Understanding and Presentation of Conceptual

Information based on Planning

Kuniaki UEHARA and Minoru T

ANIGUCHI

Department of Computer Science and Systems Engineering

Kob e Universit y

Nada, Kob e 657, JAP AN

e-mail: uehara@kobe-u.ac.jp

1 Intro duction

Almost all current dialogue systems are generalization-based, in the sense that they use

explicit abstract generalizations. Within computational linguistics, two main approaches

hav e dominated, the �rst using schemata to constrain the overall organization of the text

[4], and the second using plan op erators to generate a sequence of utterances given particular

communicativ e goals (i.e. traditional planning) [2][5].

Schema-based approaches cannot participate in an interactiv e dialogue with users. In

particular, they cannot elab orate on previous utterances or resp ond to follow-up questions in

the context of the on-going dialogue. The problem is that they fail to provide an explanatory

account of why and how a particular schema is structured in a particular way

, and as a

result are not easy to adapt to a particular discourse. This means that they view generating

responses as a one-shot pro cess. That is, a system is assumed to have only one opp ortunity

to pro duce a resp onse that the user will �nd satisfactory .

In order to pro duce a suitable context for follow-up questions, schema-based approach

requires an enormous amount of detailed knowledge ab out the user, i.e., user mo del. How-

ever, it will b e imp ossible to build such complete and correct user mo dels. An alternative

requirement is that they must contain a schema that precisely matches the dialogue b eing

processed. F urthermore, exp ectations represented in a schema must b e at a very sp eci�c

level. But this means that new dialogues must �rst b e analyzed in detail to determine

the appropriate schema. In short, schema-based approach is stymied when confronted with

situations that stray even slightly from its sp eci�c exp ectations.

Plan-based approaches are limited b ecause they know nothing of stereotypes, and they

treat each dialogue as completely novel. This limitation do oms them to p erform exp ensive

text planning every time they recognize a new instance of dialogue. F urthermore, researchers

who take this approach must concentrate on metho ds of controlling the combinatorial ex-

plosion inherent in the text planning pro cess. Finally

, since the form in which knowledge is

av ailable from p eople is di�erent from the form in which knowledge is represented in dialogue

systems (i.e. representation mismatch), it is di�cult to transfer the "deep" text planning

knowledge from human to machine, and, thus, the text planning knowledge in a dialogue

system do es not su�ce to resp ond to follow-up questions.

In this pap er, we will prop ose a case-based text planning approach to dialogue systems

in which feedback from the user is an integral part of the text planning pro cess. Case-based

text planning approach has the following advan tages: (1) text planning pro cess can start

immediately after a case base had b een constructed, (2) as discourse situation changes, the

dialogue system can re-plan resp onses reactively

, which allows the system to accept various

follow-up questions from the user, by revising the current plan suggested by the retrieved case, (3) computational cost will b e reduced since sub-optimal solutions can b e retrieved

without p erforming complex text planning which must b e done in a traditional planning

approach, (4) the system may use information in a user mo del if it exists, but not require

it.

2 Case-Based T ext Planning

2.1 Basic Ideas

Case-based planning is the paradigm that devises new plans by retrieving and adapting

old ones from memory . F ollowing Larry Birnbaum [1], an explicit mo del of case-based

planning is as follows: Problem anticipation is the pro cess of predicting problems in planning

for a given goal. Plan retrieval is the pro cess of searching for a plan that satis�es the goal

while avoiding problems. Adaptation is the pro cess of mo difying the plan to satisfy the goal.

The basic mo del of case-based planning is obviously incomplete if we adopt the mo del as

the text planner of a dialogue system. It is incomplete b ecause this mechanism ignores the

following problems:

1. Users frequently ask follow-up questions requesting clari�cation, elab oration, or re-

explanation.

2. Users may misunderstand the explanation if they don’t have enough or accurate knowl-

edge ab out the domain.

In order to deal with the former problem, we can make use of a reactive approach which

employs feedback from the user to guide subsequent dialogues. T o accomplish this task, the

system must not only b e able to generate and execute text plans, but must b e willing to

interrupt and mo dify them, when the user asks a follow-up question or indicates that he

does not understand the explanation.

