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Abstract— Modelling rational dialogues on the basis of Finite-
State Automata has shown to be of limited use when natural
speech behaviour and dynamic adaptation to new domains are
an issue. To enable such a flexible, robust and generic dialogue
management, we rely on an approach characterized by a logically
precise modelling of the linguistic and application aspects of the
domain in question and a dialogue manager deriving pragmatics-
driven discourse strategies from reasoning on evolving belief
structures, both of the user and the system. For the linguistic part,
we claim that a “pragmatics-first” view on rational interact ion
provides an appropriate framework for flexible and scalable
dialogue modelling. In particular, the plan-based approach offers
the means to conduct task- or goal-oriented dialogues whichaim
at accomplishing concrete tasks. It enables cooperative response
behaviour and the ability for negotiation. For the reasoning part,
i.e. knowledge representation and inference for the interpretation
of dialogue as well as for planning to satisfy user goals in
the application domain, we argue for a computational logic
framework. By means of a clear functional separation between
the language model, the dialogue model, and the domain model,
the feedback cycle between the dialogue manager and the
applications is of vital importance, as is the close interaction
on the linguistic side occurring between the speech parser,the
dialogue manager and the text generation module.

I. GENERAL ASSUMPTIONS

Our general goal is to build dialogue systems for rational
interaction. What we want to achieve is the satisfaction of
user goals in a given (ideally open) domain by conducting
spoken dialogues where it should be possible in principle to
augment them by other forms of multi-modal interaction like
gestures or the selection of items from a menu on a screen.
Interactions are called “rational” because we want to apply
rationality principles (at the knowledge representation level)
to optimally select appropriate communicative actions. We
assume that the satisfaction of user goals within the thematic
framework of a particular application domain is to be achieved
with the help of a dialogue system proper in cooperation witha
technical application which we also call the “domain problem
solver”. Such a technical application can be an informationor
reservation system, a system for controlling certain devices,
etc.

In such settings, [1] characterize “practical systems” as
task- or goal-oriented dialogue systems, where the dialogue
is focussed on accomplishing a concrete task. They claim that
the conversational competence required for practical dialogues
is significantly simpler to achieve than general human conver-
sational competence. We are convinced that this distinction is
useful because it provides a realistic starting point and because

the latter – general human conversational competence – is
hard to define. Hence, we begin with a certain well-defined
conversational competence and with increasingly complex
requirements from the application we can try to augment it,
i.e., we attempt to proceed in an incremental fashion. But
probably this will not be easy; we cannot expect that this can
be done in the way of a linear progress: There may be fractions
where completely different requirements come in which cannot
be integrated seamlessly.

Another general underlying assumption is that for the
interpretation of dialogue we insist on a clear commitment
to a (computational) logic framework. Of course, humans
act incoherently and even inconsistently, and common sense
reasoning can only to a certain extent be understood in terms
of logic, but we are convinced that a coherent and consistent
rational reconstruction is the best we can do about it. Such
a constructive perspective has the advantage of enabling us
to begin with a well understood framework for knowledge
representation and reasoning upon which we can attempt
to build rule systems for still idealized, but more realistic
patterns of argumentation in specific domains. We believe that
there is a potential to succeed in a variety of prevailingly
instrumentalized contexts as it is the case with technical
applications – that will be discussed in more detail below –
or, to take up another example, in forensic argumentation.

II. ON DIALOGUE MODELLING

The question of scalability of natural language and speech
dialogue systems has been an issue for quite a long time.
And it becomes more and more pressing with the rapidly
increasing processing power and memory size of modern
hardware and the progress in software engineering techniques.
Before we address the dimensions of scalability and the
problems connected with it, let us have a look at history to
sharpen our awareness.

A. In the Beginning: The Structural Approach

For several decades, natural language and speech systems
for information dialogues have been developed on the basis
of an approach which led from experimental systems to a
commercially available technology. Although successful in
many domains, we will argue that those systems have severe
limitations which are inherent to the underlying so-called
structural approach.
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The goal addressed by this first system generation is to
accomplish an information task. By conducting more or less
strictly guided dialogues they aim at supplying a user with
a specific information in a given domain, e.g. train connec-
tions, traffic jams, cinema programmes, stock exchange data,
weather information, etc. in as few dialogue turns as possible.
The technical application they are cooperating with is usually
a static database system; in some cases it has been extended
with an application server that might be taking orders or
reservations. The basic technique these systems use is the
extraction of parameter values for a given schema from user
utterances (“slot filling”) under the closed world assumption.
In general, they have a very limited and domain-specific
inferencing capability, if at all. As for dialogue modelling,
they rely on a state-based approach, which is also called
structural. Driven by speech recognition technology, dialogues
are modelled by means of stochastic finite-state machines.
To do so, the constructor of a structural dialogue model is
forced to anticipate future admissible dialogue states. Iflarge
annotated corpora are available, stochastic training techniques
can help a lot, but the general problem of anticipation remains.
In this framework, the general view of dialogue in speech
communication is understood as controlling and restricting
interaction – and this is fundamentally different from basing
human-computer interaction on human conversation (cf. [1]).
This “controlling and restricting” view is to a large extentdue
to robustness requirements that all speech dialogue systems
– not only the structural ones – are faced with: recognition
errors, speaker adaptation, and “out of vocabulary/domain”
problems.

