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Abstract

In this paper a method to compile unification
grammars into speech recognition packages is
presented, and in particular, rules are specified
to transfer the compositional semantics stated
in unification grammars into speech recogni-
tion grammars. The resulting compiler cre-
ates a context-free backbone of the unification
grammar, eliminates left-recursive productions
and removes redundant grammar rules. The
method was tested on a medium-sized unifica-
tion grammar for English using Nuance speech
recognition software on a corpus of 131 utter-
ances of 12 different speakers. Results showed
no significant computational overhead with re-
spect to speech recognition performances for
speech recognition grammar with compositional
semantics compared to grammars without.

1 Introduction

This paper presents a method to gener-
ate speech recognition packages that pro-
duce generic domain independent logical forms.
Therefore, no subsequent post-processing is
needed (apart from [-conversion) to derive the
logical form from a string by use of a parser.
Moreover, the proposed method is domain in-
dependent, because it shows how to construct
generic logical forms in speech recognition pack-
ages in a compositional way using the lambda
calculus.

In particular, a system is presented that com-
piles medium-sized linguistic unification gram-
mars (UG) into the Grammar Specification Lan-
guage (GSL) that Nuance! speech recognition
software requires before compiling it to finite
state machines making up the language model.
The method described in this paper has close
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points of contact with recent research on com-
piling domain independent linguistically moti-
vated grammars into GSL (Rayner et al., 2000;
Rayner et al., 2001b; Rayner et al., 2001a).
Language models based on GSL are relatively
cheap to generate and therefore are an interest-
ing alternative to statistical models, which are
relatively expensive to produce and require a
relatively large corpus. Compiling from UG to
GSL finds also motivation in the fact that UGs
are much easier to maintain.

The compiling method described in this pa-
per extends previous work (mentioned above)
in this tradition by adding a genuine and com-
pletely general semantic component to GSL
grammars. There are several challenges to
meet: the language models for Nuance do not
allow left-recursion in the grammar rules and
there is no support for feature unification. The
basic idea is to map this unification grammar
into GSL, the format that Nuance requires be-
fore compiling it to finite state machines, mak-
ing up the language model for the speech recog-
niser. This compilation includes eliminating left
recursion and provides means for a generic com-
positional semantics. This paper discusses the
requirements for such a compilation and pro-
poses and implements a solution.

First, an overview of the architecture of the
compiler, named UNTANCE, is given, and uni-
fication grammars and GSL (Section 2) are in-
troduced. Then each system component is de-
scribed in detail in Sections 3-7. The results
obtained with the compiler are evaluated with
respect to practical speech recognition and pre-
sented in Section 8.

2 System Overview

Input to the UNIANCE compiler are phrase
structure rules of the form LHS — RHS, where



[cat:np,case:_,num:N,per:3,refl:no,sem:apply(X,Y)] --> [cat:det,count:C,num:N,sem:X],

[cat:noun,count:yes,num:sg,sem: lambda(X,radio(X))] --> [lex:radio].

[cat:noun,count:yes,num:sg,sem: lambda(X,car(X))] --> [lex:car].

[cat:noun,count:C,num:N,sem:Y].

Figure 1: Examples of unification grammar rules.

LHS (the left-hand side) is a single (non-
terminal) category, and RHS (the right-hand
side) a sequence of (terminal or non-terminal)
categories. Non-terminal categories consist of a
category symbol C annotated with a finite (pos-
sibly empty) set of pairs of distinct features and
values, as shown in Figure 1. Terminal cate-
gories define lexical items.

A restricted form of unification grammars is
considered, where features values can only be
instantiated with atomic values (except for one
special slash feature).2 As usual in unification
grammars, values for features can be left un-
specified, and values of different instances of
features can be constrained to have the same
value (by unification). Hence feature unification
constrains possible derivations expressed in the
grammar.

Most features constrain syntactic derivations
and have a finite set of values. The feature sem
is used to build up semantic representations for
the parsed utterances. A completely general
and standard compositional semantics will be
used. Expressions of the form lambda (X,F) de-
note lambda abstraction, where X is the variable
abstracted over, and F a formula. Expressions
of the form apply(A,B) denote functional ap-
plication, where A is the functor, and B plays
the role of argument. Some examples of the
use of these expressions are shown in Figure 1.
Note that in each production of a UG, the se-
mantic values of sem features in RHS categories
are always variables, and that the value of the
sem feature of the LHS is (normally) expressed
in terms of the values of the sem feature of the
RHS.

The job of the compiler is to output a gram-

2 Another restriction that imposed on the unification
grammar is that RHS need to be non-empty. There
is a standard way of eliminating e-productions from
a context-free grammar (Aho et al., 1996), and it is
planned to integrate such a procedure in future version
of the compiler.

mar in GSL format describing the same frag-
ment as the input grammar. This is a chal-
lenging task because GSL has a number of re-
strictions in its expressiveness: there is no sup-
port for features or feature unification, and left-
recursive rules (productions) are not allowed.

