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continuation (cf. e.g. /1/). In the plan based paradigm, the acts are
ABSTRACT seen as indicating a plan on the part of the user, the dialogue
continuation being determined by finding a complementary plan
This paper concerns dialogue management for spoken dialog@8.the part of the system and performing it's next step.
We show why we do not use speech-act related units or intentions_

We base our approach on belief states of the system. Layered units 2 fundamental prerequisite for both approaches to dialogue

are used to construct a pragmatic interpretation of these states r?c? ?ﬁsmz: tr:?;r;r;liei)(taergisiyennéz ?hrg ;orrs)ct?/af;a:sglsgﬁ Ir:z.ts
to determine the dialogue continuation as a local optimisation ovt u u '9 ppropri P ’

a set of dynamic dialogue goals. We point to systems th is assignment task is usually seen as an interpretation: the user's
successfully employ this approach ' intention of the act s/he wanted to perform when making that

specific utterance. The idea is that this intention can be seen
1. INTRODUCTION somehow as a separable operator over the semantic content, be it
co-determined by the context or not. It is, at least, very difficult to
Recently, Cohen /4/ gave an overview of the state of the art iipfer such an intention, which is basically a mental state, from
dialogue modelling. He distinguished between approaches basat¢h scarce evidence as an acoustic signal, and it presupposes that
on the notion of dialogue grammars, those based on plans d@egognition and understanding are near to perfect and, moreover,
intentions, and a third approach, newly emerging, that regartft humans do not make mistakes (cf. /6/, /9/). Such an
dialogue as a joint activity. We see our approach as belongingiferpretation may be possible in an ex-post analysis of a dialogue
this latter area. Our explicit research goal is, in Cohen's words, @6 & whole, where consequences can be taken into account, but in
develop algorithms and procedures to support a compute®8 ongoing dialogue it can, at most, be an inspired guess.
participation in a co-operative dialogue'. Our approach is based berthermore, the notion of speech acts or intentions leads to
a layered set of units that, taken together, model the dialogue asexeral theory-induced problems in dialogue management, e.g.
combination of belief and intention states of the system (cf. /3/). farced assignment of exactly one (unary) operator to an utterance,
the following, we will first outline why we do not explicitly use 'incomplete’ dialogue in terms of grammar, ‘indirect’ acts, etc.
the notion of the user intention as a basis for dialogue structure.
We then explain the use of several layers of units, their scope and 3. LAYERED UNITS

the way they are mapped onto each other. Next, we show how d t mak f th i f act ¢ the dial
these units are used not to model a dialogue as an overall Whé%e 0 not make use ot the notion of acls as far as the dialogue

but to determine the local continuation of the dialogue by IOC%artner, i.e. the user, is concerned. Rather, the continuation of the

optimisation. We finally point to some application examples. _|alogue IS based on the results of the .context_ual sem_antlc
interpretation of the utterance (cf. /8/), with all its possible

2 INTENTION AND INTERPRETATION deficiencies, and on monitoring changes in the belief state of the
system. The units used at this level do not permit a direct

Both grammar and plan based dialogue models are dependentc@fmputation of the continuation. In order to arrive at units which
assigning an intention function to an utterance. In case of t6@, there are two more levels of units. The system performs two
user's utterances, this assignment mostly employs a notion deriveapping steps from the belief state level to the dialogue level.
from that of speech acts. User utterances are analysed linguisti- .
cally, and the resulting description is then categorised a& 1 Contextual Functions
belonging to, or realising, one or more dialogue acts. Th

inventory of these dialogue acts is set up through the analysis Oﬁjjle first level of units is that of contextual functions. In the con-

corpus of examples. Dialogue structure is described in terms t&xtual interpretation (cf. /6/, /8/) the belief state of the_ system

these acts, which serve as the basic unit. The corpus yieldélrédergOes one or more changes. The contextual fu_nctlons Of. an
number of sequences of units, which, in the grammar approach %erance describe the type of change that the |nt§rpretat|0n
used to set up a finite state grammar describing the possible 8ught about. There can .be more than one function to an
therefore legal dialogues. Dialogue management then consistsu&tfarance' Every semantic item recognised as relevant for the

finding an overall optimal path through this complex act-transitioﬂ'alogwt3 r,eced'vtes a fun(t:.tlo.? aSS|gcn:ment.tIThus, :\he fu.nc:lc')ns arle
network and taking the next system act as the dialog@@rame erised to semantic items. Lurréntly, as shown in Figure 4,
only items that are relevant to the task are taken into



. . » modified_by_user(X).
Pragmatic Interpretation Task Module

* negated_by user(X).

