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Abstract. When spoken dialogue systems move beyond task
oriented dialogues, their growing complexity cals for more
modular structures. In the Hedth and Fitness Companion
dialogue system, we have separated cognitive modelling, i.e.,
reasoning and learning about the domain on a higher level, from
dialogue management, i.e, managing interaction level
phenomena such as turn taking and low level error management.
This separation, utilizing a dialogue plan to communicate
information from a cognitive model to the dial ogue management,
enables the two components to contribute to the structure of the
dialogue, error correction, etc. from their own perspectives
without containing overlapping logic.

1INTRODUCTION

Within the EU-funded COMPANIONS-project [1] we are
developing a conversational Hedth and Fitness Companion
(H&F) that develops long-lasting relationships with its users to
support their hedthy living and eating habits. The Companion
plans each day together with its user, and suggests heathy
activities, such as walking to work. During exercises and in the
evening a home, the user is able to report back to the
Companion on the day, and get more advice and support. A
mobile version of the Companion can be taken to physica
exercises while the main system isfound at home as a physically
embodied conversationa agent in the form of a Nabaztag rabbit,
asseenin.

Instead of helping with a single well-defined task, the Heath
and Fitness Companion aims at building a long-term relationship
with its user and providing support on a daily basis. Use of
spoken dialogue and physical embodiment are designed to
support the creation of relations between the user and the system.
Such a relationship is likely to encourage the user to make the
commitment alifestyle change requires [2].

Such along lagting relationship isin contrast to most existing
spoken dialogue systems, which are task oriented, designed to
solve well-defined tasks, such as making a booking or providing
timetable information. However, in addition to the various
Companions being created in our project, there are various other
systems which have been titled domain-oriented dialogues [3].
These systems differ from traditional task-oriented systems since
interaction with the systems, typicaly modelled as a

Figure 1: Interaction with the Companions home
system using Nabztag rabbit.

conversation with avirtual character, can be the main motivation
for the interaction.

In the domain-oriented applications, diaogue management
easily becomes complex. For example, the Hedth and Fitness
Companion must eventually be able to model interaction history
on a longer timescale than just the usua didogue history of a
single sesson. As the user and system become more familiar
with each other, this must aso be reflected in the small details of
interaction, such as how questions are phrased. Furthermore, the
system must include a model capable of reasoning about the
domain and learn from the user and his or her actionsin order to
provide meaningful interaction, such as to provide reasonable
guidance on the user's hedth and progress as the user's
condition alters over time. The resulting system can quickly
become too complex to implement and maintain. While natura
language generation needs to be more dynamic and natura
language understanding may, for example, need to handle more
references, dialogue management in particular receives new
tasks. Increased complexity of the domain is accompanied by the
need to maintain the user-system relationship and model the long
interaction history.



Dialogue management is usualy based on state transition
networks, form filling, or some other clearly defined model.
Clearly, these models tend to reach their limits in applications
such as the Health and Fitness Companion. Separating domain
specific processing to the back-end makes it possible to manage
dia ogue with the existing manageable methods. It is common to
separate domain specific processing, such as database queries,
into a back-end component. Many researchers have worked with
separating generic dialogue management processes from the
domain specific processes. Example solutions include shells [4]
and object-oriented programming methods [5;6]. On the other
hand, smple back-end interfaces, e.g., SQL queries, can be
included as configuration parameters[7].

In this work, we present a model where the domain specific
module is more than just a smple interface and includes active
processing of domain information, reasoning, learning, or other
complex processes. We call such a component a cognitive
model. While the task of a dialogue manager is to maintain and
update the dialogue state, the cognitive model reasons using
domain level knowledge. Separation of the two is not trivia. For
example, managing dialogue level phenomena, such as error
handling and basic input processing, are tasks clearly in the area
of dialogue modelling. However, cognitive modelling can help
error handling, by spotting input that seems suspicious based on
domain level information, and input parsing, by providing
information on potential discussion topics a user may be
switching to. The solution we have devised is to have the
cognitive model guide the dialogue management with a dialogue
plan while the dial ogue management provides parsed user inputs
back to the cognitive model. In addition to connecting the
cognitive model and the didogue manager within the home
Companion, the same solution is used for the communication
between the home Companion and mobile Companion.

Next, we look at the software architecture and knowledge
representation of the Hedth and Fitness Companion. This is
accomplished by examining the system’s actions as it processes
a sample didogue. Discussion of the benefits of our approach
and how we seek to extend thiswork follows.

