BIBLIOTHEQUE DU CERIST

Paolo Atzeni (Ed.) |
Ceo ;f - ?Ci

LOGIDATA+:
Deductive Databases
with Complex Objects

Springer-Verlag
Berlin Heidelberg New York
London Paris Tokyo

Hong Kong Barcelona
Budapest



BIBLIOTHEQUE DU CERIST

Seges Editors

Gerhard Goos Juris Hartmanis

Jniversitdt Karlsiune Cornell University

Dostfach 69 80 Department of Computer Science
Vincenz-Priessnitz-Strabe 1 4130 Upson Half

D-76131 Karisruhe, FRG Tthaca, NY 14853, USA

Volume HEditor

Paolo Atzeni

Dipartimento ¢i Inforrnatica e Sistemistica

Terza Universitd di Roma and Universitd di Roma "La Sapienza®
Via Salaria. 113, I-50198 Rome, Italy

e , f':';‘
CR Subject Classitication (1991); H.2.1, H.2.3 R

ISBN 3-540-36974-X Springer-Veriag Berhin Tieidelberg New York
ISBN 0-387-56974-X Springer-Verlag New York Berlin Heidelzerg

This work is subject to copyright. All rights are reserved, whether the whele orpart
of the material is concerned, specifically the rights of translation, reprinting, re-use
of illugtrations, recitation, broadeasling, reproduction on microfilms or in any other
way, and storage in data banks, Duplication of this publication or parts thercof is
permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from
Springer-Verlag. Violzations are liable for prosecution under the German Copyright
Law.

© Springer-Verlag Berlin Heidelberg 1993
Printed in Germany

Typesetting: Camera ready by author
45/3140-543210 - Printed on acid-free paper

e . . B Ty



BIBLIOTHEQUE DU CERIST

Preface

This book presents a collection of coordinated scientific papers describing the
work conducled and the resulis achieved within the LOGIDATA+ project, a
research action funded by CNR (Consigho Nazionale delle Ricerche - the Italian
National Research Council}, within “Progetto Finalizzato Sistemt Informatiei ¢
Calcole Parallelo.”

The aim of the LOGIDATA+ project is the definition of advanced database
systems that significantly extend the functionalities of the current systems, with
specific reference to the application areas for which relational systems are not
considered satisfactory. These new systerns will allow the definition of data with
complex structures, the representation of semantic relationships between ob-
jects, and the use of powerful query and update languages. They will be based
on a combination of techniques originating from relational databases and logic
programming, with contributions from object-oriented programming. Attention
will be devoted to the representation of isa-hierarchies and to taxonomic rea-
soning. The specific goal of Lthe project is the definition, design, and prototype
implementation of a database management system with complex struetures and
a class hierarchy, to be accessed through a rule-based language.

The praject 1s now al the conclusion of the first phase, with significanl re-
scarch work done on the definition of the features of the systems and their
theoretical foundations. The second phase will be mainly concerned with the
implementation of prototypes. This book presents a homogeneons, integrated
view ol the scientific results of the project, with respect to all the features of the
system.

The LOGIDATA+ group involves teams from the [ollowing institutions:

— ONR, Centro per Plnterazione Operatore-Calcolatore, Bologna
CNR, Istituto di Analisi dei Sistemi ed Informatica, Roma

— CRAI, Rende (Cosenza)

— Politeenico di Milano, Dipartimento di Elettronica e Informazione

— Sintesi Srli., Modens

— Systems & Management §.p.A., Torino

— Universita dell’Aquila, Dipartimento di Matematica Pura ¢ Applicata

— Universita della Calabria, Cosenza, Dipartimento di Elettronica, Informatica
e Sisternistica

— Universita di1 Firenze, Dipartimento di Sistemi e Informatica
Universitd di Modena, Dipartimento di Matematica

- Universita di Roma La Sapienza, Dipartimenio di Informatica ¢ Sistemistica
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The book is organized in four paris. Parl | contains twoe papers, the first giv-
ing an overview of the LOGIDATA+ project and the second presenting a genera!l
discussion on the combination of deductive and object-oriented features in the
database field. Part II is concerned with the description of the LOGIDATA +
model and language: the first and second papers present the data model and
the rule-based language, respectively; the third paper illusirates the concepts by
means of the detailed description of an application. Parts IIl and IV report on
research results about a number of issues that can lead to significant extensions
of the LOGIDATA+ system. Each of them concentrates on some features of the
madel and language. Specifically, Part Il contains results on problems related
to structural issucs {updates over classes, taxonomic reasoning, and integrity
constraints in object-oriented databases) and Part IV deals with deductive is-
sues, essenlially extensione of logic programming. Finally, Part V presents the
experimental resnlts of the project, wilth the existing protolypes.

