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Preface

The 21st European Conference on Object-Oriented Programming, ECOOP 2007,
was held in Berlin, Germany, on July 30 to August 3, 2007. ECOOP is the most
important and inspiring forum in Europe and beyond for researchers, practition-
ers, and students working in that smorgasbord of topics and approaches known
as object orientation. This topic area was explored and challenged by excellent
invited speakers—two of which were the winners of this year’s Dahl-Nygaard
award—in the carefully refereed and selected technical papers, on posters, via
demonstrations, and in tutorials. Each of the many workshops complemented
this with a very interactive and dynamic treatment of more specific topics. Fi-
nally, panels allowed for loud and lively disagreement. Yet, it is one of ECOOP’s
special qualities that this plethora of activities add up to a coherent and exciting
whole, rather than deteriorating into chaos.

The Program Committee received 161 submissions this year. Only 135 of
them were carried through the full review process, because of a number of re-
tractions and a number of submissions of abstracts that were never followed by
a full paper. However, the remaining papers were of very high quality and we
accepted 25 of them for publication. Helping very good papers to be published is
more useful than having an impressively low acceptance rate. The papers were
selected according to four groups of criteria, whose priority depended on the
paper: relevance; originality and significance; precision and correctness; and pre-
sentation and clarity. Each paper had three, four, or five reviews, depending on
how controversial it was. As a new thing this year we let the authors read their
reviews before the Program Committee meeting, and solicited a short response
from the authors; this seemed to be helpful in several ways. The discussions
at the Program Committee meeting, February 1-2 2007, were often long and
agitated, but at the end we were happy with the result.

The success of ECOOP 2007 was only possible because of the dedication,
inspiration, and plain hard work of many people. I would like to thank the au-
thors for submitting so many high-quality papers. I would also like to thank
the Program Committee for writing the more than 500 reviews and partici-
pating very actively in the Program Committee meeting; the Organizing Chair
Stephan Herrmann for helping with numerous problems along the way; the AITO
Executive board and especially Dave Thomas for their good advice on several
occasions; Richard van de Stadt who was in charge of the submission Web site
and its software, for his impressively quick response times, high quality of work,
and generally friendly nature; and finally Karen Kjaer Mgller, who helped us all
very much with administrative and similar tasks during the Program Committee
meeting.

May 2007 Erik Ernst
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Erlang — Software for a Concurrent World

Joe Armstrong

Ericsson AB
joe.armstrong@ericsson.com

Abstract. This talk is about Erlang and Concurrency Oriented Pro-
gramming. We start with a short history of Erlang and of shared state
and message passing concurrency. We argue that it is impossible to make
fault-tolerant systems using mutable shared state concurrency models.
We explain the thinking behind what has become known as “Erlang style
concurrency” and show the relation to Concurrency Oriented Program-
ming. We take a brief detour and talk about the commercial spread of
Erlang, highlighting some of the more successful products and compa-
nies based on Erlang. We talk about the general problem of program-
ming multicore computers and show how the goal of achieving factor
N speedups on N-core processors with no change to the code, is being
realised.
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Abstract. Static and dynamic type systems have well-known strengths
and weaknesses. In previous work we developed a gradual type system for
a functional calculus named A\?,. Gradual typing provides the benefits of
both static and dynamic checking in a single language by allowing the
programmer to control whether a portion of the program is type checked
at compile-time or run-time by adding or removing type annotations on
variables. Several object-oriented scripting languages are preparing to
add static checking. To support that work this paper develops Ob7<:,
a gradual type system for object-based languages, extending the Ob..
calculus of Abadi and Cardelli. Our primary contribution is to show that
gradual typing and subtyping are orthogonal and can be combined in a
principled fashion. We also develop a small-step semantics, provide a
machine-checked proof of type safety, and improve the space efficiency
of higher-order casts.

1 Introduction

Static and dynamic typing have complementary strengths, making them better
for different tasks and stages of development. Static typing provides full-coverage
error detection, efficient execution, and machine-checked documentation whereas
dynamic typing enables rapid development and fast adaptation to changing re-
quirements. Gradual typing allows a programmer to mix static and dynamic
checking in a program and provides a convenient way to control which parts of
a program are statically checked. The goals for gradual typing are:

— Programmers may omit type annotations on parameters and immediately
run the program; run-time type checks are performed to preserve type safety.

— Programmers may add type annotations to increase static checking. When
all parameters are annotated, all type errors are caught at compile-time.!

— The type system and semantics should minimize the implementation burden
on language implementors.

In previous work we introduced gradual typing in the context of a functional
calculus named A\’ [47]. This calculus extends the simply typed lambda calculus

! The language under study does not include arrays so the claim that we catch all
type errors does not include the static detection of out-of-bound errors.
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with a statically unknown (dynamic) type ? and replaces type equality with type
consistency to allow for implicit coercions that add and remove ?s.

Developers of the object-oriented scripting languages Perl 6 [49] and JavaScript
4 [27] expressed interest in our work on gradual typing. In response, this paper
develops the type theoretic foundation for gradual typing in object-oriented lan-
guages. Our work is based on the Ob~* calculus of Abadi and Cardelli, a statically-
typed obj ect calculus with structural subtyping. We develop an extended calculus,
named Ob’ <., that adds the type ? and replaces the use of subtyping with a relation
that integrates subtyping with type consistency.

The boundary between static and dynamic typing is a fertile area of research
and the literature addresses many goals that are closely related to those we
outline above. Section 8 describes the related work in detail.

The paper starts with a programmer’s and an implementor’s tour of grad-
ual typing (Sections 2 and 3 respectively) before proceeding with the technical
development of the new results in Sections 4, through 7.

Techmical Contributions. This paper includes the following original contribu-
tions:

1. The primary contribution of this paper shows that type consistency and
subtyping are orthogonal and can be naturally superimposed (Section 4).

2. We develop a syntax-directed type system for Ob” (Section 5).

3. We define a semantics for Ob?<: via a translation to the intermediate lan-
guage with explicit casts Ob<<'): for which we define a small-step operational
semantics (Section 6).

4. We improve the space efficiency of the operational semantics for higher-order
casts by applying casts in a lazy fashion to objects (Section 6).

5. We prove that Ob <. is type safe (Section 7). The proof is a streamlined
variant of Wright and Felleisen’s syntactic approach to type soundness 5,
53]. The formalization and proof are based on a proof of type safety for
FOb (a superset of Ob . that also includes functions) we wrote in the
Isar proof language [52] and checked using the Isabelle proof assistant [39].
The formalization for FOb’ <. is available in a technical report [46].

6. We prove that Ob” <. Is statically type safe for fully annotated programs
(Section 7), that is, we show that neither cast exceptions nor type errors
may occur during program execution.

2 A Programmer’s View of Gradual Typing

We give a description of gradual typing from a programmer’s point of view,
showing examples in hypothetical variant of the ECMAScript (aka JavaScript)
programming language [15] that provides gradual typing. The following Point
class definition has no type annotations on the data member x or the dx param-
eter. The gradual type system therefore delays checks concerning x and dx inside
the move method until run-time, as would a dynamically typed language.



