ORGANIZING DIALOGUE FROM AN INCOHERENT STREAM OF GOALS®

ELISE H. TURNER

Department of Computer Science
University of New Hampshire
Durham, NH, 03824

Abstract— Human discourse appears coherent when it re-
flects coherent human thought. However, computers do not
necessarily store or process information in the same way
that people do and, therefore, cannot rely on the structure
of their reasoning for the structure of their dialogues. In-
stead, computer-generated conversation must rely on some
other mechanism for it organisation. In this paper, we
discuss one such mechanism. We describe a template that
provides a guide for conversation. The template is built
from schemata representing discourse convention. As goals
arrive from the problem solver they are added to the tem-
plate. Because accepted discourse structures are used to
connect & new goal to the existing template, goals mre or-
ganized into sub-groups that follow conventional, coherent
patterns of discourse. We present JUDIS, an interface to a
distributed problem solver that uses this approach to orga-
nixe dialogues from an incoherent stream of goals.

I INTRODUCTION

Conversation seems coherent and is casy to follow be-
cause it reflects the way people think. When the
speaker thinks coherently, his or her communication
goals will be properly organised to follow linguistic con-
vention. So, models of human language generation can
allow domain goals to directly motivate conversation
and add clue words only when the occasional utterance
violates convention [5; 8].

However, computer-generated conversation cannot
rely on problem solving for its organisation. Some prob-
lem solvers make no attempt to be “cognitively plausi-
ble” and do not produce goals in sequences that would
appear coherent to human users. The combined goals
from & distributed problem solver where several inde-
pendent reasoners use a single interface to communicate
with the user are also likely to be incoherent. Even if
individual problem solvers produce coherent streams of
goals, the stream of goals from the aggregate is likely
to switch back and forth between sub-problems that
are being addressed by the individual systems. We call
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the sequence of goals produced by such systems an in-
coherent siream of goals because the goals are ordered
in a way that would not seem reasonable to a human
listener. Interfaces to such systems, while being re-
sponsive to the goals of problem solving, must rely on
something else to give dialogue its organisation.

In this paper, we describe a template that can provide
computer-generated conversation with a coherent orga-
nization while meeting the needs of the problem solvers.
This template is built from schemata representing ex-
pected discourse structure. These schemata include
general linguistic conventions as well as expected or-
ganizations for specific situations. Before conversation
begins the template is very abstract, giving only broad
descriptions of topics that might be expected in a spe-
cific domain. These expectations provide a framework
for organizing goals from the problem solvers. New
goals are associated with the existing template, orga-
nizing them into groups that are related by conven-
tional discourse structure. Goals are added by finding
schemata which connect them to the template. Since
the schemata specify acceptable conversational struc-
ture, the template represents a coherent conversation.

The dialogue in Figure 1 was organised using such
a template. The arrows in the figure show the order
in which goals arrived at the interface. The tail of the
arrow shows when a goal arrived at the interface; the
head, where it is realised in the dialogue. Each time the
arrows cross, the goal has been delayed to fit more nat~
urally into the conversation. Goals have been grouped
by the course that they relate to as well as being fur-
ther organised by attributes such as ingredients of the
main-dish of a course (utterances 10a-10d). The dia-
logue also inciudes a story to connect two utterances
(10a and 10b), which adds variety to the structure of
the conversation.

This dialogue was generated by JUDIS [15], an in-
terface to Julia, an advisor for meal-planning [3].} Ju-

LJUDIS is responsiblc for the or the conv ion and
works with ptainstead of actual English Con-

cepts are converted to English and English ¢ lated into the
conceptual language by the NLPTool [2] JUDIS has worked
with the NLLPTool to partici but waa
not connected to the NLPTool for this exnnplc In the figure,
English is used to make the dislogue readable.
The Julia described here is the original i

of the syst
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(1) User: I'm planning a dinner and would 1ike
to gerve Mexclan food.

d
%(2) JUDIS:I’'m thinking of chili for a main

course. Does everyone like apicy food?

{3} User: No, Tom hates aplcy food.

{4) JUDIS:Would you like enchiladas?

(5) User: What are enchiladas?

{6} JUDIS:They’'re a Mexlcan food made of
tortillas and meat.., They also contain
onion and garlic.

