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Abstract

Parsing with a large Systemic grammar produces
severe complexity problems. Automatic recompi-
lation of the Systemic grammar into a form more
suitable for parsing can reduce the level of parsing
complexity. This paper describes the form of one
such parsing-grammar, and its use in parsing.

1 Introduction

A Systemic grammar (Halliday 1985; Hudson
1971; Bateman 1989; Martin 1992), when used
for parsing, suffers severely from complexity prob-
lems, due for instance to the degree of disjunc-
tion present in the grammar, and also to the mul-
tiple layers of function-structure allowed, e.g.; a
nominal group may simultaneously fill the Subject,
Theme, Agent, and Actor role in the grammatical
structure (see Matthiessen et al. 1991, O’Donnell
1993, for more details). Systemic grammars also
do not include a context-free backbone, usually in-
cluded in feature-based formalisms to reduce pars-
ing complexity. Parsing with Systemic grammars
is thus that much more difficult.

One might ask the question: if Systemic gram-
mars seem so unsuited to parsing, why bother?
One answer to this question is that, over the last
decade, several wide-coverage Systemic grammars
for generation have been developed, including the
Nigel grammar from the Penman Text Generation
System. (Mann 1983; Mann & Matthiessen 1985;
Matthiessen 1985). Since such resources exist, it
1s desirable to use them for analysis, as well as
generation.

To avoid complexity problems, prior parsers for
Systemic grammars have included some kind of
limitation, either resorting to a simplified formal-
ism, or augmenting the Systemic analysis by initial
segmentation of the text using another grammar
formalism.

My goal was to parse using the a large Systemic
grammar, without any of these limitations. I have
developed a parser which handles a large subset
of the Nigel grammar, using one third of its 1500
typest (or ‘features’ in Systemics). This is still a
large grammar in terms of current parsing tech-
nology. The level of success of these efforts shows
that the complexity problems involved in Systemic
parsing are not insurmountable.

Most of the complexity has been avoided by re-
compiling the grammar into a form more suited for
parsing. This recompilation is automatic, in the
sense that no human intervention is required. This
1s necessary because the parser is only one module
of a Linguist’s Workbench.? Any change to the
grammar needs to be automatically available for
both parsing and generation.

Section 2 will provide a brief outline of the Sys-
temic formalism. Section 3 provides more detail
on the reasons why Systemic grammars offer com-
plexity in parsing, and describes how prior ap-
proaches handled these complexity issues. Section
4 describes the forms in the compiled grammar,
and section b how they are derived. Section 6 out-
lines its use in parsing. Section 7 then outlines the
advantages of this approach for Systemic parsing.

2 Systemic Grammar

2.1 System Networks

Systemic grammar uses an inheritance network to
organise grammatical features. A Systemic inher-
itance network 1s called a system network, and

L'Type’ is meant in the sense of Typed- Feature Struc-
tures, cf. Carpenter 1992; Emele & Zajac 1990.

2Workbench for Analysis and Generation (WAG): a
package of tools for working with Systemic grammars, in-
cluding syntactic and semantic analysis, sentence gener-
ation, knowledge representation, and various tools for re-
source maintenance (lexical acquisition, grapher, hypertext
grammar interface). See O’Donnell 1994a, 1994b, 1995.
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Figure 1: A Fragment of a System Network

is used to organise the co-occurrence potential of
grammatical features, showing which features are
mutually compatible, and which are incompatible.
It consists of a set of systems, each of which is a
set of mutually exclusive features. There is also a
covering relation between the features of a system,
meaning that if the entry condition (the logical
condition on a system) of the system is satisfied,
then one of the features in the cover must be se-
lected. Figure 1 shows a few systems from a small
grammar for English. It includes 4 systems, rep-
resenting various grammatical distinctions.

Each feature inherits the properties of features
to its left in the network. Note that the system
network may be logically complex, since entry con-
ditions may consist of conjunctions and disjunc-
tions of features. Systemics thus allows multiple
inheritance, both in terms of conjunctive and dis-
junctive inheritance.

2.2 Realisation Statements

Systemic features may have associated realisa-
tion statements — the structural consequence of
the feature. The boxes under each feature in
Figure 1 shows the realisations of the feature.
The realisation operators used (from Penman, see
Matthiessen & Mann 1985) are as follows:

e Insert e.g., Finile=[]: the function must be
present in the structure.

e Conflate e.g., Modal/Finite: the two func-
tions are filled by the same grammatical unit
(equivalent to path equality in unification-
style formalisms).

e Order e.g., Subject =~ Funite: the functions
must appear in the surface structure in the
indicated order. In this example, the Sub-
ject 1s sequenced directly before the Finite.
Any number of elements can be sequenced in
a single rule, and optional elements can be
indicated.
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Figure 2: A Systemic Structure

e Partition e.g., Thing ... End: the func-
tions must appear in a particular order, but
not necessarily immediately adjacent (linear
precedence).

e Preselect e.g., Subject: nominal-group: the
function must be filled by the designated type
of element.

e Lexify e.g., Deictic = “the”: the function
must be filled by the specified lexeme.

e Presume e.g., -Subject: the specified func-
tion, while present in the structure for order-
ing purposes, is for other purposes not present
in the structure. Used for phenomena such as
grammatical ellipsis.

2.3 Systemic Structures

A system network and associated realisation state-
ments describe a grammatical potential — the
range of grammatical structures posited by the
theory. An instance from this potential is a sys-
temic structure. A typical Systemic structure ap-
pears in Figure 2. Each element of the structure is
described both in terms of functions (one or more
— the syntactic roles this element is filling), and a
set of features.

