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Proof editors in the news!

Economist, March 31, 2005

Science, March 4, 2005
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How can proof editors become a tool for programmers and
mathematicians?

We must rely on the proof:

Small and understood proof checker.

Well understood relationship between the proof checker and
the logic.

Well understood logic.

But this is not enough!

Proofs readable by humans.

The final product should be a document consisting of formal
and informal parts. (Matematica).

The editor is important.
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The editor is important

Two choices:

Structure oriented WYSIWYG editor. (Mathematica, Word,
Alfa)

Powerful text editor like emacs.

In both cases, the concrete syntax of the user language becomes
important.
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Underlying assumptions

A type theoretic view on document structure:

A document is represented by an abstract syntax tree (type
theoretic object) which gives all important structure of it.
This object expresses how a document is built up from parts.

The type of the abstract syntax tree expresses the syntactic
structure of it.

Dependent types will be used to express syntactic restrictions.

The concrete syntax of a document is a mapping from its
abstract syntax tree to a string (this will be generalized).

The same abstract syntax tree can have many concrete
syntaxes, multilingual documents.
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Syntax

abstract syntax

the type of the abstract syntax tree

concrete syntax

a mapping from the abstract syntax tree to a string

There are usually many concrete syntaxes for the same abstract
syntax tree:

user syntax (language represented as text, must be parsable)

with mathematical symbols

advanced layout (not parsable in general)
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User syntax

Requirements:

Must be parsable.

Unstructured text should be simple to input. (Programming
languages are not good: needs special quoting)

Mathematical expressions like infix, postfix, mixfix operators
should be simple to input. (XML, S-expressions are not good).

Our proof languages are not good for this.

The user should have a view that she is writing a document
containing mathematical expression and structural
information.

Not that she is writing a mathematical expression containing
informal text.
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Distinction between user syntax and concrete syntax

Some mathematical syntax requires a lot of mathematical
knowledge to be parsed. If we distinguish the user syntax from the
presentation syntax things become much simpler.

There is no need to require that the concrete syntax is
parsable (it is enough that a human reader can parse it).

Hiding of subexpressions from the concrete syntax is
completely free as long a human can read it. Replacing a
proof with the word trivial (or FOL) is fine if it is obvious for a
human.
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How are mathematical documents represented today?

XML

XML is a language for inductively defined objects.

A concrete syntax can be obtained by using a style sheet, a
function which maps an XML document to an HTML
document (which can be printed).

The type system for the abstract syntax is a simple (but
complicated) type system like in programming languages.

LATEX

The abstract syntax tree of a document can be expressed by
functional constants. There is no type system.

The concrete syntax can be specified by giving macro
definitions to the functions.
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Why typed documents?

Errors are found early.

Meaningful help from the editor (e.g. better completions).

Increases the possibilities for computing with documents as
data.

Interesting application of type theory.
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Example of dependent types in documents

The abstract syntax of an adress

Adress = [country: Countries,
zipcode: Zip (country),

city: City(country, zipcode)]
where
Countries: Set

={Sweden, Japan, UK, ...}
Zip: Countries -> Set;
Zip(Sweden)=Digits5;
Zip(Japan) = ...;
Zip(UK) = ...;

In this way we can express that the syntax of the zip code depends
on the country, and make sure that the zip code and the city
matches each other.
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Related work I

Grammatical Framework (Aarne Ranta)

Grammar for natural languages.

Abstract and concrete syntax.

Type system: Martin-Löf’s type theory.

Concrete syntax expressed in a functional language.

Multilinguality.
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Related work II

WebALT Consortium

use existing standards for representing mathematics on the
web and existing linguistic technologies to produce
language-independent mathematical didactical material.

will create software and sample content for an XML database
of mathematical problems to be used in undergraduate
university courses in mathematics.
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Scenario

A document editor which can be used to produce a
mechanically checked proof.

Proofs readable by humans.

Small type checker.

Relationship between type checker and formal system is
spelled out.

No manual!
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