstract them
by translating every sentence into an occurrence vector, which is a modification of the document
vector {1, 3]. An occurrence vector shows whether or not each keyword occurs in the original sentence.
An abstracted document is a sequence of occurrence vectors, to which we could apply various methods
based on mathematics. In fact we use the cosine function for defining similarity of two occurrence
vectors.

The second idea is from the following consideration: Some two sequences from a same sentence in
different order might be interpreted as a same story, but not all. For example, a text document would
not keep its interpretation if we shuffied the sentences in it randomly. This means that some fragments
of documents, which we will call a window, should represents an event, and that we must conjecture
how long the windows when we look for documents of same stories. We determined it by experiments
with documents of Japanese tales.

* At present, Mitsubishi Motors Corporation
t At present, Graduate School of Informatics, Kyoto University
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sim (v (w)), v (w,))

Figure 1: Finding similarity by sliding windows

2 Stories and Occurrence Vectors

Throughout this paper we treat the data type finite sequences. For a sequence o, its i-th element is
denoted by o (i) and its length is denoted by len(s). For a natural number of n we define no is a
sequence of length n x len(o) such that (no)(i) = o([i/n] + 1).

A document d is a non-empty sequence of sentences, where a sentence is a minimum element which
we never divide any more. The set of documents is denoted by D. The concatenation of two documents
or sentences is denoted by a dot -. A sub-document of a document d is a subsequence of sentences in d.
It is also called a window of d. We define the set of stories as a semantic domain for text documents.
Let £ be a set, each of which element is called an event. We define a story as a sequence of events.
Two stories are same if they are same as sequences of events. The set of stories is denoted by S. A
representation r of stories is a one-to-one mapping from S to D satisfying that r(s-t) = r(s) - r(t) for
any two stories s and ¢t. An interpretation of a subset D’ C D is such a mapping ¢ from D’ to S that
there is a representation r such that r{i(d)) = d for every d € D'.

An occurrence vector is defined as an abstraction of sentences. Let X be the set of key words and
B = {0,1}. We assume that K is finite, with §(X) = n. Fix an enumeration ki, k2, ks, ..., k. of the
elements in K. An occurrence vector v(s) of a sentence s is an element (b1, b2, . ..,b,) of B™ satisfying
that b; = 1 if the keyword k; occurs in s and otherwise b; = 1 for ¢ = 1,2,...,n. For a window
W = 8183 ...8m, we define v(w) = v(s;)v(sz) ... v(sm) and call it the occurrence sequence of w. For
vectors u and v in B”, we define u-v = (u; - vi,...,Un - Vo) and u+ v = (W + vi,..., 0, + Vy)
where - and + are Boolean multiplication and addition, respectively.

3 Finding Similarity of Stories

When two documents d; and d; are given, we detect similarity of the stories described with them in
the following manner: At first we put a window w; for each document d;. Then, we compute the
value sim(v(wy),v(wz)), where sim is a function which defines similarity of two vectors. The pair of
windows is slid from the heads of the each document to their ends with synchronization, as depicted
in Fig. 1.
The length of the windows is determined by giving a the parameter 0 < p < 1 so that the following

holds for i = 1,2:

len(w;) len(w;) + 1

len(d) ~ P S Tlen(d:)

The parameter p, called a level of abstraction, must help us to recognize similarity of the stories of
the documents. In case that both of the windows w; and ws were too short, there would be almost
no word which appears in common in them, and therefore the sim (v{w1),v(ws)) would be very small
even though the stories of the two documents were similar. On the contrary, in case that the windows
were too long, words appearing in both of them would affect the similarity value, without depending
on where they occurred in the documents. We determined the size by experiment as reported in the
following section.
Now we formalize our method. Let a sequence of vectors F such that len(d2) = n and

N (41,...,1) f1<i<k,
53(')‘{ (0,0,...,0) fk+1<i<n.
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(a) Two different documents for “Issun-boushi” (b) A document for “Issun-boushi” and shuffled

Figure 2: Results when p = 0.7

For any element of o € (B™)*, we define

len(o)

ox&76) = Y o(s+i)-60).

§=0

Below we write 6:’"(”)(1’) as 0x(4). A refinement relation —4 is defined as a acyclic relation such that
€ —5 0 * 0,(0) and

0 *0n_i(0) o *0,_;(1) ... 0 % 6,_;(1)
=5 048, (i111)(0) o * b4 1)(1) ... o ¥ b _(iyy(E+1)

A similarity of two vectors in B” is a reflexive and symmetric relation in B® x B”. We extend the
similarity to a relation between two occurrence vectors. Let o and 7 be € (B™)*. When we check the
similarity of two documents using the refinement, we must firstly make their lengths equal. Secondly
we must give a similarity of two vectors. Let ¢ and 7 are two sequence. Then o and 7 are similar until
level p w.r.t. —; if there are natural umber I and series of refinements

€501 s ... 3§ i 5 ... = len(o)o
€5 TL 5 ... =5 Ti =¥ ... 35 len(T)T

such that I = [p x len{(s) x len(r)] and o; and that 7; are similar for i = 1,2,...,I, but not for
i=1+1,...,len{o)len(r).

4 Experiments

In order to confirm that our method is consistent with our aim, we tried to find the level p to which two
documents of a same story are similar. We used text documents written in Japanese for well-known
tales: “Issun-boushi”, “Cinderella”, and “Momotaro”. For each tale, we prepared several documents
by different authors and publishers. As the similarity we used the cosine function

v-w

sim(v, W) = W‘

of two vectors v and w.

Because in Japanese no space is inserted between two words, we divide a document into words
with a software tool named Chasen developed at Nara Institute of Science and Technology University
(http://chasen.aist-nara.ac.jp/). More precisely speaking, Chasen extracts all morphemes, which
is the minimum unit having meaning, and transforms each of the morphemes into its standard form.
Since in its process Chasen infers the part of speech of each word, we use nouns, verbs, and adjectives
as keywords, without using any stop-word-list.

The results are presented as graphs in Fig. 2, 3, and 4. In each graph in the figures, the z-axis is
for the vectors in the sequence obtained by the refinement, and the y-axis is for the value of similarity.

