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Abstract

Dialogue systems utilise a variety of knowledge
sources and models. However, there is a con-
fusion concerning the purposes and contribu-
tions of specific models and the relationships
among them. In this paper we present a study
of different dialogue systems and the knowledge
sources and models they use. The models are
characterised in terms of what knowledge they
contain and the roles of various models and the
relations between them are discussed. Implica-
tions for development of dialogue systems are
also presented.
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Today much research is carried out within the area of
natural language interfaces and dialogue systems, and
more and more systems are becoming publicly available.
Most of the systems provide information retrieval ser-
vices or assistance in solving a specific task. The systems
differ in complexity due to the domain and the approach
taken in the design. Some systems are very knowl-
edge intensive and contain several interacting knowledge
sources and models, others rely on much simpler models
and procedures. The variety of dialogue system architec-
tures that incorporate various models, has led to confu-
sion when it comes to the purpose and contributions of a
specific model. The relations between various knowledge
sources and models are also diffuse. In order to clarify
the situation, we will examine the following issues:

Introduction

o What characterise the knowledge sources commonly
used in dialogue systems?

e What role do the different knowledge sources and
models have?

o What are the relations between the different knowl-
edge sources and models?

e What are the implications for the design of dialogue
systems?

We have restricted the survey of knowledge sources
to dialogue, discourse, task, domain and user models.
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Although there exist other models as well, e.g. mod-
els used for argumentation [Zukerman and McConachy,
1993] and intelligent tutoring [Rangemalm, 1996, this
selection of models reflect the most common types of
knowledge sources utilised in dialogue systems.

Dialogue systems are developed for various reasons,
e.g. to be used commercially or for research purposes.
They can be classified along a number of dimensions
such as grammar-based, plan-based, general purpose,
domain specific, multi-modal, information retrieval and
task planning. We will present a study of how knowl-
edge sources and models are utilised in seven different
dialogue systems: GALAXY, LINLIN, RAILTEL, SUNDIAL,
TRAINS, VERBMOBIL, and WAXHOLM. The purpose is
not to classify the systems, but to illustrate the knowl-
edge and reasoning that is used in dialogue systems of
different types.

The GALAXY system, is a distributed multi-modal
multi-domain simple-service system that provides users
with information about for example travel and
weather [Goddeau et al., 1994; Seneff et al., 1998]. The
LINLIN system is also a dialogue system used for in-
formation retrieval [Ahrenberg et al., 1990], which has
been customised for various domains, e.g. information of
second-hand cars, charter trips to the Greek archipelago,
and more recently timetable information for bus traf-
fic [Flycht-Eriksson and Jénsson, 1998].

The RAILTEL system [Bennacef et al., 1996] and the
SUNDIAL system [Bilange, 1991], both give information
over the telephone about a specific domain, railway
transportation and air traffic information respectively.
These systems differ in one aspect, the RAILTEL system
is an example of a practical system that is in use while
SUNDIAL is a large research project. The WAXHOLM sys-
tem provides users with information about boat traffic in
the Stockholm archipelago. It has much in common with
RAILTEL, it is also a domain specific spoken dialogue
system originating from the speech research community.
However, WAXHOLM also allows for limited multi-modal
interaction [Carlson and Hunnicut, 1996].

The TRAINS system is used for mixed-initiative col-
laborative planning in the transport domain [Allen et
al., 1995]. It differs from the other systems presented
above in many respects. First of all, it is task-oriented,



giving the user advice on how to perform a real world
task, while the other systems can be described as simple-
service systems [Hayes and Reddy, 1983] that retrieve
and present information requested by the user. Further-
more, the TRAINS system is plan-based while most of the
other systems are grammar-based. The VERBMOBIL sys-
tem is also very different from the other systems as it
is not a traditional dialogue system. The system does
not participate actively in the dialogue instead it listens
in on two persons having a conversation in a language
that is not their mother tongue, i.e. a German and a
Japanese speaking English. The system’s task is to mon-
itor the dialogue and to give the users translations when
needed [Alexandersson et al., 1994].

2 Characteristics of knowledge sources
and models

As stated above dialogue systems utilise various knowl-
edge sources and models. In this section the models are
characterised in terms of which knowledge they represent
in the dialogue systems.

2.1 Discourse and dialogue models

A discourse is a sequence of connected utterances, for
instance a text, a dialogue, or a mixture of both. Char-
acteristic features of a discourse is that it can be di-
vided into segments, there exist co-references between
segments, and it is coherent [Grosz, 1995].

In dialogue systems two aspects of the dialogue need
to be modelled, a generic description of how the dialogue
can be constructed, and a representation of the resulting
dialogue. We will refer to the first as the dialogue model
and the second as the dialogue history. The dialogue
model is often closely connected to and dependent on
the information represented in the dialogue history.

Dialogue models
The general information about the construction of a di-
alogue, held by the dialogue model, is often based on a
representation of relations between the constituents of a
dialogue. This knowledge is used to control the dialogue,
i.e. to decide what action to take in a certain situation.
Two different approaches to dialogue modelling com-
monly discussed are dialogue grammars and plan-based
models of dialogue (e.g. [Cohen, 1995; Jonsson, 1993]).
Dialogue grammars have a rather long history and are
based on the notion of adjacency pairs. Adjacency pairs
express the fact that speech acts typically form a regu-
lar sequence such as a question followed by an answer.
Rules in the dialogue grammar capture the sequential
and hierarchical constraints of dialogues in the same way
grammar rules describe the structure of a sentence.
Plan-based models go beyond the utterance and try
to model the speakers intentions and goals. Commu-
nication becomes a part of the speakers over-all be-
haviour. Elements in these models are plans, actions,
mental states and mechanisms for recognising a specific
plan and for reasoning about the speakers beliefs, inten-
tions, and actions.

42

Four kinds of dialogue models, which incorporate the
distinction between grammar-based and plan-based dia-
logue modelling, can be identified among the presented
systems. RAILTEL, SUNDIAL, LINLIN, and WAXHOLM
have a dialogue model consisting of a dialogue grammar
that models the dialogue’s hierarchical structure.

In RAILTEL the dialogue is divided into three phases
each consisting of a number of subdialogues. It is mod-
elled as a hierarchical structure of subdialogues and di-
alogue acts, represented by a set of rules in a dialogue
grammar [Bennacef et al., 1996]. The same approach is
taken by SUNDIAL [Bilange, 1991] and LINLIN [J6nsson,
1997], which model the dialogue using a dialogue gram-
mar and speech acts.

The dialogue model in WAXHOLM is based on the idea
that the dialogue should be described as a grammar and
at the same time be probabilistic [Carlson et al., 1994].
WaxHOLM thus has a dialogue grammar represented as
finite state machines but also a statistical component for
topic prediction which is part of the dialogue model.

A combination of approaches is also utilised in VERB-
MOBIL. The dialogue module in VERBMOBIL consists of
three submodules: a statistical module, a finite state
machine, and a dialogue planner. The interaction is rep-
resented in a dialogue model using dialogue acts that
can be combined in a limited number of sequences. The
statistical module can, given a dialogue state, predict
all possible successive dialogue acts and their likelihood.
The finite state machine has a similar task, it checks
whether a dialogue act is consistent with the underlying
dialogue model and which subsequent dialogue acts are
possible. The dialogue planner is the most sophisticated
of the three submodules. Plan operators are utilised to
plan the dialogue and handle different phases like nego-
tiations, clarifications and repairs. A plan is built up
hierarchically with the leaves in the hierarchy being di-
alogue acts. This approach resembles those using a dia-
logue grammar [Alexandersson et al., 1994].

TRAINS takes a distinct plan-based approach to dia-
logue modelling. The system is modelled as a conver-
sational agent having goals, intentions, plans, and obli-
gations. Answers to user utterances are planned by the
system in order to reach it’s goals and at the same time
fulfil it’s obligations [Traum, 1996].

The fourth way to model dialogue is to do it more pro-
cedurally as in GALAXY where the dialogue is controlled
by a stepwise process. The process involves interpreta-
tion and disambiguation of user utterances, clarification
request when information is missing, database queries,
and updates of the dialogue history [Seneff et al., 1996).

Dialogue histories

The dialogue history in a dialogue system represents the
state of the dialogue, that is, what has been talked about
and what is being talked about at the moment. It is
used for dialogue control, disambiguation of context de-
pendent utterances, and context sensitive interpretation,
e.g. reference resolution and handling of ellipses.



The representations of the dialogue history range from
complex hierarchical structures containing a variety of
information to much simpler sequential representations.
For example LINLIN, VERBMOBIL and SUNDIAL captures
several different levels of information.

In LINLIN a dialogue tree consisting of dialogue objects
is constructed during the interaction [Jénsson, 1997].
The tree has three levels, which correspond to the whole
dialogue, discourse segments called initiative response
units, and speech acts. A dialogue object contains situ-
ation parameters and content parameters. The first cor-
responds to the illocutionary type and the latter models
the focus, or the attentional state using Grosz and Sid-
ner’s terminology [Grosz and Sidner, 1986].

The representation of the dialogue history in SUNDIAL
is distributed over several models. A tree is used to rep-
resent the dialogue structure. It resembles the dialogue
tree in LINLIN but has one more intermediate level to
represent a common topic [Bilange, 1991]. An interpre-
tation is called a belief and a sequence of beliefs which
corresponds to the user’s utterances are represented in a
contextual model [McGlashan et al., 1992]. It is used to
make context sensitive semantic interpretations of user
utterances. Changes in the contextual model are re-
flected in a flag status that indicates how the contextual
model has changed, the value repeat, for example, means
that nothing new has been contributed. This informa-
tion can be used by the dialogue module to reason about
the function of an utterance, e.g. if it is a confirmation
or a new request [Heisterkamp et al., 1992].

The dialogue planner in VERBMOBIL contains a di-
alogue memory representing intentional, thematic and
referential information. Intentional information corre-
sponds to the dialogue acts performed by the partici-
pants and are structured in a tree-like representation.
The thematic information refers to relevant information
in utterances while referential information is the lexical
realisation of utterances. A representation of the pro-
ceeding dialogue is constructed dynamically in the dia-
logue memory during the dialogue [Alexandersson et al.,
1994].

Some of the other systems focus only on the objects
that has been mentioned, that is the attentional level of
discourse structure. GALAXY, RAILTEL, and WAXHOLM
all maintain a history of semantic frames that are used
to represent the objects and relations in focus. The dis-
course module in GALAXY maintains a history table of
referable objects to facilitate the interpretation process.
Items and requests are represented internally as seman-
tic frames, and the history table consists of a sequence
of frames [Seneff et al., 1996]. In RAILTEL the context is
represented by a dialogue history and a generation his-
tory that contain the semantic frame representation of
the user’s and the system’s previous utterances respec-
tively [Bennacef et al., 1996]. The utterances are stored
sequentially within these. WAXHOLM utilises a dialogue
history based on the semantic frame representation and
the updates of this representation [Carlson et al., 1994].

The dialogue history in TRAINS lies somewhere in be-

43

tween the complex multi-level and simple frame-based
representations, as it models both attentional and inten-
tional features. The discourse is modelled as a stack of
discourse units (DUs) that represent utterances and the
corresponding speech acts. In the model the initiator
and state of DUs are also recorded. Two other contex-
tual features that are represented in the system are the
turn and the local initiative each of which are said to be
held by one of the dialogue participants. The turn indi-
cates who is speaking now, while the local initiative tells
which speaker is obliged to speak next [Traum, 1996)].

The variety of ways to model discourse information
has also led to a variety of names, e.g. discourse memory,
discourse history, dialogue memory, dialogue history, his-
tory table, and context model. We propose that to avoid
confusion only the term dialogue history should be used.
Dialogue histories could then be described as partial or
full depending on the number of information levels. The
degree of structure could also be used to further describe
the model.

2.2 Domain models

Domain models hold knowledge of the world that is
talked about. Information from the domain model is
primarily used to guide the semantic interpretation of
user’s utterances; to find the relevant items and rela-
tions that are discussed, to supply default values, etc.
The knowledge represented in a domain model is often
coupled to the background system, e.g. a database sys-
tem. In such cases the domain knowledge is used to map
information in the user’s utterances to concepts suitable
for database search.

The amount of domain knowledge needed in a dia-
logue system differ depending on the domain and the sys-
tem’s task. This means that the domain model can range
from a rather simple conceptual model to a full-fledged
world model capable of complex reasoning. Dahlbick and
Jonsson [1997] makes a distinction between domain mod-
els and conceptual models. The domain model repre-
sents the structure of the world and usually comprises a
subset of general world knowledge, while the conceptual
model represents the conceptual relationships between
the objects in the domain. They claim that often it is
enough with one of the models but in a few cases both
are necessary. A study of the systems presented in this
paper confirms this claim.

RAILTEL, SUNDIAL and VERBMOBIL utilise a concep-
tual model and some simple inference rules. The se-
mantic frames used in the RAILTEL system contains the
relevant domain concepts and serve as a simple concep-
tual model. The domain knowledge also consists of two
kinds of rules: Default value rules supply default values,
e.g. the current or next month for a departure date; In-
terpretative rules transform vague qualitative values into
more precise quantitative values used by the system, for
example map the concept "morning” onto the precise
inter]val "between 6 am and 12 noon” [Bennacef et al.,
1996.



The domain knowledge in the SUNDIAL system is dis-
tributed. One module contains a hierarchy of surface-
oriented concepts while another module contains a hi-
erarchy of task-oriented concepts. The surface-oriented
concepts, for example ”at noon”, are mapped onto task-
related concepts, ”at twelve o’clock”. The domain
knowledge thus consist of the two concept hierarchies
and inference rules used to map one to the other [Heis-
terkamp et al., 1992].

Domain knowledge in VERBMOBIL is represented in a
conceptual hierarchy that represents relations between
different categories, entities, and situations. Situations
are entities determined by spatial and temporal features
like year, month, week, day, location, etc. The hierarchi-
cal structure of the model makes it suitable for decisions
about possible references. It also allows inheritance, if
a temporal object is available for scheduling the super-
ordinate object is regarded as free too, similarly, if an
object is not available none of the subordinated objects
are either [Quantz et al., 1994].

TRAINS on the other hand has a more complex do-
main/world model. The domain plan reasoner in the
system is responsible for the representation of and rea-
soning about the domain. It maintains a representation
of the state of the world, gives new suggestions about
routes, and makes adjustments to the current plan given
new constraints. Inspection of plans that have been sug-
gested by the user is also done to check if there are any
unknown conditions that has to be considered [Ferguson
et al., 1996a).

In GALAXY and LINLIN conceptual and domain mod-
els are combined for some domains. The domain knowl-
edge in the GALAXY system can be found in two places,
declarative tables in the discourse module, and in do-
main servers that contain the application data. The
tables describe the various possible semantic classes a
value can have and some relations between them, and
can be seen as a conceptual model. The domain servers
can contain more specific domain knowledge necessary
to interpret the semantic frame [Seneff et al., 1996).

In the application areas of information retrieval on
second hand cars and charter trips the domain model
in LINLIN is a rather simple representation of relations
between domain objects [Jonsson, 1993]. However, the
time-table domain requires more complex domain knowl-
edge about the geographic and temporal aspects of bus
traffic. This knowledge is modelled in a spatial and a
temporal reasoner which are co-ordinated by a compo-
nent called the knowledge co-ordinator [Dahlbiick et al.,
1999]. LINLIN is also extended with a conceptual model
for this domain [Dahlbéck and Jénsson, 1997].

The WAXHOLM system contains no explicit domain
model, domain knowledge is instead incorporated in the
lexicon and the grammar. The parser is based on a se-
mantic feature structure with features of two kinds, basic
features and function features. The basic features, e.g.
boat, place, are organised in a hierarchy and provides
simple semantic information about a word. The function
features, e.g. departure_time, to_place, does not have
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the same structure and they are associated with actions
rather than objects [Carlson and Hunnicut, 1996).

2.3 Task models

The terms task and task model are often used when de-
scribing dialogue systems, but they can refer to very
different phenomena. It is important to make a clear
distinction between the system’s task(s) and the user’s
task(s). A user task is non-linguistic and takes place in
the real world. Models of such tasks involve the user’s
goals and how they can be achieved. Models of sys-
tem tasks describe how the system’s communicative and
other tasks, e.g. database access, are carried out. A
system task model can consist of a hierarchical repre-
sentation of subtasks which captures the task structure.
In the case of information retrieval systems it can also
be a much simpler specification of the information the
system has to collect before a database access.

Dahlbéck [1996] uses the term dialogue-task distance
to describe the degree of connectedness between the
user’s non-linguistic task and the dialogue structure. For
some types of dialogues it is important that the system
knows what task the user is performing or is planning
to perform. In these cases the system can often infer
the necessary information from the linguistic informa-
tion. For other types of dialogue, where the dialogue-
task distance is long, information about the user’s task
is unnecessary.

van Loo and Bego [1993] classify dialogue systems
based on the relation between the user task and the
system tasks. In task dialogues the system’s role is to
guide the user when she is performing a task in the real
world. This requires a model of the user task. Plan-
ning dialogue are similar to task dialogues, the system
supports the user in the planning of a task execution,
which also requires a model of the user task. Parameter
dialogues differ from task and planning dialogues as the
system can provide the user with information without
any knowledge about what real world task it is assist-
ing.

In this survey TRAINS is the only system which is
strictly task-oriented and has a model of the user’s task.
The task in TRAINS is route planning and knowledge
about the task, i.e. the planning process, is represented
explicitly. The plans that are developed through the in-
teraction with the user are represented as a hierarchy of
goals that are expanded into subgoals. The hierarchy is
complemented with a linear history of the planning pro-
cess. For some subproblems specialised domain servers
are used [Ferguson et al., 1996b).

The other systems are all some sort of simple-service
systems providing users with requested information re-
trieved from databases, and falls in the category of pa-
rameter dialogues. In VERBMOBIL and WAXHOLM the
system task knowledge is integrated and lies implicit in
the system. GALAXY, RAILTEL and LINLIN have a frame-
based specification form that is more or less utilised as
a system task model. In GALAXY there is no explicit
task model but a frame representation is used to see if



all the required slots are filled and in case some are miss-
ing ask the user for a clarification [Seneff et al., 1996].
In a very similar way task rules in the grammar of the
RAILTEL system are connected to the semantic frame
representation of the provided information and subdia-
logues are initiated if there is some missing information
in the frame [Bennacef et al., 1996]. Models of the sys-
tem tasks are explicit in LINLIN since different informa-
tion needs has to be handled in the time-table domain.
A task model in LINLIN consists of a description of the
required information pieces, called an Information Spec-
ification Form [Dahlbick and Jonsson, 1999]. The dia-
logue manager utilises this information to ask follow up
questions if not all the necessary information has been
supplied by the user.

SUNDIAL utilises a more sophisticated system task
model that represents the task structure and keeps track
of the current status of the task. This often means decid-
ing whether the user has given enough information and
if not, what has to be further provided. Another role is
to handle situations that arise when the provided infor-
mation is incorrect. In this case the task model is used
to relax the parameters instead of returning a negative
answer. For example, if the user has requested a flight
at noon and none is available, the system tries to find
one in the morning instead [McGlashan et al., 1992].

2.4 User models

User models represent the user’s goals and plans, capa-
bilities, attitudes, and knowledge or belief. They vary in
complexity, ranging from user stereotypes to complete
models of the user’s knowledge, intentions, attitudes,
etc. [Kass and Finin, 1988].

Depending on what kind of information a user model
contains it can be used for various purposes. If a user
model represents what the user knows about the domain,
the system can adapt it’s answers so that they are infor-
mative and easily understandable. User models are also
utilised for dialogue control. They are not that common
in dialogue systems today.

The TRAINS system uses a very elaborated user model
but also a self model. The user model and self model
represent the user’s and system’s mental state and con-
tain information about the beliefs and proposals about
the domain. The beliefs can be private to either the sys-
tem or the user, or they can be shared by both. Mutual
beliefs include aspects of the domain plans that are con-
sidered to be agreed on by both system and user. Beliefs
the system supposes the user to hold are the domain
plans that have been proposed but not acknowledged.
The systems private beliefs consists of the domain plans
the domain planner has derived but which have not been
presented to the user [Traum, 1996].

3 The role of different models

In the survey so far we have tried to characterise the
different knowledge sources and models commonly used
in dialogue systems. The focus has been on what kind
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of knowledge they contain, in this section the focus is
shifted to how the different models are used, i.e. what
their roles are in a system.

3.1 Dialogue models

Dialogue models have the common purpose of describing
how the system should respond to user utterances, for
example, by accessing a database or asking for clarifica-
tions. The different approaches to dialogue modelling,
i.e. dialogue grammar versus plan-based, reflect the var-
ious kinds of behaviour one wants the system to have and
the types of dialogue it should be able to handle. For
advisory or task-oriented dialogues a plan-based model
might be appropriate, in which the user’s intentions and
goals are represented. For these types of dialogues the
dialogue-task distance is short, i.e. there is a close con-
nection between the task and the language, which means
that it is possible to infer the non-linguistic intentions
behind an utterance. In simple human-computer interac-
tion for information retrieval the dialogue-task distance
is longer. The user task, for example to travel by bus to
a wedding the next Sunday, is not necessarily reflected in
the dialogue that seemingly only consists of information
exchanges. This makes it harder to infer the underlying
intentions if one wants to model these in the system. On
the other hand that type of information is not necessary
for the system to be able to respond appropriately, a
dialogue grammar is adequate for this type of interac-
tion [Dahlbick, 1996].

The kind of dialogue history required in a dialogue
system depends on the linguistic phenomena that has to
be handled, such as misunderstandings, interruptions,
and deictic expressions, and the complexity of the task
and domain which is reflected in the interaction. If a
dialogue is made up of many small subdialogues a more
structured representation may be preferred to a sequen-
tial.

3.2 Domain models

A domain model is in many cases necessary to make the
dialogue system natural and intuitive to use. The char-
acter of the domain knowledge can differ from conceptual
to realistic world models. With the help of conceptual
domain knowledge the system can interpret and in some
way understand user utterances. Domain knowledge re-
lated to the world can be used to reason about the do-
main and in some sense makes the system smarter. For
example, in the time-table domain of LINLIN, concep-
tual knowledge is utilised to reason about the relation
between concepts like trips, departure times and depar-
ture places while the domain model contains geographi-
cal knowledge of the domain which can be used to figure
out which is the nearest bus stop to a place mentioned
by the user [Flycht-Eriksson and Jonsson, 1998]. Some-
times only one of the two types is necessary, e.g. a di-
alogue system which access fairly simple databases may
only need a conceptual model.



3.3 Task models

The dialogue manager in a dialogue system is responsible
for deciding what to do given the user’s input and the
context. This decision is highly dependent on the sta-
tus of the user task or subtask. Some possible ways for
the dialogue manager to handle this is to use an explicit
model of the user task. User task models can vary in
complexity depending on the amount of information that
has to be exchanged, the structure of the task, and the
negotiation necessary. The structure or lack of structure
is important. If a task is ill-structured, the system can
not predict which kind of information the user will re-
quest and when. In a well-structured task with a prede-
fined, at least partially ordered exchange of information,
it is much easier for the system to control the interaction.
The presence of an explicit model of the system tasks in
a dialogue system, separated from the dialogue model,
can make the dialogue more fluent and the system more
efficient. In an information retrieval system the system
task model can assist the system in judging if all the
required parameters are present and in case where they
are not, determine what to ask the user for. The use of
an explicit system task model makes the system more
flexible since it’s easier to modify or add new tasks.

3.4 User models

Kass and Finin [1988] discuss when user models can be
of great assistance and when they can be left out of a
system. In simple question-answering systems no user
model is really necessary. In co-operative question an-
swering systems user models can be more beneficial. For
such systems a simple model of the user’s goal can be
used but it suffices with a generic model. Co-operative
consultation systems on the other hand need an exten-
sive user model.

4 Relations between models

One problem with clearly defining the roles of the knowl-
edge sources and models are that sometimes different
models can be used for the same purpose, achieving the
same functionality. In this observation lies an impli-
cation that sometimes two or more models can be col-
lapsed into one. This question is addressed in this section
which discusses the relations between the different mod-
els. We focus on the relation between user and discourse
models!, and among dialogue, domain, and task models.

4.1 TUser models and discourse models

The relation between user models and discourse mod-
els has been debated. Opinion range from user models
and discourse models being completely separate to being
two sides of the same coin [Kobsa, 1988; Schuster, 1988;
Cohen, 1988)]. The differences in opinion seems to a great

'In section 2.1 we proposed that the term dialogue his-
tory should be used for the representation of the state of the
dialogue. Discourse model, is however widely used in the lit-
erature to describe this kind of knowledge and so we use this
term instead of dialogue history here.
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extent to depend on how the two types of models are
defined. Some researchers focus on the user’s goal and
compare it to the discourse’ intentional level, others look
at the user’s beliefs and knowledge and compare it to the
attentional information in discourse models.

Even though there is no consensus about the relation
between user models and discourse models, one possible
way to separate them would be to conclude that they
have different purposes and different time spans. User
models are long term knowledge sources that are used to
decide how the system should respond to a user while dis-
course models only last during a session and are utilised
for context sensitive interpretation and generation in the
conversation.

4.2 Domain, task and dialogue models

The least discussed and also the most problematic, are
the relations between domain, task and dialogue models.
To be able to interpret user utterances and decide how
to continue a dialogue, the system has to have knowledge
about both the domain and the task. Thus, it can be
very tempting to integrate this kind of knowledge in the
dialogue model. The task and domain knowledge can
also get mixed up since the performance of a task often
is domain dependent.

In task-oriented dialogue systems the task and domain
knowledge easily get intertwined since the user’s plan-
ning or execution of the task partly constitute the do-
main. It is however not necessary to separate them as
they are used for the same purpose. The domain model
can thus be incorporated in the user task model or vice
versa. A compromise is otherwise to have a user task
model and complement it with a conceptual model.

Another typical example of the integration of domain
and task knowledge is the use of the semantic frames,
which are present in many simple-service dialogue sys-
tems. They represent the relevant domain concepts and
are sometimes coupled to rules for interpretation of do-
main concepts and rules to fill in default values in a
frame. Besides the role of conceptual models the seman-
tic frames often serve as system task models since they
are used to describe what information has to be gathered
by the system before a database access. This multiple
use of semantic frames is useful as long as the system
task is rather simple and well-structured. If the task
gets more complex, separate system task models might
be needed.

Dialogue systems for information retrieval often lacks
an explicit system task model, in these system this
knowledge very easily becomes a part of the dialogue
model. This works well in simple domains where the
system only performs one or a few similar tasks but if a
system is to manage many different tasks explicit task
models of the types found in SUNDIAL and LINLIN are
required.

It is hard to draw conclusions about the relations be-
tween dialogue, domain and task models except that the
boundaries between them in some cases are very diffuse.
For example, an elaborated user task model can make



a domain model superfluous, and a system task model
may be incorporated in the dialogue model. The deci-
sion of whether to combine two models or not must be
guided by the situation the system will be used in, but
it is important that it is an explicit choice and that the
restrictions it imposes are considered.

5 Conclusions

The knowledge sources utilised in dialogue systems are
not clearly defined. The mix-up of knowledge sources
and models has a number of drawbacks, especially for re-
search systems and systems not primarily developed for
limited dialogue to one application. First of all it makes
it hard and time consuming to port a system to a new
domain or task because changes has to be made in many
different parts of the system. Another related problem
is that it is difficult to experiment with the systems be-
haviour, for example different dialogue strategies, since
a change of some aspect often implicitly causes other
changes. The lack of clear boundaries between mod-
els also makes it hard to reuse and incorporate previous
work done by others.

To handle these problems the design of a dialogue sys-
tem should be based on an analysis of the system’s in-
tended functionality and dialogue behaviour. This anal-
ysis should then be used as the basis for the design of
knowledge sources and models needed for the dialogue
system. This is only possible if the roles and responsibili-
ties of different models are clearly defined. Our survey is
a step towards providing such definitions. The next step
is to define a taxonomy of dialogue types which could
be utilised to predict what kind of knowledge is required
to achieve a particular dialogue behaviour. Here some
work has been done by van Loo and Bego [1993] and
Dahlbéck [1996] but clearly more work is needed.
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