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melita.hajdinjak@fe.uni-lj.si(Melita Hajdinjak)

Abstract

Databases and information systems that are based on the widespread relational data model are
often hard to use because they do not explicitly attempt to cooperate with the user. In dia-
logue systems or natural-language interfaces, for instance, the most vital cooperative-answering
technique isquery relaxation, which expands the scope of a query by relaxing the constraints
implicit in the query in order to capture neighbouring or possibly relevant information. Thus,
dialogue systems, particularly information-providing dialogue systems, require a cooperative
data model. Since none of the most common data models, e.g., relational data models, deduc-
tive data models, and object-oriented data models, enable query relaxation, we refer to a very
promising data model, which results from a natural generalization of the relational data model
from set-theoretic algebra of relations to a category-theoretic setting. This data model includes
the fundamental relational data model, and it is able to represent all the basic relational opera-
tions in many richer-structured environments. Apart from the standard domain orderings such
as numerical and alphabetical orderings, it comprises heterogeneous semantic orderings, and
thereby supports query relaxation.

Keywords: Data models, Dialogue systems, Cooperative behaviour, Query relaxation, Re-
lational databases.
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1 Introduction

As already emphasized by Codd [1], theoretical
database studies form a fundamental basis for the
development of homogeneous and sound database
management systems (DBMS), and consequently of
information-providing natural-language dialogue sys-
tems. The formal database studies use either a spe-
cially developed database theory or other formal the-
ories, such as mathematical logic, as their framework.
The general paradigm of a database system (within an
information-providing natural-language dialogue sys-
tem) is as follows:

1. The database system accepts a query written in a
formal query language (e.g., SQL or Datalog),

2. The database system evaluates the query against
the database (in the relational case, a collection of
relational tables).

3. The database system returns the complete set of
tuples satisfying the query, i.e., the answer set.

In the early history of database science, it was accepted
that there existed a unifying data model that could be
shared by most, if not all, data, and that a key task
of database scientists was to identify this model. At
some point between the entrenchment of the relational
model [2] and the advent of object-oriented databases
database scientists and database users stopped look-
ing for a unifying model and became interested in
domain-specific modeling. Some of them have con-
sidered domain-specific modifications of the relational
data models [3, 4, 5, 6, 7, 8], others have embraced new
data models [9, 10, 11, 12].

The relational model, whose theoretical basis is in set
theory and first-order predicate logic, has grown slowly
in importance since its exposition by Codd [2] in 1970,
to the point where it has been generally the model of
choice for the implementation of new databases. As
understood by Ullman [13], the perhaps most impor-
tant reason for the model’s popularity is the way it sup-
ports powerful, yet simple and declarative languages
with which operations on data are expressed. However,
while powerful in theory, the relational model - with its
data tables of rows and columns - is beginning to show
its age and limitations in practice. Basic relational sys-
tems are not always suitable for one or more of the fol-
lowing reasons [12]:

• More complex data structures are needed for mod-
eling non-traditional applications than the simple
relational representation.

• New data types are needed in addition to the basic
numeric and character string types.

• New operations and query language constructs are
necessary to manipulate the new data types.

• New storage and indexing structures are needed.

Prior to the rise of the relational model, there were pow-
erful databases with more flexible data structures than
two-dimensional tables. These pre-relational databases,
however, became frozen in time. Although theoreti-
cally capable of handling a wide range of data types,
multi-valued databases lack modern features. Some
pre-relational databases, however, have evolved into
post-relational databases. The flexible physical struc-
tures they use store data simultaneously in accordance
with both the relational and object-oriented data mod-
els. Tables and objects become interchangeable at the
database layer, enabling support for SQL (i.e., Standard
Query Language) as a universal mechanism for shar-
ing data between different systems and applications.
Notwithstanding, Tebbutt [14] assumed that it is un-
likely that post-relational databases would displace re-
lational databases. There are simply too many appli-
cations deployed on relational platforms, and many of
these applications will never hit the limitations of the
relational data model.