So, what are the inherent limitations of the structural ap-
proach? In spite of various improvements to structural systems
like the introduction of anchoring into the dialogue history,
using dialogue act predictions and defaults, and employing
sub-dialogue patterns, they have no means to deal with se-
mantic and pragmatic problems in a flexible way, which is
the most difficult part of the anticipation problem with guided
dialogues.

This assertion is corroborated by the results of an evaluation
of more than 1100 recorded train information dialogues with
the EVAR system, a state-of-the-art structural system devel-
oped at our university [2], [3]: 68.5% of the dialogues were
completed successfully. Of the remaining 31.5% incomplete
dialogues no less than83.1% failed because there was no
(proper) integration into the context; 14.7% were cancelled
by the user, and 2.2% failed because of a system crash.

To resolve semantic and pragmatic problems which result
from a high degree of dependency on the dialogue and
application context, a system must be able to draw inferences
based on a dialogue model and an application model. This
requirement goes far beyond the expressive means provided
by a structural model, which usually integrates dialogue and
application knowledge in a finite-state machine – for theoret-
ical reasons.

At this place, another aspect of the close integration of
dialogue and application features must be addressed, although
it is not a fundamental theoretical limitation of the structural
approach: Because these systems usually are tailored to a

specific task type, mostly static database querying, they lack
of a sufficient modularization. The need to factor out proper
dialogue features is hardly addressed. Therefore, attempts to
build in extensions or to port to new domains within the
same task type are faced with a considerable technical effort,
which constitutes a bottleneck to scalability. Porting to anew
domain with different task types will often result in a complete
reimplementation of the structural dialogue model.

Let us come back to the previous argument: The need for
reasoning becomes even more apparent if we have to deal with
meta-discourse, a phenomenon which is frequent in corpora,
and with dynamic domains.

To give an example, we may consider the scenarios the EM-
BASSI system has to deal with. EMBASSI is a joint national
project sponsored by the German Ministry for Research and
Technology with 19 partners from industry, research institutes
and universities1. Its goal is to develop a system which is able
to control devices by means of multi-modal dialogues, e.g.
an audio-video theatre in the home or a radio and navigation
device in cars. Particular emphasis is put on flexible assistance
concepts in the realization of the EMBASSI system. For the
first application area, there is the explicit requirement that the
application system is reconfigurable, i.e., that new devices can
be integrated in a plug-and-play fashion on the fly.

The technical answer of the EMBASSI consortium to the
quest for such a high level of flexibility and scalability was
to design a highly modular agent-based system architecture
where the modules communicate in a uniform agent com-
munication language (KQML/ACL). In the following we will
address the question of the theoretical foundations and basal
decisions to make it happen.

B. Reconsidering Basal Design Decisions

The discussion of the state-based approach to natural lan-
guage and speech dialogue systems indicated a need to recon-
sider basal design decisions. This means, we have to provide
arguments and reasons which help in the search for solutions,
in other words, we are looking for theoretical justifications
for such decisions. For the following, “theory” will adressthe
spheres of language and reasoning. As for system architecture,
this seems still to be rather an art and engineering practice,
and we will be happy if we were able to derive at least some
constraints on architectural designs.

What we will do in the following sections, is to set up a
general perspective on dialogue systems which can be charac-
terized as a “pragmatics-first” view on rational interaction2.

For dialogue modelling, we will follow theplan-basedap-
proach which has its roots in natural language processing and
Artificial Intelligence. It provides the means to conduct task- or
goal-oriented dialogues which are focussed on accomplishing
concrete tasks as mentioned in the introduction. We claim that
only a general planning approach enables cooperative response
behaviour (pragmatic adequateness, overanswering) and the
ability for negotiation.

1Grant No. 01 IL 904 F 8
2From a theoretical perspective see the pioneering work by Cohen and

others, cf. the contributions in the volume [4]. As an example for a system
strictly based thereon cf. Sadek’s ARTIMIS, [5]–[7]
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For the reasoning part, i.e. knowledge representation and
inference for the interpretation of dialogue as well as for
planning to satisfy user goals in the application domain, we
will refer to a computational logic framework, in particular
description logics.

There is no doubt that a minimal prerequisite for scalable
systems is that they have a modular structure. We will argue
that a clear functional separation between the language model,
the dialogue model and the domain model provides a sufficient
condition to address scalability.