A plausible way to deal with the latter problem is to assume that it will b e p ossible

to build complete and correct user mo dels, although this assumption is questionable. By

throwing out the user mo del assumption, we will adopt an alternative approach where

the system learns to anticipate and avoid user’s misunderstanding that it has previously

encountered. When the misunderstanding re-o ccur in later situations, the text planner

is reminding of the past misunderstanding and this reminding serves as a warning to the

text planner that it has to plan for the fact that this misunderstanding is going to o ccur

again. The text planner also stores the repaired plans that were built in resp onse to past

misunderstanding.

2.2 Case-Based T ext Planning

The system we use for controlling and carrying out the reactive dialogue system is called

case-based text planner. If the communicative goal is extracted from the user’s utterance,

the goal is sent to the case-based text planner. The planner retrieves the previous problem

case that has the similar p otential for the same problem to achieve the communicative

goal. After predicting the problem, the planner retrieves the plan case that satis�es the

communicativ e goal as much as p ossible. If not, the planner tries to build up the new plan

from scratch by applying a base of plan op erators. The constructed plan is treated as a

tentativ e plan case by the planner.

Generally

, b oth the retrieved problem case and plan case do not �t in with the current

communicativ e goal completely

. Therefore, they must b e adapted to satisfy the goal. After adaptation, problem case and plan case are integrated into a new plan case. With a plan

case of this kind of integration, the planner is able b oth to prevent the previous problem

as a p ossibility for the current situation and to provide the solution to achieve the user’s

communicativ e goal.

At this moment, the integrated plan is ideal in the sense that it is a �xed, static plan for

a highly predictable situation in which the user’s utterance can b e anticipated completely .

How ever, in a real world domain, user’s utterance cannot b e anticipated, the dialogue cannot

be controlled, and detailed plan cannot b e built in advance. In order to avoid this de�ciency ,

the plan is executed by observing the user’s feedback a step at a time. If the feedback is

di�erent from the one that is exp ected by the planner, the planner mo di�es the p ortion of

the plan to pro duce the desired resp onse. This mo di�ed text plan is also recorded as the

plan case for future use.

3 Case Representation

3.1 Plan Case

Plan case is represented as a netw ork, in which each no de corresp onds to the system’s

atomic communicative action . Communicative action is denoted as a predicate whose

arguments sp eci�es the utterance situation. Communicative action can b e realized as a

v ariety of surface form. Each no de in a network is connected by arcs which are lab eled

with the user’s feedback. User’s feedback is also characterized by the kind of information

it conveys. In addition, an arc lab eled with grounds sp eci�es the domain knowledge from

which the system’s communicativ e action is derived. The domain knowledge plays a part in

constraining the adaptation of the plan case.

The plan case is indexed by the initial goal which is one of the user’s feedback. The

planner uses the conceptual hierarchy ab out the domain to determine the similarity of the

user’s goal and initial goal in the plan case. The similarity metric used in our implementation

is called knowledge-based pattern matching. Fig. 1 depicts the simpli�ed version of a plan

case.

Figure 1: The simpli�ed plan case

3.2 Problem Case

Studying advisory consultation b etw een humans, we found that advice-seekers frequently

commit an error b ecause of their careless mistake, missing knowledge, mistaken knowledge,

or oblivion. These errors are stored as a problem case. The problem case serves as a warning

to the planner that it has to plan for the fact that this problem is going to o ccur again.

Problem cases are represented as frame or slot-and-�ller notation. The problem case is

indexed by the content of situation slot. The planner also uses knowledge-based pattern

matching to determine the similarity of the user’s goal and the value of situation in the

problem case.

156

Problem description of the user’s problem

Situation contextual situation where the failure was o ccurred

Solution solution to recover the failure

Prevention pr evention to avoid the failure

Figure 2: Problem case representation

4 Answering Questions

Users frequently do not state their problem directly

. Instead, they may exp ect the system

to infer their problem from their utterance. Thus, if the user asks a question or indicates

that he may have the problem, the planner analyses the question and extracts the user’s

problem by using heuristics shown in Fig. 3. After �nding the user’s problem, the planner

searches for b oth the problem case and plan case so as to �x the user’s problem.

Oblivion:

goal(Situation), user knowledge(Situation) -> forget(Situation).

Careless mistake:

not(intend(Situation)), fact(Situation) -> careless mistake(Situation).

