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Natural language processing systems must con-
sider both convention and intention since both are
a part of language. The conventions allow a soci-
ety of language users to agree on many different
facets of the language, from word meanings to dis-
course structure. Although it is easy to imagine a
situation where convention almost completely gov-
erns a conversational exchange, a speaker often
manipulates the conventions to help achieve some
goal. When this happens the hearer must be able
to understand the intention of the speaker to be
able to fully understand the utterance.

Most previous work in natural language process-
ing has focused on either intention or convention.
Finding conventions and using them in computer
system interfaces has been the focus of a great
deal of research (for example, Grosz, 1977; McKe-
own,1985; Reichman, 1985; Sidner, 1983). In this
work high level discourse structures are isolated
and automated so that conversational flow appears
natural.

Other research in natural language processing
has focused on the intentional component of lan-
guage. Philosophers of language recognized that
each utterance is an act and, as such, can be
subject to the same sorts of successes and fail-
ures as any other action (Austin, 1962; Searle,
1969). This insight led computer scientists to
study speech acts in terms of planning (Allen &
Perrault, 1980; Carberry, 1986; Cohen & Perrault,
1979; Litman, 1986). In their work, speech acts
function as operators in plans. Conditions that
must hold for the speech act to be used and the
effects of the speech acts are associated with each
operator. This method has been extended to han-
dle difficult discourse such as indirect speech acts,
where the literal meaning of the speech act is not
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intended by the speaker, and ellipsis, where a part
of the utterance must be inferred. Planning meth-
ods provide flexibility by allowing the system to
reason deeply about the intentions of the speaker
and to form new dialogues from actions which can
be put together in any way that follows the plans
of the speaker and hearer.

Planning methods are not cognitively plausible
and may expend computational effort unnecessar-
ily because they do not take advantage of the con-
ventions in language. Carberry and Litman incor-
porate discourse structures into their systems, but
both take a plan-based approach. Our approach
follows convention, whenever possible, as a short-
cut in planning. However, the conventions are rep-
resented in such a way that they are flexible. The
conventions can also be used as plans for inferring
the user’s plan or finding an action for the sys-
tem if the need for that information warrants the
additional computation.

We are implementing our ideas in JUDIS (JU-
lia’s DIscourse System), a system which provides
a natural language interface for Julia (Cullingford
& Kolodner, 1986). Julia is a highly interactive
advice giving system using a variety of problem
solvers to provide assistance in common sense do-
mains. The current version of Julia functions as a
caterer’s assistant helping the user to plan a meal.
In the initial implementation of JUDIS, we have
focused on the beginning portion of conversation,
called the initation phase (Douglas, 1984), to nar-
row considerations to those which are directly af-
fected by a fairly conventional, yet potentially flex-
ible, conversational structure.

MOPS AND CONVERSATION
MOPS

In our view, conversational conventions are
learned from many past experiences with conver-
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sation. These conventions can be used to achieve
the same goals that have been associated with
them in the past. However, since no conversa-
tion is expected to exactly repeat the past, the
representation for conventions must allow general
rules to be instantiated for a specific situation and
must be flexible enough to allow the intentions of
the conversants to impact them.

To represent these conventions, we use MOPs,
or memory organization packets (Schank, 1982).
A MOP is a schematic structure used to or-
ganize long-term, conceptual episodic memory.
Each MOP represents a generalized episode which
satisfies a goal. The building blocks of these
episodes are scenes. Scenes represent pieces of
the episodes and are associated with instrumen-
tal goals (Schank & Abelson, 1977) that are
used to achieve the higher level goal of the
MOP. For example, a MOP to represent buy-
ing theater tickets could include such scenes
as: GET-MONEY, GO-TO-THEATER, GO-TO-
BOX-OFFICE, ASK-TICKET-AVAILABILITY,
SELECT-SEATS, PAY-FOR-TICKETS, and
CHECK-TICKETS. The goals associated with the
scenes and MOPs are important for capturing the
intention in a discourse fragment.

