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Abstract

This paper describes a comparative applica-
tion of Grammar Learning by Partition Search
to four different learning tasks: deep parsing,
NP identification, flat phrase chunking and NP
chunking. In the experiments, base grammars
were extracted from a treebank corpus. From
this starting point, new grammars optimised for
the different parsing tasks were learnt by Par-
tition Search. No lexical information was used.
In half of the experiments, local structural con-
text in the form of parent phrase category in-
formation was incorporated into the grammars.
Results show that grammars which contain this
information outperform grammars which do not
by large margins in all tests for all parsing tasks.
It makes the biggest difference for deep pars-
ing, typically corresponding to an improvement
of around 5%. Overall, Partition Search with
parent phrase category information is shown to
be a successful method for learning grammars
optimised for a given parsing task, and for min-
imising grammar size. The biggest margin of
improvement over a base grammar was a 5.4%
increase in the F-Score for deep parsing. The
biggest size reductions were 93.5% fewer nonter-
minals (for NP identification), and 31.3% fewer
rules (for XP chunking)

1 Introduction

Grammar Learning by Partition Search is a
computational learning method that constructs
probabilistic grammars optimised for a given
parsing task. It can be used with varying de-
grees of supervision and prior knowledge, but its
main practical application is the adaptation of
grammars to new tasks, where prior knowledge
is used in the form of an existing grammar, and
learning is supervised in the sense that parsed
data samples representing a given parsing task

are used. One example application is the adap-
tation of conventional, “deep” grammars to the
shallow parsing tasks (such as NP extraction)
involved in many practical NLP applications.

The ability to automatically adapt an ex-
isting grammar to a new parsing task saves
time and expense. Furthermore, using Parti-
tion Search to adapt deep grammars to shallow
parsing tasks has a specific advantage: it per-
mits those parts of deeper structural analysis to
be retained that are useful for detecting more
shallow components, while discarding the rest.

The experiments reported in this paper also
investigate the usefulness of parent phrase cate-
gory information for the different parsing tasks.
The general idea is that using Local Structural
Contezt (LSC) in PCFG parsing increases pars-
ing accuracy (Belz, 2001, shows this).

The general aim in the experiments was to
test the PCFG Partition Search method (with-
out lexicalisation and with parent phrase cate-
gory information) on a range of parsing tasks for
which there are existing results, and to compare
the results across the different parsing tasks.
Results show that this approach has very dif-
ferent effects on the four parsing tasks.

The remainder of this paper is organised in
two main sections. Section 2 provides a brief
summary of the main features of Grammar
Learning by Partition Search (a much more de-
tailed description can be found in (Belz, 2002)).
Section 3 describes experiments and results for
the four parsing tasks.

2 Partition Search PCFG Learning

The Partition Search method for PCFG learning
belongs to a generic class of CFG learning
algorithms in which new CFGs are derived from
old by merging and splitting subsets of the old
CFG’s set of nonterminals. The following is a



simple example, where merging the nontermi-
nals NP-SUBJ and NP-0BJ in the CFG G results in
a derived cFG G’ which has one nonterminal NP
instead (assuming a standard 4-tuple definition
of cras!):

G = (W3 N’ NS"R)’

W = {NNS, DET, NN, VBD, JJ}
N = { S, NP-SUBJ, VP, NP-0BJ }
No= {s}

R= { S -> NP-SUBJ VP,

NP-SUBJ -> NNS,
NP-SUBJ -> DET NN,

VP -> VBD NP-0BJ,
NP-OBJ -> NNS,

NP-0BJ -> DET JJ NNS }

GI = (W7 NI7 NSJ RI)7

W = {NNS, DET, NN, VBD, JJ}
N = {sS, NP, VP}
NS= {s}
R'= { S ->NP VP,
NP -> NNS,
NP -> DET NN,
VP -> VBD NP,

NP -> DET JJ NNS }

Splitting nonterminals is the converse oper-
ation. A given base CFG together with the
merge and split operations defines an infinite
search space that can be searched by different
search algorithms for a CFG that optimises some
given objective function, for example minimis-
ing grammar size.

Partition Search is an instance of this generic
CFG learning method. It also starts from a given
base grammar, but avoids the split operation
and makes the search space finite by defining
a mazimally split nonterminals set (Maz Set)
and the corresponding mazimally split grammar
(Maz Grammar) in advance.

Each point in the search space corresponds to
a candidate grammar which can be derived from
the Max Grammar together with a partition? of
its set of nonterminals. The set of all partitions
of the Max Set thus corresponds to the set of

points in the search space®.

A Context-Free Grammar (cFG) is a 4-tuple
(W, N, N%,R), where W is a set of terminal symbols,
N is a set of nonterminal symbols, N° is a set of start
symbols, and R is a set of production rules.

2A partition of a nonempty set A is a subset II of 24
such that () is not an element of IT and each element of
A is in one and only one set in II.

3The concept of context-free grammar partitioning in

In the current implementation, a variant of
beam search is used to search the partition
space. Search starts with the Max Grammar
and proceeds in one direction by progressively
merging more and more nonterminals without
permitting a decline in the performance on the
given parsing task.

In the experiments reported in this paper,
Partition Search is applied to probabilistic
CFGs, and is used for supervised grammar learn-
ing using prior knowledge in the form of a base
grammar derived from a treebank corpus. The
Max Grammars are defined on the basis of par-
ent phrase category information. The objective
is to find a grammar that is as small as possi-
ble and performs as well as possible on a given
parsing task (e.g. NP chunking).

3 Learning Grammars for Different
Parsing Tasks

3.1 Experiment Set-up

In each set of experiments the objective was
to start from a base grammar automatically
derived from the Wall Street Journal Corpus
(wsic), define a Max Grammar using informa-
tion available in the corpus, and then to find a
new grammar by Partition Search that performs
as well as possible on the given parsing task.

Data: Sections 15-18 of wsic were used for
deriving the base grammar and as the base
training corpus, and different randomly selected
subsets of Section 1 from the same corpus were
used as task-specific training corpora during
search. Section 1 was also used as a testing set
during the development of the Partition Search
method, while Section 20 was used for final per-
formance tests only.

Parsing tasks: Results are reported in this
paper for four different parsing tasks:

In full parsing (or ‘deep’ parsing) the task is
to assign a complete parse to the input sentence.
The parses in the wsJC are used without mod-
ification as the gold standard for this task.

In NP identification the task is to identify in
the input sentence all noun phrases?, nested and
otherwise, in the corresponding WSJC parse.

this paper is not directly related to that in (Korenjak,
1969; Weng and Stolcke, 1995).
“WsJc categories NP, NX, WHNP and NAC.






