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ABSTRACT

This paper discusses research into the creation of
dynamic dialogues for automated telephone answering
systems. In order to create a dialogue a semantic net
representing factual or organisational information is
traversed by the prototype dialogue creation engine. This
assembles questions appropriate to the current uset's
previous responses and their user model with an aim to
ascertain their intention or goal in making the call. A
major area of study has been methods of determining
fuzzy goals (when the user is not.aware of what their
specific goal might be) using uncertain reasoning and
fuzzy set theory. This research is coupled with the
linguistic demands of natural language processing for
dynamic sentence creation and use of speech as the
medium of interaction.

1. INTRODUCTION

The research described in this paper presents a solution
to some of the major limitations of current automatic
telephone answering systems. These have been in use
commercially for several years. They tend to operate on a
touch-tone menu selection system by which callers can
move through a hierarchical menu of pre-defined
options. More recently, limited voice recognition has
been introduced to such systems. However callers are
similarly limited to a few pre-determined goals, some of
which may not become available to them due to the
caller's limited perception of the network structure.
Current limitations in low-cost, speaker independent
speech recognition have led us to develop a system
requiring only 'yes', 'no' or 'don't know' responses from
users. These three responses nonetheless allow
negotiative dialogues between system and user to take
place, through which the wuser can gradually
conceptualise and impress their goal upon the system
rather than having to settle for a given one.

We have used a semantic net to represent the knowledge
(for example, Oxford tourist information) and the
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linguistic facts required to build grammatically correct
questions. Specially developed algorithms allow traversal
of the net based on previous user responses. The net is
dynamically updated during the course of a dialogue
such that a likely goal is gradually identified.

This paper describes the theory behind our negotiative
dialogue system in terms of knowledge representation
using semantic networks. Principles of their use and
aspects of linguistic research for this project follow. The
practical mechanisms tested so far are then discussed and
lastly prospects for future development are outlined.

2. AN EXAMPLE PROBLEM

Below we show a diagrammatic representation (fig. 1) of
a fragment of the semantic net holding information for a
tourist information system. Suppose the user's goal is to
obtain information about punting in Oxford. They will be
first asked questions involving group words such as
"leisure activities', and 'educational activities'. As a result
of their answers to these questions the dialogue centres
around leisure activities. The next question asked will be
about sports as sports has strong membership of the fizzy
set of leisure activities (link value 1) and so the
membership coefficients indicate the progression through
the net. We are working on algorithms for weighting the
nodes as a result of the dialogue so far, and the use of
connectionist type propagation's through the semantic
net.

2.1. The semantic net described

It soon becomes clear when devising a semantic net such
as the fragment below (fig. 1) that many nodes are
described in more general terms by other nodes. The
notion of creating sub-sets of information within a larger
database has proved to be a valuable tool for dynamically
creating questions which will in turn steer the system
towards a goal state, which may be a particular node
(e.g., punting information).
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Figure 1 - Small section of an example semantic network

leisure activities

pool
bowling
etc...

swimming

(

sailing
punting
etc...

Nodes such as 'leisure activities' are known as basket
terms in that they implicitly contain collections of nodes
connected from them. By asking questions about these
basket nodes it is possible to strengthen or weaken the
likelihood of the goal state being within a larger group of
nodes by altering the weighted links. For example, if
"leisure activities' were accepted by the caller but 'sports’
rejected then the weighting of 1 between those nodes
might fall to 0.3 (see fig. 1). 'Environmental matter
would then become the dominant link (value 0.6) to
'leisure activities', along with the collection of nodes
associated with it. Algorithms such as Dempster's rule of
combination (Gordon & Shortliffe, 1984) allow the
system to consider which areas of the net bear the
strongest probability of containing a relevant goal state.
Networks have been established with only one type of
link, indicating a connectivity between one node and
another. The greater depth of information offered by
using several different link types (Zajicek & Brownsey,
1995) is offset by the need for more complex algorithms,
but in terms of creating natural language dialogues from
the net they are extremely attractive (see below).