MOPs can be stored in and retrieved from a dy-
namic memory (Kolodner, 1984; Schank, 1982). A
dynamic memory stores MOPs using indices based
on their important features and creates new MOPs
from specific events that share features. In current
implementations, the programmer decides which
features will be important, although this could
theoretically be learned by the memory. A specific
value of an important feature is called a predictive
indez. These are used to find information in the
memory. When a new episode is to be stored, a
place for it is located in memory using the same
indices that will be used to find it. If some pre-
determined number of episodes are found in this
location, a generalized episode is created and the
specific episodes are indexed under the MOP by
their important differences from the MOP. If the
location in which to store an episode already con-
tains a MOP, the episode is indexed under this
generalized MOP.

There is evidence that conversation MOPs rep-
resent conversational structures in human beings
(Kellermann, Broetzmann, Lim, and Kitao, in
press). Kellermann et al. studied the MOPs
shared by members of a society, focusing on con-
versation MOPs that represent informal initial
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conversations such as those that occur between
two people meeting in a grocery store or at a party.

The conversation MOPs that are used in JUDIS
reflect these shared MOPs.! JUDIS currently has
conversation MOPs representing general rules of
conversation, such as turn-taking and question an-
swering, as well as rules for the expected structure
of a complete conversation. A complete conver-
sational system will have very general MOPs for
conversational goals that arise in most conversa-
tions, and more specific MOPs to capture conven-
tions from particular contexts. Since many goals
may be active in one conversation and additional
MOPs will be chosen to guide the conversation in
the given context, many MOPs will apply at once,
JUDIS does not construct a complete plan from
the conversation MOPs, but follows a MOP when
an utterance or a goal of the system brings the
MOP to the attention of the planner. (Details of
this process are discussed below.) This method
allows the system to respond to user utterances
that do not fit into the MOP that the system is
following. The method demands a mechanism for
conversational control that can keep track of the
many active conversation MOPs.

Since Julia is a caterer, JUDIS has a caterer’s
conversation MOP which gives the topics expected
in a conversation between a client and a caterer.
The caterer’s MOP has a scene for the initiation
phase. We have adapted the initiation phase found
by Kellermann et al. (in press) to apply to a com-
puterized caterer’s assistant.

A simplified version of a conversation MOP for
the initiation phase between a computer caterer
and a new client appears in Figure 1. The ini-
tiation phase MOP contains the characters that
appear in this scene. JUDIS assumes that it is
functioning in the role of caterer, but it could use
this MOP if it were the customer of a caterer. The
goal of the MOP is simply to start a conventional
conversation. This goal could be in service of some
other goal such as getting to know someone, get-
ting information, or, in the case of Julia, being a
good and polite businessperson.

The scenes in the initiation phase give the ac-
tions that usually take place in this phase of the
conversation. The scenes in the initiation phase
are fairly well-defined; in later portions of the di-
alogue, scenes may be more vague. For specific

LJUDIS does not currently learn conversation MO Ps, al-
though this is a long-term goal of thia research. We believe
that the MOPs the system has been given are potentially
the products of generalization in a dynamic memory.
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characters: caterer, customer
goal: conventional-conversation
scenes:

greeting

The user and Julia exchange greetings such as “Hello.”

or “Hv.”

introduction

Julia introduces itself; the user may introduce him- or
herself if the user 1d given at login 1s not the user’s name

positive-evaluation

exchange “It’s nice to meet you.” or some other
positive evaluation of the introduction.

ask-health
both can ask “How are youf”
reason-for-presence

Julia asks the reason for the person’s visit
seq-of-events: greeting, introduction, positive-evaluation, ask-health, reason-for-presence
mandatory-scenes: greetings, introduction, reason-for-presence

Figure 1: The Initiation Phase MOP

rules of conversation, scenes may be very general
actions, such as forming a question. Here, infor-
mation from the current context will be used to fill
in specifics of the question at the time the ques-
tion is asked. The order of the scenes is given by
seq-of-events. In this initiation phase MOP the
scenes are totally ordered, but our representation
also allows partial orderings. The scenes listed as
mandatory scenes are expected to occur in this
phase simply because of convention, not due di-
rectly to the active goals of the system.

Scenes which are not mandatory but which
are present in the MOP are considered optional
scenes. The system initiates an optional scene if
it wants to achieve the associated goal. If the user
initiates an optional scene, the system can infer
that the user had the associated goal. Optional
scenes give the conventions some flexibility by giv-
ing the system a conventional way to solve a goal,
so it does not have to do extensive planning, but
not forcing execution if the associated goal does
not need to be achieved.

