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Abstract

We define a simple collection of operations for creating and manipulating record
structures, where records are intended as finite associations of values to labels. A second-
order type system over these operations supports both subtyping and polymorphism. We
provide typechecking algorithms and limited semantic models.

Our approach unifies and extends previous notions of records, bounded quan-
tification, record extension, and parametrization by row-variables. The general aim is to
provide foundations for concepts found in object-oriented languages, within a framework
based on typed lambda-calculus.

1. Introduction

Object-oriented programming is based on record structures (called objects)
intended as named collections of values (attributes) and functions (methods).
Collections of objects form classes. A subclass relation is defined on classes with
the intention that methods work “appropriately” on all members belonging to
the subclasses of a given class. This property is important in software
engineering because it permits after-the-fact extensions of systems by subclasses,
without requiring modifications to the systems themselves.

The first object-oriented language, Simula67, and most of the more recent
ones (see references) are typed by using simple extensions of the type rules for
Pascal-like languages. These extensions mainly involve a notion of subtyping.
In addition to subtyping, we are interested here in more powerful type systems
that smoothly incorporate parametric polymorphism.

Type systems for record structures have recently received much attention.
They provide foundations for typing in object-oriented languages, data base
languages, and their extensions. In [Cardelli 84&88] the basic notions of record
types, as intended here, were defined in the context of a first-order type system
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for fixed-size records. Then Wand [Wand 87] introduced the concept of row-
variables while trying to solve the type inference problem for records; this led to
a system with extensible records and limited second-order typing. His system
was later refined and shown to have principal types in [Jategaonkar Mitchell 881,
[Rémy 89], and again in [Wand 89]. The resulting system provides a flexible
integration of record types and Milner-style type inference [Milner 78].

Meanwhile [Cardelli Wegner 85] defined a full second-order extension of the
system with fixed-size records, based on techniques from [Mitchell 84]. In that
system, a program can work polymorphically over all the subtypes B of a given
record type A, and it can preserve the “unknown” fields (the ones in B but not
in A) of record parameters from input to output. However, some natural
functions are not expressible. For example, by the nature of fixed-size records
there is no way to add a field to a record and preserve all its unknown fields.
Less obviously, a function that updates a record field, in the purely applicative
sense of making a modified copy of it, is forced to remove all the unknown
fields from the result. Imperative update also requires a careful typing analysis.

In this paper we describe a second-order type system that incorporates
extensible records and solves the problem of expressing the natural functions
mentioned above. We believe this second-order approach makes the
presentation of record types more natural. The general idea is to extend a
standard second-order (or even higher-order) type system with a notion of
subtyping at all types. Record types are then introduced as specialized type
constructions with some specialized subtyping rules. These new constructions
interact well with the rest of the system. For example, row-variables fall out
naturally from second-order type variables, and contravariance of function
spaces and universal quantifiers mixes well with record subtyping.

In moving to second-order typing we give up the principal type property of
weaker type systems, in exchange for some additional expressiveness. But most
importantly for us, we gain some perspective on the space of possible
operations on records and record types, unencumbered (at least temporarily) by
questions about type inference. Since it is not clear yet where the bounds of
expressiveness may lie, this perspective should prove useful for comparisons
and further understanding.

The first part of the paper is informal and introduces the main concepts and
problems by means of examples. Then we formalize our intuitions by a
collection of type rules. In this summary of our work, we briefly describe a
normalization procedure for record types, and show soundness of the rules
with respect to a simple semantics for the pure calculus of records. Applications
and extensions of the basic calculus are described in the full paper.


























































































