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ABSTRACT

This paper describes a method of predicting user's next utter-
ances in spoken dialog based on two kinds of dialog models,
SR-plan and TPN. The SR-plan is a low level model of interac-
tions composed of a stimulus and a response and the TPN is a
high level model representing transitions of topics in dialogs.
The dialog manager predicts next utterances and provides the
language processing unit with templates of case frames which
are associated with SR-plans and instantiated according to the
preceding utterances and the topic information. An experiment
shows that the utterance prediction improves the performance
of the utterance recognition and drastically reduces the search
space in terms of candidates in the input word lattice.

Keywords: Dialog model, Utterance prediction, Spoken dialog
understanding

1. INTRODUCTION

The spoken dialog understanding system is one of the uitimate
goals of speech research. The integration of techniques of sig-
nal processing and pattern recognition based on the bottom-up
processing is not sufficient for realizing the spoken dialog un-
derstanding system. High level knowledge, such as knowledge
about linguistics, background domain, dialog, and so on, is re-
quired for compensating the incompleteness of speech recogni-
tion. The knowledge about dialog is particularly useful for un-
derstanding the cooperative and goal-oriented spoken dialog
because it proceeds under some constraints of dialog [1]{2]; that
is, participants of dialog neither ignore the opponent's utter-
ances nor suddenly change the topic into a non-related one to it.
A way of efficient use of dialog knowledge is next utterance
prediction which provides the language processing unit with
some useful constraints on meanings and a vocabulary in the
utterance. We have already proposed a mechanism for predict-
ing the next utterance of the user in computer-human interaction
dialog based on utterance pair, which is modeled in terms of the
SR-plans [3]. The SR-plan is a low level model capturing basic
structure of dialog. In this paper another dialog model, TPN
(topic packet network), which is a high level model representing
topic transitions in dialogs is introduced in order to improve
performance of prediction. Thus, two levels of dialog model are
integrated in a mechanism for predicting the user's next utter-
ances.
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2. DIALOG MODEL

We have been developing a general speech interface system
which is independent of the dialog domain, aiming at speech
communication with various intelligent performance systems
(IPS) [4]. Fig.1 shows the block diagram of the speech interface
system. In order to keep the portability, the dialog manager in
the interface system is designed so as to use as less domain-
dependent knowledge as possible. In general, we can find at
least two kinds of structures in dialog: one is utterance pairs and
another is discourse segments [5]. In our dialog manager,
named MASCOTS, the former is modeled by the SR-plan and
the later by the TPN.

2.1, SR-plan

In a goal-oriented dialog, utterances are roughly classified into
two types: a stimulus (requirement) utterance making a ques-
tion, asking something to do, and so on, and a response utter-
ance responding to the stimulus. That is, the goal-oriented dia-
log consists of utterance pairs whose components are the stimu-
lus and the response to it. To grasp the characteristics of the
dialog structure, we introduced the concept of SR-plan which
represents an interaction of stimulus and response.

There are two types of SR-plans: one is the system SR-plan
which is for dealing with an interaction constructed by an IPS's
stimulus and a user's response, and the other is the user SR-plan
for a user's stimulus and an IPS's response. We classified SR-
plans into 17 categories according to the types of interactions.
Fig.2 shows the structure of the SR-plan. An SR-plan basically

N
PS |

Fig.1 The block diagram of the speech interface system.
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System SR-plan User SR-plan
stimulus of the IPS stimulus of thr user
response of the user response of the IPS
(evaluation of the IPS) (confirmation of the user)

Fig.2 The structure of SR-plan.

consists of a sequence of stimulus and response, and a system
and a user SR-plan can optionally contain an IPS's evaluation
and a user's confirmation, respectively.

The prediction using the SR-plan is based on the dialog
characteristics that the response comes after the stimuli. Hence,
the SR-plan architecture is very powerful to prediction of user's
next response because the response pattern can be easily associ-
ated with the preceding stimulus. However, it is difficult to pre-
dict the user's stimulus by using only the SR-plan because the
SP-plan does not provide any constraints on meanings of stimu-
lus utterances.

