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Preface

This volume contains the papers presented at the 4th International Symposium
on Foundations of Information and Knowledge Systems (FoIKS 2006), which
was held at the Alfréd Rényi Institute of Mathematics, Hungarian Academy of
Sciences, Budapest, Hungary, from February 14 to 17, 2006.

FoIKS is a biennial event with a focus on the theoretical foundations of
information and knowledge systems. The goal is to bring together researchers
working on the theoretical foundations of information and knowledge systems,
as well as to attract researchers working in mathematical fields such as discrete
mathematics, combinatorics, logics and finite model theory who are interested
in applying their theories to research on database and knowledge base theory.

FoIKS took up the tradition of the conference series Mathematical Funda-
mentals of Database Systems (MFDBS), which enabled East-West collaboration
in the field of database theory. The first FoIKS symposium was held in Burg,
Spreewald (Germany) in 2000, the second FoIKS symposium was held in Salzau
Castle (Germany) in 2002, and the third FoIKS symposium was held in Vienna
(Austria) in 2004. Former MFDBS conferences were held in Dresden (Germany)
in 1987, Visegrdd (Hungary) in 1989 and in Rostock (Germany) in 1991. Pro-
ceedings of these previous MFDBS and FoIKS events were published by Springer
as volumes 305, 364, 495, 1762, 2284, and 2942 of the LNCS series, respectively.

The FoIKS symposium is intended to be a forum for intensive discussions. For
this reason the time slots for long and short contributions are 50 and 30 minutes,
respectively, followed by 20 and 10 minutes for discussions, respectively. Each
such discussion is led by the author of another paper, who is asked in advance
to prepare a focused set of questions and points for further elaboration.

The FoIKS 2006 call for papers solicited contributions dealing with the foun-
dational aspects of information and knowledge systems, including the following
topics:

— Mathematical Foundations: discrete methods, Boolean functions, finite
model theory

— Database Design: formal models, dependency theory, schema translations,
desirable properties

— Query Languages: expressiveness, computational and descriptive complex-
ity, query languages for advanced data models, classifications of computable
queries

— Semi-structured Databases and WWW: models of Web databases, querying
semi-structured databases, Web transactions and negotiations

— Security in Data and Knowledge Bases: cryptography, steganography, infor-
mation hiding

— Integrity and Constraint Management: verification, validation, and enforce-
ment of consistency, triggers



VI

|

Preface

Information Integration: heterogeneous data, views, schema dominance and
equivalence

Database and Knowledge Base Dynamics: models of transactions, models of
interaction, updates, consistency preservation, concurrency control
Intelligent Agents: multi-agent systems, autonomous agents, foundations of
software agents, cooperative agents

Logics in Databases and AI: non-classical logics, spatial and temporal logics,
probabilistic logics, deontic logic, logic programming

Knowledge Representation: planning, description logics, knowledge and be-
lief, belief revision and update, non-monotonic formalisms, uncertainty
Reasoning Techniques: theorem proving, abduction, induction, constraint
satisfaction, common-sense reasoning, probabilistic reasoning, reasoning
about actions

The Program Committee received 54 submissions. Each paper was carefully

reviewed by at least two experienced referees, and most of the papers were re-
viewed by three referees. Fourteen papers were chosen for long presentations and
three papers for short presentations. This volume contains polished versions of
these papers with respect to the comments made in the reviews. The best pa-
pers will be selected for further extension and publishing in a special issue of the
journal Annals of Mathematics and Artificial Intelligence.

We would like to thank everyone involved with FoIKS 2006 for their contri-

bution to the success of the symposium.