The determining factor for the choice of the units is whether some
type of change in the contextual model has an influence on the
system continuation or not. These functions are not meta-semantic
in the sense that they are derived from the semantics themselves,
rather they are pragmatic. Likewise, utterances, or parts thereof,

Application-
oriented
Information

Knowledge Status
Contextual Functions

— . .
Contextual Contextual that are marked as pragmatic (or as dialogue markers) already on
Interpretation ¢ Model the surface level, such as 'yes' and 'no', are given over to the
pragmatic interpretation immediately.
Surface Belief Module 3.2 Dialogue Goals

Semantics

The contextual functions in turn are interpreted pragmatically.
This interpretation takes into account the pragmatic context or
dialogue state. A dialogue state is expressed as a set of dialogue
Linguistic Analysis goals that also refer to semantic objects. This is the second level of
units. The functions are evaluated as to whether they solve a goal,
modify it or introduce a new one. Communication with the
application system determines whether the task itself wants to in-

. . . troduce a new semantics object and thus a new dialogue goal, or
account, but in principle, any other semantic item could also l\)ﬁnetherthe task has been completed

treated in the same way. So, the approach we illustrate here is not
limited to ‘form filling' dialogues (cf. /4/). For example, in theThe dialogue functions are mapped onto the dialogue goals in the
train timetable application the user utterance "Munich at @llowing way. The function 'new_for_system(X)' introduces a

o'clock” leads to the following surface-semantic description: ~ 90@l ‘confirm(X)" or "specify(IX,Y])', if '[X,Y]"is a list of possible
values as the result the interpretation of an underspecified

expression. This goal is checked against the existing goal set, so as

Figure 1: Schema of the Contextual Interpretation

[thecard:2, to determine whether there is already a goal pertaining to the
1:[semantics:[id:D, semantic item X. If there is not, then the ‘confirm(X)' or
type:location, 'specify([X,Y])' goal is simply added to the set. If the semantic

thecity:[id:E, type:city, value:muenchen], item is already present in the goal set, a set of rules is used to

modus:[ref:nonpro]]], determine the way in which goals modify each other. For example,
2:[semantics:[id:H, with ‘confirm’ or 'specify’ goals, existing 'request’ goals (cf. below)

type:time, are simply cancelled. A counter keeps track of how many times

thehourpoint:[id:|, this item was addressed in the course of the dialogue.

type:hour_point,
thehour:[id:J, type:hour, value:8]],
st_blob:at, modus:[def:a]]]].

The function '‘repeated_by user(X)' will cancel any existing
‘confirm' goals for semantic item X. If there is no goal contradict-
ing this, the pragmatic interpretation will also inform the Belief

Interpreted in the context of a request from the system for a dé4odule that item X is known with a high degree of certainty, so
tination and departure time, this structure yields a task level intdhat a modification of the item should be made more difficult. The
pretation of two items, viz. the goal city and the departure timéame effect can be triggered by the threshold counter value. Thus,
Both these items are new to the system, i. e. the contextual mot& System uses a mechanism similar to that of ‘discourse pegs’ (cf.
did not contain instances of these before. So, the contextu&f))-

functions of both semantic items are described by the unif‘he function 'inferred_by_system(X)' is treated as if introducing a

'pew_for_system (goalcity:munich)’ and 'new_fo_r__sys_tem (fsourc%bnfirm(X)' goal, but with a difference in the determination of the
time: [0800, 2000]). In cases of underspecification, like "?iialogue continuation (cf. below)

o'clock”, the contextual interpretation can forward a list o
possible interpretations. So far, we have not founedéessary to The function 'modified_by user(X)' indicates that, for any reason
multiply the entities at this level beyond the five following: whatsoever, there is something wrong with the system’s
interpretation of the item X. This pragmatic interpretation has two
effects. First, reacting to the evidence that there has been some
» repeated_by_user(X). difficulty, it will trigger the dialogue meta-strategy to select the
next lowest level of transaction (cf. below). Second, it will both
* inferred_by_system(X). remove any other goal pertaining to item X, and introduce a

* new_for_system(X).