The graph (a) in each figure is of the pair of different documents for “Issun-boushi”. The graph (b)
in Fig. 2 is of the pair of a document “Issun-boushi” for and the one obtained by shuffled the sentences
of the first document. From the graphs in Fig. 2, we see that we cannot distinguish two documents
for different stories in the case when p = 0.7. The graph (b) in Fig. 3 is of the pair of a document
for “Issun-boushi” and one for “Momotaro”. The graphs in Fig. 3 show that, if p = 0.1, we may not
detect two different documents for one story. The graphs in Fig. 4 show that, if we choose a proper
threshold for the similarity value, we can detect only the document which tell a same story.
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Figure 4: Results when p = 0.3

5 Conclusion

In this paper we define fundamental concepts which are needed for managing text documents with
stories. We also carried out experiments using text documents written in Japanese for well-known tales.
We got such results as we had expected and conclude that our method is consistent to management
of text documents with stories. Recently we improved our method by using document vectors based
on the TF-IDF function (3], instead of using occurrences of words. Moreover, we have introduced
generalization of words based on a thesaurus. The results from this improvement will be reported in
near future.
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Abstract,

Understanding the structure and functionality of the domain of interest and repre-
senting them in an intuitive, conceptual form is crucial in any effort to manage infor-
mation about the domain. We adopt the view that documents contain information about
the domain of application in a structural form. However, the structure in documents is
often loose and modelling and management tools are seldom used in connection with
document.

In an ideal sitvation, all the organization’s documents are stored in an electronic
form in the same database. In that case we say these documents form the organization’s
document database. Extensible Markup Language (XML) is now a widely accepted
format for electronic documents. XML document type definitions are used to require
a specific structure of documents. In our opinion, creating document type definitions
corresponds to conceptual and logical database design in a database design process.
We consider that this design can be supported with a suitable set of tools that help the
designer concentrate on conceptual issues instead of implementation issues.

In this paper, we introduce a software called Meta Data Visualisation (MDV) that
(i) assists the user with a graphical user interface in the creation of his specific docu-
ment types, (ii) creates a database according to these document types, (iii) allows the
user to browse the database, and (iv) uses native XML presentation of the data in order
to allow queries or data to be exported to other XML based systems.

Our hypothesis is that using the methodology presented in this paper we gain XML
databases that are useful and relevant, and with which MDV works as a user interface.

1 Introduction

The aims of this paper are (i) to study how XML can be used in the context of modelling
and what were its benefits, and (ii) to outline an implementation of an XML-based modelling
tool.

According to Reingruber and Gregory [19], a model in general is “a hypothetical or styl-
ized representation”; it attempts to capture in meaningful form some larger, or in some cases
smaller, object that exists or will exist. Modelling, naturally, is the process of forming these
models. We call the object of modelling a domain of interest or, briefly, domain.

There are possibly dozens (if not hundreds) of different accounts of modelling in different
domains — engineering, economics, medicine, and social sciences, to name just a few. In the
scope of this paper we limit our interest to modelling in computer science and information
studies, and in order to do so, we make some simplifying assumptions:
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e Assumption 1: models and modelling are important tools for capturing information about
the domain.

o Assumption 2: this information can be expressed in textual form, that we call documents.
e Assumption 3: the structure of the documents reflects the features of the domain.

o Assumption 4: these structured documents can be stored in a database and queries that
take advantage of the structure of the documents can be supported by the database man-
agement system.

In computer science, modelling in the form of conceptual modelling, information mod-
elling, database modelling, and data modelling has been applied at least in database design,
artificial intelligence, and software design (see e.g. [11], [21], [12]). Despite the differences
in terminology, it seems that most of the approaches emphasise the use of abstraction mech-
anisms to capture knowledge about the domain. Abstraction mechanisms allow us to state
that there are objects, attributes of objects and different kinds of relations (of objects and
attributes) in the domain of interest; briefly, they allow us to express the structure of the
domain.

As Reingruber and Gregory [19] state, the model’s representation relies on the adoption
of a language. Using database terminology, a conceptual model is expressed by a concep-
tual schema using an appropriate langunage (see [20]). Semantic data models, like the Entity-
Relationship model, and description logics (see [5], [2]) are among the best known languages
created for the purposes of the representation of the model. Analysis of different languages
from the point of view of their applications and expressive power, for instance, has been a
source of many studies (see e.g. [16], [11], [3], (9]).

In order to eventually store and retrieve data, the conceptual schema will be translated into
a logical database schema that can be implemented using a database management system (see
[10]). The result of the implementation is a database that can be populated with actual data.
In the context of this paper, and according to our assumptions, we consider the database to be
a collection of structured documents.

Extensible Markup Language (XML) is a set of data representation conventions. A repre-
sentation of something is called an XML document if the representation conforms with these
conventions. These conventions do not state that a “real” document would always have an
author or a title. In order to require such properties, we need to create a definition of our own,
specific, type of a document. Naturally, this creation requires that we have knowledge about
the domain of our documents and that we use this knowledge to impose a structure on our
definition of such documents — for instance that each one of them has at least one author.
Once we impose this requirement, the fact that each document has at least one author can
be used in information retrieval, i.e. searching for documents based on the name(s) of the
author(s).

The role of XML in this context can be summarised as follows:

o Constructing XML document types can be seen as modelling;

o It is possible to express abstraction mechanisms (stating that there are objects, attributes
of objects and different kinds of relations) using XML;
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o XML databases, their management software, and their query tools that take advantage of
the structure of XML documents are readily available.

Meta Data Visualisation (MDV) software is a web application for managing XML-based
data. The software supports both document type design and simple document management
and query operations and contains its own database management system. Let us consider the
database design process (as in [10]) to consist of requirements collection, conceptual database
design, the choice of database management system software, logical database design, physical
database design, and implementation. We can say that MDV supports all these steps in a
trivial way, and additionally provides the user with a graphical user interface by which he can
browse his data.

In order to illustrate the use of XML and MDYV, we consider a domain of a wine farm.
The user wants to model wines, their qualities and attributes, and their sales by bottles and
barrels. The conceptual database design in this case equals to creating document types to
correspond wine, wine bottle, barrel etc. This could be done by manually creating XML Doc-
ument Type Definitions (DTDs), but most users would find it cumbersome. With MDV, the
user creates these definitions interactively and then inserts his documents that are instances
of these definitions.

Related work Several XML based web design frameworks like Expresso {15], Araneus
[17] and WebML [4] (commercialized by WebRatio) are currently available. Many of them
provide the user with sophisticated tools for web site building and work flow management.
The scope of MDV is more limited but quite user friendly. The user of MDV does not
need background knowledge about Entity-Relationship model or other modelling languages.
Moreover, the user is provided with a simple, intuitive interface with categories (that contain
documents) and methods for designing and creating documents.

Contents The rest of this paper is organized as follows. In Section 2 we define some ter-
minology Section 3 presents how abstraction mechanisms can be expressed with XML and
Section 4 describes by an example how to use MDV in modelling and XML based document
management. Conclusions are presented in Section 5.