3. LINGUISTIC ASPECTS

3.1. Dynamic question generation

The linguistic aspects of question generation were largely
put aside during early development of networks and
traversal algorithms. Initially nodes represented noun
phrases only. Simple questions could be created by
prefixing node names with 'Is it to do with' or 'Are you
interested in' to gain enough insight into the current
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guided walks

national parks
etc...

water ways

water
matter .~ - - - ©

status of the network. But no single phrase could relate
all nodes, and monotonous dialogues were inevitable.
Establishing predetermined questions for each node was
not considered acceptable because of the associated tasks
multiplied by the number of potential nodes and
interconnections between them, all of which links could
potentially be tested by the algorithms. The burden of
implementing new networks of disparate information or
organisational data should be relieved by dynamic
question generation. This aspect of the project is
currently concerned with the question of whether to
integrate linguistic rules into the informational net,
distinguish between two nets or a combination of both,

Figure 2 below indicates the types of link which could be
specified. If the system were empowered with an
understanding of the relationships described by certain
verbs, for example, then those linguistic links could also
represent inter-nodal connection at the factual level. For
example, if the basket node 'shopping' had been reached

Figure 2 - Sample linguistic link types

FOOD
verb_eat/. verb_buy

EATING_OUT verb_drink SHOPPING
|
,//
connected_{o -ﬁnnected_to
DRINK-

(see fig. 2) then the system could use the linguistic link to
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'food' and construct a question using the infinitive of
‘buy’, e.g., Do you want to buy food?".

This complicates the network traversal processes but the
question generation is such a crucial component of the
discourse that the linguistic requirements cannot be
discounted.

Other important considerations include encoding of
temporal (adverbial) and tense information. Depending
on the application such matters must be integrated into
the variable weightings such that, for example, verbs will
have grammatically correct tense dependant upon
previously answered questions. This relates to user
modelling, discussed in the last section of this paper.

3.2. Speech integration

The limitations of speech recognition hardware
appropriate for what is seen as a low-cost system for end
users negates the need for complex dialogue parsing.
Unconstrained natural language input is not possible;
users may only respond with 'yes', 'no' or 'don't know'. As
such the emphasis is firmly upon the ability of system
questions to be unambiguous and yet illicit the maximum
information per utterance. By applying rules of logical
inference and implicit reasoning (Myers et al., 1986)
upon series of questions it is possible to refine a large
number of weights within a network. Dialogue duration
is a primary concern. Tests indicate that the accuracy of
limited vocabulary recognition coupled with the
constrained user response may create no more overhead
than the misunderstandings and inaccuracies of less
constrained systems in a real world situation. (Zajicek &
Hewitt, 1990).

Speech output is for the greater part synthesised due to
the dynamic nature of the questions. In order to maintain
caller interest (Karis and Dobroth, 1991) high quality
pre-recorded introductions and instructions are used.

4.FUZZY SETS FOR MODELLING VAGUE
DOMAINS

The defined requirements of the linguistics of dynamic
question generation and speech interaction contrast with
the nature of fuzzy goals and set theory. The following
sections detail the theory of fuzzy logic as applied to our
semantic networks.

4.1. Hierarchies and Binary Logic

Automatic telephone answering has been, in the main,
confined to well defined domains - for example to route
calls about standard insurance requests. Typically callers
exhibit, if not expertise, then a fairly clear and precise
idea of their goal and the nature of the structures within
which they will find their goal. Modelling such domains
is a relatively straightforward matter, using hierarchies
and strict binary logic.

4.2. Vagueness in Organisations
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Many callers to organisations do not have a clear-cut
goal in mind, or not, at least, in terms of the structure of
the organisation as perceived by its staff. Furthermore, it
is more often than not the case that the perception of
individual staff of the organisation structure varies from
person to person. On top of this, the extent to which
something contained in or administered by the
organisation is part of something else is usually a matter
of degree to the individual staff member. In considering
the example of tourist information, to what extent is a bar
a place of entertainment? How much is a library a place
of entertainment. To what extent is shopping a leisure
pursuit?

