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Abstract

In this paper, we present some key is-
sues of our dialogue system for spoken
language® which has been designed to
enable quick configurability to various
applications and to apply deep syntac-
tic and semantic analysis, discourse pro-
cessing, and language generation. It fea-
tures a complex semantics-pragmatics
interface in the sense of (Brietzmann
and Gorz, 1982): Discourse and ap-
plication pragmatics are considered in-
dependent from each other; user utter-
ances affect application pragmatics in
that they are translated into speech acts
which, in turn, indicate a user request to
the application. The system’s behaviour
is specified in a proprietary program-
ming language interpreted by the dia-
logue manager. The semantics of this
language is defined in terms of an ex-
tended version of DRT.

1 Introduction

Rational dialogues which are guided by GRICE’s
maxims of conversation serve as a communicative
tool in jointly executing tasks in the application
domain. We compute plans (chronologically or-
dered sequences of atomic actions) that devise a
way to complete these tasks.
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The interpretation of new contributions and
their integration into the dialogue is controlled by
global factors (e.g. the assumption that all dia-
logue participants behave in a cooperative manner)
and by local factors (e.g. the current state of plan
execution). Within this framework, the paper fo-
cuses on two issues: First, how can one determine
whether an utterance contributes to executing the
current plan? Second, how do the results of such
an analysis affect the reaction of the dialogue par-
ticipant?

Our example scenario is an online B2B shop
(Fischer et al., 2002) where one can buy boxes of
different types, sizes, colours, and materials. This
shop offers various functions (transactional tasks)
like searching the data base, selecting articles and
moving them to the shopping cart. An offer can be
requested, the price be negotiated, and finally the
user accepts or rejects the offer. A typical dialogue
is shown in figure 1.

2 The Dialogue System

The processing of utterances in our dialogue sys-
tem begins with passing them to a speech recog-
nizer. Then a syntax parser (Blicher et al., 2002)
computes the semantic representation for the ut-
terance. The dialogue manager handles the nego-
tiation between the user and the online shop.

2.1 Natural Language Understanding

The parser works in two phases: First, it segments
the output of the speech recognizer into chunks
(Abney, 1991). Second, these chunks are trans-
lated into constraints on a (partial) description of



System; : Guten Tag und willkommen in unserem Shop! Was
kann ich fir Sie tun? (Hello and welcome to our shop! How
may | help you?)

User: Ich suche Boxenin Rot. (I am looking for red boxes.)
System, (highlights an item in alist of proposed products):
Ich empfehle Ihnen diesen Artikel, denn er kommt lhren
Préferenzen am nachsten. (I recommend this product, as it
provides the best match for your preferences.)

User,: Okay.

Systems: Hier sehen Sie ihren Warenkorb. Soll ich Thnen
dafir ein Angebot erstellen? (Here is your shopping cart.
Shall I make you an offer for it?)

Users: Ich mochte meine alten Auftrage sehen. (I want to
see my previous orders.)

System,: Bitte schon. (Here you are.)
User4: Bitte mach mir ein Angebot!
please!)

Systems: Ich kann Ihnen die Waren fiir 734 Euro 90 anbieten.
Der Rabatt betragt 6%. (May | offer you the shopping cart
contentsfor 734 Euro 90? The priceis 6% off theretail price.)
User5: Dasist mir zu teuer. (Thisistoo expensive.)
Systemg: Ich kann Thnen noch um 20 Euro entgegenkom-
men. (I can give you 20 Euro additional discount.)

User 7: Ich nehme das Angebot an. (I accept your offer.)
Systems: Sie haben einen guten Kauf getétigt. Vielen Dank.
(You have made a good deal. Thank you.)

(Make me an offer,

Figure 1: An example dialogue.

the desired system state. For that purpose, an ap-
proach motivated by dependency theory is applied,
in which valencies of the syntactic head of each
chunk are analyzed if they can serve as the de-
pendent of some other chunk (its regent). De-
pendent and regent have to meet three classes of
criteria in parallel: syntactic, semantic (is the se-
mantic part of the valency satisfied?), and prag-
matic constraints (can a constraint in the applica-
tion domain be derived from the triple "regent”,
“thematic role”, and "dependent”?). For the utter-
ance “l am looking for red boxes.” (see figure 1)
the parser computes the following informal infor-
mation:

Chunk Semantics (informal)
| customer

am looking for  customer’s task

red boxes involved object(s)

Based on that analysis, the DRS in figure 2 is de-
rived as a partial description of the user’s intention.