2 Relational data model
The relational data model represents the database as a
collection ofrelations. When a relation is thought of as
a table of values, each row in the table represents a col-
lection of related data values, i.e., a fact that typically
corresponds to a real-world entity or relationship. The
data type describing the types of values that can appear
in each column is represented by adomainof possible
values. In the formal relational-model terminology, a
row is called atuple, a column header is called anat-
tribute, and the table is called arelation. In a relational
database, there will typically be many relations, and the
tuples in those relations are usually related in various
ways.

There are two formal languages of for the relational
data model: therelational algebraand therelational
calculus [13, 12]. The relational algebra subsumes
the basic set of operations to manipulate the relational
database, i.e.,

• five basic operations on relations:Cartesian prod-
uct×, projectionπ, selectionσ, union∪, andset
difference−,

• several additional operations, such asnatural join
on or intersection∩.

The algebra operations produce new relations, which
can be further manipulated using operations of the same
algebra. A sequence of relational algebra operations
forms arelational algebra expression, whose result will
also be a relation that represents the result of a database
query (or retrieval request).

The relational algebra has three main advantages over
non-relational data models [8]:

• From the point of view ofusability, the model has
a simple interpretation in terms of real-world con-
cepts, i.e., the essential data structure of the model

Proc. EUROSIM 2007 (B. Zupančič, R. Karba, S. Blažič) 9-13 Sept. 2007, Ljubljana, Slovenia

ISBN 978-3-901608-32-2 2 Copyright © 2007 EUROSIM / SLOSIM



is a relation, which can be visualized in a tabular
format.

• From the point of view ofapplicability, the model
is flexible and general, and can be easily adapted
to many applications.

• From the point of view offormalism, the model is
elegant enough to support extensive research and
analysis.

Hence, the relational data models have gained accep-
tance from a broad range of users, they have gained
popularity and credibility in a variety of application
areas, and they facilitate better theoretical research in
many fundamental issues arising from database query
languages and dependency theory.

Whereas the relational algebra defines a set of opera-
tions for the relational data model, the relational cal-
culus provides a higher-level declarative notation for
specifying relational queries. The relational calculus is
important because it has a firm basis in mathematical
logic and because the SQL for RDBMs (i.e., Relational
Database Management Systems) has some of its foun-
dations in the tuple relational calculus. However, SQL
also incorporates some of the operations from the rela-
tional algebra and its extensions [12].

Note, relational dialogue systems are often hard to use,
even in traditional applications, because they do not
explicitly attempt to cooperate with the user. This is
to say, a user may need more information, or might
even need different information, than the query re-
quests. Cooperative behaviouror cooperative an-
swering [15, 16] plays an important part in natural-
language interfaces and dialogue systems built for the
purpose of studying natural-language exchanges be-
tween users and computers. It has been shown by
Hajdinjak and Mihelǐc [17] that here the most vital
cooperative-answering technique isquery generaliza-
tion or query relaxation, which expands the scope of
a query by relaxing the constraints implicit in the query
(e.g., types of constants and variables, predicate rela-
tions, and join dependencies across literals in the orig-
inal query) in order to capture possibly relevant infor-
mation [18]. See section 4.

3 Alternative data models
Relational databases may be considered a forerunner
of logic in databases. The use of logic for knowledge
representation and manipulation is primarily due to the
work of Green [19], i.e., his work was the basis of
various studies that led to question-answering systems,
which are concerned mainly with a highly deductive
manipulation of a small set of facts, and thus require
an inferential mechanism provided by logic. The inte-
gration of logic programming and relational database
techniques has led to the active research area of de-
ductive databases [20, 21], i.e., databases whose query
language and (usually) storage structure are designed
around a logical model of data. This combines the
benefit of the two approaches, such as representational

and operational uniformity, reasoning capabilities, re-
cursion, declarative querying, efficient secondary stor-
age access.

The function symbols of Prolog [22], which are typi-
cally used for building recursive functions and complex
data structures, have not been found useful for operat-
ing over relational databases made up of flat relations.
As a result, a restricted form of Prolog without func-
tion symbols is called Datalog (with negation), with a
well-defined declarative semantics based on the work
in logic programming, has been widely accepted as
the standard deductive database language [13, 9]. The
deductive database management systems do, however,
share with the relational systems the important property
of being declarative, i.e., of allowing the user to query
or update by saying what he or she wants, rather than
how to perform the operation.

