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Preface

This volume continues the series of proceedings of the annual ADBIS conferences
in the field of advances in databases and information systems.

ADBIS, founded by the Moscow ACM SIGMOD Chapter, was extended into
a regular East-European conference in 1996 to establish a forum for promo-
ting interaction and collaboration between the database research communities
of Eastern and Central Europe and the rest of the world, and thus the ADBIS
conferences provide an international platform for the presentation of research
on database theory, development of advanced DBMS technologies, and their
advanced applications.

The fact that this year eight of the countries that have representatives in the
ADBIS Steering Committee became member countries of the European Union
gives a new perspective on the role and mission of the ADBIS community.

Following Dresden (Germany, 2003), Bratislava (Slovakia, 2002), Vilnius (Li-
thuania, 2001), Prague (Czech Republic, as a joint ADBIS-DASFAA conference
in 2000), Maribor (Slovenia, 1999), Poznan (Poland, 1998), and the starting
place St. Petersburg (Russia, 1997), and preceding Tallin (Estonia, 2005), the
next venue, the “tour of Eastern and Central Europe” of ADBIS conferences
arrived at Budapest (Hungary, 2004).

The series of East-European Conferences on Advances in Databases and In-
formation Systems continues, with a growing interest that is demonstrated in
the number of submitted contributions. This year the international Program
Committee had an intensive load in evaluating the 130 submitted papers.

As a tradition since 1998, the best 25-30 contributions were selected to be
published in the Springer LNCS series. This year’s volume contains 27 submitted
papers and one invited paper.

In response to the high activity in paper submission and to fulfil the main
objective of the ADBIS conferences, the organizers decided to give more room
for presentation, and accepted from the PC ranking the next 25 papers for
presentation. Thanks to the support from one of the organizing institutions,
the Computer and Automation Research Institute of the Hungarian Academy
of Sciences, these contributions will also be published, in a local volume of the
proceedings in the series of publications of CARI.

Many individuals and institutions supported the organization of this confe-
rence and made this year’s publication possible. Our special thanks go first to
the authors and invited speaker for their outstanding and strenuous work and
contributions. Also, the work of the Program Committee members who accep-
ted the unexpectedly heavy load in reviewing a large number of contributions
so that we were able to meet the deadline is gratefully acknowledged.

We received important financial support for the publication of the procee-
dings from the Faculty of Informatics of the E6tvos Lordnd University.



VI Preface

Finally, we should express our thanks to Springer for supporting the publi-
cation of the proceedings in their LNCS series.

We do hope that the papers included in the present publication serve as a
useful tool for becoming more familiar with recent research results in the field
of databases and information systems.

July 2004 Andrés Benczir
Janos Demetrovics
Georg Gottlob
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Quantifier-Elimination for the First-Order
Theory of Boolean Algebras with Linear
Cardinality Constraints*

Peter Revesz

Department of Computer Science and Engineering
University of Nebraska-Lincoln, Lincoln, NE 68588, USA
revesz@Qcse.unl.edu

Abstract. We present for the first-order theory of atomic Boolean al-
gebras of sets with linear cardinality constraints a quantifier elimination
algorithm. In the case of atomic Boolean algebras of sets, this is a new
generalization of Boole’s well-known variable elimination method for con-
junctions of Boolean equality constraints. We also explain the connec-
tion of this new logical result with the evaluation of relational calculus
queries on constraint databases that contain Boolean linear cardinality
constraints.

1 Introduction

Constraint relations, usually in the form of semi-algebraic or semi-linear sets,
provide a natural description of data in many problems. What programming
language could be designed to incorporate such constraint relations? Jaffar and
Lassez [27] proposed in a landmark paper constraint logic programming, with the
idea of extending Prolog, and its usual top-down evaluation style, with constraint
solving (which replaces unification in Prolog). That is, in each rule application
after the substitution of subgoals by constraint tuples, the evaluation needs
to test the satisfiability of the constraints, and proceed forward or backtrack
according to the result.

