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1.

Automated reasoning is an important field in artifi-
cial intelligence. Proving mathematical formulas and
verifying protocols are the two major aspects of auto-
mated reasoning.

Isabelle [1] is an interactive proof system for auto-
mated theorem proving. It has been used in a variety
of domains such as formalized mathematics, hardware
verification and security protocol verification.

However, writing proof scripts (proof steps) in Is-
abelle is not an easy work for most of users. One rea-
son is that sometimes Isabelle will yield too many proof
states to handle. Each state consists of useful informa-
tion such as thN(theorem name), thCon(theorem con-
tent), step(proof step number) and sub-goals. Isabelle
will not store these states after proof in order to re-
duce the need of too much memory. To review some
states in the process of proof, users often need to prove
again. That is often time-consuming because the ex-
ecuting speed of Isabelle now is not so fast that users
often have to wait several minutes for proving one the-
ory.

A proof search system — IsaDB (Isabelle Database)
is proposed to solve the problem above.

Introduction

2. Overview

IsaDB is mainly based on Isabelle and PostgreSQL
database management system. Two software PHP and
Apache are utilized for providing web service. All the
sources could be obtained for free.

The main function of IsaDB is searching states by
keywords of proof. Eight algebra theories are used as
an application example in testing IsaDB. The system
also supports:

1. Searching by common strings or strings containing
logic symbols.

2. Printing different contents in different colors like
Isabelle does.

3. Remote access by web browsers.
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3.

The idea of dealing with proof states from Isabelle
can be divided into three parts: capturing, processing
and using states.

Design

o Capturing States: On one side, printed states will
be cleared once Isabelle exits. Keeping them by
copy-and-paste is unpractical. On the other side,
many modules of Isabelle, including the state mod-
ule, are realized by recursive functions which are
like loops in procedural languages i.e. C language.
So to extend Isabelle to export its states, it is bet-
ter to modify its sources by using recursive ML
functions to automatically get states while Isabelle
is proving.

Processing States: It should noticed that the states
can not be directly inserted into database because
they are not in right format. So it is necessary
to convert them into a standard format in ad-
vance. And then all the data could be inserted
very quickly by simple database commands.
Using States: To use the states stored in the
database, an efficient language which can provide
interface between database and user is needed.
PHP language [2] is selected in that it is a widely-
used general-purpose scripting language and pro-
vides good interfaces for using many kinds of
database like PostgreSQL.

4.

Corresponding to the ideas above, the implementa-
tion of IsaDB also contains three parts: state collec-
tion, database construction and interface design based
on the first two.

Firstly, to get the states, Isabelle sources were mod-
ified and a new ML(Meta Language) [3] file was added
to receive states from the proof process of Isabelle.

And then, a database was constructed to store these
states for search. The work of the two parts is involved
in programming in ML and PostgreSQL.

Finally, the main interface for search is written in
PHP language. The function comprises four parts ac-
cording to data flow:

Implementation
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#& 1 Results of test

Ttem | Query | Time(s)
thN BNTr8 0.252
thCon Vz € carrierD 0.897
Step 100 0.004
FirGoal Yz € carrierD 1.061
thCon; Step | Vz € carrierD;100 | 0.004
FirGoal; Step | Vz € carrierD;100 | 0.005

1. Input query.

2. Process query.

3. Generate search command.
4. Print results.

The search interface of IsaDB is shown in Fig.1.
The other interface to call IsaDB from Isabelle is
written in Lisp language.

5. Application

To evaluate the implementation, IsaDB was applied
to construct a proof database for eight files of algebra
theory [4].

The theory contains 1807 lemmas (theorems) about
groups, rings and modules. All 41240 proof states in
proving the theory were collected and inserted into
database by IsaDB.

Finally, proof state search could be done in a client’s
web browser which sends request to the server equipped
with the database.

Part of data in this test is listed in Tab.1.

Item is the search field for keywords and FirGoal is
the first goal of state. The timings were obtained from
a 2.4GHz Intel PC with 128MB of RAM, and using
Isabelle with Poly /ML, Apache 1.3.33, PHP 5.0.4 and
PostgreSQL 8.0.1 in Linux 9.0.

The followings are some results got from the test:

1. Although the size of data inserting file is often 10-
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15 times of that of initial theory files, it is not a
problem for IsaDB because PostgreSQL system can
cope data in Gigabytes scale.

. A search can mostly finish in one second. Search
for first goal is a little slower than others because
first goal is the major and biggest text object of
state.

. Advanced search is usually faster than single
search. It can be seen from Tab.l that the sec-
ond searching time for first goal is reduced from
1.061 seconds to 0.005 seconds by accompanying
with a step number. This owes to the step index
created in PostgreSQL.

6. Conclusion

The proof search system, using several programming
languages and free software, could deal with a great
deal of states generated by a proof assistant Isabelle.

Our work is an attempt to apply standard database
technology to automated theorem proving. All this
things show that it is possible to use database tech-
nology to facilitate the work of data extraction, storing
and searching in automated reasoning,.

7. Related and Future Work

There is a work for constructing database for proof
[5]. The main difference between the work and IsaDB
is the method of state collection. At the meantime,
IsaDB allows users on the internet to browse the states
which have been produced by themselves or others.

There are some ways to extend this work. Other im-
portant data of Isabelle proof, for example theory con-
tent which contains type definitions and proof scripts,
is also hoped to be added to the database. In addition,
applying IsaDB to other theories for wider search for
more states or other information will be done in the
near future. The system is expected to be a bridge
between database and automated reasoning.
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