2 Terminology and conventions

XML (eXtensible Markup Language) is “the universal format for structured documents and
data on the Web” [8]. As such, XML is a meta language — a language for describing other
languages — which lets one design customised markup languages for different types of docu-
ments, using a declaration syntax defined in recommendation [6]. A particular XML language
(like the one we use to describe documents in MDV) conforms to a grammar, that can be de-
fined either using Document Type Definitions (DTDs) or XMLSchemas (see [8]).
According to the terminological conventions, an XML document consists of elements
that are either entities or attributes (of entities). An XML processor (a computer prograim)
can parse an XML document for as long as these conventions (and some further constraints)
are not violated — even if there is no DTD for this document. The role of a DTD is to define
valid element type names and attribute type names and in what order they must occur in the
document. For further information about XML and examples of DTD’s. see e.g. [13].
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“XML document” in this paper is a technical term and refers to a well-formed string
of characters by which elements (entities or attributes) are coded. Most documents that we
encounter in real life are not XML documents; modelling is needed for representing in XML
the information contained in real documents: we need to decide the format of XML in order
to express the information in a meaningful form.

3 Representing documents using XML

It is our assumption that the structure of the documents reflects the features of the domain. In
what follows, we shall study how to model documents and represent them in an XML format.

In electronic document management, we need to conceptualise the domain in order to
find the relevant structures that the documents reflect. This kind of conceptualisation has been
made in the field of Semantic Data Models (see e.g. [1], [14]). We adopt the following ab-
straction mechanisms since they appear frequently in documents and domains of documents
(examples below)!:

e IS-A, i.e. the relation between a subtype and its supertype, like WHITE WINE IS-A WINE;

e Attribution, i.e. functional relations, like WINE having attributes of country of origin
and name, at least;

e Association, i.e. named relations between objects of some types, like a relation of precedes
between BILL and REMINDER;

e Aggregation, i.e. constructing something out of independent parts, like BILL would con-
tain a PERSON as a recipient and payee;

¢ Grouping, i.e. creating finite sets of objects of a given type. For example a grouping of
BILLING ITEMS is typical for bills.

Association can be seen as attribution, in a way that a REMINDER could have an an attribute
precedes. Therefore, we omit association in further discussion.

Attribution can be represented trivially using XML attributes. However, since IS-A, ag-
gregation, and grouping are basically relations, we adopt XLink, an XML language ([7]) to
represent them.

4 Using MDV in designing and interacting with the database

Though the XML representation explained in Section 3 constitutes a solid XML foundation
of representing documents, a set of these document type definitions probably means very
little to a normal user. A user interface is needed for the user to add his own document types
and relations in the database. Moreover, a user interface enables the user to enter, search, edit
and delete actual documents, too.

The modelling features of MDV have been greatly influenced by Hull and King’s ac-
counts of Semantic Data Models ([1], [14]). The abstraction mechanisms that Hull and King
discuss are those of IS-A, attribution, aggregation, and grouping, as explained in Section 3.

!In what follows, the names of types are written in uppercase and names of fields, attributes, and relations
in lowercase.
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As indicated by Hull and King in [14], attributes and aggregation can both be used in some
situations.? This can confuse users, and therefore in MDV we impose a simplifying rule that
seem to be quite intuitive to most users: an aggregate type is just an aggregate; it cannot have
attribute fields.

In MDV, these abstraction methods are related to document types, that can be created or
edited by the user. Document types may contain 0..n field types. In the simple case of Figure
1, a field is printable (string, enumeration, or picture). In this way, MDV implements simple
attributes.

WINE Document id 5456

Grape: STRING Grape: Cabernet sauvignon
Name: STRING Name: Chateau Vieux Satigny
Country-of-origin: STRING Country-of-origin: Switzerland

Figure 1: A simple document type and an example of its instance document.

Other abstraction methods are managed by MDV as follows:

e Functional relations: in MDYV, fields that are not printable are called functional relations.
In Figure 2, the user has created a type WINE-BOTTLE, that has a field contains-wi-
ne. Contains-wine can be filled with a document of type WINE. This is a method of
implementing attributes whose values are non-printable.

WINE-BOTTLE Document id 5457
Contains-wine: WINE Contains-wine: 5456

Figure 2: WINE-BOTTLE document type and an example of its instance docurnent.
e IS-A: the administrator can derive a document type from an existing type. The new type

will be a subtype of the existing one. In Figure 3, the user has derived WHITE-WINE from
WINE.

WHITE-WINE Document id 5458

IS-A: WINE Grape: Sauvignon blanc
White-wine-quality: dry/medium/sweet. Name: Baccarat

Sparkling: yes/no. Country-of-origin: Switzerland

white-wine-quality: dry
Sparkling: yes

Figure 3: WHITE-WINE document type and an example of its instance document.

o Grouping: the administrator can create a grouping of an existing type. In Figure 4 a group-
ing BOUGHT -WINE-BOTTLES has been created.

e An aggregate (Cartesian product) is shown in Figure 5. As mentioned earlier, instead of
aggregation (has-part in the figure), we could think of WINE-BOUGHT-BY-BARREL as a
document type that has parts of type WINE-BARREL and WINE. We impose a limitation that
an aggregate can only have has-part-fields. In this case, the functional relation (lower)
implementation is better if we want to include the field price in the type.

2Hull and King discuss an example where the relationship of people and their businesses can be represented
(i) by PERSON’ s attribute works-for whose values are BUSINESSes or (ii) by the aggregate EMPLOYMENT that
has person and business as its parts.

311



312 M. Niinimiiki and V. Sivunen / Computer Assisted XML-based Modelling

BOUGHT -WINE-BOTTLES Document id 5459
GROUPING-OF: WINE-BOTTLE GROUPING-OF values: 5456, 5457

Figure 4: BOUGHT-WINE document type and an example of its instance document.

WINE-BARREL Document id 5460
Made-of: STRING Made-of: Oak
Made-when: STRING Made-when: 1986
Size: STRING Size: 10 litres
WINE-BOUGHT-BY-BARREL Document id 5461
has-part-1: WINE-BARREL has-part-1: 5460
has-part-2: WINE has-part-2: 5458
WINE-BOUGHT-BY-BARREL Document id 5461
Barrel: WINE-BARREL Barrel: 5460
Wine: WINE Wine: 5458
Price: STRING Price: 100 CHF

Figure 5: WINE-BARREL and two ways of implementing WINE-BOUGHT - BY - BARREL,

As an example, we demonstrate how to create the corresponding document types, rela-
tions and documents using MDV. The basic functionality of the software is explained in [18],
so here we only provide a short summary of the main features.