Jirgen Dix
Stephen J. Hegner
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The Semijoin Algebra

Jan Van den Bussche

Universiteit Hasselt, Agoralaan D,
B-3590 Diepenbeek, Belgium
jan.vandenbusscheQuhasselt.be

Abstract. When we replace, in the classical relational algebra, the join
operator by the semijoin operator, we obtain what we call the semijoin
algebra. We will show that, when only equi-joins are used, the semijoin
algebra is equivalent with the guarded fragment of first-order logic, and
thus it inherits many of the nice properties of the latter logic. When
more general theta-joins are used, however, we move outside the realm
of guarded logics, and we will show how the notion of guarded bisim-
ilarity can be extended accordingly. Last but not least, we show how
the semijoin algebra can be used as a tool to investigate the complexity
of queries expressed in the relational algebra, where we are mainly in-
terested in whether or not a relational algebra expression for the query
needs to produce intermediate results of nonlinear size. For example, we
will show that the division operation cannot be expressed by a linear
relational algebra expression.

This talk is a survey of work done in collaboration with Dirk Leinders,
Jerzy Tyszkiewicz, and Maarten Marx.

References

1. D. Leinders, M. Marx, J. Tyszkiewicz and J. Van den Bussche. The semijoin algebra
and the guarded fragment. Journal of Logic, Language and Information, 14:331-343,
2005.

2. D. Leinders and J. Van den Bussche. On the complexity of division and set joins in
the relational algebra. Proceedings 24th ACM Symposium on Principles of Database
Systems, pages 76-83. ACM Press, 2005.

3. D. Leinders, J. Tyszkiewicz and J. Van den Bussche. On the expressive power of
semijoin queries. Information Processing Letters, 91:93-98, 2004.

J. Dix and S.J. Hegner (Eds.): FolKS 2006, LNCS 3861, p. 1, 2006.
© Springer-Verlag Berlin Heidelberg 2006



Equational Constraint Solving Via a Restricted
Form of Universal Quantification

Javier Alvez* and Paqui Lucio

Dpto. de Lenguajes y Sistemas Informéticos, UPV-EHU, Paseo Manuel de
Lardizabal, 1, 20080-San Sebastidn, Spain
{jibalgij, jiplucap}@si.ehu.es

Abstract. In this paper, we present a syntactic method for solving first-
order equational constraints over term algebras. The presented method
exploits a novel notion of quasi-solved form that we call answer. By allow-
ing a restricted form of universal quantification, answers provide a more
compact way to represent solutions than the purely existential solved
forms found in the literature. Answers have been carefully designed to
make satisfiability test feasible and also to allow for boolean operations,
while maintaining expressiveness and user-friendliness. We present de-
tailed algorithms for (1) satisfiability checking and for performing the
boolean operations of (2) negation of one answer and (3) conjunction
of n answers. Based on these three basic operations, our solver turns
any equational constraint into a disjunction of answers. We have imple-
mented a prototype that is available on the web.

Keywords: equality, constraint satisfaction, solver, term algebra,
answer.

1 Introduction

An equational constraint is an arbitrary first-order formula built over a signature
2 of function symbols and equality as unique predicate symbol. Equational con-
straints are interpreted over term algebras. An equational solving method takes as
input an equational constraint and produces the set of all its solutions or, more
precisely, some particular representation of it. Syntactic methods are rewriting
processes that transform the input constraint into an equivalent disjunction of
constraints, in the so-called solved form, which represents its solutions. In par-
ticular, those solutions serve to decide whether the input constraint is satisfiable
or not.

On one hand, equational constraint solving is an very important tool in many
areas of automated deduction. The integration of efficient equational solvers in
theorem provers has been a challenging problem, important for many practical
applications. Equational constraints can be used for restricting the set of ground

* Corresponding author.

J. Dix and S.J. Hegner (Eds.): FoIKS 2006, LNCS 3861, pp. 2-21, 2006.
© Springer-Verlag Berlin Heidelberg 2006
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instances in order to define more eficient resolution mechanism (cf. [6]). In auto-
mated model building, equational constraints play a crucial role for model rep-
resentation (e.g. [5,11]). On the other hand, equational constraint solving may
be applied for several purposes in the areas of functional/logic programming and
databases. Therein, many problems related to semantics and implementation is-
sues can be reduce to equational constraint solving problems. Some well known
examples include the problems of answering negative goals, decidindg whether
a case-definition is complete, evaluating a boolean conjunctive query on a re-
lational database, etc. Besides, equational constraint solving have been found
useful in other areas such as formal verification tools, computational linguistic,
machine learning, program transformation, etc.