Some remarks on our current work on dialogue manage-
ment within the EMBASSI project will illustrate the practical
implications of this theoretical framework3.

C. Dimensions of Scalability

Often the requirement for scalability of dialogue systems
is seen primarily as an engineering problem. At a closer
look, it becomes apparent that there is more to it: Scalability
must be considered in the context of underlying assumptions
and specifications, which of course concerns various technical
aspects, but also includes the question how we understand the
interaction between user and system.

At least, the following issues have to be addressed, but, of
course, the list is open for extensions:

� vocabulary size,
� linguistic coverage and utterance types, in particular

varieties of reference, e.g. anaphor and ellipsis resolution,
� multi-linguality,
� mixed-initiative dialogues,
� multi-modality,
� single or multiple simultaneous goals,
� multi-party dialogue,
� size and fundamental properties of the application do-

main(s)
� extensibility of applications by new subdomains, e.g. train

information plus ticket sale plus hotel information and
reservation,

� switching to new (sub-)domains,
� reconfigurability of the application,
� system portability to new domains.

We are far from being able to provide operational answers
to these questions, not even to a part of it. The best we can do
at the moment, is to present some theoretical considerations
which indicate the directions in which to search for answers.
Of course, many authors have addressed problems mentioned
in this list. Interestingly, in most cases we know of, if the
authors share our assumption that scalability is not only a
technical problem, there is no fundamental disagreement w.r.t.
the theoretical premises.

III. T HEORETICAL CONSIDERATIONS

The term “theory”, in particular linguistic theory and logic,
will be understood in a very general and explicitly non-
formalistic sense, which means that foundational issues are
part of our theoretical reflection. For the latter, the hardest

3Further information about our approach can be found in [8], [9].

part lies in the beginnings: We have to become clear about the
basal assumptions we are starting with and we have to make
them explicit in order to avoid argumentative cycles in the
construction of our terminology. Considerations of the actual,
developed level of theory should include an understanding
of its genesis – how did we get to where we are? –, and
in particular where opportunities for alternative development
paths had been.

A. Linguistic Theory and Linguistic Processing

1) Linguistic Theory and the Pragmatic Turn:The tradi-
tional division of the theory of language into the investigation
of its structure, meaning, and use is rather uncontroversial.
This way of modularizing linguistic knowledge has been taken
up by most NLP system constructors as a basis for system
modularization. But, of course, for system building this is
only one part – what can linguistics say about processing?
Chomsky’s claim that linguistics considers only competence,
not performance [10], is of little help if we aim at functional,
practical systems. If we have to deal with real users’ input the
integration of performance issues is inevitable. The big ques-
tion whether there is a theory of “human language processing”
has been taken up by cognitive scientists, and although their
research led to a broad variety of interesting results, it is
still debatable whether there is yet a general framework in
cognitive science which really deserves this name. We will
come back to this point in the section on system architecture.

So many, if not most, systems today still map in their
architecture the construction of linguistic theory in the for-
malistic tradition as outlined by Chomsky and many others
working within the same paradigm: Signals are turned into
symbol strings which first are segmented and scanned lexically
and then analyzed into phrase structures, in some cases also
dependency structures. Later on, these grammatical structures
are transformed into some kind of logical form which is
supposed to express their meaning. For conversational systems,
the pragmatic level is in most cases represented by the use of
speech acts and the representation of intentions as the last
and subordinate processing step in analysis. Independent of
the adequateness question for sequential processing, thisclass
of systems can be understood as realizations of a theoretical
conception. That they have deficits on the performance side
– although in many practical systems a lot of strategies have
been implemented to cope with performance issues – is in
principle a clear consequence of that conception.

Of course – for whatever theory – what system builders
can achieve at best is a clear operationalization of theoretical
constructs and their implementation under the limitationsof
problem decidability and complexity. Hence, certain shortcom-
ings of NLP systems on the performance as well as on the
pragmatic level are in a way a consequence of a decision on
the meta-theoretic level, i.e. the choice of a certain linguistic
theory type. So, what is the alternative? In our conviction,phi-
losophy of language has given an answer already a while ago
with what is called the “pragmatic turn”. So, when we push
the introduction of a “pragmatics-first” perspective in NLP,
we considercommunication as action– which in fact means
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a radical departure from the formalistic mainstream: Taking up
the “pragmatic turn” in NLP means to turn Chomsky upside
down. Methodologically, pragmatics is put at the beginning; on
that basis semantic and syntactic categories are understood as
pragmatically founded distinctions. This is different form the
traditional view where meanings come up as abstract objects
which are linked to purely linguistic objects in a functional
way; in this way pragmatics is just the investigation of
dependencies between meaning functions and functions of the
use of linguistic expressions. In other words, pragmatics –the
use of language, requirements of communicative functionality
– determines semantics and syntax.