Figures 6 and 7 illustrate how to create a new basic document type WINE. Figure 8 show
how to add fields to it in order to achieve the type shown in Figure 1.

[ ha vew sagogun Guenyin |

. . }
Figure 6: MDV document types conhguration page.

Function relations with the interface: e.g. creation of type WINE-BOTTLE and a functional
relation from it to WINE (WINE-BOTTLE contains WINE), as in Figure 2.

Subtypes, e.g. creating a new document type WHITE-WINE as a subtype of WINE, as in
Figure 3.

Grouping: creating a grouping BOUGHT-WINE-BOTTLES, whose members are of type WI-
NE-BOTTLE. The user creates a new grouping from the link “Add new grouping type” of the
document type editor of Figure 6.

In an aggregation, only references to other (existing) document types are possible. The
interface supports how to create a WINE-BOUGHT - BY -BARREL type that has wine-barrel (of
type WINE-BARREL) and wine (of type WINE) as its parts. There, the user creates a field (part)
wine in WINE-BOUGHT-BY-BARREL and states that only WINE documents can be this part.

There is naturally a user interface for creating and editing documents using MDV. As an
example, let us assume the user creates a WINE document (corresponding to Figure 1), with the
following values of fields: Grape Cabernet Sauvignon, Name Chateau X, Country-of-origin
Switzerland.
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Figure 8: Adding Ticlds Grape, Name and Country-of-origin {o WiNE.

Our assumption 4 states that with structured documents, queries can take advantages of
the structure. We have implemented a query interface, as follows:

¢ In Figure 8, the user stated that he wants to enable searching by Country-of-origin
field;

e A new item, “Search by Country-of-origin” is now available in the user interface. The
user types the name of the country of interest (e.g. Switzerland);

o A set of documents corresponding to the query is returned, in this case the document the
user entered above.

5 Discussion and conclusions

Models and modelling are used in many areas to capture knowledge of the domain. There is
a lack of suitable tools which can facilitate the modelling process. Our solution is the XML
framework called Meta Data Visualisation. The MDV software assists user with a graphical
user interface in the creation of the specific document types. The documents are stored into
MDV’s database. This database can be browsed and queried or data can be exported to other
XML systems. We have demonstrated the functionality of MDV using a real life example that
uses the abstraction methods (IS-A, attribution, aggregation, ..) in a natural manner.

A feature under development with MDV is a model browser that represents a graphical vi-
sualisation of the interconnections of document types. This will altow the users learn quickly
about the information contained in the domain.

We believe that our methodology and the MDV software will help the modelling work
and by using it one can create XML databases that are useful and relevant. MDV is open
source software and it is downloadable at http://mdv.sourceforge.org.
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Product Ranking System using User’s Requests
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Abstract. This paper proposes a method to integrate computer specifi-
cations retrieved from multiple Web sites, to extract characteristic-data
of each computer based on integrated information, and to present prod-
ucts suitable for a user’s request. The specifications written in HTML
are converted into normal forms called table structure. The quantita-
tive attributes such as speed, capacity and dimensions are extracted by
comparing them with the mean or mode of all sample data, and the qual-
itative ones such as kind of processor and graphics chip are extracted
using knowledge provided manually. The recommended products are
dynamically determined from the extracted data by a user’s request and
relevance feedback. Moreover, a radar chart and Japanese sentences are
generated from specifications. Experimental results show the effective-
ness of our method.

1 Introduction

As the World Wide Web rapidly grows, a huge number of online documents are easily
accessible on the Web. Finding information relevant to user needs has become increas-
ingly important. One of the useful online documents is specifications for equipment
about products such as personal computers and digital still cameras. In general, their
specifications are presented in tabular form as shown in Fig. 1. Although they contain
many kinds of data, it is not clear which ones are the characteristic-data among them.
For example, consider users who want to buy a personal computer. They retrieve prod-
uct information that includes specifications from Web sites of many computer makers.
However, it is difficult for users except some experts to select a suitable computer for
their own purpose from the several specifications. The reasons are as follows:

1. Each Web site provides its own product, and does not contain comparison with
other maker’s products.

2. Web pages of each site have various styles, and it is not easy to compare them
with other maker’s ones.

3. Extraction of characteristic-data and association of user’s requests with specifica-
tions of each product require technical knowledge.

To satisfy a user’s request, a Web-based system must integrate the information from
the various sites into a single, coherent whole. Unfortunately, integrating information
from diverse sources is very hard when information is presented in a simple structure(1].

The purpose of our study is to develop a multimedia summarization system. As
the initial step, we focus on a table on the World Wide Web. We are developing a
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Figure 2: Outline of our system.

multi-specifications summarization system from multiple Web sites, focusing on per-
sonal computer products [2]. This paper proposes a method to integrate specifications
presented in tabular form, to extract characteristic-data of each computer based on
integrated information, and to present computers for a user’s request. Figure 2 shows
the process flow of our system. First, Web pages are retrieved from multiple sites by
a file-downloading software. Product specifications are extracted from the Web pages.
Then HTML-based specifications are converted into normal forms called table structure.
These processes are available for other product specifications. Next, characteristic-data
are extracted from the table structures. Finally, the recommended computers are dy-
namically determined by scoring these data according to a user’s request and relevance
feedback. Moreover, a radar chart and Japanese sentences are generated from speci-
fications. We provide domain specific knowledge manually for the characteristic-data
extraction and the sentence generation. The knowledge is the following: (1) Normal
forms of attribute names, (2) Correspondence of an attribute with a unit, (3) The rel-
evant technical terms such as “PCI” and “USB”, (4) Kind of processor (e.g., Pentium
III and Celeron), and (5) Relations between attributes and a user’s request, (6) Frames
for sentence generation.
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2 Table Detection

Here we handle Web pages about computers as input. These pages are retrieved from
multiple sites by a file-downloading software. The contents of the retrieved pages are
not only tables but also text and images. The <Table> tag in an HTML document is not
always a real table because it is often employed for a layout of the Web page. In order to
extract the specifications from retrieved pages, we extract keywords and calculate their
weights. We apply entropy to the weight. We divide documents D = (d, ..., dy) into
Dyeqt and Dy,. Dyeq denotes the documents including specifications, and Dy, denotes
the documents not including specifications. The weight of term, is computed as:
threal

w tDno

wsy =

where

M M ; .
Dtype — tf(t’ ,L) tf(ti Z)

wy v =log Y tf(t, k) + —log -

kg S Ttf ) T i tf(td)
tf(t,1), tf(¢,5) and tf(t, k) are the frequency of term, in document;, docurnent; and

document,, respectively. M is the number of documents in Dyeqy or Dy,
First, our system extracts documents including specifications from downloaded Web
pages. If 37,4, ws; is more than or equal to a threshold, the system extracts the doc-

ument. The threshold is E# Next, specifications are extracted from the document.
The system computes Score; = ¥icrapte, WSt X num; for table; in the document and
extracts the table; maximizing Score;. The num; is the number of keywords in table;.
If Score; is more than or equal to a threshold, the system extracts the table; as spec-

ifications. The threshold is Z—;"—sﬁ x tof keywords - Gee [25] for the other methods and
evaluation of table detection.