1 would like to thank all those who have made this book possible. Bruno
Fadint, Direcior of “Progeito Finalizzato Sistemi Informatici e Caleolo Paral-
> and Domenico Saceh, Coordinator of “Sottoprogetio 5: Sisterni evoluti per
bast di dati,” have encouraged the LOGIDATA+ action since lis incepiion. The
authors of all the papers deserve my gratitude for their timely cooperation in
the preparation of the volume and for their help i the revision process. My
graduate students Glovanni Barone, Luca Cabibbo, and Gianni Mecca helped in
the reviewing process and in the organization of the material. Alfred Hofmann
at Springer-Verlag was very efficient in the management of our project.

elo,

May 1993 Paclo Atzemi
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LOGIDATA+: Overview*

Paolo Atzeni

Dipartimento di Informatica ¢ Sistemistica, Universiia di Roma “La Sapienza,”

Via Salaria 113, 00198 Roma, Ttaly

Abstract. LOGIDATA- is part of the subproject “Advanced Database
Systems™ of the project “Information Systems and Parallel Computa-
tion”, of the Italian research comncil. The aim of LOGIDATA+ is the
definition of advanced database systems, which significatively extend the
functionalities of the current systems, with specific reference to the appli-
catian areas for which relational systems are not considered satisfactory.
These new systems will allow the definition of data with complex struc-
tures, the representation of semantic relationships between objects, and
the use of powerful query and update languages. They will be based on_
‘the combination of technigues originating from relational databases and
logic programming, with contributions from object-oriented program-
ming. Attention will be devoted to the representation of isa-hierarchies
and to taxonomic reascning. The specific goal of LOGIDATA-+ is the
definition, dealgn and prototyfial implementation of a database man-
agement system with a complex structure and a class hierarchy, io be
accessed through a rule-based language. Extensions of the core are also
considered, in various directions: management of various forms of nega-
tion, both in the body and in the head of the rules; management of
updates, especially with respect to intensionally dcﬁned_f)—rgaiéates or to
rales; modularization; comstraints; taxonomic reassning.

1 Introduction

LOGIDATA+ is a research action aimed at the definition of advanced databasc
systems, which significatively extend the functionalities of the current systems,
with specific reference to the application areas for which relational systems are
not considered satisfactory. These new systems will allow the definition of data
with complex structures, the representation of semantic relationships between
objects, and the use of powerful query and update languages. They will be based
on the combination of techniques originating from relational databases and logic
programming, with contributions from object-oriented programming. Attention
will be devoted to the representation of isa-hierarchies and to taxonormic reason-
ing.

The specific goal of LOGIDATA-+ 18 the definition, design, and prototypal
implementation of a dalabase managemeni system with a complex structure and

‘a class hierarchy, to be accessed through a rule-based language.

* Work supparted by CNR, “Progetto Finalizzato Sistemi Informatici e Calcolo Par-
allelo.” The author is now with Terza Universitz di Roma.
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LOGIDATA I8 pary o7 & larger nasional oroject, on Informazion Byssems
and Parallel Computation {officially, “Sistemi Informatici ¢ Caleole Paralielo, ”
abbreviated as SICP). More specifically, it is part of a subproject on Advanced
Database Systems of the SICP Project. This paper gives a brief overview of the
LOGIDATA+ action and of the framework in which it operates. First we de-
scribe the SICP Project {Section 2} and its subproject on databases (Section 3).
Then we discuss the motivation and the goals of the LOGIDATA+ acticn, and
Anally we describe its organization and the way its results are descrbed in the
subsequent papers of this book (Seetion 4).

%z The Project “Sistemi Informatici e Calcolo Parallelo”

in the Italian system, a Progetlo Pinalizzato del CNRis “a set of rescarch activ-
itles aimed at reaching goals that have a significant social and economic interest
at the national level, with the involvment of all the components of the scientific
system of the country.” A Progelio Finalizzalo is funded by the national govern-
ment and administered by Consiglio Nazionale delle Ricerche { CNR, the Italian
regearch council).

The Project Sistemi Informatict e Calcolo Parallele (SICP} was approved
by the gavernment in 1987 together with other nine projects. Their general goal
is to support the national industry in the development and acquisition of new
technology, in order to increase its competitiveness on the internaticnal market
and to reduce the need for technology import. They alsc involve the development
of prototypes, the study and evaluation of existing systern and the definition of
proposals for the governmenl;al acitivity in various fields,

The tatal budges of the SICP Project (throug,hout the five-year length) is
83 billion Lire (about 40 yaillion US dollar, at the current exchange rate), The
uroject is organized in seven subprojetes, over various areas of computer science
and enginecring, plus a support initiative for the coordination of laboratories:

5P1 Scientific computation for large sysiems
SP2 Dedicated processors

S5P3 Parallel architectures

SP4 Mew generation languages

5P5 Advanced database sysiems

SP6 Methods and tools for system design
SPT Support systems for mteliectuai work
SP3 Support initiative

The Director of the project is Brune Fadini, Universitd di Napoli “Federico
11" The specific goals of each subproject include both research resuits that con-
tribute to the advancement of knowledge in the field and more practical results,
such as methods, systemns, and services. The activities have been dividéd in two
phase: the first three-year period had mainly researcs poals wilth some experi-
mental work whereas the final two year (just started) will mainly be devoted to
the finalization of the results, with significant, prototypes. '