An important distinction between the relational data
model and Datalog is that in Datalog, there are two
ways relations can be defined. A predicate whose re-
lation is stored in the database is called anextensional
database(EDB) relation, while one defined by logical
rules is called anintensional database(IDB) relation.
In the relational model, all relations are EDB relations.

In the last two decades, a number of deductive database
systems or prototypes based on Datalog have been re-
ported. For a survey see [21]. Deductive database
systems have been used in a variety of application do-
mains including scientific modeling, financial analysis,
decision support, language analysis, parsing, and var-
ious applications of transitive closure such as bill-of-
materials and path problems. They are best suited for
applications in which a large amount of data must be
accessed and complex queries must be supported.

Ceri et al. [9] stated in 1989 that one of the major chal-
lenges that Datalog research had still to meet is to con-
vince the knowledge base community of its practical
merits. The weaknesses of Datalog have been, how-
ever, indicated as follows:

• Very few applications have been shown which can
take full advantage of Datalog’s expressive power.

• Datalog is not considered as a programming
language, but rather as a ”pure” computational
paradigm.

• Datalog does not compromise its clean declara-
tive style in any way. Sometimes it is even re-
quired that the programmer takes control on infer-
ence processing, by stating the order and method
of execution of rules.

• Datalog systems have been considered as close
worlds, which do not talk to other systems.

However, Datalog, in contrast to relational algebra, en-
ables some cooperative behaviour, i.e., it supports the
following cooperative-answering techniques (see sec-
tion 4):
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• evaluation of presuppositions in queries,

• detection and correction of misconceptions in
queries,

• formulation of intensional answers.

Nevertheless, Datalog does not supportquery relax-
ation (i.e., generalization of queries and of responses),
which is the most vital cooperative-answering tech-
nique in information-providing dialogue systems.

Furthermore, the emergence of object-oriented pro-
gramming languages in the 1980s and the need to store
and share complex-structured objects led to the de-
velopment of object-oriented databases [10, 12]. Ini-
tially, they were considered a competitor to relational
databases, since they provided more general data struc-
tures. They also incorporated many of the useful object-
oriented paradigms, such as abstract data types, encap-
sulation of operations, inheritance, and object identity.
However, the complexity of the model and the lack of
an early standard contributed to their limited use.

Object-oriented databases are now mainly used in spe-
cialized applications, such as engineering design, mul-
timedia publishing, design and manufacturing systems,
financial portfolio risk analysis systems, telecommuni-
cations service applications, world wide web document
structures, and hospital patient record systems. These
newer applications have requirements and characteris-
tics that differ from those of traditional business appli-
cations, such as more complex structures for objects,
longer-duration transactions, new data types for stor-
ing images or large textual items, and the need to de-
fine nonstandard application-specific operations. The
object-oriented approach offers the flexibility to han-
dle some of these requirements without being limited
by the data types and query languages of the relational
database systems. A key feature of object-oriented
databases is, however, the power they give the designer
to specify both the structure of complex objects and the
operations that can be applied to these objects.

4 Achieving cooperativity
The cooperative-answering techniques that have grown
out of research in three areas in which question-and-
answer discourses arise, i.e., natural-language inter-
faces and dialogue systems built for the purpose of
studying natural-language exchanges between users
and computers, databases, and logic programming in
deductive databases, can be separated into five cate-
gories. The techniques in each category are differen-
tiated by the following capabilities [16]:

1. consideration of specific information about a
user’s state of mind, i.e., considering user beliefs
in order to anticipate user expectations,

2. evaluation of presuppositions in a query, e.g., if
the query fails (the answer is no), a cooperative
answer should be an explanation of why the query
fails, exposing any false presuppositions,

3. detection and correction of misconceptions in a
query, i.e., whenever the user asks a query that
cannot have an answer, the system should infer
the probable mismatches between the user’s view
of the world and the knowledge in the knowledge
base, and a cooperative answer should contain a
correction to rectify this mismatch,

4. formulation of intensional answers, i.e., rewrites
of the concrete answer that teach the user about
the structure of the database and of the domain,
that help to clean up misconceptions, or that are,
eventually, more succinct than concrete answers
(important when databases contain huge stores of
data),

5. generalization of queries and of responses, i.e., the
scope of the query is extended so that more infor-
mation can be gathered in the answer.