3 Table Structure Conversion

Specifications are expressed in the form of a two-dimensional table. Generally, the first
column corresponds to the attribute of a PC. The rest of columns correspond to the
data about each PC, and the cell in i-th row shows the value of the i-th attribute.

The serious problem in these tables is that the style of description in each cell is
not standardized as follows: (1) the kind and name of attributes are not standardized,
(2) some cell contains two or more values, (3) some attribute has subcategories (e.g.,
“Memory” in Fig. 3 (a)), and (4) two or more cells which contain the same value are
unified (e.g., “256MB” in Fig. 3 (a)).

3.1 Definition of Table Structure

To solve above problems, we define a normal form called table structure. The table
structure is a set of simple ternary lists:

(Nam Atr Val)
where Nam, Atr, and Val are a model name, an attribute name, and a value respectively.
As regards most specifications of products, Nam is located at the top of ones and Atr
is located at the left side of ones. Nam and Atr are often represented by a list form.
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Model Name PC1 PC2
CPU 400MHz 450MHZ
Std 64MB 128MB
Memory Max 256MB
VRAM 4MB

(a)

<table border=*1">
<tr>
<td colspan="2"> Model Name</td>
<td>PCl</td>
<td>PC2</td>
</tr>
<tr>
<td colspan=*2%*sCPU</td>
<td>400MHz</td>
<td>450MHzZ</td>
</tr>
<tr>
<td rowspan="3">Memory</td>
<td>Std</td>
<td>64MB</td>
<td>128MB</td>
</tx>
<tr>
<td>Max</td>
<td colspans"2%">256MB</td>
</tr>
<tr>
<td>VRAM</td>

<td colspan="2">4MBc/td>
</tr>
</table>

Figure 3: Specifications written in HTML.

Model Name PCL PC2
CPU 400MHz | 450MHz
Memory , Std 64MB 128MB

Memory . Max 256MB , 256MB

Memory . VRAM 4MB |, 4MB

Figure 4: Decomposed specifications.

3.2 Algorithm for Conversion

An algorithm to convert HTML-based specifications as shown in Fig. 3 (b) into table
structures is as follows:

1. Decompose a unified cell by HTML tags, ROWSPAN and COLSPAN. Figure 4
shows an example of reformulated Fig. 3 (a).

2. Let c(4, j) denote a cell in the i-th row and fth column. (Namg, Atrg, Valy)
denotes the k-th list in table structures. Set k = 1. For each j (1 < j), do the
following substeps:

2.1 Set Nam; = c(1, j) (i-e., the model name of a PC is set to Nam).

2.2 For each i (1 < ),
(1) Set Atr, = c(z, 1) (i.e., the i-th attribute name is set to Atr).
(2) Set Val = c(i, j) (i.e., the value of the i-th attribute is set to Val).
(3) Set k=k + 1.

3. For each list, do the following substeps using appropriate knowledge:

3.1 Transform a word in a list into the normal form. We employ a manually
constructed dictionary for the transformation. The number of keywords in
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(PC1 CPU 400MHz)

(PC1 (Memory Std) 64MB)
(PC1 (Memory Max) 256MB)
(PC1 (Memory VRAM) 4MB)
(PC2 CPU 450MHz)

(PC2 (Memory Std) 128MB)
(PC2 (Memory Max) 256MB)
(PC2 (Memory VRAM) 4MB)

Figure 5: Table structures.

- the dictionary is 50.
Ex. Monitor, Screen = Display

3.2 If the element Atr contains numerals with a unit such as “1024x768 dpi”,
transfer them to the element Val.
Ex. (PC1 (Resolution 1024x768dpi) Q) =
(PC1 Resolution 1024 768dpi)

3.3 If the element Val contains two or more values, divide the list into several
lists using symbols such as “/” and .
Ex. (PC1 Interface (USBx2, IEEEx1)) =
(PC1 Interface USBx2)
(PC1 Interface IEEEx1)

3.4 If the element Val contains symbols with numerals and keywords such as
“USB x 27, transform the Atr and the Val.
Ex. (PC1 Interface USBx2) =
(PC1 (Interface USB) 2)

3.5 Parse the particular notations such as “[]” and “” and rewrite them into
normal forms.
Ex. (PC1 (Bays total [free]) 52]) =
(PC1 (Bays total) 5)
(PC1 (Bays free) 2)

Figure 5 shows an example of table structure converted from HTML data (Fig. 3 (b)).

4 Characteristic-data Extraction & Summarization

Specifications contain many attributes and values about PCs. It is not, however, clear
which ones are the characteristic-data. Our system extracts the attributes and values
that characterize each PC. The attribute is classified into two categories: quantitative
and qualitative. The typical example is listed in Table 1. Figure 6 shows a snapshot
of our system. Our system has 3 features: (1) Scoring using 5 requests and attribute
selection, (2) Score re-calculation using relevance feedback, and (3) Generation of a
radar chart and Japanese sentences from specifications.

4.1 Characteristic-data Extraction using Quantitative Attributes

For quantitative attributes, the characteristic-data are extracted by comparing each
value. The attributes that have the same value in all PCs are rejected. Table 2 shows
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Figure 6: A prototype system.

Table 1: Classification of Attributes.

[ Quantitative Qualitative
CPU Clock:MHz, GHz | CPU Processor
Memory: MB Graphics
Display: inch CD-R/RW
Weight: kg DVD-ROM, DVD-RAM
Dimensions: mm, cm | Pre-installed-OS

the classification of unit for the comparison. There are two comparison processes: (1)
extraction of attributes with the maximum or minimum value and (2) comparison with
a standard value. The standard value is the mean or mode computed from sample data.
Table 3 shows the classification of unit for computing the standard value. The following
preprocessing is performed before computing the mean or mode:

e The unit of value is standardized: (mm ,cm), (MHz, GHz), and (KB, MB, GB).

e As for the data with the range, the maximum or minimum value is employed:
(PC1 (Dimensions Height) 38-40mm) =
(PC1 (Dimensions Height) 38mm).