It is well known that the free equality theory', originally introduced by Mal-
cev in [15], is non-elementary (see [10,21]). Besides, the inherent complexity of
the satisfiability problem of equational problems (i.e. where the quantifier pre-
fix is of the form V*3*) for finite signature is studied in [19]. The most well
known algorithms for equational solving [9, 14, 15] and later extensions to richer
theories (see [20]) are based on quantifier elimination with solved forms that
combine equations and disequations. Negation should be allowed since, for ex-
ample, the constraint Vo( z # f(v,v) ) cannot be finitely represented without
negation (disequations). As opposed to negation, universal quantification can be
dropped from any equational formula by the well-known guantifier elimination
technique. As a consequence, most solved form notions (see [8] for a survey) are
boolean combinations of certain kind of existential formulas whose satisfiability
test is trivial even in the case of finite signature. However, in exchange for the
simplicity of the test, the solver must remove all universal quantifiers. This of-
ten requires application of the so-called? Explosion Rule ([9]) that we recall in
Fig. 1, that implies substitution of a formula by a disjunction of as many for-
mulas as there are function symbols in the finite signature X~. A more compact

(Exp) Vy(¢)r— erzaz\fy( pAw=f(z))
if there exists an equation z =t or a disequation z # t such that

some y; € 7 occurs in t, Z are fresh and X is finite

Fig. 1. The Explosion Rule (Exp)

representation of solutions reduces the blow up of the number of disjuncts along
the quantifier elimination process, which in turn improves the method. At the
same time, the basic operations for managing this more expressive notion must
not be expensive. We propose a notion of quasi-solved form, called answer, that
allows a restricted form of universal quantification, which is enough to avoid the

1 Also called the theory of term algebra and Clark’s equational theory.
2 That is, the Weak Domain Closure Aziom in the nomenclature of [14].
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above rule (Exp) and offers a more compact representation of solutions. Answers
have been carefully designed to make satisfiability test feasible and also to allow
for boolean operations (of negation and conjunction), while retaining expressive-
ness and user-friendliness. The idea of gaining efficiency via restricted forms of
universal quantification has been already proposed in [18] and in (16].

A very preliminary version of this work was presented as [1]. We have imple-
mented (in Prolog) a prototype of the general constraint solver. It is available
at "http://www.sc.ehu.es/jiwlucap/equality_constraints.html.

Outline of the paper. In the next section, we recall some useful definitions and
denotational conventions. Section 3 is devoted to the details of the notion of
answer and some examples. In Section 4, we introduce the answer satisfiabil-
ity test with some illustrative examples. In Section 5, we show how the two
other basic operations on answers —conjunction and negation— can be effi-
ciently performed. Besides, we make use of these basic operations (together with
the quantifier elimination technique) to provide a solving method for general
equational constraints. We give a summarizing example in Section 6. Finally, we
present some concluding remarks and briefly discuss some related work.