22.TPN

Topic transitions in a dialog can be viewed as a sort of hierar-
chy. In other words, the dialog begins with a rough topic and
narrows down to more elaborated ones, and often comes back to
the previous topic explicitly or implicitly. In addition, a topic
can be elaborated into limited descendants. We believe that the
relationship between a topic and its descendant topics is often

name:
Transportation-Info
name:
p super:
Air-Intake-System <TRANSPORTATION>
super: -
<AR-INTAKE> body:
body:
<CARBURETOR> [ _<TRANSFER> |
[ <AIR-CLEANER> | | <T0> ]
[ _<CHARGER> ] I <TIME>
[ <BULB-SYSTEM> | [ <FARE> |
(@) - )
Fig.3 Examples of topic packets.
. name: TP2
Current topic super.
<Topicl-3>
name: TP1 body:

name: TP3
super:

\
Topics after topic shift

\
Topics after topic termination Topics after topic elaboration

Fig.4 Predicted topics after three types of topic transitions.
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independent of individual dialogs. We define such a set of de-
scendants as a TP (topic packet). For example, in a dialog for
designing a car, after the air intake becomes the current topic,

_the relevant topics may include a carburetor, an air cleaner, a

charging mechanism, and a bulb system. The TP of <Air-In-
take-System> shown in Fig.3 (a) explains such topic transitions.
These topics may also appear in other dialogs for different pur-
poses, such as the diagnosis of a car. The TP which represents a
local topic transition is basically usabie for several types of dia-
logs. Fig.3 (b) shows another example of the TP.

Topic transitions in a dialog are modeled as traversing in a
network of TPs, which is composed of some TPs linked each
other and is named TPN (topic packet network). Each TP has a
super-topic. When a topic moves to an elaborated one as the
dialog continues, another TP whose super-topic is the previous
topic is activated and one of the topics in it becomes the current
topic. In general, topic transitions can be classified into three
types:

(1) topic shift,

(2) topic elaboration, and

(3) topic termination.
In the TPN, these transitions are easily represented as a move to
another topic in the same TP, a move to the descendant TP, and
a return to the ancestor TP, respectively. Fig.4 shows three
types of topic transitions in the TPN. Of course, the topic may
not change in the next utterance and this case is classified into
topic continuation.

If topic transitions are described as a large network of each
topic, it is too difficult to apply the network to another task of
dialog. The introduction of topic packets increases the reusabil-
ity of topic information because the local relationship between
topics appears in many other dialogs. The TPN is intro-
duced in order to compensate shortages of the SR-plan. Al-
though the SR-plan does not have information on meanings, the
TPN gives constraints on meaning of the user's next utterance
by narrowing the range of potential topics in it.

3. MECHANISM OF UTTERANCE
PREDICTION

The mechanism of the utterance prediction is based on tem-
plates which are involved in SR-plans and instantiated accord-
ing to the IPS's last utterance and the topic information.

3.1. Templates for Predicting Next Utterances

Each SR-plan has several slots as shown in Fig.5. The <RE-
SPONSE-TYPE-> slot in the system SR-plan is composed of
some templates one of which is expected to match the user's
next utterance. After <QUESTION-FRAME> was filled by
analyzing the IPS's last utterance, which activates the system
SR-plan, the templates in the <RESPONSE-TYPE> slot are in-
stantiated. Since an activated system SR-plan is waiting for the
user's answer, word categories of expected major points in the
answer are described as <CATEG-ANSWER>. For example,
the first and the second templates in the <RESPONSE-TYPE>
slot in the SP-ASK-COMPONENT shown in Fig.5 (a) will
match with the utterances such as 'Watashi wa Osaka-Daigaku
he ikitai (I'd like to go to Osaka University)' and 'Watashi ga

_ ikitaino wa Osaka-Daigaku desu (The place I'd like to go is

Osaka University)', respectively, when the preceding IPS's ut-
terance is 'Anata wa doko ni ikitaino desuka? (Where would you
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:PREREQUISITE

( *interrogative-word* *do?* )

:SYSTEM-UTTERANCE
Anata wa doko ni ikitaino desuka?
( "Where would you like to go?')
:QUESTION-FRAME
((actor (*n-agent))
(act (*v-move))
(place (*n-space *n-organization)))
:CATEG-ANSWER
*n-space  *n-organization

:RESPONSE-TYPE

1. QUESTION-FRAME

2. ((actor (QUESTION-FRAME))
(state (CATEG-ANSWER)))

3 .