{7) User: OK.

(8) JUDIS:Let's have guacamole for an appetizer.

(9) User: OK.

{10a)JUDIS: I just remembered a case where
komeone had a party and could not mash
the avocados because they were unripe.

(10b} Later, someone could not eat the
enchiladas because he was allergic to

cheese

(lOc) Make cure no one is allergic to cheese

and that the avocadoe are ripe enough.

(104d) You may want to use red onions because
they are sweet.

(10e) Shall we serve the appetizer at the
table or as hor d‘oeuveres?

(11} User: At the Lable.

(12) JUDIS: Would sopapilla or fried ice cream
for deesert

(13) User: Sopapilla.

(14) JUDIS: 1 just remembered a meal where
omeone couldn’t eat guacamole because
he was allerglc to tomatoes. Are any of
your guests allergic to tomatoes?

(15) User:No.

Figure 1: A dialogue with JUDIS,

lia is & distributed problem solver comprised of a case-
based reasoner and a planner which uses more tradi-
tional problem solving techniques. The problem solvers
and the interface share their world knowledge. When
a problem solver has a goal to either give or get infor-
mation, the goal is sent to JUDIS where it is converted
into an appropriate utterance and attached to the tem-
plate. We refer to these goal-motivated utterances as
requests.

II REPRESENTING DISCOURSE STRUCTURE

We have chosen conversation MOPS (C-MOPS) [6;
16] as the representation for discourse structure in
JUDIS. C-MOPS participate in an abstraction hier-
archy which allows generalized conventions as well as
situation-specific expectations to be represented. A dy-
namic memory [7; 14] can retrieve the most predictive
MOP for the current situation.

A MOPs and C-MOPs

A memory organization packet (MOP) [14] is a
schematic structure used to organixe long-term, con-

As tescarch on problem solving continued, “Julia” was also
used to refer only to the problem solvers and the design of the
problem solvers changed. JUDIS reccives goals from a micro-
version of the caterer and as input from the keyboard. The
goals in the example came as input and reflect the problem
solving of systems suggested for the catererer architecture. At
the time that JUDIS was implemented, a complete and inte-
grated version of the caterer was not available.
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ceptual, episodic memory. An episode is represented
by scenes which have been performed to achieve some
goal. Episodes arc stored in and retrieved from dy-
namic memory. This memory changes when generalized
episodes are created as individual episodes that share
features are stored in memory. The generalisations oc-
cur at many different levels forming a hierarchy of gen-
cralisations and their specializations, Episodes in dy-
namic memory are linked by predictive indices, selected
feature-value paira which mark differences between gen-
eralixed episodes and their contributing specialisations.
These indices are followed when an cpisode is reirieved
from dynamic memory, allowing a system to be “re-
minded” of MOPs which match some predictive feature
of the current situation. We use the term “MOP” to
describe both a single episode and an episode with its
indices and specializations. In the context of being re-
trieved from memory or instantiated in the template,
“MOP” will refer to a single episode. In the context of
representations stored in memory, “MOP” includes the
indices and specializations.

When the events stored are conversations, we refer
to these structures as conversation MOPs or C-MOPs.
Kellermann, ei al.  [6] suggest C-MOPs as the cog-
nitive structures for representing discourse structure.
C-MOPs can appear as scenes in other C-MOPs, allow-
ing for the recursion necessary in any representation of
discourse structure. The ncenes of o C-MOP can be
given a total or partial ordering to capture the proper
sequencing of a conversation. Also, C-MOPs combine
iniention, in the form of an associated goal, with con-
vention captured by gencralised episodes. Kellermann
et al.’s experiments suggested that C-MOPs represent-
ing discourse structure are divided into scenes by topic.

In many ways C-MOP3 are like other schemata that
capture discourse structure [eg., 9; 10]. Their scenes
specify conventional patterns of discourse. These scenes
can be either mandatory or optional. Many types
of achemata can be easily translated into & declara-
tive representation that explicitly gives the atructure
of the conversation and, so, are suitable for building
the template. All types of schemata must allow recur-
sion, #o a template built from any type of schemata
could be expanded. C-MOPs have one characteristic,
however, that makes them particularly useful for or-
ganising requests. They participate in a generalisa-
tion/specialisation hierarchy. This hierarchy has two
advantages: it allows the best prediction for a given sit-
uation to be returned from memory, and it allowa those
predictions to be tuned as new information is learned
about the situation.