As an alternative way of incorporating constraint relations, in a database
framework, Kanellakis, Kuper, and Revesz [29,30] proposed constraint query
languages as an extension of relational calculus with the basic insight that the
evaluation of relational calculus queries on X-type constraint relations reduces
to a quantifier elimination [15,16] in the first-order theory of X.! As an exam-
ple from [29,30], if the constraint relations are semi-algebraic relations, then

* This work was supported in part by USA National Science Foundation grant EIA-
0091530.

! They also considered various bottom-up methods of evaluating Datalog queries and
the computational complexity and expressive power of constraint queries. Since rela-
tional calculus is closely tied with practical query languages like SQL, it has captured
the most attention in the database area.
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the quantifier elimination for real closed fields [2,3,12,13,40,54] can be used to
evaluate queries.

There are advantages and disadvantages of both styles of program/query eval-
uations. Constraint logic programs have the advantage that their implementation
can be based on only constraint satisfiability testing, which is usually easier and
faster than quantifier elimination required by constraint relational calculus. On
the other hand, the termination of constraint logic programs is not guaranteed,
except in cases with a limited expressive power. For example, for negation-free
Datalog queries with integer (gap)-order constraints the termination of both the
tuple-recognition problem [14] and the least fixed point query evaluation [41,
42] can be guaranteed. When either negation or addition constraints are also
allowed, then termination cannot be guaranteed. In contrast, the evaluation of
constraint relational calculus queries have a guaranteed termination, provided
there is a suitable effective quantifier elimination method.

While many other comparisons can be made (see the surveys [28,43] and
the books [31,33,47]), these seem to be the most important. Their importance
becomes clear when we consider the expected users. Professional programmers
can write any software in any programming language and everything could be
neatly hidden (usually under some kind of options menu) from the users. In
contrast, database systems provide for the users not ready-made programs but
a easy-to-use high-level programming language, in which they can write their
own simple programs. It is unthinkable that this programming language not
terminate, and, in fact, run efficiently. Therefore constraint database research
focused on the efficient evaluation of simple non-recursive query languages.?

The constraint database field made initially a rapid progress by taking off-
the-shelf some quantifier elimination methods. Semi-linear sets as constraint re-
lations are allowed in several prototype constraint database systems [8,21,24,25,
48,49] that use Fourier-Motzkin quantifier elimination for linear inequality con-
straints [18]. The latest version of the DISCO system [9,50] implements Boolean
equality constraints using Boole’s existential quantifier elimination method for
conjunctions of Boolean equality constraints.

Relational algebra queries were considered in [20,42,46]. As in relational
databases, the algebraic operators are essential for the efficient evaluation of
queries. In fact, in the above systems logical expressions in the form of relational
calculus, SQL, and Datalog rules are translated into relational algebra.

There were also deep and interesting questions about the relative expressive
power and computational complexity of relational versus constraint query lan-
guages. Some results in this area include [4,23,37,45] and a nice survey of these
can be found in Chapters 3 and 4 of [31].

2 Of course, many database-based products also provide menus to the users. However,
the users of database-based products are only indirect users of database systems.
The direct users of database systems are application developers, who routinely embed
SQL expressions into their programs. Thanks to today’s database systems, they need
to worry less about termination, efficiency, and many other issues than yesterday’s
programmers needed while developing software products.



Quantifier-Elimination for the First-Order Theory of Boolean Algebras 3

After these initial successes, it became clear that further progress may be
possible only by extending the quantifier elimination methods. Hence researchers
who happily got their hands dirty doing implementations found themselves back
at the mathematical drawing table.

The limitations of quantifier elimination seemed to be most poignant for
Boolean algebras. It turns out that for conjunctions of Boolean equality and
inequality constraints (which seems to require just a slight extension of Boole’s
method) no quantifier elimination is possible. Let us see an example, phrased as
a lemma.

Lemma 1. There is no quantifier-free formula of Boolean equality and inequal-
ity constraints that is equivalent in every Boolean algebra to the following for-
mula:

3d (dnNg# L)A(dng# 1)
where d and g are variables and L is the zero element of the Boolean algebra. 0O

Consider the Boolean algebra of sets, with the one element being the names of
all persons, the zero element being the empty set, the domain being the powerset
(set of all subset of the one element).