\. J

(a) System SR-plan

:STIMULUS-TYPE

1. (#case-frame# *do?*
(#interrogative-slot#
(#interrogative-word#)))
2. ((actor ((#case-frame#) #icomponent#))
(state (#interrogative-word# *do?*)))
3 .

(b) User SR-plan
Fig.5 Prediction templates in SR-plans.

like to go?). Here, the word-category of '*n-organization' in
<CATEG-ANSWER> can match with 'Osaka-Daigaku’. Thus,
in order to accept various expressions for the user's answer, the
<RESPONSE-TYPE> slot should be described in terms of ab-
stract templates.

The user SR-plan also has some templates in the <STIMU-
LUS-TYPE> slot for predicting utterances. However, these
templates can not be instantiated by using preceding IPS's utter-
ances because the user SR-plan is activated by the user's utter-
ance to be predicted. Therefore, the templates in the user SR-
plan is instantiated based on the topic information. We classi-
fied topic-dependent information in the sentences into five
kinds of topic components as follows.

(1) #case-frame#

Utterances under a particular topic contain limited number
of words, especially verbs. Since proposition involved in the
utterance is much dependent on the topic, this topic component
expresses it in terms of the case frame of verbs. While the
<QUESTION-FRAME-> slot in the system SR-plan is a seman-
tic representation for the IPS's utterance, the #case-frame# is
associated with each topic and will match with the user's utter-
ance.

(2) #component#
The #component# is used only in the user SR-plan UP-
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1. ((actor (*n-human))
(act (*v-getoff *do?*))
(s-from (*n-transportation))
(place (*where*)))
2. ((actor (((actor (*n-human))
(act (*v-getoff))
(s-from (*n-transportation))) *n-station))
(state (*where* *do?*)))

3. .

Fig.6 An exampie of prediction templates instantiated by the
topic.

ASK-COMPONENT, in which the user asks objects or loca-
tions of an action. This is an abstract noun concept for such
objects or locations.

(3) #interrogative-words#

The #interrogative-words# represents what word replaces
the #component# in the WH-questions. This is also used only in
the UP-ASK-COMPONENT.

(4) #way#

The #way# corresponds to nouns representing a method and
is used only in the UP-ASK-WAY in which the user asks how to
do.

(5) #interrogative-slot#

The #interrogative-slot# indicates the case slot in the #case-
fame# which contains #interrogative-words#.

The templates for prediction in the user SR-plan are formed
with these topic components. How to instantiate topic compo-
nents is a priori prepared for each topic. Fig.6 shows an ex-
ample of instantiation of templates, which are shown in Fig.5
(b), when the topic is <TO>.

3.2. Constraints of topic

If there are activated system SR-plans, both the system and the
user SR-plans are used for prediction. Otherwise, only user SR-
plans are used because the user never answer in that case. A
plausible topic in the next user’s utterance is constrained by the
TPN model. That is, the topic continuation or one of three types
of topic transitions, mentioned in 2.2, is acceptable in the user's
next utterance. Furthermore, when the IPS's last utterance is a
stimulus and activates a system SR-plan, the topic shift and the
topic termination can be removed from the prediction range of
the next topic because they mean that the user ignores the IPS's
stimuli.

All topics included in such a prediction range becomes can-
didates of the next topic. One of the candidates is selected as the
most plausible topic using bottom-up information of the word
lattice which is generated by the speech recognition unit. This
process is carried out based on the scoring for each candidate
topic according to the keyword matching with the word lattice.
To this end, several keywords are associated with each topic.
The language processing unit analyzes the word lattice using
the templates instantiated according to the most plausible topic
and the IPS's last utterance. If the analysis succeeds, it results in
the identification of the topic and the type of the topic transition.
Otherwise, the lattice analysis is repeated under the next plau-
sible topic. When the user's utterance is a response, topic con-
tinues.
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4. EVALUATION

We implemented a TPN shown in Fig.6 in the prototype system
and carried out an experiment of utterance recognition with pre-
diction on only 10 user's utterances in a small sample dialog
which contains 20 utterances. The task of the dialog is how to
get to the destination. The TPN was generated by hand based on
the several simulated dialogs with the same task as that of the
test dialog. The input word lattice is generated by simulation of
speech recognition. We assume that the user speaks bunsetsu
by bunsetsu, which is a Japanese syntactic unit.