B The Generali Hierarchy

tion/Specializati

The ability to capture convention in the generalisa-
tion/specialisation hierarchy is important for our work
in organising dialogues. In principle, generalisations
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are formed as a language user participates in conver-
sation with other language users [7; 14]. Because
these conversations follow convention, the generalisa-
tions of these conversations will represent abstract dis-
courae convention [6]. When specific circumstances
constrain these conventions, specialisations are formed
and indexed by these circumstances. Consequently, the
C-MOP retrieved for a given situation will be the one
that is most predictive.? The expectations it represents
will be shared by other language users, including the
other conversant, and will contain all the information
available for the specific situation. Since our research
is currently focused on how knowledge of discourse
structure can be used to organize goals, instead of on
elucidating those structures, JUDIS' C-MOPs and the
generalization/specialisation hierarchy are hand-coded.
Our C-MOPs are derived from others’ research on dis-
course structure, where possible. Although JUDIS does
not generalise C-MOPs from experience, we have been
careful to use a generalisation/specialisation hierarchy
which we believe could have been built from experience.

One important characteristic of the generalisa-
tion/specialisation hierarchy is its ability to capture
situation specific detail. This ability is especially im-
portant given that computers do not think like people.
Specializations can be used to enumerate the accept-
able ways to discuss a topic. The interface can then
rely on the appropriate C-MOP to organise the conver-
sation instead of being dependent on the knowledge or-
ganization and problem solving methods of the domain
reasoners. The specialisation can also rule out ways
of organiging the dialogue that follow a standard dis-
course convention but would not be expected by human
reasoners. For example, a general problem-solving con-
vention allows for a goal-subgoal ordering {5]. However,
in meal-planning some orderings seem more acceptable
than others. In JUDIS, specializations for discussing a
meal include talking about the main course before the
other courses or discussing the meal in chronological or-
der, but a specialization for discussing the dessert first
is not included.?

The generalization/specialisation hierarchy also al-
lows the template to be tuned as the situation changes
or new information is discovered. If the new informa-
tion is an index of a C-MOP, that C-MOP can be re-
placed with the indexed specialisation. This idea is im-
portant for adding new requests to the template. We
can think of some cases of adding a request as find-
ing a specialisation that includes the current request as

2JUDIS' retrieval algorithm [15] orders the featurcs and pur-
sucs the indices sequentially until an index is not found. This
is & departure from traditional impl ti of d
memory that pursue indices “in parallel” [cf., 7]. Our algo-
rithm allows JUDIS' memory to return the single C-MOP that,
according to the ordering, best matches the current situation.

3There could be further specialisations to allow the dessert to
be mentioned first, but we would expect these to arise, and be
returned, only under special circumstances.
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well as the request that has just arrived. For example,
request 6, about avocados, is added to the template
as a discussion of the ingredients in guacamole. When
request 7, concerning onions, arrives, the discussion of
the ingredients is specialised to a list that includes both
avocados and onions.

C Conversation MOPs in JUDIS

JUDIS relies on C-MOPs to represent all parts of the
conversation. This includes C-MOPs for the entire
conversation, individual topics, utterances, and ques-
tion/answer sequences. The C-MOPs that are most
important for organizing conversation in JUDIS are
the L1sST-CMOP and NARRATIVE-CMOP which can be
used to organize topics and the ToPIC-CMOP itself.
JUDIS also has a CATERER-CMOP which contains
specialized knowledge about conversations for planning
meals and organises the overall discussion of the meal.

Some C-MOPs, such as the CATRRER-CMOP, are
represented declaratively in memory with topics and
their ordering given explicitly. This makes instantiating
the C-MOP easy and allows the interface to be indepen-
dent of problem solving knowledge when organising the
dialogue. However, not all C-MOPs should be repre-
sented this way. JUDIS also represents some C-MOPs,
such as the LIST-CMOP and the NARRATIVE-CMOP,
procedurally. Explicit representations are created from
other knowledge only when such a C-MOP is instanti-
ated. This allows JUDIS to create conversations that
have not yet been experienced but follow conventions
that have been generalised from experience. It also
saves space because JUDIS builds these C-MOPs from
world knowledge that is shared with the problem solvers
and does not have to explicitly represent all possible C-
MOPs.

