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Preface

This book finds new things to do with an old idea. The proofs-as-programs
paradigm constitutes a set of approaches to developing programs from proofs
in constructive logic. It has been over thirty years since the paradigm was first
conceived. At that time, there was a belief that proofs-as-programs had the po-
tential for practical application to semi-automated software development. Ini-
tial applications were mostly concerned with fine-grain, mathematical program
synthesis. For various reasons, research interest in the area eventually tended
toward more theoretic issues of constructive logic and type theory. However, in
recent years, the situation has become more balanced, and there is increasingly
active research in applying constructive techniques to industrial-scale, complex
software engineering problems.

This monograph details several important advances in this direction of prac-
tical proofs-as-programs.

One of the central themes of the book is a general, abstract framework for
developing new systems of program synthesis by adapting proofs-as-programs
to new contexts. Framework-oriented approaches that facilitate analogous ap-
proaches to building systems for solving particular problems have been popular
and successful. These methods are helpful as they provide a formal toolbox that
enables a “roll-your-own” approach to developing solutions. It is hoped that our
framework will have a similar impact.

The framework is demonstrated by example. We will give two novel ap-
plications of proofs-as-programs to large-scale, coarse-grain software engineer-
ing problems: contractual imperative program synthesis and structured pro-
gram synthesis. These applications constitute an exemplary justification of the
framework. Also, in and of themselves, these approaches to synthesis should be
interesting for researchers working in the target problem domains.

The monograph serves a dual purpose of providing a state-of-the-art overview
of the field and detailing tools and techniques to stimulate further research. The
intended audience is graduate students in computer science or mathematics, the
proofs-as-programs research community, and the wider computational logic, for-
mal methods, and software engineering communities.



vi Preface

The ideas presented in this monograph originate from research conducted
over the past five years by Iman Poernomo and John Crossley at Monash Univer-
sity in collaboration with Martin Wirsing at Ludwig–Maximilians Universität.
A significant portion of the monograph is based on the PhD thesis of Iman Po-
ernomo [Poe03b]. Some of the results were presented previously in conference
papers and journal articles. Part II of the book presents ideas that resulted
from work of Poernomo and Crossley [PC01], [CP01] and [JPBC03]. Part III
ellaborates and extends the work done in [Poe99], [PC03] and [Poe03a]. Part IV
extends work that was first presented in [CPW00] and [PCW02] by Crossley,
Poernomo and Wirsing.

Several people have helped us in the preparation of this book. We are par-
ticularly grateful to John Shepherdson and Masahiko Sato for their valuable
comments and suggestions for improvement. We also thank John Jeavons, Bo-
lis Basit, Helmut Schwichtenberg, Dirk Pattinson, Stuart Allen and the Nuprl
seminar group for fruitful discussions.

Iman Hafiz Poernomo
Caulfield East

May 2004



Overview

The Curry–Howard isomorphism says that intuitionistic logic can be presented
as a constructive type theory in which proofs correspond to terms, formulae to
types, logical rules to type inference and proof normalization to term simplifi-
cation. In order to represent intuitionistic proofs, terms of the constructive type
theory contain constructive information used to prove formulae. This informa-
tion can be used to synthesize correct, error-free programs from proofs. Such
approaches to program synthesis, based upon the Curry–Howard isomorphism,
constitute the area referred to as the proofs-as-programs paradigm.

The advantage of proofs-as-programs techniques is that the task of pro-
gramming a function is reduced to reasoning with domain knowledge. After
more than three decades of research, proofs-as-programs constitutes a mature
field with an established theory and set of best practices. State-of-the-art ap-
proaches to proofs-as-programs usually involve some form of optimization and
extraction strategy, transforming intuitionistic proofs to a commonly used func-
tional programming language that can encode a simply typed lambda calculus,
such as SML, Scheme or Haskell.

Work has been done in providing analogous results to the Curry–Howard
isomorphism and proofs-as-programs for other logical systems and programming
languages. However, little work has been done in identifying a general framework
that generalizes the form such analogies should take over arbitrary logical calculi
and programming languages. Such a framework would serve as a guide to go
about adapting proofs-as-programs to new contexts.

This book defines such a framework, which we call the Curry–Howard pro-
tocol. It requires an analogous property to the Curry–Howard isomorphism to
hold between a given logic and type theory. However, generalizing state-of-the-
art approaches to proofs-as-programs, the protocol requires an optimization and
extraction strategy from proofs represented in the logical type theory to pro-
grams in a separate programming language. While program synthesis methods
have been developed that conform to our protocol, such a framework has not
been explicitly identified previously.



viii Overview

We then use the protocol to show how proofs-as-programs can be adapted
to two different contexts.

• Proofs-as-imperative-programs. The Hoare logic provides a method for the
simultaneous development of imperative programs and proofs of their prop-
erties. We adapt proofs-as-programs to the Hoare logic for the purpose of
extending it to developing imperative programs with side-effect-free return
values and views on state.

• Structured proofs-as-programs. Structured algebraic specifications are an ap-
proach to the compositional design of software systems based on the de-
velopment of data types. There are proof systems that enable us to reason
about structured specifications. We develop such a system and use proofs-as-
programs–style techniques for the synthesis of programs from proofs about
specifications, and the eventual refinement of specifications into structured
code.

These adaptations constitute an exemplary justification for the applicability of
the protocol to different contexts.
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