Table 1 summarizes the recognition result of the user's utter-
ances. In the recognition without the TPN, the templates for
prediction consist of word categories representing many words
which potentially appear in the task and many instantiated tem-
plates are generated namely due to various verbs. The introduc-
tion of the TPN model suppressed the template generation using
only words associated to the assumed topic and lead to the im-
provement of recognition for two utterances (U6, U12).

Table 2 shows that constraints on dialog knowledge can
prune the word lattice. Introduction ofboth the SR-plan and the
TPN reduced more 40% of words in the lattice. When the topic

(" Desination-TP )
<EVENT>
Route-Infomation-TP ' <ADDRESS>
<STARTING-POINT> <NEAREST-STATION>
<DESTINATION>
<TRANSPORTATION> -
<TIME> Transportaion-TP Transfer-TP
<FROM> TIME>
<TRANSFER> <FACILITY>
<ro> SIGN>
<DESTINATION>
<ITME>
<FARE>
<CONVENIENCE>

Fig.6 A TPN for dialogs on route information.

is correctly identified, about 60% words can be reduced drasti-
cally.

5. CONCLUSIONS

This paper describes a method of utterance prediction based on
dialog models, which are based on two characteristics of dia-
logs: (1) a response comes after a stimuli, (2) topics do not sud-
denly change into non-related ones. We would like to describe
the dialog knowledge in terms of domain-independent concepts
in order to increase portability of the dialog managing system.
The SR-plan architecture represents the basic characteristics of
dialogs, that is utterance pairs, and is completely independent of
the task of dialog. Each TP is a local transition pattern of topic
in dialog and applies to various dialogs while the whole TPN is
dependent on the task.

It is impossible to identify the topic in the utterance without
the bottom-up information. In the prediction mechanism pro-
posed, the most plausible topic is selected according to scoring
result with keywords. How to recognize the topic will be a fu-
ture work.
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Table 1 The result of utteranse recognition.

prediction User's Utterance U2 | U4 | Us | Us |U10{UI2{U14]|U16 Ulg U20 Average
methods (utterance type) Res.|Res.| Sti. [ Sti.| St. | Sti. | Sti. [Res.| Sti. | Res.
instantiated templates | 6 | 5{10]| 7|12 [12l13 | 51121 ] 93
(S"llll-);) la | Tenkofcorrecttemplates | 2 | 1| 5 | 1| 9 4| 4] 2] 2| 1] 31
recognition result CQlOI x| OCl1al x| ClO|IC| C| sno
SR-plan || _instantiated templates 3{3]6|6{6)j8|s5]4] 6! 6] 53
and rank of correct templates | 2 1 2 1 3 7 1 2 1 1 2.1
TPN recognition result OlO[O]O[Aa|]OCIO]O10O]|O}1010
rank of correct topic — = 1] 1f 1] 2} 1]—] 1}|—1] 12

( &: Sematically correct )

Table 2 The effect of reduction of word candidates per bunsetsu in the input lattice.

User's utterance U2 | U4 [ U6 | Us [U10|UI2 |U14|U16|U18 |U20 Average
(utterance type) Res. [Res. | Sti. | Sti. | Sti. | Sti. | Sti. [Res. | Sti. | Res.
No constraints 16.0| 20| 8.8f 7.3|28.0/17.7] 7.0]10.0] 9.5[12.0] 11.3
Using only SR-plan 14.0{ 1.0| 3.8| 4.0]215|14.7] 53] 50| 7.8] 7.0{ 7.8(69.3%)
Using all topic candidates 6.0| 1.0} 52| 4.8{155[12.0] 3.0] 9.0] 4.5] 6.0] 6.4(57.0%)
Using correct topic 5.0] 1.0f 3.4| 35| 85] 8.0| 2.7 4.01 4.0{ 50| 4.5(39.6%)
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