Each value obtains a score by comparing it with standard value. We define the scores:
minimum, standard, and maximum points are 0, 5, and 10 points respectively. Our
system calculates the value per 1 point from them. The calculation is exemplified in
Fig. 7. Assume that “500MHz”, “600MHz", and “1.1GHz” are the minimum, standard,

Table 2: The classification of units for comparison (in the case of Japanese specifications).

Maximum-Best MHz, MB, GB, inch
Minimum-Best W, yen, §, Kg
Dependent on an attribute hours, mim
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Table 3: The classification of units for standard value.

Mean W, yen, $, mm, hours, Kg
Mode | MHz, KB, MB, GB, colors, inch

— 1.1GHz {Maximum Value): 10pts.

Ex. The CPU clock of
a PC is 800MHz

The score is 7pts.

100MHz per 1pt.

600MHz (Standard Value): 5pts.

20MHz per 1pt.

Trr T

| |

S00MHz (Minimum Value): Opts.

Figure 7: The calculation of the score.

and maximum value, which were calculated from all PCs, respectively. If the clock speed
of a PC is “800MHz”, the PC obtains 7 points.

Most data in specifications is a numerical value. By changing Table 2 and Table 3,
our system can, in principle, extract the characteristic-data from the specifications of
other products such as digital still cameras and cellular phones.

4.2 Characteristic-data Extraction using Qualitative Attributes

For qualitative attributes, we employ domain knowledge, which consists of keywords
such as processor names, for the characteristic-data extraction. The number of keywords
in domain knowledge is 23. The characteristic-data are extracted as follows:

1. Search a keyword from all table structures with qualitative attributes.
2. If the keyword exists in all products, it is not extracted as the characteristic-data.

3. If the keywords possess weight, score the weight to the PC with the keywords
(e.g., Pentiumd4: 4, Pentium3: 3, and Celeron: 2).

4. Extract the data exceeding a threshold value as the characteristic-data.

4.8 Score Calculation by a User’s Request

The characteristic-data extraction process is static. To find PCs that relate to a
user’s request, we define relationships between a user’s request and attributes. Table
4 shows examples of the relationships. Our system can handle their 5 requests. Each
attribute possesses weight. Moreover, a user can settle the weight of each attribute
(from -1 to 4). Figure 8 shows the window for attribute selection. There are rela-
tionships between attributes. For example, “Weight” is related to “Dimensions” and
“Battery Life”. Their relationships are defined manually. Table 5 shows examples of
the relationships between attributes. By clicking the “Related Items” button in Fig.8,
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Table 4: The relationships between a user’s request and attributes

[ Request Attributes 1
High performance CPU, Memory, Display, HDD, Interface
High graphics performance | Display, Graphics, CPU, Memory
Mobile PC Battery life, Dimensions, Weight
Practical use CPU, HDD, Price, Interface, Software
Budget PC Price, Software, Memory, CPU

[ Bemion tom e S S o

Figure 8: The window for attribute selection.

our system extends automatically the weights of the related attributes using the rela-
tionships, based on attributes selected by the user. The weight of a related attribute is
calculated as follows:
0.5 (vw(@) =1)
ww(f) =4 —0.5 (uw(z) = —1)
vw(i) — 1 (The others)

where 7 and j are the attribute selected by a user and the related attribute respectively.
uw(j) is the weight of j by user’s selections. Assuming that a user sets the weight of
an attribute “Weight” to 2 and clicks the “Related Items” button, our system sets the
ones of “Dimensions” and of “Battery Life” to 1.

The score calculation process is as follows:

1. Select the table structures with attributes relating to a user’s request.

2. For each selected PC, compute

_ Zia(wlak, ) +uw(ax)) x ptlax,c)
score(c,r) = S wlan)

where ¢, r and a;, are a PC, a user’s request and an attribute respectively. w(ag,7)
is the weight of a; in the request. We define w(ax,r) manually. pt(ag,c) is the
score calculated in Sect. 4.1 and 4.2.

3. Extract the PCs exceeding a threshold value.
4. Return them as the recommended computers in descending order for the score.
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Table 5: Examples of the relationships between attributes

[ Attribute | Related attributes

CPU Memory (Std. and Max.), HDD
Display VRAM, Resolution, Colors
USB IEEE, PC card

Weight Dimensions, Battery life

[T owt RN
Susten Balance:

Dinploy

“LaVie WX/LXBOT/SIEL . =
FNV-BIBLO LDOX TS/53M ——
Nabiun PC-RI950R —

Figure 9: A radar chart.

4.4 Relevance Feedback

A single request is often insufficient because the weight is static. On the other hand,
a user is often aware of the product which he/she needs by browsing the result of
the search. Relevance feedback is an iterative process to improve the retrieval ef-
fectiveness [3]. Our system updates each weight during the relevance feedback. As-
suming that a query consists of the weights of each attribute, the initial query is
Qo = (w(a1,7),...,w(an,r)). A new query Q, is computed as:

Nt N—
Q=Q+a) Df -3 D
i=1 i=1

where DT and D~ are the vector for the relevant and non-relevant PC respectively. Nt
and N~ are the number of relevant and non-relevant PC chosen respectively. o and g
tune the importance of relevant and non-relevant attributes respectively.

4.5 Generation of a radar chart and Japanese sentences from specifications

Our system can generate a radar chart and Japanese sentences from the characteristic-
data of selected products by a user. The radar chart is generated by scores calculated
in previous subsections. Figure 9 shows an example of a generated radar chart. “CPU”,
“Memory”, “HDD", “Device”, “Display”, “Battery”, “Weight” and “Price” are selected
as default axes for the radar chart. A user can select each axis from attributes in
specifications.
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Table 6: Relationships between the topics and the attributes.

[ Topic ] Attributes ]
Performance CPU, Memory, Hard disk, etc.
Scalability PCI, USB, PC card, etc.
Image processing | Graphics Chipset, Image processing soft, etc.
Display Screen size, Resolution, VRAM] etc.
User-friendliness | Key size, Input device, etc.
Mobility Weight, Dimensions, Battery life, etc.
Communication | Modem type, LAN, etc.
Sound Speaker, Sound board, etc.
Soft OS5, Bundled software, etc.

