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Preface

This velume contains the papers presented at the Third International Workshop oa Conditional
Term Rewriting Systems held on 8-10 July 1992 at Pont-a-Mousson, France.

The first CTRS workshop was held in 1987 at the Université of Paris XI in Orsay and the
second one took place iz 1990 at Concordia University in Montreal. The proceedings have been
published in the Lecture Notes in Computer Seience, Springer Verlag, volume 308 and volume
516 respectively. Topics of these workshops include conditional rewriting and its applications
to programming languages, specification languages, automated deduction, constrained rewriting,
typed rewriting, higher-order rewriting, graph-rewriting,

We would like to thank the Reégion Lerraine, the Cenire de Recherche en Informatique de
Naney {which is the joint computer science laboratory of the Universities of Nancy and the
Centre National de {a Recherche Scientifigue } and the Lorraine research center of the Fustitul
National de la Recherche en Informaligue et Autornatigue for their support.

We are also grateful to Christiane Guyot and Véronique Poirel for their help with many tasks
during the preparation of the workshop.

September 1992 The Organizers,

Michaél Rusimowitch
Jean-Lue Rémy
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ALGEBRAIC SEMANTICS
OF REWRITING TERMS AND TYPES

Kar! Meinke
Department of Mathematics and Computer Science,
University College Swansea,
Singleton Park,
Swansea SA2 8PP,
Greal Britain.
June 1992

Abstract We present a universal algebraic framework for rewriting terms and
types over an arbitrary equational specification of types and typed combinators.
BEquational type specifications and their initial algebra semantics were introduced
in Meinke [1991b]. For an arbitrary equaticnal type specification {¢, E) we prove

e, E)* . . . ive
that the corresponding rewriting relaticn BER coincides with the provability re-

lation (e, E) F for the equational calculus of terms and t{ypes. Using completeness
results for this calculus we deducc that rewriting for ground terms and ground types
coincides with caleulation in the initial model I{e, B} of the equational type speci-
fication.

0. INTRODUCTION

The basic theory of universal algebra in higher types was introduced in Poigné
{19886], Moller [1987], Moller et al [1988] and Meinke {1990], [1992]. A higher type
universal algebra is a many—soried universal algebra in which the carrier sels have
some type theorctic structurc. Applications of the theory of higher type universal
algebra to programming language definition and hardware verification are discussed
in Meinke [1991a} and Mcinke and Steggles [1992). The basic theory of higher type
universal algebra concerns only the propositional type constructions x and — for
product and function spaces. In Meinke [1991b] a more general algebraic theory of
abstract type constructions and typed combinator systems was introduced, and an
equational specification theory for algebras of types and combinators was presented,
including results on initial models and completeness of equation and type assign-
ment calculi. Within this general framework, complex type constructions such as
predicative and impredicative II and & types and recursive types may be modelied
algebraically. The universalily of the theory allows for user defined type disciplines
and ihe specification of abstraclt data iypes with a rich type structure.

An equational type specification is a pair Spec = ({I', £}, {Z, E)} consisting of
a type signature I', and equational theory ¢ of types, a combinator signature T
and an equational theory & of combinators. The model class Mod{Spec) forms a
category which admits an initial algebra J{Spec) which we may take as the initial
algebra semantics of $pec. From the viewpoint of computation it is natural to con-
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sider term rewriting as a mechanism for computation in the initia! model J{Spec).
In this paper we intreduce a theory of term rewriting for equational type apecifi-
cations. An important new featurc of this theory is that both rewriting of types
and rewriting of terms are allowed. Given a coinbinator term ¢ over a specification
Spec = {(T, €), {E, E)}) the oriented equations of ¢ allow us to vewrite type terms in
¢ while the oriented equations of & allow us to rewrite combinator terms in 2. Qur

main result is a Correspondence Theorem for rewriting which establishes that the

. . Ale, E)? . s - .
sewrite relation “= % on combinator terms using the oriented equations of ¢ and

E coincides with the provability relation (e, E) F in the equational calculus of terms
and types. By a completeness theorem for this caleulus it {ollows that rewriting
soincides with caleulation in the initial model I{Spec).

The structure of this paper is as follows. In section 1 we present essential pre-
requisites from universal algebra and category theory. In section 2 we review basic
definitions and results on the algebraic theory of kypes and combinators. In section
3 we introduce the fundamental definitions and concepts of rewriting for types and
combinators. In section 4 we review the equational calculus of terms and types.
Finally in zeciion § we prove a Correspondence Theorem for rewriting and equa-
tional deduction. Wi have attempted to make the paper self contained. Howaver
the reader may wish to consult Meinke [1901b] and Meinke and Wagner {1992] for
more detailed proofs and examples.

1. ALGEBRAIC AND CATEGCORY THEORETIC PRELIMINARIES

The notation for many—sorted universal algebra that we use is taken from Meinke
and Tucker {1992} where all of the basic technical definitions and results on algebra
that we require may be found. Let us make our notation explicit,

Ap S-sorted signature T consists of a non—empiy sct 5, the clements of which
are sorts, aud an §* x S-indexed family {T,,, | w € S*, 8 € 5} of sets {where
S5* denotes the set of all words over 5). For the empty word A € 5* and any sort
s £ §, each clement ¢ € Iy , is a constent symbol of sort s; for each non-empty
word w = s{1)... s(n) € §T and any sort 5 € 5, cach element ¢ € Ty, , is a function
aymbel of domain tyve w, codomain fype s and erily n. Thus we can define T to be
the pair (8, (Z,, . [ we 5%, s 5))

Let S be an S—corted signature. £n S-soried T algebra is an ordered pair {4, B4),
consisting ef an S—indexed family 4 = {4, | s € 5} of carrier sets 4, and an S* xS
indexed family 24 = (52, | w € §*, 5 € ) of seis of constants and algebraic
operations. For each sort s € 5, B = { ca | c € Tr. }, where e4 € 4, is 2
consient that interprets ¢. For each w = 8(1)...s(r} € ST and each sort s € §,
Ele, = { fa ]l f € Zys }, where fa4 1 A™ — A, is an operation with domain
AY = Aygy X .. X Ay and codomain A, which interprets f. As usual, we let A4
denote both a & algebra and its S-indexed family of carrier sets.

‘We require ene essentisl construction from category theory, the cofibration con-
struction, which we use to structure the model class of an equational fype specifica-
SOl

1.1, Definition, Let £ be a category ana Caf be a categery of categorics.





