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Abstract
Advances in speech-recognition and wirelesscommunication technology have generated a growing
interest in hands-free, eyes-free, access to, and navigation
between, remote data sources. Owing to the fact that conventional query languages such as SQL cannot be spoken,
there is a need to develop natural-language processors to
be used in conjunction with speech interfaces. Ideally, it
should be possible for non-programmers to create their
own speech-accessible natural-language applications that
they can easily add to a SpeechWeb, in a similar manner
to the creation of web pages using html. The W/AGE
programming environment is a step towards this goal.

1.

Introduction

Off-the-shelf speech-recognition technology and
emerging standards such as the voice mark-up language
VXML [9], have made it relatively easy to build speechrecognition front ends to remote applications. However,
these front ends have only been used to access relatively
simple applications through command-like languages.
More complex applications, such as database query
processors, cannot yet be easily accessed through speech.
This is a result of the fact that conventional query languages such as SQL cannot be spoken. Consequently,
there is a need to build natural-language processors in order to integrate complex applications with the emerging
speech-recognition technology.
Unfortunately, the construction of natural-language
processors from scratch is very difficult even for experienced programmers. In order to overcome this problem, the Windsor Attribute Grammar programming Environment (W/AGE) has been developed in order to allow
non-programmers to construct natural-language processors
as executable specifications of grammars which define the
syntax and semantics of the input language.
The skills required to use W/AGE do not require any
programming experience, they are more related to understanding “grammar”as taught in high school.

W/AGE has been used to define a number of languageprocessors. One of these processors, called “solar man”,
is an interface to a database containing facts about the
planets, the moons that orbit them, and the people who
discovered those moons. Example queries are:
Which of the moons that were discovered by
Hall orbit Mars?
Did Hall discover every moon that
orbits Mars?
How many moons were discovered by Hall
or Kuiper?
Which planets are orbited by a moon that
was discovered by Galileo?
Is every planet orbited by a moon?
Which planets are orbited by two moons?
Who was the discoverer of Phobos?
Which of the moons that orbit Mars were
discovered by Hall

Solar man can answer over 120,000 sensible questions
and is constructed as an 800 executable specification of
the input query language. An interface to the solar man
query processor and a complete listing of the executable
specification can be accessed at:
http://www.cs.uwindsor.ca/users/r/richard
/miranda/wage_demo.html

2. The structure of a W/AGE program
A W/AGE program takes a list of characters as input
and returns a list of characters as output. In order to create
a W/AGE program, the user has to define the language of
the input strings. This definition includes the following:
1. A set of rules defining the syntax of the input language.
These rules are written using standard Backus Naur
Notation (BNF). For example:
|| snouncla ::= cnoun
| adjs cnoun
|| adjs

::= adj
| adj adjs
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2. A list of types of the semantic attributes (meanings)
that are to be computed for different types of words
and phrases of the input language. For example:
attribute ::=
SENT_VAL
| NOUNCLA_VAL

bool
set_of_entities

3. A dictionary defining the words used in the input language. For each word, the user indicates the syntactic
category, and the meaning of the word. For example:
("moon","cnoun",
[NOUNCLA_VAL set_of_moon])

4. A set of syntax rules defining how compound phrases
are made from simpler components. For example, a
rule for simple noun_phrases might be as follows:
snouncla =
cnoun
$orelse
structure (s1 adjs ++ s2 cnoun)

5. A set of semantic rules that define how the meaning of
a compound phrase is computed from the meanings of
its components. Each semantic rule is associated with
a syntax rule. For example:
snouncla =
cnoun
$orelse
structure (s1 adjs ++ s2 cnoun)
[a_rule 1( NOUNCLA_VAL $of lhs )
EQ intrsct1[ ADJ_VAL $of
NOUNCLA_VAL $of

s1,
s2]]

6. A set of definitions of the semantic operators/functions
used in the semantic rules. For example:
intrsct1 [ADJ_VAL x, NOUNCLA_VAL y]
= NOUNCLA_VAL (intersect x y)

7. A set of definitions of data. For example:
set_of_moon

= [18..53]

8. A set of definitions linking the integers representing
entities to strings that can be used for output. For
example:
("luna", 18)

The resulting set of definitions constitutes a program
which, when executed, will take a string as input and,

if the string is a member of the language defined by the
syntax rules, will output a string that is computed using
the semantic rules.