2. DIALOGUE MANAGEMENT AND
COGNITIVE MODELING

There is great consensus that components of a dialogue system
can be split into at least three parts: an input module, which
receives user input and parses it into a logical form, diaogue
management, which maintains and updates the dialogue state
based on user input and generates output requests, and an output
module, which generates naturd language output to user based
on the requests. In the case of the H&F, we have aso separated a
cognitive model (CM) from the dia ogue manager (DM).

The DM takes care of only didogue level phenomena, such as
confirmations, initiative and turn taking. This leaves reasoning
about the domain, deciding what information to collect from the
user and what suggestions to give, to the CM. The CM contains
all higher-level reasoning, or what can be considered the higher-
level cognitive processes of the Companion, thus the name.

Figure 2 provides an overview of the system architecture
from the point of view of information stored and passed between
components. In the following, we look at the communication
between the cognitive model and the diadlogue manager by
examining how the system processes a sample dialogue

(Example 1). This covers generation of an initia activity model,
parsing of user input and the consequent regeneration of the
activity model. We then take a closer look at some of functions
carried out by the dialogue management. Further details on the
cognitive model and on the technical sde of the architecture,
such as the support of Nabaztag rabbits, can be found in
dedicated papers [8;9;10].
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Figure 2: Overview of H& F components focusing on the
dialogue manager (DM) and the cognitive model (CM).

Generating an Initial Activity Modd

From the perspective of the CM, the purpose of the user's
dialogue with the home Companion is to help the user plan their
day at work. This is accomplished by constructing an activity
model for the day which consists of normal daily activities such
as travelling to work, getting lunch and dinner, and participating
in leisure activities after working hours. This is an iterative
process where, starting with default knowledge and information
on a user's routine preferences, the activity model is gradually
refined and agreed with the user. The Companion makes
suggestions to the user which aim to encourage a healthy
lifestyle while incorporating constraints and preferences
gathered from conversation with the user. Didogue plans are
used to guide the conversation with the user so that dl the
necessary information for constructing the activity model is
covered. Currently there are two main phases handled by the CM
with corresponding dialogue plans for each. The planning phase,
generaly undertaken at the start of each day, involves agreeing a
plan for what activities the user will do during that day. The
reporting phase, generally undertaken at the end of each day,
involves getting the user to report back on the actud activities
carried out.

System: Why don’t you cycle to work today?
User: Not today, it’sraining.
System: Okay. Why don’t you take the train to work?
User: No, | would prefer to take the bustoday.
System: That' s fine. Will you be taking a packed lunch to work?
User: No, I'm having lunch in arestaurant with some colleagues.
System: Alright. So, itis raining, you are going to take the busto
work and you are eating lunch in a restaurant, are they all
correct?
User: Yes, that' sright.

Example 1: A Sample Didogue



The central technology of the CM is a Hierarchical Task
Network (HTN) planner [11] which is used to generate both the
activity model itself and the dial ogue plans which support this. A
HTN planner works by taking a high-level task and decompaosing
this task into sub-tasks until a series of primitive tasks are
reached which can be caried out sequentially to achieve the
high-level task. Modelling the domain using HTNs is thus very
useful as it corresponds well with both an activity model, with a
genera task of the user undertaking their working day moving
down to the individual activities carried out by the user, and a
dialogue plan, with a high-level view of what should be
discussed decomposing down into the individud items for
discussion.

Our worked example thus starts with the generation of an
initid activity model. This makes use of the default information
on what activities are available along with any stored
information on a user's habitua preferences (that is, those
activities routinely carried out by the user) to construct the
hedlthiest possble activity model. Didogue plans are then
generated from thisinitial activity model to direct the course of
the conversation: an instantiation plan (corresponding to the
planning phase) and a reporting plan (corresponding to the
reporting phase). The individual plan items are represented as
predicates by the HTN planner and encoded into XML to be sent
to the DM. They cover a range of system responses including
suggestions, queries and confirmations. An instantiation plan
(Example 2) for the worked example would therefore include
items suggesting cycling to work, (Suggest-Travel-Method
Cycling-Travel Home Work), and taking a packed lunch to
work, (Suggest-Mead-Source Eat-Packed-Mea Lunch), as these
are the healthiest options which fit with the user’ sroutine.