Later portions of the conversations with Julia
will be controlled more by the system’s and the
user’s problem solving. The goals associated with
conversation MOPs can account for intention in
conversation, and the use of MOPs in the prob-
lem solving systems of Julia allows the problem
solving plans of the user to be available to JUDIS.
The caterer’s conversation MOP allows JUDIS to
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have reasonable expectations of topics to be cov-
ered during the entire course of conversation, with-
out expending a great deal of computational ef-
fort. This overview allows JUDIS to integrate
questions and information from Julia’s different
problem solvers. If an utterance requested by one
of Julia’s subsystems does not relate to the cur-
rent topic and the utterance is not too important
to the problem solver, the system can check to see
when the topic will be discussed and include the
utterance at the appropriate time.

AN OVERVIEW OF JUDIS

The current focus of JUDIS is on using conversa-
tion MOPs in the initiation phase. This phase
is guided almost exclusively by its conversation
MOP. The conversants are concerned with begin-
ning the conversation, not with any problem that
may be discussed later. This limits the initiation
phase to goals that are related to conversation and
not problem solving. The goals associated with
the optional scenes will be persistent goals, like
polite-conversation, that will set the stage for the
rest of the conversation. To infer the user’s plan
we do not need to look at possible problem solv-
ing strategies. The system can also ignore relat-
ing problem solving to its own planning at this
stage. Although we do not consider highly irreg-
ular dialogues, the initiation phase does contain
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optional scenes which allow us to study several
aspects of the system’s potential flexibility. The
initiation phase also forces the system to handle
several MOPs which account for the same utter-
ance.

Finding the Initial MOPs

Initially, JUDIS must choose which MOPs are per-
tinent to the conversation. It starts with the goal
of being a good caterer which includes the goals
for carrying out a coherent conversation. The con-
text of being in the catering environment is used to
select the caterer’s conversation MOP from mem-
ory. The familiarity of the caterer with the client
is used as an index into memory to select the MOP
for the initiation phase.

Other conversation MOPs are also selected from
the memory at this time. The MOP for turn-
taking is selected because of the goal to have a
conventional conversation. This MOP is used in
so many contexts and has become so general that
it is selected whenever the system participates in
a conversation.

Serendipitous Goal Satisfaction

There are three different levels of activation that
can be associated with a MOP. A dormant MOP
is in memory and is available to be activated by
the conversation system, but is not associated
with any active goal of the system or does not
apply in the current context. In the case of a
new user logging into Julia for the first time, the
initiation MOP for familiar users would remain
dormant throughout the session. The question-
answer MOP is dormant at the start of the dia-
logue because it is not needed to satisfy any goals.
An active MOP is associated with a goal that is
active, but the MOP is not currently executing.
If JUDIS has a question that it is waiting to fit
into the conversation, the question-answer MOP
for that question is active. MOPs are also active if
they are the scenes of active MOPs. For example,
while the initiation MOP is executing, the later
scenes of the caterer’s conversation MOP are ac-
tive by virtue of being part of the active caterer’s
MOP. The initiation MOP is considered to be an
executing MOP because it represents a plan that
is currently being followed.

When an executable act or episode being per-
formed to satisfy a scene in one MOP also satis-
fies a scene in another MOP, we refer to this as
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serendipitous goal satisfaction. We do not seek to
minimize the number of actions executed by find-
ing serendipitous goal satisfaction because we try
to limit the amount of computing, not the number
of generations, performed to achieve the conversa-
tional goal. We believe this method more closely
reflects human processing. Very often serendipi-
tous goal satisfaction occurs as part of executing
a MOP and does not need to be coerced. For ex-
ample, a question-answer sequence always satisfies
turn-taking.

It is important to recognize when serendipitous
goal satisfaction has occurred because it allows
JUDIS to avoid repeating plan steps (usually ut-
terances) unnecessarily. It is also important be-
cause serendipitous goal satisfaction can change
the flow of conversation. To find serendipitous
goal satisfaction, whenever an utterance is made,
JUDIS checks the active MOPs to see if the ut-
terance can be used to execute a scene in one of
them. If it can be, that MOP is seen as executing
serendipitously.