3. How W/AGE differs from
other approaches
W/AGE programs are completely declarative and the
order of the definitions does not matter. Also, there are
no variables and there is no notion of updating any data
structure. The user simply writes equations that define
more complex structures in terms of simpler structures.
The user does not have to worry about the flow of control
through the program, and does not have to worry about
the scope of variables or their current value.
The declarative nature of W/AGE makes it quite different from approaches in which natural-language processors
are built in languages such as C or Java where a substantial part of the computation is based on the procedural
paradigm. Even if the parser generators Yacc or CUP [3]
are used in these languages, the semantics has to be coded
procedurally and this requires sophisticated programming
skills.
The W/AGE approach is somewhat related to the use of
definite-clause grammars (DCG’s)[1] in the Prolog logicprogramming language. However, DCGs only provide
structure for defining syntax rules, and the coding of semantics within this structure is quite complex and certainly
beyond the scope of anyone who has not had substantial
experience in using Prolog.
W/AGE is an attribute-grammar programming environment and is closely related to other attribute-grammar programming systems such as those surveyed by Paaki [12].
However, most of these other systems were developed to
facilitate the construction of compilers and are not well
suited to the construction of natural-language processors.
In particular, they cannot accommodate ambiguity, have
no notion of a dictionary, cannot be used to define words
in terms of other words or phrases and have no mechanism
for transforming one syntactic structure to another through
the definitions of Chomsky-like re-write rules. We show
later that W/AGE accommodates all of these tasks.
The major difference between W/AGE and all other
attribute grammar programming systems is that W/AGE
code is directly executable. The attribute grammar is not
compiled into code that is embedded in a conventional
programming language, which is the approach used in
most attribute grammar and parser-generator systems. In
W/AGE every production rule in the grammar can be executed independently of all others except those which are
used in its definition. This modularity facilitates construction and experimentation with the processor, and re-use of
components.
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4. Use of special features to define a rich
language in terms of a core language
Rather than define the meanings of all words directly
by listing their attributes, it is appropriate in some applications to treat only some of the words in this way. The
meanings of other words can be defined by relating them
to expressions that have equivalent meanings provided that
these expressions include only those words and syntactic
constructs that have already been defined. For example:
("anyone", "indefpron",
meaning_of detph

"a person")

The ability to define the meaning of words in terms of
the meaning of other phrases, and to rewrite phrases into
others, are very powerful features of the W/AGE environment. One can begin by defining a processor for a “core”
language in which all semantic rules are given explicitly,
and then extend this to a richer language through the use
of these features. The major advantage of this is that the
core language can be chosen to facilitate the definition of
semantic rules. More complex syntactic constructs, whose
associated semantic rules may be problematic, can then be
defined in terms of the core language.

5.

Technical aspects of W/AGE

W/AGE is constructed as an extension to the pure functional programing language Miranda [13]. The underlying
parser, which is hidden from the W/AGE user, is based on
a top-down recursive-descent backtracking search strategy.
As discussed by Koskimies [8], this approach provides significantly more modularity that alternative techniques.
Straightforward implementation of top-down parsing
has exponential worst-case complexity. Frost and Szydlowski [7] have shown how memoization [11] can be used
to reduce this complexity to cubic whilst maintaining pure
functional propertiesof the parser.
The parsing strategy is also based on a recursiveprogramming technique developed by Burge [2] and subsequently refined by Wadler [14] in which each component
language processor returns a list of results which are each
processed by the subsequent component processor in turn.
Owing to the delayed (non-strict) computation in Miranda, no attribute values are calculated until the parser
has completed its task, even though the semantic attribute
rules are closely associated with the syntax rules that direct
the parser. This is necessary in order to process complex
queries in reasonable time.
W/AGE is being used to construct a number of naturallanguage front-ends to distributed data sources that are being added to SpeechWeb [6]. These data sources are ac-

cessible through the Internet from remote user-independent
speech interfaces.
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