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ABSTRACT
The past research on the state complexity of operations on regular languages is exam-
ined, and a new approach based on an old method (derivatives of regular expressions)
is presented. Since state complexity is a property of a language, it is appropriate to
define it in formal—language terms as the number of distinct left quotients of the lan—
guage, and to call it “quotient complexity”. Suppose f is a binary regular operation
(for example, union or concatenation) and g, a unary regular operation (for example,
star or reversal). Moreover, let K (respectively, L) range over all regular languages
with quotient complexity m (respectively, n). We want to find the worst-case quotient
complexity of f(K, L) as a function of m and n, or that of g(L) as a function of n.
Since quotients can be represented by derivatives, one can find a formula for the typ—
ical quotient of f(K, L) or g(L) in terms of the quotients of K and L. To obtain an
upper bound on the number of quotients of f(K, L) or g(L) all one has to do is count
how many such quotients are possible, and this usually makes automaton constructions
unnecessary. The advantages of this point of view are illustrated by many examples.
Moreover, new general observations are presented to help in the estimation of upper
bounds on quotient complexity of regular operations.
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1. Introduction

It is assumed that the reader is familiar with the basic concepts of regular languages
and finite automata, as described in many textbooks. General background material
can be found in Dominique Perrin’s [30] and Sheng Yu’s [35] handbook articles; the
latter has an introduction to state complexity. A more detailed treatment of state
complexity can be found in Sheng Yu’s survey [36]. The present paper concentrates on
the complexity of basic operations on regular languages. Other aspects of complexity
of regular languages and finite automata are discussed in [3, 9, 13, 19, 20, 22, 33, 34];
this list is not exhaustive, but it should give the reader a good idea of the scope of
the work on this topic.
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