‘repair_confirm (X)' goal to the goal set. This goal will be used iitem, while incrementing its counter, will also indicate that there
selecting a specific formulation of the confirmation request anéias been some problem with this item and that the strategy should
together with the counter value for item X and its 'discourse pedggrade to make recognition and interpretation less prone to
state, will also force the recogniser and the parser to operate iereors. Leading reactions combine a reaction with a pseudo-
mode which strongly prefers an analysis compatible to thaeitiative, e. g. “Please answer yes or no!”, but they remain
semantic dialogue predictions (cf. /7/, /13/). reactions all the same. How they are realised is solely dependent
. o o upon the current dialogue strategy. The meta-strategy mechanism
Similarly, the function 'negated_by_user(X) will move the curren o ongiple for the repair behaviour of the systeeeaBse it is
strategy to ‘repair(X)', remove any goal pertaining to item X, o yery apstract level, and completely within the framework of

replacing it with a ‘repair_request’ goal. This may force both o |rE schema, repair does not have to be modelled as a special
parser and recogniser down to a mode where they only accepla in the dialogue.

input that fits the dialogue predictions (rigid' mode).

Dialogue markers, such as 'yes', 'no’, 'pardon’ etc. operate dire . -
over the current goal set. For confirm goals that are currently b Initiatives & Evaluations only
ing realised, a 'yes' confirms them all, a 'no' resets all these go D L
to an open request, a ‘pgrdon'-type utt_erance will reinstate all ¢ E Strategy Threshold (default setting) R
rently active goals, leading to a (possibly reformulated, cf. /15 = -~
repetition of the previous system utterance. G E

R - : C
Dialogue goals are also introduced by other modules in the sy A Multiple Reactions o
tem. The application interface inttuces task goals, such as g & one Initiative
request for information required by the application system. TH D v
dialogue management may itself introduce goals which ha A Multiple Reactions E
phatic or meta-dialogic function, like the greeting and self T Separate Initiative R
identification at the beginning of the dialogue, a good bye at tl I Y
end, orf qr)tlflcz\a/f;on of mltTun?Frst?vr\lld:\rllgtln casi of rlecognlser o Single Reactions
parser failure. We currently utilise twelve types of goals. N Single Initiative

v
3.3 IRE-Structure and Dialogue Strategy : :
Leading Reaction

The dialogue gqals for_m a conflict set. A dialogue str_ateg Leading Initiative
operates over this set in order to determine the best dialog
continuation. For this, the goals are declaratively grouped as

belong to one of three classes (or units), viz. initiative, reactidfigure 2: Dialogue strategies and meta-strategy, cf. /9/.

and evaluation (IRE) (cf. /2/, /14/). A request goal, for example, is

an initiative, a confirm goal is an evaluation, etc. The IRE schema

describes dialogues at an abstract level as recursively consisting of 4. SYSTEM DIALOGUE ACTS

an initiative, followed by a reaction, followed by an (optional)

evaluation, which again may be another IRE schema beginnifigrning to the system’s utterances, it is clear from the goals of the
with an initiative. We do not use the recursion, but implement theystem what kind of dialogue continuation it wants to elicit from
schema sequentially, as the dialogue coherence is dependenth@nuser. Therefore, at this level, we can talk about acts proper. As
the semantic items being negotiated. these acts are also parameterised by semantic items (or operate

The dial d . h initiati i over them), and as more than one semantic item can be realised in
e dialogue strategy determines how Initiatives, reactions a e system utterance, which could also consist of more than one

evaluatlt_)n_ are ranked and com_blned. In gener_al, evaluations _tg%tence, we avoid the term 'speech act' here, and prefer 'dialogue
are not initiatives are ranked higher than reactions, and reactionSe: instead

have precedence over initiatives. This ensures that answers to

question are realised earlier than questions by the system, tfitne dialogue acts of the system are realised first by determining

generating adjacency pair sequences. the appropriate semantic structures for the semantic items that are
N . . the contents of the dialogue goals. These structures, which are

The comb_lnatlon of goals that may be real_lsed In-one Syﬁ% er rudimentary in the current implementations, are augmented

utte_ranc_e is dependent on the stat_e of the dlalogue._ The stan the sentence type information in a message planning module,

_settlng IS that any numt_)e_r_ Of. reactions (exc_ept confirm goals_fWhich in turn submits these structures to a generator.

