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Abstract

The starting point for this thesis is the Nuprl proof development system. Nuprl is
an environment for the development of formal computational mathematics and has a
rich constructive type theory as a logical basis. It provides sophisticated editors and
an integrated tactic mechanism that allows the programming of guaranteed-sound
extensions to the inference system.

The work presented in this thesis concerns the automation of reasoning in Nuprl,
and consists of three parts. The first is a collection of general-purpose tactics. These
tactics are simple enough that their function can be readily understood, yet powerful
enough to support development of substantial formal mathematics.

The second part is the use of Nuprl to solve an open problem in the theory
of programming languages. The set of basic tactics together with various tools
provided by Nuprl play a crucial role in the solution, and it seems that this problem
is not tractable without computer assistance.

The third part is an implementation within Nuprl of mechanisms that support
the use of Nuprl’s type theory as a language for constructing theorem-proving pro-
cedures. The main component of the implementation is a large library of definitions,
theorems and proofs. This library may be regarded as the beginning of a book of
formal mathematics; it contains a complete formal development and explanation of
a useful subset of Nuprl’s metatheory, and of a mechanism for translating results
established about this embedded metatheory to the object level. The type theory,
besides permitting the internal development of this partial reflection mechanism,
allows us to make abstractions that drastically reduce the burden of establishing
the correctness of new theorem-proving procedures. Our library includes a formally
verified term-rewriting system.
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Chapter 1

Introduction

The starting point for this thesis is the Nuprl proof development system [23]. Nuprl
is an environment for the development of formal computational mathematics and
has a rich constructive type theory as a logical basis. The system has a sophisticated
proof editor and several decision procedures for integer arithmetic. The program-
ming language ML is incorporated in such a way as to allow the user to write, and
safely use, programs called tactics that can assist in the construction of proofs. The
integration of the tactic mechanism and the proof editor permits the development
of proofs that can serve as high-level explanations of formal arguments.

This thesis concerns the automation of reasoning in this novel setting. Our first
step in raising the level of inference in Nuprl was to develop a substantial collection
of general-purpose tactics. These tactics are simple enough that their function
can be readily understood, yet powerful enough to support the development of
substantial formal mathematics. Using them, it is usually a straightforward matter
to translate an informal proof plan into a formal Nuprl proof, and the resulting
proofs are usually understandable pieces of formal mathematics. The tactics have
been used in a variety of applications, including some programming examples and a
fundamental theorem of constructive number theory. They also make possible the
work contained in the rest of the thesis.

One of the main applications we have made of this tactic collection is in the use
of Nuprl to solve an open problem in the theory of programming languages. The
problem arose in connection with a fundamental question concerning typed A-calcu-
li. The only known approach to the question was to characterize the computational
behaviour of a term obtained from formalizing a non-trivial argument in a minimal
calculus. Because of the syntactic complexity involved, others were not able to
proceed with this approach. Using Nuprl, we quickly obtained the term of interest
and then used the system to analyze its computational behaviour. It seems likely
that this problem is not tractable without computer assistance.

Most theorem-proving systems that allow the user to soundly extend the infer-
ence mechanism with new theorem-proving procedures use one of two approaches.
The first approach is to require that new procedures be proven correct in a formal-






























































































































































































































































































































































































































































































































































































































































































































































































