4.3. Vagueness, Fuzzy Sets and Logic

Max Black (Black, 1937) provides one of the first
explicit accounts of vagueness as an objective factor in
language and reasoning. He describes a near continuum
of chairs, from a lump of wood to a Chippendale (chair).
These demonstrate that it is not easy to see how, even in
principle, a line of demarcation can be drawn between
'chair’ and 'not chair'. Some things are very clearly chairs
and some things, in the continuum, are almost not chairs.
All can be said to have a degree of 'chairness’, or
membership of the set of chairs, but the ones in the
'middle’ are as much 'not chairs' as chairs. As Black says

"Indeed the demand to perform this operation is felt to be
inappropriate in principle : "chair is not the kind of word
which admits of this sharp distinction” is the kind of
reply which is made "and if it were, if we were forbidden
to use it for any object which varied in the slightest way
from the limiting term, it would not be as useful to us as
it is".

Although he did not call them such, Black anticipated the
idea of fuzzy sets with membership functions, which were
formally introduced by Lofti Zadeh (Zadeh, 1965). This
fuzzy set theory underpinned the development of fizzy
logic, although the latter had been pioneered to some
extent by Jan Lukasiewicz (Rescher, 1969). More recent
work, by Bart Kosko (1992), has seen the introduction of
the idea of a fuzzy concept of fuzzy subsethood (Kosko,
1992).

4.4, Expert Systems, Probability and Certainty

Traditional expert systems and knowledge based systems
have used a variety of means to model vagueness.
Bayesian probability, as a formal system, has been one
such, yet this can only really be applied to a different
type of uncertainty, i.e. randomness. Less formal, more
ad hoc approaches, such as uncertainty factors have also
been used but have often foundered because there is no
consistent underlying system.

4.5, Fuzzy sets for Modelling Organisations

We are very encouraged by the use of vagueness,
through the formalisms of fuzzy sets and fuzzy logic, as a
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means of modelling these situations to provide non-
hierarchical and non-binary telephone answering
systems. In (fig. 1) for example, 'guided walks' is a
member of ‘conservation matters', with degree 0.7, and
‘outdoor activities' is a subset of 'sports', with degree 0.6.
There are some interesting problems - ¢.g. how do we
deal with subjectivity - but the approach feels much more
natural than imposing Bayesian models in an area where
they are clearly inappropriate or by ‘fudging' a
hierarchical binary system.

5. IMPLEMENTATION

Our desire to implement a low-cost automatic telephone
operating system has led us to use a standard multimedia
PC platform. Speech recognition and output capabilities
of these meets the specified requirements. The
knowledge bases are stored and manipulated in LISP
which has proven ideal for network traversal and
implementation of decision algorithms.

We have also developed a software tool to facilitate entry
of semantic network nodes and the relationships between
them. This information is then. automatically converted
into LISP code.

6. FUTURE DIRECTIONS

The system described is an ongoing concern of The
Speech Project at Oxford Brookes. It is - intended
ultimately that an integrated telephone operating device
be produced. It's purpose would be to provide twenty-
four hour access to organisation information or to relieve
queues for human operators, theoretically in any industry
or domain. As such, research continues into methods of
storing information in a structured but non-hierarchical
manner, along with ways to best interpret that
information as flexibly as possible.

User modelling will be implemented to test a theory that
knowledge about a caller could be used to preset some of
the semantic network nodes. In our tourist information
example, if it were estalished that the caller has children
then initially weights for nodes to adult establishments
such as pubs could be reduced, reducing the likelihood
that they will be selected.

The speech interaction implementation has not been
finalised. The success thus far of severely constrained
user input is encouraging however and may long remain
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valuable as speech recognition technology continues to
progress slowly.

7. CONCLUSIONS

We conclude with two final points. Firstly this approach
to fuzzy reasoning can be generalised beyond telephone
answering to all information systems where vagueness is
a factor. Secondly, it is particularly interesting that,
currently, there seems to be little other fuzzy based work
being done in this area.
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