To be historically precise, this methodological stance of
looking at language primarily as a means of communication
even predates Chomsky a lot, because it had already been
introduced by the Prague school of linguistics in the 1920s
under the term of “functionalism”. Their starting point for
analysis is the speaker’s intention as expressed by a linguistic
utterance, i.e. the analysis begins with the function of an ut-
terance in order to describe its form. The “functional sentence
perspective” then establishes the thematic/rhematic structure of
utterance sequences or texts as the main structural principle.
This approach is complemented by the theory of speech acts
according to Austin and Searle4 who share the communicative
view on semantics and syntax.

Whereas at the first glance it may seem a bit strange if we
do not understand the choice of a particular linguistic theory
along with an appropriate representation formalism as the
fundamental theoretical question for NLP in the first place,we
hope it became clear that a comprehensive theoretical attitude
is the issue. It sums up to rather understanding language in
its social context – language as action – than departing from
a particular grammatical framework.

But, of course, one has to ask – in the same way as
for programming languages – how far a certain formalism
supports modularization, on the level of grammar itself as well
as between syntax proper, semantics, and pragmatics. And
furthermore, linguistic processing is constrained by various
technical factors among which, in the case of speech, is the
quality of recognition, i.e. of the transformation of signals into
a symbolic representation. Up to now, there is no alternative to
the success of stochastic methods for speech recognition. With
considerable vocabulary sizes, the best that speech recognition
technology can offer is not a “best string”, but a lattice of
competing scored word hypotheses. For parsing, this means
that in most cases we will not be able to find a single
spanning syntactic description ranging over whole utterances
or dialogue turns [12], but that we must expect sets of
syntactic fragments which can be combined into bigger units
by employing constraints from linguistic semantics as wellas
the semantics of the application domain and foremost from
discourse pragmatics.

2) Linguistic Processing in the Erlangen Dialogue System:
It is worthwhile to point out that the overall processing control,
of which linguistic analysis – and generation as well – is a

4For its influence in the domain of dialogue systems cf. Traum’s and Allen’s
theory of conversational acts [11].

part, is the duty of the dialogue manager5. For the analysis
of utterances, in general we have to take complex speech
acts into account, where the interpretation of the utterance’s
propositional content is determined by its (local) linguistic-
pragmatic context in the first place. This, in turn, is to a
large extent influenced by (global) discourse-pragmatic fea-
tures which provide constraints based on the dialogue history
and the actual place of the utterance in the dialogue, as,
e.g., being the expected answer to a question. Furthermore,
the application provides further constraints by restricting the
meaning of words and phrases to their particular use within a
given thematic framework. Therefore, we have to distinguish
several – interleaved – levels in the analysis of user utterances:

� Linguistic analysis on the utterance-local level, which in
turn consists of several levels of syntactic and semantic
construction;

� Semantic evaluation, i.e. evaluation of semantic operators,
reference resolution, and additional transformations of the
logical form, augmented by specific computations;

� Application-domain specific specialization of the evalu-
ated semantic representation, where the general lexical
concepts are replaced by domain concept structures ac-
cording to the formal ontology of the application (cf. IV-
B);

� Discourse-pragmatic analysis – a proper function of the
dialogue manager (cf. IV-B).

In this section, we will briefly describe the techniques we
chose for linguistic processing, which comprises the first and
second level. For parsing, we build upon “chunks” which
provide a first grammatical segmentation of utterances. Fol-
lowing [13], a chunk consists of a syntactic head, which is
a content word, surrounded by a constellation of function
words in fixed patterns. In the case of speech, we also take
prosodic boundaries into consideration. Each chunk has an
internal structure according to the X-Bar schema: head +
complement + adjunct + specifier. For chunk parsing, we
use a chart parser which operates in three phases. Lexical
scanning is performed by employing a fairly traditional lexicon
together with a morphological analyzer. Parsing phase one is
the recognition of chunks in a lattice of word hypotheses on
the basis of a unification chunk grammar. In the second phase,
the syntactic functions of chunks are analyzed and used for
the combination of chunks into bigger units, finally resulting
in the construction of a dependency tree. To succeed, semantic
and pragmatic constraints must be satisfied, the applicability
of which is determined by valency and case frames of the
lexical units. So, constraints on complements and modifiersof
German words are expressed in terms of case frames which
state the valencies of a word and their possible semantic filler
types.

Of course, we have to cope with lexical and grammatical
ambiguity and the ambiguity introduced by recognition uncer-
tainties. We implemented an ambiguity selection mechanism
that should help to increase robustness. [14], [15]

Grammatical structure analysis is incrementally tied with
the third parsing phase, the semantic interpretation of chunks.

