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Analyzing Time Complexity of Regular Expression Matching Based
on Backtracking

MINAMI NAKAGAWAL'®)  YASUHIKO MINAMIDEZP)

Abstract: Regular expression matching is used in various situations such as web programming. Most of
its implementations are based on backtracking. Thus, its execution time may not be linear with respect
to the length of an input string. In the worst case, it takes exponential time. In previous research, they
proposed a method checking whether the matching of a given regular expression runs in linear time.
They translated a regular expression to a tree transducer with regular lookahead and applied the result
of Engelfriet and Maneth on proliferation rate of macro tree transducers.

In this presentation, we propose a new method of analyzing time complexity of regular matching. This
method can check a regular expression matching runs in O(n), O(n?), O(n?),... with respect to the
length of input. Instead of the result of Engelfriet and Maneth, we extend the result of Aho and Ullman
about proliferation rate of a tree transducer to a tree transducer with lookahead. We obtain a set of
homomorphisms from a transducer and then construct a transition system to check whether or not there
exist a transition satisfying the condition of the pumping lemma.

We implemented this method by OCaml and conducted experiments analyzing execution time of regular
expression matching. We applied out method to regular expressions used on existing PHP programs.
Our experiments showed that the time complexity of 338 regular expressions are linear, 44 ones are
quadratic, and 6 ones are cubic.

Keywords: regular expression, tree transducer
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