Parallel to the analysis of the content, a speech
act is assigned to the utterance in order to deter-
mine its discourse-pragmatic function. The exam-
ple utterance indicates a request to the application.

fostpqfa Comment )
Offer(o) expected effect
has-status(o, s) of customer’s
Confi rmation(s) task

has-catalog(o, t) T-New-Catalog(t)
has-product(¢, p)

Product(p) object involved
has-article(p, a) in the task
Article(a)

has-feature(a, f) feature(f)
has-FNAME( f, CAA074001)
fname(CAA074001)
has-FVALUE(f,r ed) fvalue(r ed)

Figure 2: Pragmatics of a user utterance.

In order to plan an applicable system reaction
to the utterance, the dialogue system first needs
to find out whether there is a plan that satisfies
the request. In our terminology, the request con-
stitutes an interactive task that triggers a transac-
tional task, as discussed in the following section.

2.2 Plan Generation and Execution

The content of each transactional task is viewed as
a planning goal. If a plan for it can be constructed,
the system reacts by executing the plan and mon-
itoring the success of each step performed. To
compute plans, we have configured the FF Planner
(Hoffmann and Nebel, 2001) with plan operators
that match the application. The transactional tasks
that the shop performs are formalized in terms of
PDDL plan operators. This approach can be gen-
eralized: All applications whose functionality can
be expressed in PDDL are suited for integration
into the outlined dialogue model.

After computing a plan, each atomic action in
it is executed (figure 3 shows the plan for the goal
in figure 2). Step by step, the dialogue manager
sends atomic actions to the shop agent and re-
quests them to be executed. In order to verify

PRCDUCTSEARCH N Ul TB B SVEN
REQUEST S SVEN TS1

ADDTOSHOPPI NGCART S SVEN TB TS1 BA
QUERY-IF R YES SVEN

OFFERREQUEST N TS1 O1 SVEN
OFFERACCEPTANCE N TS1 O1

QuhwhkE

Figure 3: A plan representing a complex user com-
mand. (Transactional tasks are written in t ypewri t er
font, interactional tasksin boldface.)



whether the plan can actually be completed, the
action’s effects on the application are compared
with those expected in the plan. If they diverge,
a recovery strategy is initiated.

2.3 When Is a User Request Satisfied?

To keep track of the current state of a dialogue, we
implemented an extended version of DRT that pro-
vides an explicit formal representation of the cur-
rently pending requests. Delegation of actions to
be executed requires involved agents to give feed-
back about the outcome. Based on this feedback,
the dialogue manager updates the processing state
of each user request (i.e. it concludes if a request
is satisfied or still being processed). The central
idea is that a user request is satisfied if the plan
assigned to it by the dialogue manager has been
processed completely. However, in many cases
the execution of some action may fail. In such a
case, the shop agent provides the dialogue man-
ager with an explanation about the failure in terms
of a DRS that contains the preconditions of the ac-
tion in the current application situation that are in-
consistent with the preconditions computed in the
plan. With this information, the dialogue manager
tries to continue the dialogue in a way that pro-
vides as much information as possible.

As it will be discussed in more detail in sec-
tion 3.2, the dialogue manager’s plans themselves
about how to interact with the user can fail. In-
coherent input from the user is an important cause
for that, but the failure of a plan for a transactional
task may force the dialogue manager as well to re-
plan the interaction with the user.

3 Discourse and Application Pragmatics

The plan in figure 3 highlights the fact that the di-
alogue model presented here draws a clear distinc-
tion between transactional and interactive tasks.
While the first type of tasks aims at an explicit rep-
resentation of the shop’s transactions, the second
represents tasks the dialogue system needs in or-
der to start the interaction with the user when the
execution of a plan to control the shop requires to
do so.