5cf. IV-B; the system architecture is depicted in fig. 1
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This part in turn consists of three phases: First, we iden-
tify word and intra-chunk semantic information, which are
domain-independent. The second step consists of the gram-
matical determination of inter-chunk relations. The thirdpart
is to perform semantic construction by means of construction
operations associated with the chunk grammar rules into
Discourse Representation Structures (DRSs). For the latter
we use

�
-DRT, a fully compositional derivative of Kamp’s

Discourse Representation Theory (DRT) [16]. In correspon-
dence with the syntatic amalgamation of chunks their DRSs
are incrementally combined by substitution, the evaluation
of DRS operators, and discourse referent resolution which
allows to build up DRSs which transcend sentence limits. For
anaphor resolution, we developed a computational framework
based on linguistic and pragmatic heuristics in [17]6. DRSs
may contain logical operators, e.g. disjunction and conditional
expressions and so called “duplex conditions” representing
natural-language quantifiers. Evaluating such DRSs means to
apply certain transformations to them. Disjunction will lead
to two alternative DRSs. For quantifiers, the scope ambiguity
problem can be resolved by applying the “Cooper storage”
algorithm to several DRSs representing different readings.

The ultimate goal in this part of analysis is to transform the
domain-independent semantic representation into a description
of the discourse situation which is specialized to the respec-
tive application domain of our dialogue system. Therefore,
the processes mentioned above are incrementally combined
with the execution of further rules in order to achieve the
application of domain-specific constraints as soon as possible.
To do so, first of all we need to access the domain-specific
concepts which are available through a link between the
general lexical semantic information and the specific semantics
of the application domain in the lexicon. Some more details are
given below (IV-B). We then have to instantiate the respective
domain concepts with discourse referents of the extensional
semantics by mapping chunk structures into relations between
concept instances. Finally, some further domain-related rule-
based transformations have to be executed as, e.g., calendrical
calculations to provide the domain-specific discourse situation
representation with absolute time specifications.

3) On the Theoretical Basis for Rational Dialogues:Under
the assumption that the “language as action” perspective
provides a flexible and extensible framework for rational
dialogues, whose aim is to satisfy user goals in a given
application context, we need means to identify such goals and
to represent them formally within an explicit representation
of an initial situation. We also need methods to decompose a
goal into subgoals to be satisfied by the application system,
and to control the satisfaction process. Interactions are called
“rational” because we want to apply rationality principles
(at the knowledge representation level) to optimally select
appropriate communicative actions. In other words, we for-
mulate a complex planning problem which comprises at least
two levels: planning on the dialogue level w.r.t. interactions
between the dialogue system and the user, and planning on

6For a general theoretical introduction with a similar computational solu-
tion, which covers also presupposition resolution, cf. vol. II of [18]

the level of the application system.
For planning on the dialogue level, we need an explicit

representation of dialogue situations which on the one hand
include statements representing what the system could extract
from the interaction with the user so far and on the other
hand assumptions about the user’s knowledge about the actual
situation as well as on goals, their subgoals and the actual
state of their satisfaction. From the system engineering point
of view we are dealing with the epistemic level and there is
no need for stronger mentalistic claims as far as the user is
concerned. The planning process consists in the application of
dialogue operations which have preconditions defining their
applicability and assertions about their effect, i.e., howthe
dialogue situation develops when they are applied.

A general logic-based approach for representing and pro-
cessing dialogue situations on the epistemic level has been
developed by Cohen, Levesque and others7. How rationality
principles can be integrated in such a framework has been
shown by Asher et al. (e.g. in [22]). Grice’s conversational
maxims as e.g. cooperativity and sincerity are represented
axiomatically in a modal logic formalization.

A comprehensive framework for discourse planning has
been established by Grosz and Sidner in their pioneering
investigations [23], [24], who in fact proposed three levels for
modelling task-oriented discourse structure8. The intentional
level records the beliefs and intentions of the dialogue part-
ners regarding the tasks and subtasks to be performed. The
attentionallevel captures the changing focus of attention in a
dialogue using a stack of so-called “focus spaces” organized
around the dialogue tasks. Thelinguistic level represents
“segments”, i.e. contiguous sequences of utterances, which
contribute to a particular task.

These theoretical studies have been very influential for a
lot of systems although we are not aware of comprehensive
implementations yet. To quote only a few examples, cf. Rich’s
et al. COLLAGEN system [25], Allen’s et al. TRIPS [1] or
Sadek’s et al. ARTIMIS [5]–[7]. In ARTIMIS, Sadek uses a
modal logic theorem prover, which introduces a high degree
of flexibility and extensibility, but – probably – for the cost of
losing completeness. Beyond the recognition of user intentions
Rich et al. show how plans can be recognized by inferring
intentions from actions. Needless to say that there is stilla
huge need for research into dialogue strategies as clarification,
negotiation, and other subdialogues, and on metadialogue.

