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ABSTRACT We are particularly interested in robustness. In this connection ro-
) . ) ~ bustness means a system reaction satisfying the user although the
A complete dialogue system within the task domain of makinghput data was corrupted and therefore the utterance could not be

an appointment is presented. It is based on a semantic neécognized and analysed completely. On this special topic we will
work representation of linguistic knowledge and a word re@@@n  focus in section 5.

system that communicates with the interpretation component bi-
directionally. System robustness is achieved using a special meta-

score that evaluates the advance of the linguistic interpretation. | System: “Sie kdnnen mit mir einen Termin vereinbarenitt8
machen Sie einen Vorschlag!”

1. INTRODUCTION (You can make an appointment with me. Please make a
proposal!)
The task of dialogue systems is to take over the part of one dialogudJser: “Ich mochte einen Termin am Dienstag oder Mittwodh.”
participant. Typical applications are database inquiry systems, e.g. (I would like a date on Tuesday or Wednesday)
[7, 6]. Within the VERBMOBIL project, however, a system for | System: “Am Dienstag sieht es gut aus. Wann genau pafbt es
the automatic translation of dialogues restricted to the domain of Ihnen an diesem Tag?”

appointment scheduling is being developed. In order to be able tp (On Tuesday it looks well. What time do you prefer at
investigate aspects of speech understanding and dialogue manage- this day?)

ment more easily we simplified the scenario of two humans com{ User: “Am Nachmittag um drei.”

municating via a translation device to one human communicating (At three in the afternoon.)

with an automated appointment scheduling system. System: “lhr Vorschlag paRt mir sehr gut. Bitte basitien Sie
noch einmal: Ist es richtig, dafl? der Termin am Diengtag
um 15 Uhr stattfindet?
(Your proposal suits me very well. Please confirm once
more: is it correct that we fixed the date for Tuesday gt 3

Our scenario can be described as follows: the user wants to visjt
someone e.g. a lawyer. When phoning the lawyer's office he gets
connected to the automatic date-placing-system. Figure 1 shows
an example for such a dialogue. Let us consider some characteris-

. . . .m.?
tics of the dialogue. At first the system asks for a general proposal p )
: Lo - ) . . 'User: "Ja.
without giving instructions to the user. Thus he is not restricted in (Yes.)

formulating his answer. The utterance is analysed and the extracted . o ”
time-proposal is compared with the internal calendar. Because the>ystem: “In Ordnung, dann bis Dlenst:s\g um 15 Uhr.
day is not completely reserved, the system confirms the proposed (Okay, see you at Tuesday at 3 o'clock p.m.)
day and asks for a detailed time. The following utterance (“at three
in the afternoon”) can only be understood correctly in the dialogue

context, because the user gives only the new information but does Figure 1: Introductory dialogue example
not repeat the day discussed so far. This behaviour is typical for

human dialogues. Thus one of the main (and most complicated)

tasks of the dialogue-component of our system is the time-merging. 2. LINGUISTIC ANALYSIS
Finally the system confirms the now precise proposal and expect
confirmation of the user before it finishes the dialogue.

a . .
?:or knowledge representation the semantic network language
ERNEST [5] is used. In this language three types of nodes exist.
In conceptghe a priori knowledge is storednstancesestablish a
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The first one is concerned with the dialogue strategy. Every utter-
ance of the user is labelled with one of the categgieposa) con-
firmation, or refusal In figure 1 the first and second utterances are
proposals whereas the third one forms a confirmation. A more com-
- . . licated situation is given in figure 2. Here the user takes back his

(Somy, | didn’t understand you. What time did you Ei)rst proposal by rengJ]sing the gsystem confirmation. At the current

propose?) state of the system this utterance is classified as a (new) proposal
User: “Es gehtam Donnerstag morgen.” although it contains also a refusal.

(It is possible on Thursday in the morning.)

