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ABSTRACT
Extended regular expressions (with complement and intersection) are used in many
applications due to their succinctness. In particular, regular expressions extended with
intersection only (also called semi-extended) can already be exponentially smaller than
standard regular expressions or equivalent nondeterministic finite automata. For practical purposes it is important to study the average behaviour of conversions between
these models. In this paper, we focus on the conversion of regular expressions with intersection to nondeterministic finite automata, using partial derivatives and the notion
of support. We give a tight upper bound of 2O(n) for the worst-case number of states of
the resulting partial derivative automaton, where n is the size of the expression. Using
the framework of analytic combinatorics, we establish an upper bound of (1.056+o(1))n
for its asymptotic average-state complexity, which is significantly smaller than the one
for the worst case. Some experimental results here presented suggest that, on average,
the upper bound may not be exponential. Finally, we study the class of semi-extended
regular expressions with only one occurrence of intersection at the top level. In this
case, the worst-case state complexity of the partial derivative automaton is quadratic
on the size of the expression, but we obtained an upper-bound that is, asymptotically
3
and on average, O(n 2 ).
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1. Introduction
Regular expressions with additional operators are used in applications such as programming languages [14], XML processing [28], or runtime verification [27]. Most
of these operators do not increase their language expressive power but lead to gains
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