The CATERER-CMOP organises the discussion of the
meal. JUDIS has very little information about the de-
tails of the conversation, but is able to identify the
broad topics that are likely to be discussed: GENERAL-
IN¥O, APPETIZER, MAIN-COURSE and DRSSERT. The
specializations are indexed by specific problem solving
strategies, main-first and chronological-order, that im-
pose acceptable orderings on the topics.

The TorPic-CMOP has three scenes: CHANGE-
TOPIC, DISCUSSION, and CLOSE-TOPIC. The change-
topic and close-topic are used to mark unexpected
moves in the conversation and do not affect how we or-
ganize requests in the template. The discussion scene
can be a Tor1C-CMOP, an UTTERANCE-CMOP, or a
QUESTION/ANSWER-CMOP. The subject of the TOPIC-
or DISCUSSION-CMOP tells what the C-MOP will be
about. We use this term to avoid confusing the topic
of a8 C-MOP with the Topic-CMOP.

The NARRATIVE-CMOP is a simplified version of
Rumelhart’s [13] story grammar and specifies how to
build C-MOPs directly from MOPs in episodic memory.
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To a large extent, the narrative-CMOP is a great deal
like the episode in memory which it will relate. All of
the scenes in the episode become scenes in the C-MOP
and keep their ordering. A setting and a conclusion
are added as mandatory scenes. Scenes that satisfy
some request of the problem solver arc also marked as
mandatory, as are unusual scenes which enable them.

The LisT-CMOP converts values found in a slot of
a frame into ToPIC-CMOPs which become its scenes.
The L1sT-CMOP has specialisations which include an
ordering function [11]. The predictive feature “info-
type” indexes these specializations. For example, if
constructing a list of ingredients, which are divided
into main, secondary and spices, a list with the “main-
first” ordering function is returned. All scenes in LIST-
CMOPs used to organize requests are optional. Con-
sequently, only requests from the problem solvers will
be included in the conversation. However, there are
specializations, retrieved in the context of question an-
swering, that contain mandatory scenes.

Clearly, JUDIS is limited in the types of dialogues
that it can organise by the small number of C-MOPs
that are implemented. Most noticeably absent from our
list is a general problem-solving C-MOP. We were able
to avoid implementing this C-MOP because planning
a meal can be seen as filling in values for attributes in
a frame and captured in the LIST-CMOP. In addition,
we expect the interface to have enough control over the
conversation to ensure that this limited type of prob-
lem solving will suffice. In other domains, or if the
user were expected to take a more active part in prob-
Jem solving, a general problem-solving C-MOP would
be needed. A problem-solving C-MOP would be more
difficult to instantiate from a procedure than the LisT-
or NARRATIVE-CMOP. The interface would have to do
a great deal of domain planning to make predictions
about topics that would be included in the dialogue.
Some of this effort could be saved by creating only ab-
stract templates and allowing the reasoning followed
by the problem solvers to link requests to the template.
Finding & procedure to create problem-solving C-MOPs
without re-creating all of the reasoning needed to solve
the problem is an important area of future research.

III ADDING A REQUEST To THE TEMPLATE

At the beginning of a meal-planning session, JUDIS
retrieves a C-MOP that is instantiated to become the
template. This guides the conversation from beginning
to end. The opening and closing follow well-established
sequences, 8o we are only concerned here with the mid-
die portion of the dialogue where the meal will be dis-
cussed. One of the specializations of the CATERER-
CMOP will be included to predict the middle of the
conversation. The template for the example dialogue
includes the MAIN-FIRST-CMOP. Requests from the
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problem solvers are organixed into a coherent dialogue
by adding them to the template. A new request is
added to the template by becoming a scene in a pre-
dicted C-MOP. JUDIS first checks to see if the new
request matches a request already in the template. If
not, the new request is added by merging it into a
DISCUSSION-CMOP already in the template.