JUDIS currently only considers active MOPs
when finding serendipitous goal satisfaction. We
adopt this strategy to help the planner to maintain
its focus. When serendipitous goal satisfaction oc-
curs as the result of an action by the system, if a
MOP were important to the goals of the system it
would already be active. If the action forced the
conversation into following a dormant MOP that
was partially satisfied by the action, the system
would find the MOP while trying to understand
the user’s utterance. If the user’s utterance ex-
ecuted a scene that was dormant, JUDIS would
execute the currently active MOPs, if it could, to
respond to the utterance. However, as we work
with more complicated portions of dialogue, we
may find that we need to examine dormant MOPs
more carefully.

Selecting a MOP for Execution

When serendipitous goal satisfaction occurs, more
than one MOP is executing. The system cannot
simply follow the MOP that it originally chose
to execute, since it is not the case that follow-
ing the originally chosen MOP will guarantee the
continued satisfaction of the MOP that is execut-
ing due to serendipitous goal satisfaction. Some-
times the way the original goal is achieved de-
mands a response from outside of the chosen
MOP. If one person wanted to get the atten-
tion of another, he or she could say “Hello” or
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“What’s up?”. “Hello” leaves room for a wide va-
riety of responses available in the initiation MOP,
but “What’s up?” throws the dialogue into the
question—answer MOP and demands an answer.
The plan for conversation can also be disrupted by
the user. Consequently, the system must choose
which scene to execute next.

The choice of the next scene to execute is af-
fected by three factors. As is usual in plan-
ning systems, goals are given different priorities
and the higher the priority of the goal, the more
likely a plan for the goal will be chosen for execu-
tion. This is especially important in later phases
of the dialogue when an urgent need of problem
solving may require the dialogue to be disrupted.
The priority of a goal is usually set by its func-
tion in the problem solving task, although goals
concerned only with maintaining the conversation
have a high enough priority to keep the dialogue
coherent. Since many of the most general rules
of conversation are satisfied in the course of ap-
plying other conversation MOPs, such as satis-
fying turn-taking while executing the question-
answer MOP, conversation goals such as polite-
conversation are given a low priority so that the
more specific MOPs have a chance to be executed.

Conversation MOPs are powerful because they
can give more guidance than just associating a
plan with a goal. The other two factors affecting
MOP selection concern the relationship between
scenes. The strength of the sequencing, whether
or not the executed scene must be immediately fol-
lowed by the scene being considered for execution,
affects the choice of the next scene. If a ques-
tion has been asked, it is important to answer it
with the next utterance. On the other hand, if
the appetizer scene has just been discussed, the
main course does not have to follow immediately.
Another factor to consider in selecting a scene is
whether the scene being considered is mandatory
or optional. It is important to execute manda-
tory scenes before optional ones to decrease the
likelihood of the dialogue being terminated while
mandatory MOPs are left unexecuted.

We use a simple activation model for scene selec-
tion. Each of the three factors above contributes
to the activation of a MOP. The activation con-
tributed by the goal remains proportional to the
priority of the goal. The priority of the goal may
increase or decrease, and when this happens the
activation that it contributes to the scene will
increase or decrease. As long as a goal’s prior-
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ity stays constant, the amount that it contributes
to the scene’s activation remains constant. How-
ever, the activation contributed by position and
whether or not a scene is mandatory in the MOP
is allowed to decay. This happens because as the
time from one utterance to the next utterance in
the MOP increases, executing the next scene in
the MOP becomes less important. Sometimes the
distance is so great that a topic shift must be ex-
ecuted in order to execute the scene.

For example, suppose one conversant asked two
questions in a row without allowing the respondent
to answer the first. The other conversant must de-
cide which question to answer. Suppose he or she
answered the first question first and this led to a
discussion of the answer. The longer the discus-
gion continued, the less likely it would be that the
second question would be answered. This loss of
interest is reflected by the decay of activation in
our system.

The activation model also has implications
for processing optional scenes. Since optional
scenes need stronger activation from the goal than
mandatory scenes do, for the system to execute
an optional scene the associated goal for the scene
must be active.