In the formula variable d may be the set of students who took a database
systems class, variable g may be the set of students who graduate this semester.
Then the formula expresses the statement that “some graduating student took
a database systems class, and some graduating student did not take a database
systems class.” This formula implies that g has at least two elements, that is,
the cardinality of g is at least two, denoted as:

lg| > 2

But this fact can not be expressed by any quantifier-free formula with Boolean
equality and inequality constraints and g as the only variable.

Lemma 1 implies that there is no general quantifier elimination method for
formulas of Boolean equality and inequality constraints. This negative result was
noted by several researchers, who then advocated approximations. For example,
Helm et al. [26] approximate the result by a formula of Boolean equality and
inequality constraints. Can we do better than just an approximation?

The only hopeful development in the quantifier elimination area was by Mar-
riott and Odersky [32] who showed that formulas with equality and inequality
constraints admit quantifier elimination for the special case of atomless Boolean
algebras. However, many Boolean algebras are not atomless but atomic. How
can we deal with those Boolean algebras? Could any subset of atomic Boolean
algebras also admit quantifier elimination? In this paper we show that the atomic
Boolean algebras of sets, i.e., Boolean algebras where the Boolean algebra op-
erators are interpreted as the usual set operators of union, intersection and
complement with respect to the one element, also admit quantifier elimination,
in spite of the pessimistic looking result of Lemma 1.
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Let us take a closer look at the Lemma. Surprisingly, the condition |g| > 2
is not only necessary, but it is also sufficient. That is, for any Boolean algebra
of sets if G is any set with at least two elements, then we can find a set D such
that the above formula holds. Therefore, |g| > 2 is exactly the quantifier-free
formula that we would like to have as a result of the quantifier elimination.
However, quantifier elimination techniques are normally required to give back
equivalent quantifier-free formulas with the same type of constraints as the input.
This condition is commonly called being closed under the set of constraints. This
raises the interesting question of what happens if we allow cardinality constraints
in our formulas.

While cardinality constraints on sets are considered by many authors, and
interesting algorithms are developed for testing the satisfiability of a conjunction
of cardinality constraints, there were, to our knowledge, no algorithms given
for quantifier elimination for atomic Boolean algebras of sets with cardinality
constraints.

Calvanese and Lenzerini [11,10] study cardinality constraints that occur in
ER-diagrams and ISA hierarchies. They give a method to test the satisfiability
of a schema. This is a special case of cardinality constraints, because the ER-
diagrams do not contain inequality constraints.

Ohlbach and Koehler [35,36] consider a simple description logic with cardi-
nality constraints. They give methods to test subsumption and satisfiability of
their formulas, but they do not consider quantifier elimination.

Seipel and Geske [51] use constraint logic programming to solve conjunctions
of cardinality constraints. Their set of constraint logic programming [27] rules is
sound but incomplete.

Surprisingly, in this paper, we show that the augmented formulas, called
Boolean linear cardinality constraint formulas, admit quantifier elimination. It
is surprising that by adding to the set of atomic constraints, the problem of
quantifier elimination becomes easier, not harder. Indeed, the end result, which
is our quantifier elimination method described in this paper, may strike the
reader as simple. But the finding of the trick of adding cardinality constraints
for the sake of performing quantifier elimination is not obvious as shown by the
following history summarized in Figure 1. In the figure the arrows point from less
to more expressive Boolean constraint theories, but the labels on them indicate
that the Boolean algebra needs to be of a certain type. Let’s describe Figure 1
in some detail (please see Section 2 for definitions of unfamiliar terms).

Precedence between variables: A naive elimination of variables from a
set of Boolean precedence constraints between variables or constants (in the case
of algebras of sets set containment constraints between sets) occurs in syllogistic
reasoning. Namely, the syllogistic rule if all z are y, and all y are z, then all z
are z yields a simple elimination of the y variable. Such syllogisms were described
already by Aristotle and developed further in medieval times and can be used
as the basis of eliminating variables. Srivastava, Ramakrishnan, and Revesz [52]
gave an existential quantifier elimination method for a special subset of the
Boolean algebra of sets. They considered existentially quantified formulas with