Our own work builds up on the insight that planning in
dialogues is based on partial knowledge. Each contributionof a
dialogue turn is differential w.r.t. the present dialogue situation.
Therefore we use a monotonic partial logic [26] – which
allows a certain kind of defaults – for reasoning in dialogue
situations, including the dialogue context, in order to establish
common knowledge and conduct dialogue action(s). Instead
of making explicit use of modal logic we instead, according
to a suggestion by John McCarthy, refer to a realization of
it as interpretation in context. Rationality principles serve as
constraints on the planning process.

7cf. [19] and further contributions in the volume [4]; cf. also [20], [21]
8cf. [25]
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Discourse planning, i.e. the determination of a sequence of
dialogue steps, has to take into account that the application
subsystem influences the sequence of dialogue steps by re-
acting on preconditions of operations, and generating effects
which change the actual state. So, a description of the dialogue
step sequence requires representations of time, the “actual
state”, the terminology of the application, and the operations,
their preconditions and effects.

B. Reasoning

As Pat Hayes has remarked a while ago, it does not make
sense to speak of “non-logical” representations of knowledge.
In one way or another, for any knowledge representation
schema there is a corresponding logic calculus, even if its
authors are not aware of it. Therefore, we argue for a clear
commitment to (computational) logic for the dialogue man-
ager, i.e. for the interpretation of dialogue, as well as for
the application system it is connected to, i.e. for domain
knowledge representation and reasoning. As the application
may be any software system in general as a database system,
a robot controlling system, etc., we will need to introduce a
logical layer between it and the dialogue manager in which
the domain model is represented and in which inferences, e.g.
in planning, are drawn.

If we speak about logic, we do that in its traditional
understanding, which is far more extensive than modern formal
logic: In particular, we address the traditional branches of
concept formation, proposition, and inference. Modern formal
logic primarily deals with the latter aspect, but in our fieldof
interest the other two are of equal importance.

All kinds of knowledge representation can be understood
best as rational reconstruction. As we already mentioned
in the introduction, it is a commonplace that humans act
incoherently and even inconsistently, and that common sense
reasoning can only to a certain extent be understood in terms
of logic, but we are convinced that a coherent and consistent
rational reconstruction is the best we can do about it. Such
a constructive perspective has the advantage of enabling us
to begin with a well understood framework for knowledge
representation and reasoning upon which we can attempt
to build rule systems for still idealized, but more realistic
patterns of argumentation in specific domains. So, we always
have to struggle for compromises: We will not be able to
represent everything in common-sense argumentation. There
is no formal theory of common sense – understanding is
hermeneutics.

In the modern theory of argumentation, an important im-
petus was given by Toulmin’s investigations on the uses of
argument [27]. Considering the practice of factual argumenta-
tion, Toulmin criticizes formal logic used as a critical tool for
its insufficient adequateness. Going back to the traditionsof
topic and rhetorics – which have been parts of traditional logic
– he develops a program of a practical informal logic which
is supposed to be useful for various kinds of argumentation.
An important observation is that all practical argumentation
is dependent on the domain of discourse. Toulmin tries to
explain the function of expressions relevant for argumentation,

Fig. 1. The Erlangen Dialogue System Architecture

e.g. the logical operators, by the elaboration of argumentation
schemata. In the generic case, the distinction between domain-
dependent conventions, which guarantee the transition from
reasons to the conclusion (warrants), and the justificationfor
those conventions (backing), is important. Keeping Toulmin’s
observation of the domain-dependency of argumentation and
the requirement of specific argumentation schemata in mind
will help us in the search for a flexible, modular decomposition
of dialogue system functionality.

C. Selecting a Suitable Representation and Reasoning System

Referring to computational logic has three aspects: First we
have the formal logical language, i.e. its syntax and semantics
which define a certain expressive power, secondly the level
of the reasoning problem, where we have to deal with decid-
ability and computational complexity, and finally the inference
procedure with the properties of soundness and completeness.
The latter issue also imposes a need for compromises: Often
we want to express more than a well-understood complete and
sound reasoner can deal with, but then must know exactly what
we are doing and we have to keep in mind to stay always as
close as possible to completeness and soundness.

Therefore we decided to use description logics [28] as
our representational framework. As we will point out in the
next section in more detail, we use it for the representation
of lexical concepts, as well as for dialogue and application
modelling. Using a uniform representation schema on several
system levels has the advantage that we need not translate
between different level-specific schemata, but there may bea
tradeoff.

But as long as we stay compatible with evolving web
standards as XML/RDF(S) on the syntactic and DAML+OIL
on the semantic level, we have the additional advantage that
we can use publicly available resources (thesauri, formal
ontologies) and tools.

IV. SYSTEM ARCHITECTURE

As indicated in the introduction, there is no doubt that a
minimal prerequisite for scalable systems is that they havea
modular structure. Our fundamental design decision consists
of a clear functional separation between the language model,
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the dialogue model and the domain model9, and we claim
that it provides a sufficient condition to address scalability.
We agree with Allen’s domain-independence hypothesis [1]:
“Within the genre of practical dialogue, the bulk of complexity
in the language interpretation and dialogue management is
independent of the task being performed.”