Insu�cient understanding:

executed(Action, fail), recover to fail(Situation) ->

insu�cient understanding(Situation).

Incorrect understanding:

executed(Action, succeed), recover to fail(Situation) ->

incorrect understanding(Situation).

Figure 3: Heuristics to �nd out the user’s problem

If the user interrupts in the middle of the explanation with some feedback, the planner

must b e able to resp ond to the feedback, yet resume the previous interrupted dialogue plan

in a clear way so that the explanation may b e completed. Fig. 4 enumerates and exempli�es

the user’s feedback, although some of them were b orrowed from [5].

understanding "Uh huh", "I see"

a�rmation "I found it.", "I’ve done it"

rep etition " So x, y

, and z caused the problem."

negation "No"

answering(X) "That is X"

elab oration(X) "What is X?"

confusion "Huh?", "What do you mean?"

causal "How?", "Which causes what?"

rejection "Shut up", "Quiet!"

temp oral "And then?", "Next?"

interruption "Incidentally", "Did you hear ab out?"

goal(X) "I want to p erform X"

Figure 4: User’s feedback [5]

157

User’s feedback guides the selection of appropriate tweak rules during the mo di�cation.

Tweak rules given in Fig. 5 are asso ciated with the user’s feedback shown in Fig. 4 resp ec-

tively .

F eedback Tweak rule

understanding do nothing

a�rmation do nothing

summary op insert(agreement, current)

elab oration(X) op insert(plan(know con(X)), current) &

op copy(previous, next)

confusion op insert(alternative, current)

rejection op jump(current, end)

temp oral do nothing

interruption op branch(plan(NewGoal)) or

op insert(rejection, current)

Figure 5: Tweak rules

Tweak rule consists of a set of atomic transformation op erators. Fig. 6 shows a set of

some atomic transformation op erators. F or example, general insertion op erator inserts a

sequence of communicative actions into the current plan case. Subgoal-preserving substi-

tution op erator substitutes an communicativ e action in the current plan case by another

communicativ e action (or sequence of communicative actions) that pro duce the same e�ect.

This op erator is useful if the user’s feedback in the original plan case cannot b e satis�ed, or

if the presence of a particular communicativ e action violates the user’s goal.

Figure 6: Atomic transformation op erators

5 Conclusion

This pap er describ es an approach to reactive text planning based on the idea of case-

based planning. The system describ ed here were implemented as a natural language consul-

tation system for the UNIX op erating system, called ASSIST-R. Users can ask ASSIST-R

158

how to do things in UNIX, get de�nitions of UNIX terminology

, and get help debugging

problems in using commands. Currently

, we are using an adaptation of Dyer’s McDYP AR

[3] for the Japanese query analyzer and Japanese T ree Adjoining Grammar for text gener-

ation mechanism [6]; however, since the fo cus of our research is text planning, we make no

claims ab out parsing and text generation.

References

[1] Birnbaum, L. and Collins, G.: A Mo del-Based Approach to the Construction of Adap-

tive Case-Based Planning Systems, Pro c. of 1991 DARP

A Case-Based Reasoning

W orkshop, pp.215-224 (1991).

[2] Cawsey

, A.: Planning Interactive Explanations, Int. J. Man-Machine Studies, V ol.38,

pp.169-199 (1993).

[3] Dyer, M.: In-Depth Understanding: A Computer Mo del of Integrated Pro cessing for

Narrative Comprehension, MIT Press (1983).

[4] McKeown, K. R.: T ext Generation: Using Discourse Strategies and F ocus Constraints

to Generate Natural Language T ext, Cambridge University Press (1985).

[5] Maybury

, M. T.: Communicative Acts for Explanation Generation, Int. J. Man-

Machine Studies, V ol.37, pp.135-172 (1992).

[6] Uehara, K.: Japanese T ree Adjoining Grammar and its Application to On-Line Help

System NeoAssist, Pro c. of the 1st International W orkshop on T ree Adjoining Gram-

mars, pp.88-100 (1990).

[7] Uehara, K. and Ogino, H: A Case-Based Approach to T ext Planning, Pro c. of the

IASTED International Conference on Arti�cial Intelligence, Exp ert Systems and Neu-

ral Networks, pp.123-127 (1994).

Key W ords: Dialogue system, case-based planning, text planning