A Finding Polentisl Topics

The first step of adding a new request to a DISCUSSION-
CMOP is finding a C-MOP where the request can be
added. A request can be added to a discussion when
their subjects maich, when the subject of the requesi
is an atiribule or value of the subject in the template,
or when the new requesi is associated with the same
knowledge structure as the request in the iemplate. In-
stead of searching semantic memory to find the possi-
ble connections between requests [cf., 4], JUDIS uses
knowledge from the reasoners’ problem solving. The
problem solvers send the interface two pieces of infor-
mation with each request. The chain of reasoning from
the meal being planned to the attributes that the prob-
lem solver was considering when this goal was created
is used to find the subject of the request. If a value
appears at the end of the path it is the subject. Oth-
erwise the request asks for a value for the attribute. In
this case, the attribute will be the subject for the pur-
pose of adding the request to the template. The chain
of reasoning also allows a request to be linked with any
attribute on the chain. The problem solvers also send
information about the knowledge siructure that was be-
ing examined when the goal was created. If the request
is associated with a frame, a slot can also be sent, If the
request is associated with an episode, the episode and
any episodes that contain it, if the problem solver has
examined them in association with this request, are sent
to the interface. For example, when a reasoner sends
a goal to find out if guacamole would be appropriate
for the appetiser, it also sends guacamole0, the frame
representing guacamole in semantic memory, and (meal
appetizer main-dish) as the chain of reasoning.4

‘We use information from the problem solvers for two
reasons. Most importantly, this assures that the con-
nection between the utterances will be acceptable in the
context of the current conversation, Also, this informa-
tion reduces JUDIS' processing effort and can be easily
collected as the problem solvers perform the domain
task. Using it, JUDIS can simply match information
from the problem solvers instead of searching the se-
mantic memory for all possible connections.

To rely on information from problem solving, that
information must be “cognitively plausible” in some
gense. Information from the same data structures must
4 Guacamole is placed in the representation of the meal as soon

as it is considered by a problem solver and would be the subject
of this request.
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appear to human users to be linked. Chains of rea-
soning followed by the problem solvera must appear to
be coherent. If this is not the case for problem solvers
used by an interface, it must rely on other knowledge
structures to provide it with acceptable links between
topics. Also, if the problem solvers do not share seman-
tic memory, there must be a way to match knowledge
structures that should be considered the same.

B Merging Requests into Discussions

All requests can be merged into the template for conver-
sation at some level. If no predicted topic could include
the request, it can be added to the maintenance phase
where it will be handled as a true interruption [5]. If
a topic which could have included this request has al-
ready been closed, the change-topic scene will mark the
return to a previous topic [15]. Utterance 14 in Fig-
ure 1 is an example of JUDIS returning to a previous
topic.

If problem solver goals on the same subject arrive
at the interface sufficiently near each other, they will
be grouped together in the template. If not, the topic
will be closed before all of the requests that should be
associated with it have arrived. JUDIS can return to
such topics, 80, in the worse case, the conversation is
no worse than conversation without the template. If
there are not long delays between requests on the same
topic, most requests will be merged into the dialogue
through a p1sSCUSsION-CMOP.

JUDIS examines each DIscUSSION-CMOP in the
template until it finds one that can be merged with the
new request. It looks at the most specific subjects first
so that subjects that are most closely connected will be
joined. New requests can be merged with pIscussioN-
CMOPs in several ways:

Replace a discussion scene that has no re-
quests as scenes. The simplest form of a DISCUSSI10N-
CMOP is an UTTERANCE of QUESTION/ANSWER-
CMOP. These are the forms of a request. If no
other requests have been associated with a subject, the
discussion-CMOP can be replaced by the new request.

Extend the reasoning to add a new topic.
Sometimes the subject of a new request is a very apecific
aspect of an expected topic. If the request were sim-
ply added, the connection between it and the expected
topic could be lost. This would cause the dialogue to
appear incoherent. It is also difficult for JUDIS to add
other requests to a topic which has been filled by a
too-specific subject.

We avoid these problems by adding C-MOPs to the
template that extend a discussion from a general sub-
ject to a more specific one. 'We have added a ATTR-
VAL-CMOP that links the predicted topic to the more
specific request. Each attribute in the chain of rea-
soning and its value are added to the discussion. Fig-
ure 2a shows a request concerning “avocado” being
added to the template by this method. Because it is
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connected to the appetizer ToPIC-CMOP through spe-
cific attributes, another request, 9, can be easily added
through the “presentation” attribute. If a specific at-
tribute will be mentioned, the attributes which connect
it to the topic can be mentioned first.