3 The Problem of Parsing
with Systemic Grammar

3.1 The Problems

A Systemic grammar does not use a context-
free backbone — there is no phrase-structure com-
ponent. As a consequence, a Systemic parser
does not deal with a single category at each
node, but rather has to deal with a complex
description — a complex feature description (the
selection-expression for the unit), and a complex
functional description (the function-bundle of the
unit). These complexities are discussed below:



1. Complexity of the Type Hierarchy: The
type hierarchy of the Nigel grammar 1s one
of the largest in use in NLP systems, with
1500 grammatical types represented. These
types are organised in terms of disjunctions
(systems). The Nigel grammar, containing
around 700 systems, is thus highly disjunc-
tive. System networks also use both conjunc-
tive and disjunctive inheritance, and cross-
classification (called simultaneous systems in
Systemics), all of which further compounds
the Type complexity.

2. Complexity of the Function Structure:
A Systemic structure relates units to their
constituents in terms of functions. One con-
stituent may be related to its parent through
several functions. The combining of realisa-
tion rules during parsing is complex, since we
need to consider the possible combinations
of various functions (called function-bundles).
For instance, the preselections affecting a
grammatical unit may not pass through a sin-
gle function, but may be channelled through
a number of conflated functions (e.g., Agent
and Subject). Ordering of elements also needs
to take conflations into account.

3.2 Prior Solutions to these Prob-
lems

There have been seven prior approaches to Sys-
temic parsing. Most of these used grammars too
small to produce the complexity problems faced by
larger grammars, e.g., Winograd (1972), McCord
(1977), Cummings & Regina (1985), and Bateman
et al. (1992). The first three of these parsers also
used reduced forms of the Systemic formalism.
Two of the parsers rely on the input sentence
being pre-parsed using a grammar from another
formalism, e.g., Kasper’s parser initially parses
the sentence using a phrase- structure grammar
(PSG). The PSG forms a context-free backbone
to the Systemic grammar. A set of constraints
are then applied which builds up the Systemic
representation corresponding to the PSG analy-
sis. Bateman et al. (1992) also depends on a
pre-analysis, using a HPSG parser to produces a
skeletal function structure for the sentence.
There are two parsers for Fawcett’s Systemic
formalism (Fawcett 1980; Fawcett et al. 1993):
O’Donoghue (1991a, 1991b) and Weerasinghe &
Fawcett (1993). This formalism offers less parsing
complexity than the Hallidayan formalism: sys-
tem networks are not used for parsing — the parse-
grammar assigns a single syntactic class per unit.
Both of these parsers use a parsing-grammar,
rather than the Systemic grammar directly. How-
ever, neither is automatically compiled from the
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Figure 3: Re-Representing a Feature & Realisa-
tion as a Partial-Structure

Systemic grammar: O’Donoghue’s is derived by
analysing a corpus of randomly generated sen-
tences, while Weerasinghe & Fawcett’s is prepared

by hand.

4 The Form of the Parsing
Grammar

The Systemic formalism has a top-down orienta-
tion: it mainly presents what constituents each
type of unit can have. This is ideal for generation,
where top-down processing is preferred. However,
the orientation of these resources is not well suited
to bottom-up processing, which is the most effi-
cient strategy for parsing with large grammars.

Bottom-up parsing requires an upwards orien-
tation of the grammar. It is more concerned with
knowing what functions a given unit can fill (the
function potential of the unit), rather than what
constituents it can have.

This the
compilation of the usual top-down oriented Sys-
temic grammar into of a bottom-up oriented gram-
mar. A grammar tailored for bottom- up parsing
allows more efficient parsing.

section describes automatic re-

4.1 Partial-Structures

Before discussing this precompilation process, |
will first introduce the notion of partial-structures,
the basic component of the parsing-grammar. The
left-hand side of figure 3 shows a systemic fea-
ture and its associated realisation statements. The
right-hand side of the figure shows the same infor-
mation, except re-represented as a fragment of a
systemic structure (as in figure 2), what T will call
a partial-structure. The ‘.7 between the Subject
and the Finite element indicates that they are un-
ordered with respect to each other. The dotted
lines at each end of the partial-structure indicate
that other elements can precede or follow these
elements.

The whole grammar could be re-represented in
this manner, representing a shift from a paradig-
matically-organised grammar (emphasising fea-
tures) to a syntagmatically- organised grammar



(def-lexical-item
:name they-pron
:spelling '"they"
:sample-sentence 'They shoot horses, don’t they?"
:grammatical-features
(grammatical-unit word noun-word pronoun
personal-pronoun plural-noun
noninteractant-pronoun definite-pronoun)
:semantic-features
(ideational-unit general-domain thing
countable-thing nonsingular-thing)
:spelling-exceptions
((accusative-pronoun "them'")
(genitive-pronoun "their")))

Figure 4: Lexical Item Definition for “they”
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—

emphasising structure).

The unification of two partial-structures pro-
duces another partial-structure, which contains
the sum of the information from both partial-
structures.

Note, however, that the partial-structures of the
parsing graminar are not just re-expressions of a
single feature and its realisations. They are more
complex. They will be introduced below.
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Figure 5: A Partial-Structures Derived from a
Lexical-Item Definition
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Figure 6: A Linking Partial-structure

4.2.2 Linking Partial-Structures

The second type of partial-structures concern the
possible fillers of each function of a unit. The real-
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