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Preface

This volume contains the proceedings of the 18th International Symposium on
Mathematical Foundations of Compnter Science, MFCS5'93, held in Gdansk,
Poland, August 30-September 3, 1983,

The MFCS symposia, organized annually in Poland and the former Czeclioslo-
vakia since 1972, have a long and well-established tradition. Over the years they
have served as a meeting ground for specialists from all branches of theoretical
computer science, in particular

algorithims and complexity, antomata theory and theory of langunages,
concurrent, distributed and real-time systems,

the theory of functional, logic and abject-oriented programming,
lambda calculus and type theory,

semantics and logics of programs,

and others.

The interest in MFCS symposia seems to be growing. MFCS’93 scts a new record
on the number of submissions: 133, Out of them, the Programme Committee
has selected 56 for presentation, striclly on the basis of their scientific merit
antd appropriateness [or the symposium. The comumitiee was assisted by over
210 referees. The scientific programme includes also lectures by 12 distinguished
scholars.

The proceedings contain both the invited leetures and the contributions. Unfor-
tunately, most of the latier had to be abridged duc to space limilations.

We wonld like to thank, first of all, the authors of the papers submitted --their
interest justifies the organization of the symposia. Thanks are also duc 1o the
members of the Programme Commttee and fo the referees for their work pat
into the evaluation of the papers. Finally, we thank Springer-Verlag for a long-
term cooperation with MFCS symposia.

A number of institutions have financially contributed to the success of the sym-
posium. We gratefully acknowledge ilie support from Stefan Batory Foundation,
Gdarsk Development Method research project, Warsuw University, Wroclaw Uni-
versity, Gdarisk University.

MF(CS’93 is organized by the Instituie of Computer Science of the Polish Academy
of Scicnces. The Organizing Comumittee consists of Marek A. Bednarczyk (chair-
man}, Andrze] M. Borzyszkowski, Ryszard Kubiak, Wieslaw Pawlowsk; and Ste-
fan Sckolowski.

(Gdartisk, June 1993 Andrzej M. Borzyszkowski
Stefan Sokolowski
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On the Unification Free Prolog Programs

Krzysztof R. Apt? and Sandro Etalle?

t CWI
P.O. Box 4079, 1009 AB Amsterdam, The Netherlands
and
Faculty of Mathematics and Computer Science
University of Amsterdam, Flantage Muidergracht 24
1018 TV Amsterdam, The Netherlands
2 Dipartimento di Matematica Pura ed Applicata
Universitd di Padova
Via Belzoni 7, 35131 Padova, Italy

Abstract. We provide simple conditions which allow us to conclude that
in case of several well-known Prolog programs the unification algorithm can
be replaced by iterated matching. The main toocls used here are types and
generic expressions for types. As already noticed by other researchers, such
a replacement offers a possibility of improving the efficiency of program’s
execution. '

Notes. The work of the first author was partly supported by ESPRIT Basic
Research Action 6810 (Compulog 2). This research was done partly during
the second author’s stay at Centre for Mathematics and Computer Science,
Amsterdam.

1 Introduction

Unification is heralded as one of the crucial features offered by Prelog, so it is
natural to ask whether it is actually used in specific programs. The aim of this
paper to identify natural conditions under which unification can be replaced by
iterated matching and to show that they are applicable to several well-known Prolog
programs. These conditions can be statically checked without analyzing the search
trees for the queries, For programs which use ground inputs they can be efficiently
tested.

The problem of replacing unification by iterated matching was already studied
in the literature by a number of researchers - see e.g. Deransart and Maluszynski
[DM85b], Maluszynski and Komorowski [MK85] and Attali and Franchi-Zannettacci
[AF288]. Asin the previous works on this subject, we use modes, which indicate how
the arguments of a relation should be used. Our results improve upon the previous
ones due to the additienal use of types. This allows us to deal with non-ground
inputs.

We use here a simple notion of a type, which is a set of terms closed under
substitutien. The main tool in our approach is the concept of a generic ezpression.,
Intuitively, a term s is a generic expression for a type T if it is more general than all
elements of T which unify with ¢. This simple notion turns out 10 be crucial here,
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because surprisingly often the input positions of the heads of program clauses are
filled i by generic expressions for appropriate Lypes.

We combine in cur analysis the use of generic expressions with the notion of a
weli-typed program, recently introduced by Bronsard, Lakshman and Reddy [BLR92],
which allows us to ensure that the input positions of the selecied atoms remain
correctly typed. As the table included at the end of this paper shows, our results
cen be applied to astonishingly many Prolog programs.

2 Preliminaries

In what follows we study logic programs axecuted by means of the LD-resolution,
which consists of the SLD-resolution combined with the leftmost selection rule. An
SLD-derivation in which the leftmost selection rule is used is called an LD-derfvation.
We allow in programs various first-order built-in’s, like =, #, >, eic, and assume
that they are resclved in the way conforming to their interpretation.

We work here with queries, that is sequences of atoms, instead of goals, that is
constructs of the form « @, where ) is a query. Apart from this we use the standard
notation of Lloyd [Llo87] and Apt [Apt20]. In particular, given a syntactic construct
E (so for example, a term, an atom or a set of equations) we denote by Ver(E) the
set of the variables appearing in E. Given a substitution & = {x;/f:,...,2,/tz} we
denote by Dom{8) the set of variables {z1,...,z.}, by Range{#) the set of terms
{t1,...,ta}, and by Ran{B) the set of variables appearing in {1, ..., }. Finally, we
define Var(f) = Dom(8) U Ran(8). _

Recall that a substitution 8 is called grounding if Ren{#) is empty, and is called
a renaming if it is a permutation of the variables in Dom(6). Given a substitution
§ and a set of variables V, we denote by 8|V the substitution obtained from 8 by
restricting its domain to V.

2.1 Unifiers
Given two sequences of terms s = 81,..., 8, and t = 4, ..., t,, of the same length we
abbreviate the set of equations {s; ={fy,...,5, =t.} to {s =t} and the sequence

518, ..., 8,8 to s6. Two atoms can unify enly if they have the same relation symbeol.
With two atoms p(s) and p(t) to be unified we associate the set of equations {s = t}.
In the applications we often refer to this set as p{s) = p{t). A substitution & such
that sf = t# is called a unifier of the set of equations {s = t}. Thus the set of
equations {8 = t} has the same unifiers as the atoms p(s) and p(t).

A unifier # of a set of equations E is called a mest general unifier (in short mgvy)
of E if it is more general than all unifiers of E. An mgu § of & set of equations £ is
called relevant if Var(6) C Ver(E),

The following lemma was proved in Lassez, Marriot and Maher [LHFMRE3].

Lemmal. Let 8, end 8y be mgu’s of a set of equations. Then for same renaming 4
we have @y = Oyny. o

Finally, the following well-known lemma allows ug to search for mgu's in an
iterative fashion. :