<plan>

<plan-name>Generate-Task-M odel -Questi ons</plan-name>

<plan-item>
<action>QUERY -PLANNED-ACTIVITY </action>

</plan-item>

<plan-item>
<action>SUGGEST-TRAVEL-METHOD</action>
<param>CY CLING-TRAVEL</param>
<param>HOM E</param>
<param>WORK</param>

</plan-item>

Example 2: Start of the Instantiation Dial ogue Plan.

Parsing User Input

The DM receives the dialogue plan and uses thisin conversation
with the user. Each plan item contains dl the information
necessary to discuss that dialogue item both in terms of
generating the system response and categorising the user's reply.
The DM maintains a diaogue stack. It contains the currently
active input and topic for each item. New items are pushed into
the stack when the current topic changes before the previous
topic is finished. This can occur when the user initiates a new
topic before providing enough information to complete the
previous topic. When a dialogue topic is finished, the DM
checks the stack to see if it should return back to an unfinished
topic. New topics are taken from the plan only when the stack is
empty. The DM waits until a topic is complete before passing
this information back to the CM. On occasion a user input may

contain predicates which are missing a parameter. In such cases
the DM adds clarification questions to complete the predicates
before sending them to the CM.

Speech inputs are recognized using the Loguendo ASR
engine with rule based grammars. The current size of the
grammars is about 1400 individual words. There is a separate,
dedicated grammar for each topic and speciad grammars for
confirmations, etc. The grammars contain Semantic
Interpretation for Speech Recognition (SISR) tags, which return
items compatible with the predicate presentation. These can be
full predicates, partid predicates or lists of both of these.

To parse input to a predicate, the items are unified to form
full predicates. Input parsing knows the entire universe of lega
predicates (values of some predicate parameters are left open).
The unification to complete predicates starts by matching to
predicates which match the last system output. For example, if
the output was a suggestion, acceptance and rejection predicates
with the same parameters are tested. If that does not result in a
parse, next al predicates of the current topic are used. Each plan
item belongs to a topic group which is used when parsing the
input. Finally, the entire predicate space is used as necessary.
This model could be further daborated by using aso the
dialogue history and the plans to provide intermediate steps.
However, at the moment that has not been necessary.

Currently, the system contains ssmple rule based dial ogue act
tagging. Mark-up used for this is a subset of DAMSL tags. At
the moment the dialogue acts are not necessary as the predicate
logic already dictates the did ogue act and input parsing does not
need the dial ogue act i nformation.

In our example dialogue (Example 1), the user responds to the
suggestion of cycling with "Not today, it's raining". The ASR
returns the semantic  information  #REJECT-TASK,
#WEATHER BAD for this (Example 3). The first of these is
unified with the question predicate (Suggest-Travel-Method
Cycling-Travel Home Work) to generate the response (Reject-
Task Cycling-Travel Home Work). The second is dready the
full predicate (Weather Bad). This is then returned back to the
CM.

Regenerating the Activity M odel

The CM takes the predicates returned from the DM and adds
them directly to the HTN planner state. If any of theinstantiation
plan has been agreed with the user, thus returning an accept-task
predicate, those parts of the activity model are updated as being
‘planned’ and will no result in items into the updated dialogue
plan. The activity model is then regenerated and those parts not
updated (and thus remaining ‘unplanned’) are replanned. This
ensures that items agreed with the user are not revised while
items not yet agreed benefit from any additional information
gained in conversation with the user.

The HTN planner makes use of semantic information as a
heuristic while planning to generate the best plan possible. When
there are multiple possible options for a given decomposition of
the activity model, each option is given a semantic score based
on the semantic tags assigned to it. The semantic score is
determined dynamically based on the current state. Any
information from the user, such as the fact it is raining, (Weather
Bad), and their preference for bus travel, (Pref-For Bus-Travel),
added to the state can thus affect the replanning of the activity
model. Following the first user response, cycling is explicitly
rejected by the user with the poor weather condition given as a



reason. While the explicit rgection of cycling prevents that
option from being selected at the next replanning stage, the
(Weather Bad) predicate alters the semantic scores such that
those options featuring significant amounts of walking are also
ignored and (Suggest-Travel-Method Train-Travel Home Work)
is selected as the best option. Likewise the preference for bus
travel provided with the next utterance ensures that (Suggest-
Travel-Method Bus-Travel Home Work) is the next suggestion.