Two Examples of Initiation Phases

An example of an initiation dialogue that could
occur between a user (U) and Julia (J) appears in
Figure 2. From the login, Julia knows that this
is a2 new user. The user says “hello” as part of
the exchange greeting scene. This also counts as
a turn for the user, so the turn-taking MOP is
executing as a result of serendipitous goal satis-
faction. The scene of returning the “hello” must
follow the user’s “hello”, so JUDIS responds with
“hello”. The next scene in the initiation MOP is
the introduction, so JUDIS has Julia introduce it-
self. There are no mandatory scenes in the ini-
tiation scene and no scene must follow the in-
troduction, so JUDIS waits for the user to take
his turn. Since the user must execute this scene,
the system can only wait. The user says “How
are you today?” which increases the strength of
the conversational goal of polite-conversation. The
“ask-health” scene contains an answer to “how are
you?” built into its MOP. When someone says
“how are you?” to a person he or she has never
met, the hearer does not actually answer the ques-
tion, but always says something positive. JUDIS
knows how to respond from the initiation MOP
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U1l: Hello.
J1: Hello.

J2: My name is Julia.

U2: How are you today?

J3: Fine.

J4: How are you?

U3: Fine.

J5: May I help you plan a meal today?

Figure 2: Example Initiation Phase 1

and does not need to find the question-answer
MOP. This scene continues with the system asking
the user’s health. The next scene to be selected
for execution is reason-for-presence scene. There
are no other scenes in the initiation phase, so this
scene is chosen. It matches the caterer’s goal of
catering and can now be executed since manda-
tory scenes are not taking precedence.

In the first example, the user had the goal of
being polite at a high enough priority that he ex-
ecuted the optional goal. But if the user did not
have this goal, utterances U2-U3 would be left out
of the dialogue. The new dialogue would be exe-
cuted in the same way as the previous example
for the first two utterances. As before, both the
initiation MOP and the turn-taking MOP are ex-
ecuting. The initiation MOP has many optional
scenes and no scene which needs to directly fol-
low the introduction. Julia has a goal to cater,
and the reason-for-presence scene is mandatory,
but the scene does not need to closely follow the
introduction so it does not have enough activation
to be selected for execution. The user utterance
in the turn-taking MOP must immediately follow
a system utterance, so that scene is selected for
execution. Since the scene must be executed by
the user, JUDIS waits. But as the system waits,
the contribution made by the strength of the con-
nection between the scenes decays. Eventually, it
decays enough that the decision for the next MOP
relies mostly on the goals; “May I help you?” is
executed since its goal has more strength than the
goal of polite-conversation that is associated with
turn-taking.

CONCLUSION

JUDIS handles a restricted conversational behav-
ior, but we believe it can be extended to handle
much more complicated parts of a dialogue. Some
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of the power of our conversational controller will
be derived from its association with a dynamic
memory and with problem solvers. The dynamic
memory is useful for finding the appropriate MOP
for a given context. The problem solvers can be
used to infer general information about the world
needed to understand a conversation. Their prob-
lem solving capabilities can be used to help plan
conversation when active MOPs do not specify
enough detail. As we continue our research, the
conversation MOPs themselves will need to be ex-
panded as the system handles dialogue that is less
constrained. The factors contributing to the ac-
tivation of a MOP will have to be expanded. We
will also have to consider more complicated MOPs,
such as those for topic switching.

As we move further into the dialogue, we will
need to explore how problem solving affects the
use of convention. Here, the intentional compo-
nent of natural language processing will be even
more important and a user’s plan will more often
need to be inferred. The system will also need to
make general MOPs more specific by filling in in-
formation from the problem solving context. The
problem solving systems and the user will place
more demands on JUDIS’s flexibility and will re-
quire many MOPs to be active at one time.

Although we must continue to develop our sys-
tem in order to handle more interesting conver-
sational phenomena, our current implementation
has given us a solid base to work from. We
have used the philosophy of minimizing cogni-
tively implausible reasoning effort in a system that
can be integrated with more intensive reasoning
when necessary. By using conversational MOPs
to represent conversational rules, we have laid the
groundwork for a system which can be flexible
while retaining the efficiency of following conven-
tions.
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