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ABSTRACT

In this paper we present a lattice parser that uses a
variant of a Unification Categorial Grammar. We ex-
plain how this formalism, which offers interesting prop-
erties for natural language processing, can be imple-
mented for speech lattices in an effective way without
losing of its expressiveness and flexibility. In the so-
lution we have adopted, the parsing process has been
split in two phases : an acceptance phase based on
bit string unification which inciudes score combination
functions, followed by a full semantic interpretation
phase. The parser operates on two linguistic knowl-
edge bases built from the flight enquiries and reserva-
tions domains for English and French.

Keywords: lattice parsing; constraining features; Uni-
fication Categorial Grammar; bit encoding; score com-
bination.

1. INTRODUCTION

Recent speech understanding modules try to use mo-
re flexible and complex knowledge bases while keeping
efficient parsing mechanisms. This issue is essential,
when such modules are parts of man-machine dialogue
systems which aim to deal with more natural exchanges
with users.

The parsing module we describe is integrated into
the first demonstrator of the SUNDIAL ! project, which
deals with cooperative oral dialogues for database in-
formation access. This parser is being developed by
English and French partners of the project, the appli-
cation domain being flight enquiries and reservations
{Peckham 90].

!This project is partially funded by the Commission for
the European Communities ESPRIT programme, as project
2218. The partners in this project are CAP GEMINI IN-
NOVATION, CNET, CSELT, DAIMLER-BENZ, ERLANGEN
University, INFOVOX, IRISA, LOGICA, POLITECHNICO DI
TORINO, SARIN, SIEMENS, SURREY Unjversity.
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The goal of this parser is to build a semantic rep-
resentation of the utterances spoken to the system. It
receives as an input a lattice of words produced by
SUNDIAL’s acoustic-phonetic decoding front-end, and
performs the parsing according to syntactic and seman-
tic constraints.

Our parser delivers two things : the parse-tree with
associated scores and the meaning of the best hypoth-
esis expressed in 2 Semantic Interface Language (SIL)
[Mc Glashan et al. 90].

2. UNIFICATION CATEGORIAL GRAMMAR

The question of how linguistic information is best
distributed between the lexicon and specific grammar
rules is an open one in contemporary natural language
research. The lexically-based approach we have choosen
represents one extreme, and is essentially derived from
the Unification Categorial Grammar [Zeevat 87| for-
malism. In this approach, all morphological, syntactic
and semantic information is contained in lexical entries,
and the grammar is restricted to a few basic rules of
combination.

The capacity to integrate multiple linguistic levels
into a unique data structure is very valuable for speech,
because the role of a specific piece of knowledge from
any level can be adjusted to cover up the failure of an-
other level. Unlike the BBN Spoken Language System
[Chow et al. 89], which applies semantic knowledge as
a post-process to the syntactic analysis, our parser em-
ploys both linguistic sources at the same time and in
a very flexible way. For example, determiners can be
optional for nouns, since they are usually short words
and therefore difficult to detect at the recognition level,
whereas the adjective-noun semantic constraints for the
same category of lexical nominal entries is emphasized.
In this, by using these different linguistic levels at the
same time, we also reduce the possibility of over-genera-
ting parsing hypotheses.

In UCG, phrase-structure or dependency rules for
combining linguistic structures are replaced by lexical
entries or signs with morphological, syntactic and se-
mantic components.
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The syntactic field contains complex categorial-style
syntax specifications. Its consists of two parts: the
head, constructed from a set of morpho-syntactic fea-
tures, and the arguments, which are a list of signs each
of which has the feature order? explaining how the
argument can be combined with its head. Categories
may be of two kinds:

1. Atomic categories with empty argument lists
head: X |
args : [|

2. Complex categories

head : X
args : [ Yi,...,.Yn ]

where X is a feature structure and Y),..., Yy are signs.

The interpretation is that an expression of the lat-
ter category will combine with a list of signs of the
form Y;,...,Yy to produce an expression of category
X. The category can be viewed as a function which
expects a list of arguments and returns a result of type
X. Signs in an argument list are marked to indicate
whether they are expected to the left or right of the
functor category. This is done by the direction slot of
the order feature.