Once the activity model has been regenerated then updated
dialogue plans are also generated and passed back to the DM to
guide the next round of conversation. The instantiation and
reporting plans are essentially mirrored yet asymmetricin that as
items are agreed with the user they disappear from the
ingtantiation plan and are added to the reporting plan. (That is, as
a suggestion of a particular activity is agreed it is removed from
the instantiation plan and an item on the reporting plan is
creating querying whether that particular activity has been
completed.) As al of the initial activity model must be agreed
with the user, the darting ingantiation plan will be full of
discussion items while the starting reporting plan will be empty.
The plans will generally progress towards a mid-point where the
ingantiation plan has become empty with al the items
effectively moving onto the reporting plan. Finally, the reporting
plan will be emptied throughout the reporting phase until both
plans are empty and the activity model has been completed for
the day. However, some new information may result in
additional items being created on the plans. For example, if the
user announces they are planning on going to the gym an item
will be added to the ingtantiation plan to discuss what method of
transport they will use to reach the gym.

System: (Suggest-Travel-Method Cycling-Travel Home Work)
System: Why don't you cycle to work today?
User: Not today, it's raining.
ASR: #REJECT-TASK, #WEATHER BAD
User: (Reject-Task Cycling-Travel Home Work)
User: (Weather Bad)
System: (Suggest-Travel-Method Train-Travel Home Work)
System: Okay. Why don't you take the train to work?
User: No, | would prefer to take the bus today.
ASR: #REJECT-TASK, #PREF-FOR BUS- TRAVEL
User: (Reject-Task Train-Travel Home Work)
User: (Pref-For Bus-Travel)
System: (Suggest-Travel-Method Bus-Travel Home Work)
System: [ Auto-Accept]
System: (Suggest-Meal-Sour ce Eat-Packed-Meal Lunch)
System: That's fine. Wil you be taking a packed lunch to work?
User: No, I'm having lunch in arestaurant with some coll eagues.
ASR: #REJECT-TASK, #PREF-FOR EAT-AT-RESTAURANT
User: (Reject-Task Eat-Packed-Meal Lunch)
User: (Pref-For Eat-At-Restaurant)
System: (Suggest-Meal-Sour ce Eat-At-Restaurant Lunch)
System: [ Auto-Accept]
System: [ Group Confirmation]
System: Alright. So, itis raining, you are going to take the busto
work and you are eating lunch in a restaurant, are they all
correct?
User: Yes, that's right.
ASR: #YES

Example 3: A Sample Dia ogue with Predicate Annotation

Dialogue M anagement

While the CM focuses on guiding the conversation towards
completing the high-level goal of constructing a complete
activity model for the user, the DM focuses instead on the
interaction level issues of the didogue itself. While the most
important of these is perhaps error management, our diaogue
management encompasses a range of functionality also including
dialogue-based optimisations, sesson management and
maintaining a dialogue history.

Currently the main focus of our error management has been
confirmations. User input must be confirmed (at least the most
important items) to enable errors to be spotted and corrected and
to make users fed confident about the system. Currently, all
major user input is confirmed. That is, all user input whose
validity cannat be implicitly confirmed based on the validation
of another segment of user input. Within our dialogue example,
acceptance of bus travel to work, eating lunch in arestaurant and
thefact it israining must all be explicitly confirmed. However, if
these are confirmed successfully then the other information can
be implied as confirmed. For example, it is pointless to confirm
tha the user wants to rgect cycling travel and that they prefer
bus travel (in this specific context) as, if this was not true, they
would not have confirmed acceptance of bus travel.

By default, when confirming an input predicate itis placed in
the group confirmation pool. Items in the group confirmation
pool are confirmed atogether, in a single question, a an
appropriate point in the conversation. However, if there is a
reason to believe that a predicateisincorrect, it is placed into the
immediate confirmation pool where items are confirmed
independently of each other. This happens when the user rejects
a group confirmation and also when the ASR confidence score
of auser input is below a certain threshold.

While error management mainly consists of identifying errors
in understanding the user, it is also important to handle incidents
where the user may not have understood the Companion. The
grammar is ableto handle comments such as “1'm sorry, can you
say that again?’ and issue a repeat request to the DM who will
repeat the previous question for the user.