2 Definitions and Notation

Let us fix a denumerable set of variables X. Given a (finite or infinite) signature
2, a X-term is a variable from X, or a constant, or a function symbol of arity
n applied to n terms. A term is ground if it contains no variable symbols. 7 (X)
stands for the algebra of all ground X-terms or Herbrand universe, whereas
T(X,X) is used to denote the set of all X-terms. We denote by Var(t) the set
of all variables occurring in ¢ and ¢(%) denotes that Var(t) Cv. A term is linear
if it contains no variable repetitions. A bar is used to denote tuples of objects.
Subscripts are used to denote the components of a tuple and superscripts are
used to enumerate tuples. For example, zj denotes a component of Z, whereas
Zh .., T, 7" is a tuple enumeration and xf is a component of the tuple
Z’. Concatenation of tuples is denoted by the infix operator -, i.e. T-Y repre-
sents the concatenation of T and 7. When convenient, we treat a tuple as the
set of its components. A XY-equation is ¢, = to, where ¢; and ty are X-terms,
whereas t1 # ty is a X-disequation (that is also written as —(t1 = t2)). By a
collapsing equation (or disequation) we mean that at least one of its terms isa
variable. We abbreviate collapsing X-equation by 2-CoEq, and X-UCD stands
for universally quantified collapsing X’-disequation. We abbreviate Aati =8 by
t =75 and \/,t; # s; by T # 5. To avoid confusion, we use the symbol = for the
metalanguage equality.

A Y-substitution 0 = {x1 — t,... 2, — tn} is a mapping from a finite set
of variables Z, called domain(o), into 7(X, X). It is assumed that o behaves
as the identity for the variables outside domain(o). A substitution ¢ is called a
X-assignment if o(z;) € T(X) for all z; € domain(s). We intentionally confuse
the above substitution ¢ with the conjunction of equations N;®: = &y The
(possibly ground) term o (t) (also denoted to) is called an (ground) instance of the
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term t. The most general unifier of a set of terms {s1,..., S, }, denoted mgu(s),
is an idempotent substitution o such that o(s;) = o(s;) for all 1 <14, < m and
for any other substitution § with the same property, § = ¢’-¢ holds for some
substitution o’. For tuples, mgu(s',...,3™) is an abbreviation of o;-. . ..o, where
o; = mgu(sl,...,s™) for all 1 < i < n. The most general common instance of
two terms ¢ and s, denoted by mgi(t, s), is the term whose set of ground instances
is the intersection of both sets of ground instances (for ¢ and s), and it can be
computed using a unification algorithm.

An equational constraint is a first-order X-formula built over X-equations (as
atoms) using the classical connectives and quantifiers. Atoms include the logical
constants True and False. Equational constraints are interpreted in the term al-
gebra 7 (X). A Y-assignment o satisfies a X-equation t; = ¢3 iff t1o = ty0. The
logical constants, connectives and quantifiers are interpreted as usual. A solu-
tion of an equational constraint is a X-assignment that satisfies the constraint.
Constraint equivalence means the coincidence of the set of solutions. We make
no distinction between a set of constraints {y1,...,px} and the conjunction
p1 A...Apk. We abbreviate Vz; ...V, (resp. 3z, ...3z,) by VZ (resp. 3T).

3 The Notion of Answer

In this section, we present the notion of answer and give some illustrative exam-
ples. The following definition also introduces some notational conventions.

Definition 1. Let T be a k-tuple of pairwise distinct variables. A X -answer for T
is either a logical constant (True or False) or a formula of the form 3w ( (T, W) ),
where a(ZT,w) is a conjunction of X-CoEqs and X-UCDs of the form.:

n m;
si=tiA. Azk=te A N\ N\ VO(w; # si;(W,7) ) (1)

i=1j=1
such that the n-tuple W = Var(ty,...,tx) is disjoint from T, every term s;;(W, D)
neither contains the variable w; nor is a single universal variable in U, and
n$m17'-'1mn20- 0

Remark 1. We abbreviate the equational part of (1) by T = {(w). Any equation
z; = w; such that w; does not occur in the rest of the answer can be left out.
The scope of each universal quantifier is restricted to one single disequation,
although a universal variable can occur repeatedly in a disequation. 0

The following examples show that answers provide a compact and explanatory
description of the sets of solutions that they represent.

Ezample 1. Let X = {a/0,9/1, f/2}. Consider the following X-answer:
FJwiFwe( z = f(wr, w2) AVur( w1 # (v1) ) AVva(we # f(wy,v2) ).  (2)

By application of the rule (Exp) for eliminating v; and wve, the answer (2) is
equivalent to the disjunction of the following six existential constraints:



