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Abstract

The splicing operation was introduced in 1987 by Head as a mathematical model of the recom-
bination of DNA molecules under the influence of restriction and ligases enzymes. This operation
allows us to define a computing (language generating) device, callgtmg systemOther variants
of this original definition were also proposed by Paun and Pixton respectively. The computational
power of splicing systems has been thoroughly investigated. Nevertheless, an interesting problem is
still open, namely the characterization of the class of regular languages generated by finite splicing
systems. In this paper, we will solve the problem for a special class of finite splicing systems, termed
reflexive splicing systemaccording to each of the definitions of splicing given by Paun and Pixton.
This special class of systems contains, in perticdiaite Head splicing system3he notion of a
constantgiven by Schiitzenberger, once again intervenes.
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1. Introduction

The splicing operation was introduced in 1987 by HEA], as a mathematical model of
the recombination of DNA molecules under the influence of restriction and ligases enzymes.
In the meantime, the literature of the theoretical investigations of computing by splicing
has impressively increased. In particular, at least three versions of the basic operation have
been proposed, along with several variants 2.

The splicing of two DNA molecules corresponds to two phenomena. First, restriction
enzymes cut the molecules, and then ligase enzymes paste together the fragments obtained,
provided that they have matching sticky ends. Itis quite natural to pass from the biochemical
process to a word operation: molecules are considered as words and the behaviour of the
enzymes (pattern recognition, the cut and paste operation) is specified by a (splicing) rule.
This word operation allows us to define a computing (language generating) device, called
splicing systemA splicing system is a triple§ = (A, I, R), whereA is a finite alphabet,
| is a set of words oveA (called initial language) an® is a set of splicing rules. The
languagel (S) associated witls (splicing languaggis defined as follows. We start with
the words inl and we apply to each pair ih x I the splicing operation defined by the
rules inR. The resulting set is joined tband the process is iterated on this new set.
The splicing languagé.(S) is the set of all the words which can be obtained in this way
(iterated splicing). The reader is referred20] for several variants and extensions of this
definition. For instance, a standard extension, which will not be considered here, leads
to a splicing language which is the set of words obtained by splicing as above and, in
addition, which are irf*, whereT C A is a terminal alphabet given with (extended H
system)20].

As we have already said, there are at least three definitions of the splicing operation, given
by Head, Paun and Pixtdth2,14]. It is natural to compare the computational power of the
corresponding devices. When we restrict ourselves to finite splicing systems (i.e., splicing
systemsS = (A, I, R) with | andR being finite sets), we know that Pixton systems are
more powerful than Paun systems, which in turn are more powerful than Head systems. The
inclusions between the corresponding classes of languages are strict: there are languages
which can be generated by finite Pixton splicing systems but not by finite Paun splicing
systems, and there are languages which can be generated by finite Paun splicing systems
but not by finite Head splicing systerfts]. Another parameter in the investigation of the
computational power of splicing systems is the level in the Chomsky hieréy&hyelong
to. Here we suppose that this hierarchy contains the class of finite sets. Let us restrict
ourselves to Paun’s definition and IB{, F» be families in the Chomsky hierarchy. We
denoteH (F1, F2) = {L(S) | S = (A, I, R) with I € F1, R € F>} the class of languages
generated by Paun splicing systems, where the initial langubgengs toF; and the set
of rulesR belongs taF,. Results obtained in several papers prove that efthidt, F») isa
specific class of languages in the Chomsky hierarchy or it is strictly intermediate between
two of them[14,20] In the latter case, a characterization of the structurd @f1, F») is
still lacking [14,20}

In particular, finite splicing systems generate regular languages. For Head systems this
result was proved ifir], whereas the same result for Paun systems and for Pixton systems
was proved by Pixton if22] and[23] respectively.
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