Beyond identifying errors is the ability of the DM to enhance
the conversation. Since the DM handles communication with the
user as part of an ongoing dialogue and not in terms of
individual, independent utterances it has the potential to carry
out optimisations by making use of this overall knowledge of the
diaogue. One such optimisation is the auto-accept functiondity
which automatically accepts suggestions if they follow a stated
preference by the user. For the CM, suggestions are the result of
a range of factors coming together to highlight a particular
option as being particularly suitable. However, it can be
particularly jarring to the user when the Companion suggests a
course of action they have just expressed a preference for as,
despite this being a sign the Companion has understood and is
acting on the previous statement, it seems to imply the
Companion is not listening to the user. The DM is able to
identify such a situation and automaticaly accepts the
suggestion on behaf of the user. Thisis then confirmed with the
user to ensure thisis what the user actudly wanted.

Another aspect of the ongoing dialogue with the user is that
of alowing them control over when they talk to the Companion
and for how long. While the system is designed around the
principle of two conversations with the Companion, one in the
morning and one in the evening, this may not always be suitable



for the user. The DM therefore alows conversations to be
curtailed by the user, before the Companion would otherwise
choose to finish them, and recommenced at a later stage. It
should also be noted that the CM further supports this
functionality in how it manages the dia ogue plans. For example,
the user could plan their day up till dinner and then leave the
session. When they return home from work (and initiate
conversation with the Companion) they would then be asked to
report back on the portion of the day they had previoudy
planned and carried out before going onto plan the evening's
activities. A find session laer in the evening would then allow
reporting back on the remaining part of the day.

Finaly, the DM maintains a dialogue history which consists
of alist of dialogue turns, one seen in Example 4. Each turn has
the participant information (user, system), current topic, logical
content of the turn (a set of predicates) and, for system turns,
actual speech produced or, for user turns, recognition results (n-
best list with confidence scores) and dialogue act tagging with
DAMSL based tags.

<diaogueTurn>
<partici pant>user</partici pant>
<topic>
<pred>
<action>SUGGEST-TRAVEL-METHOD</action>
<param>null</param>
<param>HOM E</param>
<param>WORK</param>
</pred>
</topic>
<speech>okay | can do that</speech>
<logical>
<pred>
<action>ACCEPT-TASK</action>
<param>CY CLING-TRAVEL</param>
<param>HOM E</param>
<param>WORK</param>
<DAct Forward-function="Influence-on-speaker"
fintion="Agreement” Info-level="Task">
</DAct>
<score>0.631088</score>
</pred>
</logical>
</dialogueTurn>
Example 4: Dialogue History Item.

Backward-

M obile Companion

The mobile companion [12] supports exercise activities such as
jogging using GPS. The mobile system is linked to the home
system so that as a plan for the day is generated with the user,
this plan is published in a web service from where the mobile
system can download it as it becomes available. The plan
consists of the same predicates the CM sends to the DM. From
this plan of the day, the mobile companion selects all
information pertinent to the exercise activities so, at the
appropriate point in the user's day, it can go through these with
the user. The results of the exercises are delivered back to the
home system which removes the need to report back on them
verbally inthe evening.

3 DISCUSSION & FUTURE WORK

Key to the interoperability between the DM and CM s the level
at which the two are split. The CM’s am is to provide the
higher-level cognitive functions of the Companion. Currently
those functions offered mainly cover planning and reasoning
over the health and fitness domain. The main remit of the CM is
thus to handle domain (or encyclopaedic) knowledge, common
sense knowledge and task knowledge. The CM therefore also
includes those components of the dialogue management which
cover the user model and the task model. The CM’s focus on
domain knowledge alows the DM to remain relatively domain-
independent. Conversely, the DM’s focus on dealing with the
ongoing dia ogue allows the CM to abstract itself from dial ogue-
related issues. This simplifies the implementation of both which
is of particular benefit for complex applications such as the
Health and Fitness Companion.

As mentioned previously, the separation of the two is non-
trivial as information possessed by one part can be of use in
processing falling under the remit of the other. However, the
interface between the DM and the CM offers great flexibility as
each can pass information without a need to understand how this
information will be used. For example, if the CM notices an
error with auser input based on some domain reasoning, the CM
can simply include this information in the dialogue plan without
worrying about how it will be resolved. The DM, on processing
the dialogue plan, can then handle this error and update the CM
appropriately without needing to understand the cause of the
error.

Currently the DM generally follows the dialogue plan as set
by the CM. However, the DM is nat limited to following the
plan as given but can instead select items based on the most
suitable order for the current dialogue with the user. This is
something we look to make greater use of in the future in
particular as we work on introducing small talk.