(Topic,

Text,
Sentence Generation Frame;
Explanation Sentence;

Sentence Generation Frame,,
Explanation Sentence,

Cl‘opicz
< Text,

Figure 10: Document structure.

U

We define sentence generation frames (SG) and explanation sentences (ES) for sen-
tence generation. Figure 10 shows document structure in our system. The number
of topics is 9. Table 6 shows relationships between the topics and the attributes in
specifications. Examples of SGs are as follows:

o Topic:

[Topic] no {sugureta or yoi} [Nam]. (Japanese)

[Nam] is excellent in [Topic]. (English)

o Text:

[Nam| wa [Atr] ni [Val] wo {tousai or saiyou}. (Japanese)

[Nam] is equipped with [Atr] of [Val]. (English)
[Topic], [Nam], [Atr], and [Val] are slots. Sentences are generated from SG of which
the slots are filled with characteristic-data. The number of SGs is 27 frames. ESs are
employed to generate additional information to supplement for the generated sentence
by SGs. ESs possess the condition for generation, but do not possess any slots. An
example of ESs is as follows:

e Condition: [Val] = “USB”

e ES: USB ha syuhenkiki wo tunagu interface desu. (Japanese)
Universal Serial Bus, or USB, is an interface for connecting peripherals
to your PC. (English)

The number of ESs is 35 sentences.
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T PC1 | PC2 | PC3 | PCa |
| Weight| 1.58kg | 1.41kg | 1.32kg | 1.65kg |

Standard Value: 1.49kg SG: The [Atr] of the [Nam] is very light at just [Val).
[Score | 2.2pts [ 7.6pts | 10pts [ Opts | |5G: The [Nam] is comparatively light.

Characteristic-data: ES:

" Condition: [Atr] = ''"Weight"
Nam:PC3 Atr:Weight Val: 1.32kg Tt .
Nam:PC2 Atr:Weight Val: L41kg ES: Light weight makes it easy to take anywhere,

———

Generated Sentences:
The weight of the PC3 is very light at just 1.32kg.
Light weight makes it easy to take anywhere.
The PC2 is comparatively light.

Figure 11: Sentence generation processing.

Our system re-calculates the scores of selected products by a user using the method
described in subsection 4.1 and 4.2. [Nam] of SG for a topic is filled with the name
of product of which the total of the characteristic-data of the attributes belonging
to the topic is the maximum. If the score of characteristic-data is 5 or more, our
system generates an additional sentence such as “[Nam] ha hikakuteki yoi ([Nam] is
comparatively good).” Figure 11 shows an example of sentence generation processing.

5 Evaluation

In this section, we present experimental results to evaluate our system, and compare
our approach with related work.

5.1 Table Detection and Conversion

To evaluate the table detection process, we used 200 documents from 5 Web sites. The
number of documents including specifications was 100. The number of documents not
including specifications was 100. We used 100 documents, which are 50 documents
including specifications and 50 documents not including specifications, for weighting.
We used recall and precision rates for the evaluation. The recall rate (R) and the
precision rate (P) are computed as:

The Number of Documents Extracted Correctly
Total Number of Correct Documents

R=

The Number of Documents Extracted Correctly
Total Number of Eztracted Documents

The recall rate was 97% and the precision rate was 95%. We obtain the high recall rate
and the high precision rate.

To evaluate the table conversion process, we used the 100 specifications including
247 products. The accuracy for the table conversion was 94%. The reason for the
failure of the conversion is an error in HTML grammar: omission of </TD> tags or
</TR> tags in a <TABLE> tag. If the HTML of specifications is described correctly,
the accuracy for the table conversion rises to 100%.

P=
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[ PC1 PC2 1 PC3
CPU 800MHz 700MHz 700MHz
Memory [ Std. 64MB 64MB 64MB
[ Max 128MB 128MB “256MB___ |
Hard Drive 15GB 15GB 10GB
Optical Device external external internal
Display 11.3"TFT 12.1"TFT 10.4°TFT
VRAM 2.5MB 2MB 2MB
Resolution 1024 x 768pixels 800x600pixels 800 x600pixels
PC card TYPE 1Ix1 TYPE IIx1 TYPE IIx1
Interface USBx1, IrDAx1, LANX1 USBx1, IrDAx1 USBx2
Key size 17mm 18mm 17mm
Battery Life | Std. 1.8hrs 2.5hrs 1.5hrs
| Max. 11hrs 5hrs 7hrs
Dimensions 270mm x 261mm x 270mm x 224mm X | 257mm X 223mm x
29mm 33.7mm 29mm
Weight 1.6kg 1.98kg 1.5kg

Figure 12: Specifications in the experiment

5.2 Characteristic-data Eztraction

We carried out the experiment of the characteristic-data extraction using the table
structures converted from 66 specifications. Figure 12 shows an example, where each
PC is the product of a different maker. The extracted values as the characteristic-data
are shown in Table 7. In order to verify the accuracy for them, we compared them
with a review in a magazine about PCs. The characteristics of the PCs in Fig. 12 are
reviewed as follows:

PC1 Basic specs and a display are high performance. The user-friendliness and the
mobility are comparatively good.

PC2 The user-friendliness.
PC3 The mobility and the scalability.

The clock speed of a processor and the capacity of a hard disk are the measures about
basic specs. “Resolution” and the capacity of “VRAM?” are the measures about perfor-
mance of a display. Extracting the value of “Dimensions”, “Weight” and “Battery Life”
is appropriate because they are related to mobility. The maximum capacity of memory
and expansion options such as “USB” are the measures about scalability. “Key size” is
related to user-friendliness.

The number of characteristic-data extracted from 66 specifications is 365. Table 8
shows the correctness of the characteristic-data. Eval(1) in Table 8 denotes the number
of characteristic-data, which we judged to be correct by the review. Eval(2) in Table
8 denotes the number of characteristic-data, which we could not judge to be correct
or incorrect by the review (e.g., “IrDA” in Table 7). Although we could not judge the
correctness of the characteristic-data in Eval(2) by the review, we considered that they
were appropriate.