System: “Am Donnerstag von sechs Uhr bis neun Uhr sieht es After the determination of the utterance type the adequate system

User: “Donnerstag morgen habe ich zwei Stunden Zeit.”
(On Thursday in the morning | have two hours.)
System: “Ich habe Sie leider nicht verstanden. Welche Zeit

hatten Sie vorgeschlagen?”

gut aus. Wann genau paf3t es lhnen?” reaction must be selected. We modelled four possible system re-
(On Thursday from 6 o'clock up to 9 o'clock it looks actions: final confirmation, partial confirmation, refusal, and repe-
well. What exact time do you prefer?) tition. A final confirmation (e.g. last system outputin Fig. 1) will
User: “Nein. Dann lieber am Samstag.” only happenif the gained information about the time of the appoint-
(No. In this case | prefer Saturday.) mentis precise enougindif the time is labelled as free in the calen-
System: “Nein. Am Sonnabend geht es nicht. Wann haber| Sie dar of the systerandif the preceding utterance was a confirmation.
sonst noch Zeit?” Thus it is sure that finally the time stored in the dialogue memory is
(No. On Saturday it is not possible. What other time| do really the time intended by the user. If the proposed time would be
you prefer?) adequate for an appointment but a final confirmation is not possible,

the system reaction will be a partial confirmation that includes — if
) N necessary — a request for more information (e.g. second and third
Figure 2: Example for system repetition and refusal system output in Fig. 1). A refusal will be given, if the uttered time

is already reserved (e.g. third system output in Fig. 2). The system
will repeatits last reaction if there is no other possibility, e.g. the in-
terpretation of the utterance was completely unsuccessful (e.g. first

defined. Thepart-oflink establishes a decomposition, thgeciali- ~ System output in Fig. 2).

sationlink models the relationship “general — special” whereas the

concretdink connects nodes of different degrees of abstraction.

In our system we represent the necessary knowledge in five leve|dJser: “Wirkonnen uns am 7. Mai um zehn Uhr treffen.”

of abstraction. (We could meet on May 7th at 10 o'clock.)

System: “Nein. Um zehn Uhr am Dienstag geht es night.
The word hypothesis levelestablishes the traditional interface to Wann haben Sie am Dienstag sonst noch Zeit?”
the word recognizer. Word hypotheses of the recognizer are repre- (No. On Tuesday 10 o' clock a.m. it is not possible. What

sented in an instance on this level. other time do you prefer on Tuesday?)

) _ ) User: “Zwei Stunden spter ware noglich.”
On the syntactic levelsyntactic constituents and word classes are (Two hours later would be possible.)

modeltlef[jt as well a{; tltme ct()nst_lt;Jents.t_E.g. Ehe ;:orgfdtpAYrep-k d System: “Ihr Vorschlag paf3t mir sehr gut. Bitte basitien Sie
resentutiérances that contain information about a date, a week-aay, noch einmal: Ist es richtig, daf3 der Termin am Dienstag

ora special holiday [3]. um zwolf Uhr stattfindet?
(Your proposal suits me very well. Please confirm once
more: is it correct that we fixed the date for Tuesday at 12
a.m.?)

The meaning of a single utterancds analysed on the semantic
level. Deep case theory [1] forms the theoretic basis of the concep
on this level. E.g. on the one hand the v@roposeopens deep
cases for an initiator and aceiver of the proposal and on the other
hand deep cases for the proposed action. Up to this level the mod-
elling is problem independent and we use a similar implementation
in other speech understanding systems.

"

Figure 3: Example for the time-merging

On the pragmatic levelthe semantic descriptions are applied to the

specific domain. Thus e.g. the knowledge stored in the semanfi®e second aspect we want to look at is concerned with the dia-
verb frame of the vertto takeis now restricted. The according logue memory that stores the relevant information given by the user.
pragmatic intention models the pragmatic verb frame of a propos@nly on the dialogue level itis possible to merge an actual time pro-

for an appointment (“Let's take Wednesday*). All other meaningBosal with former ones. In the second utterance of figure 3 the time-
of takeare no longer considered. description "two hours later” can only be analysed correctly within

the dialogue context. "two hours later” builds up an instance on the
Finally the dialogue levelmanages the strategy of the session andyntactic level. Figure 4 shows the structueétime computed on
realizes the dialogue memory. We want to focus on two aspects tifis level and the later merging with the so far actual dialogue time
this tasks. dia-time



dia-time:
from_day: 7
until_.day: 7

from_month: 10
until_month: 10
from_hour: 10
until_hour: 10
weekday: 1

rel-time:
type: after
size: 2
unit: hour

new dia-time:
from_day: 7
until_ day: 7

from_month: 10

~ {until_month: 10

from_hour: 12
until_hour: 12
weekday: 1

Figure 4: Time-merging

3. SPEECH RECOGNITION

The recognition radule is based on the ISADORA system [8]. It
provides highly flexible Markov-model-based speech redagn
and the possibility to build structured acoustic descriptions from