A Companion should be able to take into account the relative
intrusiveness of topics and this is particularly important when
deding with potentiadly sensitive subjects such as the user's
heath. The flexibility offered by the dialogue plan can help by
allowing the Companion to present items in an order which
builds up to more delicate questions and even introduce new
discussion items for the sole purpose of building up trust with
the user. Likewise the flexibility offered by the diadogue plan
allows the CM to use its domain knowledge to advice on
appropriate discussion points for small talk without the need to
understand when or how to include them in conversation.

This approach to dialogue management has enabled the CM
and the DM to be developed in parallel by different groups using
different programming languages while maintaining a coherent
system. The dialogue system is implemented using Java and the
Jaspis framework [13] with jNabServer for Nabaztag
connectivity. The cognitive model is implemented in Allegro
Common Lisp and integrated into the Jaspis framework.

On an implementation level, the model is independent of the
mechanics of either the DM or the CM. The DM can be
implemented using state transition networks (a network per plan
item), forms (form per item), agent based model, as in our case,
or any other suitable method. Similarly, the plan does nat tie the
CM to any specific implementation.

The H&F is a working system capable of planning, with a
user, an office worker’s typical day at work and then getting
them to report back on the actual activities performed. The



system has undergone user testing which is discussed in detail
elsewhere [10]. Our focus now is to expand the system to handle
the complexity necessary for a Companion.

One aspect of this complexity is the conversationd ability of
the Companion. As we seek to increase the conversation beyond
a purely functional level towards that of a relationship with the
user, so it is desirable for the Companion to be capable of an
increased depth in its conversations. This means being capable
of discussing things in detail when required, but not overloading
the user with unnecessary details.

Currently, individual diaogue plan items are currently classed
as distinct topics. We plan to revise this representation such that
plan items can be grouped together under topics. Further, topics
can then be nested to create a hierarchical structure such that top-
level topics offer discussion items at a very genera level while
lower-level topics offer increasing levels of detail to ded more
thoroughly with specific aspects of the higher-leve topics. This
will alow us to harness the power of the CM by applying
various types of knowledge to a situation while making use of
the HTN planner to ensure this information is relayed at an
appropriate granularity.

Another aspect of this complexity is how the ongoing
relationship with the user is managed. The system currently
collects information for a single day, treating each day as a
standalone entity. We plan to build upon this by aggregating the
daily information so it can be used to inform future sessions. The
long-term nature of this interaction with the user introduces both
possibilities and dangers. Posshilities in that each new
interaction is an opportunity for the system to both expand its
knowledge of the user and use its knowledge of past interactions
to further develop its relationship with the user. Dangers in that
insufficient variance and adaptability in the Companion will
mean that conversations become stale and indistinguishable. The
flexibility of the model can be of use here in ensuring that there
is sufficient scope to avoid stagnation in the conversation while
helping to prevent a spiraling complexity that makes the system
impossible to implement.

4 CONCLUSIONS

We have described a model to separate cognitive modelling from
dialogue management which enables their flexible
interoperability. This division, while similar to separation of a
back-end from dial ogue management, draws the line deeper into
the area of interaction management. The cognitive model
processes domain-level information and generates dialogue
plans. The dialogue manager focuses only on interaction level
phenomena, such as initiative and error management, and other
meta-communi cation.

The model for interoperability between the dia ogue manager
and the cognitive model has provided many benefits for the
development of the H&F. It provides great flexibility for both
components while a the same time removing the need for either
component to implement processing contained in the other.
While the dialogue plan generated by the CM provides abase for
dialogue management, which, in most cases, is followed, the DM
can deviate from it. The DM can handle confirmations as it
pleases, add small talk, and process the plan items in any order.
Most importantly, al this is possible without including domain
specific knowledge. All such information is kept exclusvely in
the CM.

One example of flexibility is error management; while the
actual error correction is the task of the dialogue manager,
domain level knowledge can help revea errors. Using the plan,
the cognitive model can provide information to the diaogue
manager without knowledge on the details of error management.
The model also enables user initiative topic shifts, management
of the user-system relationship and other novel issues relevant to
domain-oriented dia ogue systems.

The model has allowed development of the H&F in parallel
by two different groups, resulting in aworking system. The H& F
is now being expanded to use the benefits of the model to tackle
the challenges of creating along-term Companion.
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