Connect scenes through knowledge struc-
tures. Two requests can also be connected because
they are part of the same knowledge structure. If both
are values in the same slot of a frame or are values of
the same attribute of the meal being planned, a LIST-
CMOP is used to connect them. If both are scenes
in the same episode, 8 NARRATIVE-CMOP connects
themn. Here the requests do not have to have the same
subject, but are linked to a discuasion through one of its
scenes. When the type of connection is found, JUDIS
searches memory to find the best C-MOP to instan-
tiate. This is done to make sure that any specialisa-
tions appropriate for the current situation are found.
For example, the LIsT-CMOP is specialised to have a
main-first ordering when ingredients are connected.

IV  EXECUTING THE TEMPLATE

In conversation new problem solving goals arise as the
conversation is being conducted. It is impossible to
know all of the goals in advance and then arrange them
into the best conversation. Instead, the template must
be built and executed simulatneously. This means that
the template must reflect a coherent conversation at all
times. JUDIS achieves this because each goal is added
to the template through C-MOPs.

The template is only used as a guide to organize con-
versation. When JUDIS is to take its turn in conver-
sation, it combines information about the priorities of
the requests and how those requests fit into the tem-
plate to choose its next utterance (see [15] for details).
Sometimes the priorities help determine decisions that
are not specified by the template, such as chosing the
scene to execute first in a partially ordered C-MOP.
Other times a goal is so urgent that the template is
overridden.

V  ORGANIZING A Di1ALOGUE wiTH JUDIS: AN
ExXAMPLE

Consider utterances 10a-10d in the example dialogue.
As the arrows indicate, the goals which motivated these
requests are re-organised to make the dialogue coher-
ent. When the initial template is built, JUDIS pre-
dicts that the GENERAL-INFO, MAIN-COURSE, APPE-
TIZER and DESSERT topice will be included in the dia-
logue. At this point, JUDIS knows only that the ap-
petizer will be discussed but knows none of the details.
Then a request to tell the user about a possible fail-
ure with avocados comes from the case-based reasoner.
Since the subject of the request is not the appetiser
but one of the ingredients of the appetiser, a path is
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Figure 2: Adding requests to the temlpate.

formed of values and their attributes from the appe-
tiser ToPIc-CMOP to the avocados, as shown in Fig-
ure 2a. Next, the from-scratch reasoner discovers that
red onions can make guacamole sweeter and decides to
send a goal to JUDIS to inform the user. The subject
of this request, “onion”, is also an ingredient in gua-
camole. When JUDIS tries to insert the request as a
value of the ingredient attribute, it must find a struc-
ture that will incorporate both the avocado-request, al-
ready associated with the ingredients, and the onion-
request which is to be added. JUDIS relies on the infor-
mation about how the two requests are connected, that
they are both values of the same slot of a frame, to be-
gin its search of memory for a C-MOP that can contain
both requests. It finds the LisST-CMOP for ingredients
and adds a list of all of the ingredients of guacamole
to the template (see Figure 2b). The onion and avo-
cado request become the discussions of the onion and
avocado Tor1c-CMOPs that are scenes of the new list.

Next, the request about enchiladas comes from the
case-based reasoner. Because this request is associated
with the same episode as the avocado request, JUDIS
makes these requests into a narrative (see Figure 2c).
This narrative contains not only the goal-achieving re-
quests (last part of utterance 10a and utterance 10b),
but also the mandatory setting (first half of utterance
10a) and conclusion scenes (utterance 10c).

The organization given by the template and the pri-
orities of the requests determine how this portion of the
template will be executed. Though not requested by a
problem solver, utterance 8 is included in the dialogue
to link the ingredients to the expected appetizer topic.
The narrative containing the avocado and enchilada re-
quest has a higher goal priority than the onion request,
so it is said first. After the narrative, the onion request
is executed to finish the list.
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VI DiscussioN

JUDIS is an implemented system which embodies our
approach for merging goals into an existing conver-
sational structure. JUDIS relies on its knowledge of
conventional discourse structure as a tool for achieving
the goals of the system. JUDIS’ selection of discourse
structures to guide the conversation and options taken
within those structures are motivated by the goals of
the system. This is in contrast to McKeown’s TEXT
system [10] which relies on heuristics based on features
of the language to select options to pursue within a dis-
course structure. JUDIS is able to re-organise its goals
to fit into the global organisation of the conversation
because it relies on predictions and commitments for
the whole conversation, as represented in the template.
Other methods of generating language from discourse
structure [e.g., 10; 12] do not use expectations about
the dialogue but rely only on information about the
current state of the world and the structure of the dis-
course to this point.