In addition to the structural aspect of modularization which
lays down which components a system has and how they
are connected with one another, we have also to consider
the temporal structure of their mutual interaction. Although
for analysis there is a clear direction of data flow “bottom
up”, from signal to action (and back to signal for generation),
we already indicated the shortcomings of a purely sequential
processing direction. Therefore we will have to introduce
feedback loops which allow to make use of predictions from
“higer-level” components by “lower-level” ones, hence pro-
viding opportunities for incremental processing.

A. Functional Separation of Dialogue Management and Ap-
plication

The decision to introduce a clear functional separation
between dialogue management and application implies the
following interaction steps:

� the dialogue manager “formulates a task” for the appli-
cation;

� the application executes the task;
� the application decides whether it is necessary to inquire

the user;
� the application sends task results and further inquiries to

the dialogue manager such that it can execute appropriate
dialogue operations.

The division of labour between dialogue manager and appli-
cation in this way is quite radical, but it allows a transparent
separation of application and dialogue functions and control
flows10. As far as the administration of application-specific
user goals, and in particular the conflict resolution among
them is concerned, this has to be provided by the application
– as opposed to the administration of dialogue goals cared for
by the dialogue manager. Application and dialogue manager
are planning separately. The exchange of data must guarantee
consistency between the application and the dialogue situation
which, of course, requires semantic compatibility. This inturn
presupposes that both, dialogue manager and application, have
access to the same domain model. Another consequence of the
separation is that it leads to a classification of utterancesw.r.t.
their functionality to change the dialogue situation.

Scalability is supported because the functionality of the
application can be augmented without requiring changes to the
dialogue manager. Furthermore, by separating the linguistic
base (“language model”), the dialogue model, and the appli-
cation model the reuse of resources is facilitated.

9represented as two boxes with the “Dialogue Module” box in the center
of fig. 1. The “Problem Solver” box is a placeholder; in fact, of course it is a
technical application system which is not a part of the dialogue system, but
accessible through a suitable interface.

10cf. our first paper on functional separation and coordination [29]

1) Application and Dialogue Knowledge:From a structural
point of view, the conceptual knowledge (concepts or classes,
and roles, i.e. binary relations, for their properties) about
application and dialogue is represented in two separate, but
formally similar terminological hierarchies. They must be
inserted as parallel, but disjoint branches into the system’s
global conceptual model, which in our case is represented in
a description logic.

In particular, the application knowledge, which is used in
application situation descriptions, consists of

� concept descriptions of domain objects, and
� concept descriptions of domain actions.

These concepts are instantiated in application situation de-
scriptions that are used to represent which objects of which
types currently exist and which actions are possible in the
current situation.

So, the application concept hierarchy represents formally
reconstructed technical or scientific knowledge, combinedwith
elements of common sense under a technical perspective. In
specific application domains it may be possible – as it is the
case for EMBASSI – that a considerable part of the application
concept hierarchy, i.e. the device-specific concepts, can be
gained automatically from a source provided by the application
engineers, which in this special case was given as a Java class
hierarchy implementing the device control system.

Analogously, the dialogue knowledge used in dialogue
situation descriptions, is built up from

� concept descriptions of dialogue objects (utterances, enu-
meration of alternatives, dialogue goals), and

� concept descriptions of dialogue actions (speech acts).

Dialogue situation descriptions contain instances of those
objects; they are extracted from the DRT representation.

The common roof for both hierarchies consists of a generic
base model, for which we chose the IEEE SUMO formal
ontology, into which both are plugged in. Furthermore, a
third branch, which contains lexical concepts, is insertedin
this global model. The lexical concepts are derived from a
structured lexicon, in our case EuroWordNet11, and they are
linked via a specialization role with concepts of the application
and dialogue subhierarchies. To establish this mapping from
lexical to domain concepts is a rather labor-intensive process
and has to be taken up anew whenever the system is config-
ured for a new application. So, (semi-) automatic knowledge
acquistion remains as a big problem. Future research should
aim at methods for controlled semiautomatic acquisition by
supervised learning.

B. Challenges for the Dialogue Manager

An important task for the dialogue manager is to process
the interaction between semantics and the domain model. As
already outlined at the end of section III-A.2, the last analysis
step is the transformation of the domain-independent semantic
representations into descriptions of discourse situations which
are specialized to the respective application domain of the
dialogue system. Within the description logic framework, this

11based on WordNet, cf. [30].
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means to map DRSs composed during parsing to ABoxes
representing propositions on the current application situation.
The general idea is that discourse referents in the domain
of discourse refer to instances in the application domain.
The interpretation of thematic roles in terms of roles in the
application domain is encoded as the application specific part
of the word’s case frames describing the language usage in
the application domain. This means that ABoxes have to
be consistent with respect to the given application concept
hierarchy (TBox). The rationale for using description logics
for constructing natural language semantics is the possibil-
ity to eliminate hypotheses constructed by the parser if the
corresponding ABoxes are inconsistent. For further technical
details, cf. [31], [32].