The only grammar rules needed to combine signs
are the two rules of functional application, the sim-
plest forms of which are:

Leftward Application

head : X

oro it | rge: T airpre 1iry ] = Largei 171

args : ]
Rightward Application

head : X ]

: head : H head : X
args: | H [ dir:post ||T ]

args : || args : [ T}

These rules include also a description of how the se-
mantics of two signs can be combined after matching.
This is realized at the same time as the syntax.

Our UCG formalism allows the efficient represen-
tation of optional constituents and those which may
appear in variable orders. For example the English
verb “arrive” may combine with a number of following
prepositional phrases, whose order may vary, thus:

e to arrive at London
# to arrive at five-thirty

e to arrive from Helsinki at five-thirty

o to arrive at five-thirty from Helsinki

2The order has 3 slots : optionality, direction and adjacency.
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This property is particularly interesting for speech
understanding to express the variability of oral expres-
sions. But to keep separate lexical entries for each com-
bination would be extremely wasteful. Instead, there
is a single entry for “arrive” which contains all possi-
ble arguments, with optional ones marked as such. To
represent variable orderings, the order in which signs
appear in the argument list is not regarded as signifi~
cant for functional application {compare this with the
schematic rule given above, in which only the first item
is considered). However, argument signs which must
necessarily appear adjacent to their functor can be
marked. For example, a verb may expect a direct ob-
ject immediately following it, and subsequently a num-
ber of oblique arguments whose order may vary.

Besides these chararacteristics partly inherited from
categorial grammars, the UCG formalism has also the
advantages of Unification Grammars : the linguistic
knowledge is expressed in a very declarative way via
attributes and values in signs, and these structures are
combined by simple unification.

3. ADAPTATIONS FOR PARSING LATTICES

Although unification is a very elegant mechanism
for parsing written strings {in Prolog, for example), it
can prove very costly if the categories are complex, or
the word lattice is very large. Since the combination
of UCG categories involves unification of complex cate-
gories, and the word lattice is potentially large, parsing
is divided into two phases.

In the first phase, a reduced set of constraining fea-

tures (both syntactic and semantic) is used to deter-
mine which possible word sequences are grammatically
acceptable.
The parser is basically a left-to-right bottom-up parser
similar to one used on the SPICOS project [Ney 87}.
It builds a chart whose edges have associated likehood
scores, and uses a dynamic programming beam-search
to find the best-scoring word sequences.

In the second phase, a full semantic interpretation
is assigned to the best grammatical sequence. This al-
lows simple unification operations to be used for the
majority of the parsing work, and the more complex
structure-building to be delayed until a solution has
been selected.

4. UNIFICATION WITH BIT VECTORS

The first phase of the parser uses bit-vectors for
encoding syntactic head features and semantic types.
This approach has been motivated by the following
points :
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o Bit-vectors are extremely compact, generally en-
abling a number of features to be stored in a sin-
gle machine word.

o If implemented in a langage like C, the unification
operations of the parser can be done very fast by
machine-level Boolean operations.

¢ Bit-encoding allows disjunctions of feature values

" packed into a single sign, which reduces the size
of the lexicon and increases parsing efficiency. It
allows negations of values to be represented sim-
ply.

The basic principles are similar to Nakazawa’s work
[Nakazawa et al. 88|. A set of features is represented,
by an array of bits in which for every n-valued feature,
n +1 bits are assigned, one associated with each value
and one indicating that a feature is not present.

As a simple example, consider the partially specified
feature structure taken from the syntactic head of a

verb :
.| major:v
[head. [ vform : fin ] ]
Assume that the set of possible head features are ma-

Jor, vform, tense and case, and that there is a feature
co-occurrence restriction:

case => major i n

Then if the node head is encoded using bits, the follow-
ing vector will be produced. (The symbol “*” stands
for “not present”.)