5. SYSTEM ROBUSTNESS

Each state of the analysis is represented in a scored node of a search
tree. Alternative states of the incremental analysis are stored in
competitivenodes. The search for the best analysis is based on the
well-known A*-algorithm. To score a node we use the acoustic
score of the hypotheses, the number of signal frames covered by
the analysis, and linguistic and syntactic admitigib Usually this

score is good enough to control the analysis. However, an utterance
“ich mochteahdh — einen Termin am Montag” (I want er er — a date

on Monday) the hesitations s up the search tree enormously.
Also other irregularities within the utterance can defer the analysis.
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simple constituents. A rule mechanismis used to represent complex O
acoustic models that are capable of describing any regular language

of the basic models known to the system. The building of complex

b)

HMMs from simpler models by means of these rules does not sim-

"he é
ply yield a single complex model. The hierarchy of rule constituents //7 O
is preserved as a hierarchy of HMMs. Q

4. INTEGRATED CONTROL

. " "want -
+++++ -O-" = O
We use an integrated control strategy for both recognition and un- . O

derstanding [2] that tries to overcome many of the disadvantages of \ L NN
o

traditional loosely coupled systems. It makes use of the possibil-
ity to process abstract constituents in our worcbggizer and pass
them back as complex hypotheses.

Before the analysis of an utterance for certain constituemgsiis-

C) 7

tic language models are created automatically from their semantic ;T

network representation. Speech redtign and interpretation then

alternate between model driven prediction steps and the verification C_ .. am
of the predicted acoustic models by the recognizer. At the beginning " 7 /V "of" O

of the analysis the set of all constituents allowed to start an utterance
are passed to the recognizer as predictions. During the rémogn

" want /
—_— O —_— -————= {Z
process the corresponding language models are applied to generat o el
complex constituerttypotheses. These can be mapped to structures N e "7\ T
of the linguistic interpretation automatically and thus be integrated oo me @) /

into possibly competing analysis results easily. Depending on these -
partial interpretations different sets of constituents can be computed P
for the following predictions that are processed analogously. This 4

v

incremental control strategy is continued until the end of the utter-

ance is reached.

A severe problem ddill kindsof language modkng are portions of

Figure 5: Influence of the meta-score on the search

an utterance that do not adhere to this model leading to erronedust us consider figure 5 (according to the example utterance above).

results. Therefore, a special model for an unknown titurent [4]

In this figure the size of a circle represents the score of an search

is part ofeveryprediction set passed to the recognizer. This makesee node — bigger circles stand for better scores. The flash symbol-
it possible to interpret utterances successfully though possibly onises inadmissibility and the question-mark stands fohtyyeothesis
partially that are not conforming to the language model applied. “unknown word”. In figure 5a) we see the search tree at the crucial



point. The A*-algorithm causes the expansion of those nodes whime are covered by the model. Especially a model for longer time
refer to short but better scored parts of the utterance. That megmeriods needs to be to developed. Furthermore, utterances contain-
the search concentrates on the sedtieforethe problematical part ing a negation (e.g. "um zehn Uhr kann ich nicht, aber urol#w"

of the signal as shown in figure 5b). (it is not possible at 10 a.m. but at 12 a.m.)) are not yet processed

satisfactorily.
To increase the system robustness it must be possible to overcome

such situations. Therefore we added to the scores mentioned above 8. REFERENCES
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7. CONCLUSION

We presented a dialogue system for making an appointment. Lin-
guistic knowledge is represented in different levels of abstraction
within a homogeneous semantic network system. The word recog-
nizer uses linguistic language models automatically extracted from
the knowledge base. System robustness is achieved using a score
that evaluates the quality of thenguistic interpretation. The sys-

tem processes utterances incrementally and is speaker independent.

Our future work at this system will focus on the time modelling,
because up to now not all possible formulations concerned with the