Usually, semantic representations of natural language utter-
ances cannot directly be mapped into extensional terms of the
formal ontology: The meaning of many utterances is not de-
fined by operations of an application. Some utterance parts are
not relevant within the domain ontology as e.g. “I would like
to. . . ” or “Shall I. . . ”. But they are relevant for the dialogue
manager to determine the utterance’s intended function. “I
would like to. . . ” expresses that the user pursues an intention.
The dialogue manager must be able to recognize and process
this fact. Indeed, it represents a state which can be valid in
a given dialogue situation. Hence, a cooperative system must
search for circumstances under which the intention can be
satisfied.

To process dialogue situations in a flexible (and also exten-
sible) way the dialogue manager has access to a repository of
dialogue operations. They are characterized by preconditions
and effects w.r.t. the dialogue situation – in analogy to theop-
erations of an application. Dialogue operations are associated
to speech acts (or performatives) as “must”, “can”, “shall”,
“may”, “want”, and those expressing conventions (thanking,
greeting), etc. The inventory of defined dialogue operations
defines a complexity limit for dialogues.

In goal-oriented dialogues, a cooperative system aims at
a successful execution of the user’s dialogue goals. So, in a
given dialogue situation the dialogue manager has to determine
the executability conditions of an actual dialogue goal. If
it is not able to determine the conditions due to missing
information, it has to ask the user – otherwise satisfaction
of the dialogue goal fails. This (missing) information is a
necessary condition for the satisfiability of the user goal.This
means that coherence of an utterance w.r.t. a dialogue goal is
determined via the satisfiability relation. Of course, the ability
to initiate and conduct clarification subdialogues is a general
requirement to the dialogue manager, for example in cases
like misunderstandings, recognition errors, or ambiguities in
utterances which may occur on all linguistic levels.

Performatives can be explained in terms of dialogue op-
erations and operations on the dialogue system data base,
e.g., questions aim at checking satisfiability, statementsaim at
adding facts to the actual situation description. Furthermore,
we have to specify appropriate responses to recognized di-
alogue operations; in the example of questions it has to be
determined under which circumstances the question will be
answered.

Regarding application and dialogue states from a technical
point of view, in the description logic framework the current
state of an application is represented as a set of propositions,
a so-called “A-Box” (“possible world”). It contains assertions
about instances which refer to objects of the application,
and instances for all actions which have been executed by
the application up to now. The current state of the dialogue
is also represented as an A-Box containing assertions from
the dialogue and linguistic domain, i.e. linguistic objects and
actions (performatives). Both are related by the requirement
that assertions in the dialogue A-Box must be satisfiable w.r.t.
the application A-Box. In other words, the dialogue manager
“knows” only, what the dialog situation represents, and the
actions it can perform are dialogue actions, but as soon as
domain content is referred, the application situation description
comes into play.

As outlined above, in reasoning we must be able to deal
with partial information. For this purpose, Nait Abdallah
developed in [26] a reasoning algorithm based on a tableau
calculus. Situation knowledge is being processed in a tableau:
Its contents can be modified by user or system messages;
leaves of open branches represent possible information states
of the dialogue manager at a given time. Inferences on tableau
consistency are drawn using domain concept definitions. For
our current system, we implemented a special prover to handle
partial information. Although operational, a more elegantand
better integrated solution is desirable. Since modern descrip-
tion logic reasoners are tableau-based as well, an extension to
implement hypothetical reasoning in A-Boxes could providea
solution. The fundamental technical requirement is a facility
to deal with multiple A-Boxes – where in our case each
would represent a different extension of the actual situation
description –, is already available.

V. CONCLUSIONS

In the search for answers to the question how theory can
contribute to the construction of scalable speech dialogue
systems, we considered theoretical aspects from linguistics and
logic.

For the linguistic part, we claimed that “pragmatics-first”
view on rational interaction provides an appropriate framework
for flexible and scalable dialogue modelling. In particular, the
plan-based approach offers the means to conduct task- or goal-
oriented dialogues which aim at accomplishing concrete tasks.
It enables cooperative response behaviour and the ability for
negotiation.

For the reasoning part, i.e. knowledge representation and
inference for the interpretation of dialogue as well as for
planning to satisfy user goals in the application domain, we
argued for a computational logic framework.

There is no doubt that a minimal prerequisite for scalable
systems is that they have a modular structure. We argued that
a clear functional separation between the language model, the
dialogue model, and the domain model provides a sufficient
condition to address scalability.
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