5.8 User’s Request and Relevance Feedback

We evaluated a prototype system using a user’s request and relevance feedback. We
used 38 specifications about notebook PCs. Our system can handle 5 requests: (1) High
Performance, (2) High Graphics Performance, (3) Mobile PC, (4) Practical Use, and (5)
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Table 7: Extracted characteristic-data

PC Name | Attribute Value
PC1 CPU 800MHz
HDD 15GB
Resolution 1024 x 768pixels
VRAM 2.5MB
Interface:IrDA 1
Interface:LAN 1
Dimensions 270mm x 215mm x
29mm
Weight 1.6kg
Battery Life Max. | L1ihrs
PC2 HDD 15GB
Display 12.1”TFT
Interface:IrDA 1
Key size 1Bmm
Battery Std. 2.5hrs
PC3 Memory Max. 256MB
Optical Device Internal
Interface:USB 2
Dimensions 257mm x 223mm X
29mm
Weight 1.5kg

Table 8: Correctness of characteristic-data

Correctness
Eval(1) 97365
Eval(2) 467365

Budget PC. We compared the result with recommended PCs in the magazine “Nikkei
Best PC” [4]. Table 9 shows the ranking in the magazine of the product selected as
the 1st by our system and the ranking in our system of the product selected as the
st by the magazine. For the request (3) and (5), other results by our system also
corresponded with the products ranked highly in the magazine. For the request (1)
and (4), we obtained sufficient accuracy. Although some products ranked highly by our
system did not correspond with the ones in the magazine for the request (2), two PCs
recommended in the magazine were included in top five products of our result.

Next, we applied relevance feedback to the results. o and 8 for the relevance feed-
back were Fl_; and # respectively. The formula is well-known as Rocchio’s formula [5].
Figure 13 shows an example of the recall-precision rate of the results using relevance
feedback. In the case of Fig. 13, a user chose “Mobile PC” as a user’s request first.

Table 9: The ranking in the magazine and our system.

quest e ranking e ranxing
in the magazine | in our system
Request (1) 4th 3rd
Request (2) 8th bth
Request (3) 1st 1st
Request (4) 4th 4th
Request (5) 1st ] Ist |
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Precision rate - Qo
100 - Q0 with user's Weights
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Figure 13: Recall-Precision rate.

Here, assume that the user attached importance to portability: the user put weight on
the value of “Dimensions”, “Weight” and so on rather than “CPU”, “Memory” and
so on. Next, the user judged the top 5 products based on the intention: relevant or
non-relevant. The system re-calculated the score using Q; obtained by user’s feedback.
“Qp with user’s weights” in Fig. 13 denotes the score calculated using attribute selec-
tion (Sect.4.3). The user set the weight of an attribute “Weight” to 3, and clicked the
“Related Items” button. As a result, the recall-precision rate improved dramatically.
The experimental results show the effectiveness of our system.

5.4 Generated sentences

We evaluated generated sentences with 8 graduate students. Figure 14 shows an exam-
ple of the generated sentences. We employed 3 generated documents for the evaluation.
The evaluation criteria of the generated sentences were as follows:

Eval(1) The grammatical accuracy.

Eval(2) The textual coherence.

Eval(3) The redundancy of expression.

Eval(4) The legibility.

8 graduate students classified the generated sentences into the following 5 categories:
Bad : 1pts.

Below average : 2pts.

Fair : 3pts.

Good : 4pts.

Excellent : 5pts.

Table 10 shows experimental results. Generated sentences were sufficient for summa-
rization.
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Figure 14: Generated sentences.

Table 10: Evaluation of generated sentences.

[Eval{l) | Eval(2) | Eval(3) ] Eval(d) ]
e 3.7 | 43 | 40 |

5.5 Related Work

Most of information extraction systems extract data from natural language text such as
a newspaper article [6]-{10]. In their text-based systems, a large number of templates
for pattern matching are necessary. One approach is to extract data from several
articles [11]. The number of templates for the extraction system increases further.
Moreover, newspaper articles lack information because they are a kind of summarized
data. Therefore, specifications are among the best sources of data about products. As
regards the need to change dictionaries in the extraction process, our system is easier
than text-based systems because we employ units such as “MHz” and “GB” to extract
characteristic-data from specifications.

On the other hand, there are several approaches to extract information using doc-
ument structure such as itemization and tabular forms. Traditionally, they handle a
document image [12] or plain text. Ng et al. have reported an approach that learns to
recognize tables in free text [13]. Sato et al. have proposed a method for automatic
generation of digests from the NetNews [14]. Kawai et al. have proposed a method for
automatic extraction of relational information from itemized text [15]. However, they
are different from table forms that we handle.

There are several approaches to deal with HTML-based documents. Although Chen
et al. have reported a method for mining tables from HTML documents, their systems
analyze only one table [16]. Hammer et al. have proposed a grammar-based tool for
converting HTML pages into database objects [17]. They do not, however, deal ade-
quately with the usage of structured data from tables. There is an approach to integrate
several tables [18]. The purpose is to build ontologies from the World Wide Web via
HTML tables. Our purpose is to extract the characteristic-data of each products by
comparing several specifications with each other, and to present products suitable for
a user’s request.
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As regards summarization, most of them deal with texts [19]. Our system summa-
rizes tables into sentences. There are many report generation systems such as stock
market summarization and textual weather forecasts from databases [20]. Our system
performs not only text generation, but also radar chart generation and presentation of
the product rankings.

There are many shopbots on the World Wide Web [21], [22]. Most of them com-
pare only the prices of products with each other. Chai [23] and Budzikowska [24] have
proposed a conversational dialog system for online shopping. Their system, however,
compares products with same maker’s ones. Our system can present the recommended
products from several maker’s specifications using a user’s request and relevance feed-
back. The advantages of our system are as follows:

e A table-based information extraction system can be built with fewer patterns
than a text-based system.

o [t deals with specifications that contain many kinds of information about prod-
ucts.

o It can integrate several specifications retrieved from multiple sites by converting
the HTML-based ones into normal forms called table structure.

o It can extract characteristic-data of each product, and find the products relevant
to a user’s request from multiple specifications.

e It can generate a radar chart and sentences as a summary from specifications.

6 Conclusions

In this paper, we have proposed a method of information extraction from specifications
on the Web. Our system presents the recommended products using a user’s request
and relevance feedback. Moreover, a radar chart and Japanese sentences are generated
from specifications. We obtained high recall and precision rates for the table detec-
tion process. The accuracy of the table conversion of HTML-based specifications into
table structure was 94%. Most of the extracted characteristic-data were appropriate.
We verified the effectiveness of our system. Our proposed system can be applied to
specifications of other domain such as digital still cameras and cellular phones [28).

Some web sites and agents that compare some products already exist on the Web.
However, most of them deal with only the prices of products. In comparison with
traditional text-based information extraction systems, our system obtains much infor-
mation because specifications contain more information than an article. Future work
will include (1) construction of domain knowledge by machine learning, (2} information
retrieval through man-machine dialogue, and (3) integration with other sources such as
product images.
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