GSL is a form of context-free grammar where
terminal symbols start with lowercase symbols,
non-terminals with uppercase symbols, round
brackets indicate sequence, and square brack-
ets alternatives. An additional technique incor-
porated in GSL, slot-filling, provides means to
return information (other than the recognised
string) and is often used in speech applications
to derive domain-specific interpretations.

NpCaseNomNumP1Per3Ref1lNo
[(DetCountYesNumPl:a NounCountYesNumP1l:b)
{return(strcat ("apply (" strcat(strcat($a strcat("," $b)) ")")))}]

NpCaseNomNumSgPer3Ref1No
[(DetCountYesNumSg:a NounCountYesNumSg:b)
{return(strcat ("apply (" strcat(strcat($a strcat("," $b)) ")")))}]1

NpCaseObjNumP1Per3Ref1No
[(DetCountYesNumP1l:a NounCountYesNumP1:b)
{return(strcat ("apply (" strcat(strcat($a strcat("," $b)) ")")))}]

NpCaseObjNumSgPer3Ref1No
[(DetCountYesNumSg:a NounCountYesNumSg:b)
{return(strcat ("apply(" strcat(strcat($a strcat("," $b)) ")")))}]

NounCountYesNumSg

L
(radio) return("lambda(X,radio(X))")
(car) return("lambda(X,car(X))")

]

Figure 2: Some example GSL rules.

Figure 2 shows the GSL equivalent for the
unification grammar rules in Figure 1. In
this example one slot was assigned to each
category to store its semantic representation,
which is passed up to mother nodes by in-
stances of return/1 while using the GSL built-
in strcat/2 function to generate functional ap-
plication operations using string concatenation.
The compiler generates such equivalent GSL
grammars from unification grammars.

The compiler, implemented in Prolog, func-
tions as a pipeline of different components in
the following order: feature instantiation, elim-



inating left recursion, reducing redundant rules,
packing and compressing the remaining gram-
mar rules, and finally annotating rules with se-
mantic operations (Figure 3). These compo-
nents will be discussed in the remainder of this
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Figure 3: The architecture of UNIANCE.

3 Feature Instantiation

This component of the compiler reads in the
unification grammar (including lexical rules)
and converts all rules into the compiler’s inter-
nal format. The primary task of this component
is instantiating features with all of their possi-
ble values. In other words, it creates a context-
free backbone of the input unification grammar.
This process is carried out only for features with
a finite number of possible values. Hence, the
feature sem is ignored in this part of the compi-
lation. Feature instantiation is implemented by
collecting the range of feature values followed
by a top-down traversal of rule instantiation.
In an initial step, all grammar and lexical
rules are inspected and for each category en-
countered the range of possible features and
their values are collected. This gives all pos-
sible features used but not necessarily all possi-
ble values. So in a consequent step, the range
of possible values is expanded by examining dif-
ferent values for features of related categories.
Categories C; and Cy are related if C; and C,
denote the same categories, if C; is a parent of
Co, or if Cy is a parent of Cq. For instance, if

the initial step yields for the feature F a value
V1 for category Ci, and a value Vs for category
Cq, and C; and Cy are related, then V4 is also
a value for F with respect to C;.

Using this information, the final stage of fea-
ture instantiation takes a grammar rule, instan-
tiates all features with possible values (for those
features with variables as values) and verifies
each assignment by checking whether the in-
stantiation of the rule is supported by the cur-
rent set of grammar rules. This is done in a top-
down fashion, by recursing on the categories of
the right-hand side of each rule. Finally, the fea-
ture instantiation component passes the instan-
tiated rules to the component that eliminates
left recursive rules. The rules have now been
translated in a format Cy — C;...C,,, where
C; is of the form cat(A,F,X) and A is a cate-
gory symbol, F is a finite (possible empty) set
of instantiated feature value pairs, and X the
semantic representations. The result is a CFG
backbone which can (almost) be compiled into
a GSL-style grammar.

However, there seem some clouds on the hori-
zon. GSL grammars with left-recursive rules
cannot be compiled into Nuance speech recog-
nition grammars so they need to be replaced by
equivalent right-recursive ones. Furthermore,
if one is able to do this, one need to do this
for the sem feature as well, in order to obtain
the right meaning representations on the trans-
formed trees. The next section shows how to
deal with this problem.

4 Eliminating Left Recursion

Left-recursive rules are common in linguistically
motivated grammars to express coordination or
modification. Since GSL does not allow left-
recursive rules, there is a need to introduce
a way to transform grammars containing left-
recursive productions into grammars without.
There is a standard way of eliminating left-
recursion from a context free grammar (Aho et
al., 1996), as long as the grammar contains no
cycles (rules of the form C — C, which of course
do not appear in any sensible linguistic gram-
mar), and no e-productions. This is also the
method used in this paper.

The current version of the compiler only con-
siders immediate cases of left recursion. The
standard way of dealing with this is to note that



