
Darwinised Data-Oriented Parsing
Subtrees as replicators, DOP as a Genetic Algorithm

Data-Oriented Parsing (DOP; Scha 1990, Bod 1992, 1998) is a powerful statistical
parsing method, whereby novel strings are analysed by directly exploiting the statistical
regularities present in a treebank without requiring abstract representations to be
generated; rather, arbitrary-depth tree-fragments (subtrees) are extracted from the
treebank and recombined to produce a Monte-Carlo sample of possible parses for novel
strings, by which the Most Probable Parse (MPP) is approximated. More recently, Bod
(2006a, b) has extended the approach to unsupervised parsing (UDOP), where, given a
corpus of tokenised strings, UDOP uses all subtrees of all possible binary trees over the
strings. The model achieves state-of-the-art results, but at a cost of massive
computational complexity. Darwinised DOP (DDOP) is a novel unsupervised DOP
parser which exploits a hitherto unnoticed feature of DOP. Unlike previous DOP models,
DDOP operates incrementally, being fed one string at a time, parsing it, and adding the
parse to its training data, rather than loading up the entire training corpus at the start and
storing it statically. Like supervised DOP, it builds derivations from subtrees extracted
from its previous exemplar-base, but it backs off to using a randomly-generated subtree
when a suitable stored one isn’t available. When subtrees from stored exemplars are used
in constructing the output parse and the output is added to the training data, the training
data gains additional copies of all the subtrees used to compose derivations of the output;
thus, subtrees are replicators. Moreover, because subtrees that are more highly
generalisable are used more often in the derivations of the MPP, there is a selection
pressure favouring generalisability. Therefore, incremental DOP may be run as a Genetic
Algorithm; by allowing backoff to the use of random subtrees when a corpus subtree
cannot be found, DDOP exploits this genetic property to bootstrap unsupervised DOP
without the need for the explosive computational complexity of the “all-subtrees”
approach. This paper presents the results from the first tests of the DDOP model.

DDOP possesses a number of interesting cognitive properties; it is the most
psychologically plausible DOP model yet, being able to bootstrap syntactic patterns from
an initially empty exemplar-base, while only requiring a single tree to be added to the
exemplar base for each input. It does seem to be the case that human cognitive
development in certain cognitive modalities goes through an initial stage of random
productions, followed by selection of favoured patterns; in partcular, motor babbling
(Meltzoff and Moore 1997, Demiris and Dearden 2005) and vocal babbling (Oudeyer
2006), the modelling of which are in fact intended future directions for this work.
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