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Preface

This volume contains the collected contributions of two conferences, Calcule-
mus 2007 and MKM 2007. Calculemus 2007 was the 14th in a series of conferences
dedicated to the integration of computer algebra systems (CAS) and automated
deduction systems (ADS). MKM 2007 was the sixth International Conference
on Mathematical Knowledge Management, an emerging interdisciplinary field
of research in the intersection of mathematics, computer science, library sci-
ence, and scientific publishing. Both conferences aimed to provide mechanized
mathematical assistants.

Although the two conferences have separate communities and separate foci,
there is a significant overlap in the interests in building mechanized mathemat-
ical assistants. For this reason it was decided to collocate the two events in
2007 for the first time, at RISC in Hagenberg, Austria. The number and quality
of the submissions show that this was a good decision. While the proceedings
are shared, the submission process was separate. The responsibility for accep-
tance/rejection rests completely with the two separate Program Committees.

By this collocation we made a contribution against the fragmentation of
communities which work on different aspects of different independent branches,
traditional branches (e.g., computer algebra and theorem proving), as well as
newly emerging ones (on user interfaces, knowledge management, theory explo-
ration, etc.). This will also facilitate the development of integrated mechanized
mathematical assistants that will be routinely used by mathematicians, com-
puter scientists, and engineers in their every-day business.

In total, 23 papers were submitted to Calculemus. For each paper there were
three reviews and, finally, ten papers were accepted for publication in these pro-
ceedings. MKM received 52 submissions (more than double last year’s number).
For each paper there were at least two reviews; if the evaluation was not uniform
we had three and in some cases four reviews. After discussions, we accepted 19
high-quality papers for these proceedings. In the preparation of these proceed-
ings and in managing the whole discussion process, Andrei Voronkov’s EasyChair
conference management system proved itself an excellent tool. In addition to the
contributed papers, abstracts of the invited speakers of MKM are found in these
proceedings.

April 2007 Manuel Kauers
Manfred Kerber

Robert Miner

Wolfgang Windsteiger
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Executing in Common Lisp, Proving in ACL2*

Mirian Andrés, Laureano Lambéan, and Julio Rubio

Departamento de Matematicas y Computacién, Universidad de La Rioja,
Edificio Vives. Calle Luis de Ulloa s/n, E-26004 Logrofnio, Spain
{mirian.andres,lalamban, julio.rubio}@unirioja.es

Abstract. In this paper, an approach to integrate an already-written
Common Lisp program for algebraic manipulation with ACL2 proofs
of properties of that program is presented. We report on a particular
property called “cancellation theorem”, which has been proved in ACL2,
and could be applied to several problems in the field of Computational
Algebraic Topology.

1 Introduction

Kenzo is a Common Lisp program [10] designed by Sergeraert, implementing
his ideas on Constructive Algebraic Topology [19]. Kenzo, and its predecessor
EAT [21], were capable of computing homology groups unknown by any other
means. Kenzo continues to evolve and has been recently released as an open
source computer algebra system [10] and extended with new modules on Koszul
Homology [20], Spectral Sequences [18] and Coalgebras [4].

Several years ago a project was launched to analyze the Kenzo system by
means of formal methods. The objective of the project is twofold. Better knowl-
edge of the internal processes and structures in Kenzo is intented, thus increasing
the reliability of the system. Besides, Kenzo is also a good “laboratory” (due to
its structural richness and to the presence of challenging results which have been
obtained using it) to experiment with different tools and approaches in the field
of formal methods in Software Engineering, allowing the analyst to compare
them, to evaluate them and, hopefully, to apply them to other fields unrelated
to Algebraic Topology or Computer Algebra.

The first efforts were devoted to the Algebraic Specification of EAT [13] and
Kenzo [8,9]. After that, these rather theoretical results were put into practice
through theorem provers. The tactical assistant Isabelle [17] was chosen for the
first studies [1,2] on the application of automated theorem proving in the area
of Algebraic Topology. These preliminary works led to the recent Isabelle mech-
anized proof of the Basic Perturbation Lemma [3], one of the central results in
Algorithmic Homological Algebra. Other lines of research include modeling and
proving with Coq [5], and programming and proving with the system FoCaL [6].

In this paper we report on a relative approach, by using the theorem prover
ACL2 [12]. The limitations of this prover with respect to Isabelle or Coq are

* Partially supported by Comunidad Auténoma de La Rioja, project ANGI-2005/19,
and by Ministerio de Educacién y Ciencia, project MTM2006-06513.

M. Kauers et al. (Eds.): MKM/Calculemus 2007, LNAI 4573, pp. 1-12, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 M. Andrés, L. Lambéan, and J. Rubio

well-known and are essentially related to the underlying logics. ACL2 is based
on a weak form of first order logic, while both Coq and Isabelle can work with
higher order logic. On the positive side, ACL2 is based on Common Lisp (as
Kenzo itself) and is very suitable when linking proofs and running programs.
In addition, the treatment of Symbolic Computation problems with the help of
ACL2 has obtained important successes in recent years (see, for instance, [15]).

The organization of the paper is as follows. The next section introduces our
methodological approach to relate an already-written program with the proofs of
properties in ACL2. Section 3 and 4 are devoted to introduce, respectively, our
motivating examples from Homological Algebra and the basic data structures
and proofs in ACL2. Section 5 presents the main contribution of the paper,
reporting on the automated proof of a “cancellation theorem”. This theorem is
applied in Section 6 to the proof of an algebraic property of our programs. The
paper ends with the section of conclusions and future work, and the bibliography.