inferred items) and one initiative may be realised at the same time,

making the dialogue fast. A meta-strategy of degradation and 5. APPLICATIONS

recovery may move this setting to single reactions and single

initiatives as shown in Figure 2. The meta-strategy operates owge have shown how we use layered units on different levels of

counters attached to semantic items, so that re-negotiation of gistraction to manage spoken dialogue. Two of the main



advantages of this approach are a) that it does without notions of processing, in: Taylor, M. M. et al. (edsThe Structure of
intention on the dialogue partners side, and b) that it describes Multimodal Dialogue Amsterdam: North Holland.
dialogues in a very generic manner. This genericity is due to the
degree of abstraction reached through the layering of units. On the ™
level of dialogue continuation, a simple schema makes it possible
to obtain very complex behaviour through the combination of
dialogue goals pertaining to semantic items. The determination of
the continuation does not have to take into account possible 5. palsgaard, P. et al. (eds.) (199Froc. of the ESCA

Cohen, P. (1996): Dialogue Modelling, in: Cole, R. A. et
al. (eds.) (1996)Survey of the State of the Art in Human
Language TechnologyOregon Graduate Institute of
Technology, http://www.cse.ogi.edu/ CSLU/ HLTsurvey/

continuations or goals pertaining to overall ‘plans’, nor a notion of Tutorial and Research Workshop on Spoken Dialogue
well-formedness that goes along with a dialogue grammar. The Systems - Theories and Applicationgigsg, Denmark,
most important thing is to find the best local continuation in terms May 30 - June 2, 1995

of a system utterance, based on the actual dialogue situation. Or, o
in Tom Wachtel's words: “We view dialogue as less like a chess 6. Giachin, E., and McGlashan, S. (1996): Spoken Language

match and more like a game of tennis. The next move is far more ~ Dialogue Systems, in: Church, K. Young, S., and
crucial than the grand strategy.” (/16/). Bloothooft, G. (eds)Corpus-based Methods in Language

and Speech Processingmsterdam: Kluwer.
To adapt the system to a new information service, it is not ) )
necessary to model specific dialogues. Rather, modelling the tasks 7- Hanrieder, G. (1996)nkrementelles Parsing gesproche-
and the application system (and, of course, the discourse world ~ N€r Sprache mit einer linksassoziativen Unifikationsgram-
and language coverage) is sufficient. Our dialogue management ~ Matik PhD Thesis, Univ. Erlangen-Nirnberg.

system is currently running in several such applications with g Heisterkamp, P., McGlashan, S., and Youd, N. (1992):

continuous speech nput without any modifications to the dialogue Dialogue semantics for an oral dialogue system, in:
structure level being necessary. There are information-providing Proceedings of ICSLP-9Banff.

applications like train timetable and flight enquiry systems, but
also information seeking applications, like a road map update for 9. Heisterkamp, P. (1993): Ambiguity and uncertainty in
long term and short term modifications, used for regional traffic spoken dialogue, inProceedings of Eurospeectf93
management in the Stuttgart area. We are currently working on Berlin.

telephone-based applications for direct insurance and call

management. 10. LuperFoy, S. (1995): Implementing file change semantics

for spoken language dialogue managers, in: /5/.

The_dlalogue r_nan'agement model has_ also bgen_ extended_ for 1. McGlashan, S. (1996): Multimodal Dialogue Manage-
multimodal applications where a speech interface is integrated into o )
ment, in: Dialogue Management in Natural Language

e oty SYSlemsPro o e 11h Twene Workahop on Language
grap p prag Technology, Enschede, The Netherlands.

structures required for spoken language, although the structures
are less complex to process due to the absence of underspecifiedl2. McGlashan, S., and Axling, T. (1996): Talking to Agents
input like anaphora and ellipsis. The algorithm for realising in Virtual Worlds. In:Proc of 3 UK VR-SIG Conference
system dialogue acts has been modified to allow generation of Leicester, England.

graphical output, and the semantic and pragmatic interpretative ] . o .
functions have been enhanced to handle ‘command and control’ 13- Meécklenburg, K.; Hanrieder, G.; Heisterkamp, P. (1995):
A Robust parser for continuous spoken language using

utterances. However, the basic principles of our dialogue i ;
management model used in speech-only applications remain P ROLOG. In:Proc of Natural Language Understanding
and Logic Programming 199%.isbon, Portugal.

intact. This extended model is now being integrated with virtual

reality applications to allow users to navigate and manipulate 14 Moeschler, J. (1989Modélisation du dialogueParis.
objects in a virtual world by means of speech input (cf. /12/).
15. Poller, P., Heisterkamp, P. (199BFFENDI - Effizientes
Formulieren von DialogbeitragerDaimler-Benz Techni-
scher Bericht F3-95-014 (Internal report)
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