In the relational database community, Chu, Chen,
and Lee [23] have explored an abstraction/refinement
method, a cooperative-answering technique of the last
category, for providing related answers to the origi-
nal query. A query is abstracted into a more general
query that is then refined into a set of new queries to
be evaluated against the database. The abstraction and
refinement rely on the database having explicit hierar-
chies of the relations and of the terms in the domain,
called thetype abstraction hierarchy. A query rewrite
is accomplished by replacing relations and terms from
the query with corresponding relations and terms from
higher in the hierarchy. This resulting query is consid-
ered more general than the original query. This cooper-
ative method is calledquery relaxation.

Query relaxation is a general approach to seek addi-
tional answers to a query that may or may not be of
direct interest to the user. However, it has been shown
by Hajdinjak and Mihelǐc [17] that in information-
providing dialogue systems relaxation is the crucial
cooperative-answering technique leading to user sat-
isfaction. This was the results of an evaluation of
dialogue data from two Wizard-of-Oz (WOZ) exper-
iments [24]. The data was evaluated with the PAR-
ADISE evaluation framework [25], which was recently
proposed as a potential general methodology for eval-
uating and comparing different versions of spoken-
language dialogue systems. The study introduced the
dialogue costsdatabase parameters, which reflected
the structure of the database and the cooperativity of
the dialogue system, and it confirmed the significance
of relaxed answers directing the user to select relevant,
available data.

Note, none of the above mentioned data models, i.e., re-
lational data models, deductive data models, and abject-
oriented data models, enables query relaxation. Per-
suaded that many applications will never reach the lim-
itations of the widespread relational data model, which
is based on a well-established set-theoretic formalism,
we claim that the only desirable data model enabling
query relaxation is a natural generalization of the re-
lational data model. Such a generalization should, in
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addition to the introduction of cooperative behaviour
into relational databases, be fundamental enough to
unify significant classes of different specialized appli-
cations and it should have a strong and effective theo-
retical formalism. Hence, it should maintain the above-
mentioned desirabilities (i.e., usability, applicability,
formalism).

There have been several attempts to introduce cooper-
ativity into relational databases [3, 4, 5, 6, 7, 8]. How-
ever, none of them do, in our opinion, fulfill these re-
quests. The first mentionable attempt to produce a
proper generalization of the relational data model is due
to Hajdinjak [26]. The strong theoretical formalism of
the generalized relational data model in question arises
from category theory[27], and it provides a sound ba-
sis for the investigation of new, possible applications.
Category theory is a relatively new and powerful field
of mathematics with already-recognized capabilities for
providing an effective and natural formalism for rela-
tional [28, 29] and object-based databases [30]. How-
ever, because of the widespread tendency to produce
new formalisms, the full potential of category theory in
database modeling has not been realized to any great
extent.

The proposed categorical generalization of the rela-
tional data model [26, 31] comprises the fundamen-
tal relational data model, and it is able to represent all
the basic relational operations in many richer-structured
environments. Apart from the standard domain or-
derings such as numerical and alphabetical orderings,
this model comprises heterogeneous semantic order-
ings, and thereby supports query relaxation.

5 Conclusion
We have exposed the advantages and the disadvantages
of the relational data model, which has gained popu-
larity, credibility, and acceptance from a broad range
of users. We have stated that the relational data model
is inappropriate for cooperative information-providing
dialogue systems since it does not support query relax-
ation.

While this article has dealt with cooperative behaviour
in databases and information systems, it, at least partly,
returned to the idea of a unifying data model. We have
claimed that the first mentionable attempt to produce
such a model was due to Hajdinjak [26]. This data
model, gained as a generalization of the relational data
model, introduces cooperative behaviour into relational
databases, it is fundamental enough to unify significant
classes of different specialized applications and it has a
strong and effective theoretical formalism.
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