2 Proving and Then... Testing

There are many ways in which Symbolic Computation (or programming, more
generally) can interplay with theorem proving. For instance, Computer Algebra
programs can be used as oracles for theorem provers. In the other direction,
theorem provers can be used to ensure the correctness of Computer Algebra
programs. In this paper we will introduce a third manner of interaction: theorem
provers can be used for automated-testing of programs. Although it is usually
considered that testing is easier than proving, and so that testing should occur in
early stages of the quality control cycle, our proposal is the reversal (in a sense
which will be clear later on): first proving and then...testing. Of course, the
complete picture of our view is more complex than indicated by that simplistic
phrase. Let us explore it in a concrete situation.

Let us assume that someone gave us a Common Lisp programl with the
following characteristics:

— it is difficult to test, perhaps because it produces results difficult to interpret,
or, even worse, some of its results are unknown by any other means, and

— the program correctness is difficult to prove, perhaps due to being logically
complex, based on higher-order constructions, for instance.

An example of such a programi could be the Kenzo system, which has been
developed in Common Lisp and has been successfully tested for more than fifteen
years, but ...not always: some of the results found with the help of Kenzo
continue to be unverifiable by any other means at this moment (homology groups
of some iterated loop spaces, for instance; see [10]). In addition, Kenzo is based
on both object-orientation and higher-order functional programming, in such a
way that its formal specification is challenging (see [13,8,9]), and therefore its
verification with theorem provers poses problems far from trivial. The formal
specification and verification of some of the algorithms appearing in Kenzo
have been carried out with the Isabelle assistant [17], and were explained in
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(1] and [2]. The most relevant result in this line is the recent Aransay’s proof
in Isabelle/HOL of the BPL, the Basic Perturbation Lemma [3]. The BPL is
one of the most important theorems and algorithms used to build Kenzo. But,
independently of the merits of this mechanized proof of the BPL, the distance
with respect to the programs implementing the BPL in Kenzo, continues to be
quite large.

Since our goal is to verify real Common Lisp programs, a sensible idea should
be to use the ACL2 system to devise proofs (instead of Isabelle or Coq). ACL2
[12] is both a programming language and an environment to produce proofs of
properties of programs. As programming language, ACL2 is an extension of a
sub-language of Common Lisp. The extensions added to Common Lisp in ACL2
are not relevant for our work. On the contrary, the features erased from Common
Lisp in ACL2 are very important with respect to Kenzo. In particular, ACL2
does not allow the programmer to use higher-order functionals, a tool intensively
employed in Kenzo. Thus, in order to study a Common Lisp programl within
ACL2, we are proposing to write a new Common Lisp program2 emulating the
behavior of programi, but programmed this time in ACL2.

Let us enumerate the characteristics of this situation:

— programl is
e already written
e in Common Lisp (not necessarily in ACL2);
e cfficient;
o tested:
e unproved.
— program?2 is
specially designed to be proved;
programmed in ACL2 (and Common Lisp);
efficient or not: irrelevant;
tested;
proved in ACL2.

In our approach, program?2 is supposed to be equivalent to programl. But we
do not pretend to prove this equivalence: this option would lead us to a form of
ill-founded recursion. Our aim should be to use the highly reliable program2 to
perform automated testing of the efficient programi.

The following toy program will illustrate this idea:

(defun automated-testing ()
(let ((case (generate-test-case)))
(if (not (equal (programl case)
(program2 case)))
(report-on-failure case))))

Note that it is an (unverified!) Common Lisp program, but not an ACL2 one
(at least, if programl is not).

The relationship of these ideas with Model Checking is appealing. Even if the
field of application (reactive systems modeled as state machines) and the formal
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methods used (temporal logics) are different from ours, at least in the standard
literature on Model Checking [7], the underlying philosophy is the same. In
our case, the system (an already written programl) is abstracted into a model
(program2). Then, formal methods (theorem proving in our case) are used to
get theoretical properties of the model (the correctness of program2, proved in
ACL2). The final step is to interpret the results obtained from the model with
respect to reality (automated testing of the programl against program2).

As in Model Checking, one of the important bottlenecks of the method is to
build a model which is an accurate representation of the system to be modeled. In
Model Checking one such difficult step occurs when an infinite system (that is to
say, a system with an unbounded number of possible reachable states) is modeled
by means of a finite graph (the condition of finiteness is mandatory, because the
checking of properties is done by exhaustive traversal of state spaces).

In our context, it is hopeless to apply our method to the whole Kenzo system.
The most important constraint is that we must restrict our ACL2 study to
the parts of Kenzo which are first-order!. This excludes large (and interesting!)
fragments of Kenzo, that should be analyzed by using tools such as Isabelle (as
in 1], [2] or [3]) or Cogq.

Once a part of Kenzo with this characteristic has been chosen (let us call
it programi), the (heuristic) transformations we apply to construct the model
program? are the following:

— iterations and loops are replaced by recursive functions (this step could be
automated);

— first-order functional programming is replaced by standard functions?;

— data structures are “flattened” to lists: objects, structs and arrays are re-
placed by convenient nested lists;

— destructive operations are replaced by the corresponding constructive ones
(this is a problematic point, but destructive updates appear in very precisely
located Kenzo fragments, and so this task is quite relaxed).

With these cautions, it is hoped that program2 accurately models programi,
and then our strategy could be safely applied.

3 Homological Algebra

A first application of the ideas presented in the previous section arises from two
different on-going projects devoted to analyze formally Kenzo [10], the system
for computing in Algebraic Topology.

! Interestingly enough, this constraint seems related, in some sense, with the fi-
nite/infinite dichotomy evoked previously on Model Checking.

2 For instance, an occurrence of (mapcar #’cadr 1) should be replaced by
(mapcadar 1) where the new function mapcadar is simply:
(defun mapcadar (1) (if (endp 1) 1 (cons (cadar 1) (mapcadar (cdr 1))))



