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Abstract

In this paper we present an ACL2 formalization of a molecular computing model: Adle-
man’s restricted model [2]. This is a first step to formalize unconventional models of compu-
tation in ACL2. As an application of this model, an implementation of Lipton’s experiment
solving SAT [4] is described, based on the formalization given in [8]. We use ACL2 to make a
formal proof of the completeness and soundness properties of the function implementing the
experiment.

1 Introduction

At the beginning of the fifties the analogy between some mathematical procedures and biological
processes starts to be established. L.M. Adleman [1] proved this relation in 1994, showing that
it was possible to use biological processes to solve difficult mathematical problems: he designed
a biological experiment based on DNA manipulation to solve instances of the Hamiltonian path
problem, a well known NP-complete problem. This experiment can be considered as a first step
to build a prototype of a molecular computer.

In 1995, R.J. Lipton [4] solved an instance of the satisfiability problem of propositional logic,
using the method of Adleman. Lipton’s experiment is interesting because the initial test tube does
not depend on the propositional formula, but on the number of its variables. In this way, the
experiment is a molecular solution to every instance of the satisfiability problem with a fixed set
of variables and hence, it provides a molecular algorithm.

Adleman and Lipton’s experiments are the starting point of molecular computation and reveals
its huge advantage in parallelism with respect to the conventional electronic computers. In 1995
[2] the first formal models of molecular computing appeared, based on a set of basic biochemical
operations. In 1996, D. Beaver [3] proved that these models are computationally complete, in the
sense that every computation of a Turing machine can also be achieve by a molecular machine.

In this paper we present an ACL2 formalization of a molecular computing model: Adleman’s
restricted model. This is a first step to formalize unconventional models of computation in ACL2.
The functions implementing the main operations in Adleman’s model are disabled after proving
its properties. So, the subsequent development is generic in that the specific operations are not
important, but the necessary properties of these operations are important.

In [8] a formalization of Lipton’s experiment is given as an iterative algorithm based on the
elemental operations of Adleman’s restricted model. We define recursive functions implementing
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this formalization and we prove the completeness and soundness theorems of these functions. A
transcription of these proofs is provided in this paper.

Finally we focus on two remarks of our implementation. First, a function providing the initial

test tube for Lipton’s experiment is provided and second, a final test is incorporated to the Lipton’s
experiment to decide the satisfiability of a propositional formula. We also show the completeness
and soundness theorems in both cases and explain the ideas we have followed to prove them.
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