10001000011 10001

major v ] L caser

major n case gen
major det ————- L case obj

major * —————— loe—e———— case nom
vform fin —————- L——————tense *
vformbse — | b tense past
vform psp tense pres
vform prp - vform *

Note that bits have been set for all values of the
unspecified feature tense, indicating that nothing is
known about its value, but that only the “*” bit is
set for the feature case, since the FCR blocks its pres-
ence for entries whose major feature is not n.

Unification of bit encoded feature structures is per-
formed by a Boolean AND on the bit vectors. If all the
bits for some feature in the result are zero, then the
structures are not unifiable, and the operation fails.

At this first stage of the parsing, the unification
operations necessary are generally simple consistency
checking for objects of fixed size, rather than list-accu-
mulation or structure building. However there are
some difficult areas for bit-encoding schemes :
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Recursive Structures The inherently recursive na-
ture of items in a lexically-based grammar means that
signs do not have a fixed size. This makes it difficult to
produce a fully general bit-encoding scheme for UCG
signs or algorithms for functional application. How-
ever by representing signs as structured objects con-
taining bit-vectors for syntactic head features and se-
mantic types, and representing arguments with a list
of pointers to similar structures, a more ad koc but sat-
isfactory solution has been achieved.

Variable Sharing Although the representation of
variables and their instantiation to (more or fully) spec-
ified values is straightforward, the implementation of
variable-sharing or reentrancy presents a serious prob-
lem for bit coding schemes, since there is no means for
representing unique variables. We have adopted a two-
fold solution, varying with the type of the variable. For
variables standing for large scale structures, sharing is
achieved by means of pointers to common data objects.
This approach can not be extended down to the level
of bit-coded structures, since these involve data below
the level of the machine word. Instead a solution based
on the use of bit masks has been adopted. The key to
this is the recognition that variable-sharing between
structures is a limited form of unification, carried out
between a restricted set of features. A disadvantage
of this technique is that it requires the construction of
masks for all possible feature structures within a sign
between which variables may be shared. In practice
we can assume that this means only the syntactic head
features of the recursively nested signs in the argument
list and so we need relatively few masks.

5. SCORING STRATEGIES

The scoring of hypotheses is also performed during
the first phase. It is achieved by a score combination
function capable of handling gaps and overlaps from
the lattices in a generalised way. This process occurs
just after the unification checking. When two edges
in the chart are able to combine, the function takes
the score of the two edges and their respective left and
right time boundaries, measured in frames and returns
the overall score of the resulting edge. This function
can be customized in order to use either cumulative
scores or density of scores. Several approaches for the
gap and overlap penalisation are also available.

6. BUILDING THE SEMANTIC
REPRESENTATION

The best interpretation (in terms of score and gram-
matical category labelling) is extracted from a chart
structure built by the first phase of parsing. Because
semantic types are ‘reated as constraining features dur-
ing the first phase, the result is guaranted to be seman-
tically as well as syntactically valid. The generation of
a full interpretation involves the addition of semantic
relations holding between the constituents and is very
straightforward.
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Each lexical entry contains semantic information con-
sisting of a header and a number of slots which will be
filled by the semantics of its expected arguments. Since
the semantics of an entry is a simple Prolog term, they
can be combined by unification. The interpretation
is generated by re-parsing (in Prolog) the sequence of
words which forms the output of the first phase, this
time using the full set of features in the lexicon. The re-
parsing can be performed rapidly because the sequence
of words preserves the tree-structure of the first parse,
so that no search is necessary. -

After parsing, the semantics of the result is con-
verted into an interface bracketted feature-value struc-
ture [Mc Glashan et al. 90| by a simple translation and
passed to the SUNDIAL dialogue level.

CONCLUSION

We have described a lattice parser that takes advan-
tages of the UCG formalism while keeping admissible
parsing performances. The French and English UCG
grammars are still at the present time under develop-
ment, but preliminary results show that the linguistic
parser improved by 10% the recognition rates of utter-
ances {from 60% with the recognition alone, to 70%
when the parsing is added)3.
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