One of the most important advantages of our ap-
proach is that it allows an incoherent stream of goals
to be organised to produce & coherent dialogue. There
may be cases where an occasional utterance still must
be marked with a clue word, but, by forcing the goals
to be moderated by the template, we give them a deep
structure that provides coherence just as the underlying
processing in humans supports their dialoguea’ conven-
tional structure. Our approach also has two important
advantages that are side-cffects of using the template
to guide the generation of conversation:

The dialogue addresses the needs of the prob-
lem solvers. JUDIS’ dialogue is motivated by the
communication goals that it is sent from the problem
solvers. The requests which achieve these goals dic-
tate the details of the template. Only requests and the
mandatory scenes of the C-MOPs that connect them
are included in the dialogue. This assures that the con-
versation will be coherent without including optional
scenes of a schema that are chosen by language-based
heuristics which may have little to do with the current
domain task [cf, 10].

Utterances which follow convention are in-
cluded in the dialogue without being motivated
by an explicit goal. When mandatory scenes are
needed to connect two requests in a coherent dialogue
they are included when a new request is merged into
the template. For example, when two requests are con-
nected by a narrative, the setting, conclusion and en-
abling scenes are added to the template when the narra-
tive is created. In speech act based approaches [e.g., 1;
5; 8], such conventional utterances would be motivated
by a speaker’s intention. By including these utterances
as part of the discourse structure which will achieve
the problem solving goals, JUDIS avoids the cost of
generating discourse goals and trying to achieve them,
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and it can easily distinguish between utterances that
are motivated by goals and those that are mandated
by convention.

The technique for organisation described above was
used successfully to organise the dialogue shown in the
example and several others from similar goals. JUDIS
was also able to interrupt the organisation prescribed
by the template to handle urgent goals and was able to
add requests to the dialogue that did not correspond to
topics that were given by the caterer’s-CMOP.

The success of JUDIS depends, in part, on several
characteristics of the problem solving domain and the
reasoners. Most importantly, JUDIS is an interface to
an advisory system. Although JUDIS was designed
to allow the user to take more initiative than is of-
ten expected in natural language interfaces [15; 16],
JUDIS’ method of organising dialogue is most success-
ful if JUDIS controls the conversation to a large extent.
To allow more user involvement, more C-MOPs would
be needed so that JUDIS could build a template for
any organisation known to the user. JUDIS would also
need to handle failure of the template — to identify fail-
ure and recover when the template no longer predicts
the conversation. This is an important area for future
research.

Another assumption in our implementation of JUDIS
is that the problem solvers will use problem solving
strategies and knowledge structures which correspond
to those used by humans. Although the combined
stream of goals from the problem solvers may not be
organized in a way that would seem coherent to peo-
ple, JUDIS can rely on information from the problem
solvers to help it build the connections that lead to a
coherent conversation. We feel that the method of or-
ganization described here could also benefit individual
problem solvers that do not produce a coherent stream
of communication goals and problem solvers that do not
have such well-organized knowledge. In these cases, the
interface must keep a separate knowledge base or rely
on declaratively represented C-MOPs. This also means
that we would loose the advantages of using problem
solving information as a basis for organizing the dia-
logue.

JUDIS is also helped because very few of its goals are
urgent. In a system that very often needs to get addi-
tional information from the user in order to continue,
it may be difficult to make full use of the template. It
would be overridden often or it would delay problem
solving.

JUDIS has begun to address the problem of organiz-
ing dialogue so that even conversation motivated by an
incoherent stream of goals can be easy to understand.
Most important to our method is the ability to form
partial predictions about the dialogue that can be ex-
panded as goals arrive from the problem solver. In this
way, JUDIS can group utterances together to form a
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coherent whole.
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