3.1 Processing of Interactive Tasks

The interactive tasks are carried out by the dia-
logue system itself; they can be specified in de-
tail in a proprietary programming language that al-
lows for mapping of tasks onto speech acts which,
in turn, depends on the current dialogue situa-
tion (see section 3.2). Interactive tasks determine
the way in which the user contributes to the con-
struction or execution of a plan. In general, there
are three different types of contributions and thus
three different classes of interactive tasks: Modi-
fying information, querying information, and exe-
cution of actions. In cooperative dialogues, inter-
active tasks are completed when certain expecta-
tions depending on the class a task belongs to are
met: For modification, one has to verify whether it
can be performed without conflicts with the avail-
able knowledge. For querying, the queried infor-
mation has to be computed. For execution, it has
to be verified whether a plan can be found and ex-
ecuted. Depending on the type of information in
the content of the interactive task — e. g. the in-
tensional or extensional knowledge a task refers
to — the knowledge about plan operators, termino-
logical definitions, linguistic information, or the
knowledge about the current dialogue and appli-
cation situation can be the topic of utterances in
a dialogue. In the class of dialogues discussed in
this paper, interaction with the user is limited to
the current situation, i. e. the system cannot learn
new rules about the application.

In such an approach to dialogue, natural lan-
guage utterances fulfill two functions: On the one
hand, they indicate an interactive task (e. g. by cue
phrases, questions, or imperatives). On the other
hand, they indicate a transactional task or informa-
tion about the current situation.

The function of an utterance in the current situ-
ation must be specified in order to integrate it in a
dialoluge hypothesis. For this purpose, the precon-
ditions of the hypothesis are verified both in the
dialogue situation for the interactive task and in
the application situation for the transactional task.
Thus, the main claim of this paper is that for the
interpretation of rational dialogues it is necessary
to distinguish between the current state of interac-
tion (the dialogue situation) and the current state
of the application task (the application situation).



3.2 Acting and Reacting in a Dialogue

A major implication of the described approach is
that plans have to be computed for interactive tasks
as well as for transactional ones. A plan for an in-
teractive task determines the reaction to the new
contribution (see figure 4): For building such a
plan, operators that encode the global factors men-
tioned in the introduction are applied.

The next step in reacting to the user utterance is
to execute the plan. Finally, if the execution suc-
ceeded, the completion of the reaction is signalled
by ACCEPT. Like REQUEST and QUERY- | F in
figure 3, ACCEPT is a basic dialogue operation
that maps interactive tasks onto (sequences of)
speech acts and determines the content of utter-
ances to be realized by the text generation module
(see section 7).

Which speech acts are generated to verbalize
the interactive task depends on the requirements
of the dialogue situation. In human communica-
tion, the decomposition of (discourse) pragmatic
goals into speech acts and their verbalization is
influenced to a large extent by a number of fac-
tors like topicalization, stylistic variability, rela-
tions between dialogue participants, availability
and limitations of resources, cognitive capacity,
and personality of the dialogue participants (see
(Carolis et al., 2000; Cassell et al., 2000)). In order
to consider these factors when generating speech
acts, all dialogue operations are programmable.

The implementation of ACCEPT in figure 5 con-
siders limitations of the cognitive capacity of the
hearer, by summing up all discourse referents t
incont ri buti on and computing the relevance
of the contribution’s content and its amount. By
relating the amount to the temporal distance to
the last utterance in the dialogue, a “information
speed” is calculated. If it is too high, no speech
act will be generated unless ACCEPT is important
enough.

Our example shows that in order to reach a

1: FIND-PLAN BUY P
2: EXECUTE-PLAN P
3:  ACCEPT BUY

Figure 4: Discourse plan for our example.
(Interactive tasks are written in boldface.)

proc ACCEPT(task contrib);
drs utterance = content(contrib)
float rel=0.0, vol=0.0, speed, sda_dist;
begin
forall dr t in utterance do begin
vol := vol +consunption(utterance,t);
rel :=rel+priority(utterance,t)
end;
sda_dist :=tine() - last_sda_tineg;
| ast_sda time := curr_tine;
speed := vol/sda_dist;
ol d_speed : = speed
if speed < 0.25 then utter contrib;
else if rel > 4.0 then utter contrib;
end;

Figure 5: Implementation of ACCEPT

discourse-pragmatic goal, factors not determined
by the content of a task (e. g. information speed)
have to be taken into account. This issue becomes
even more complex when the system is requested
to explain the pragmatic reasons that lead to an
utterance, e.g. to explain in detail why a trans-
actional task or an atomic action failed. Such a
behavior would be important in instructional dia-
logues, but it could be wrong or even dangerous
when a plan has to be executed as fast as possible.

4 Building up the Discourse Structure

The preceding section explained that discourse
structures result from the execution of discourse
plans. The discourse structure is a graph whose
edges relate interactive tasks (the nodes of the
graph). As in (Grosz and Sidner, 1986), an
edge between two nodes determines in which way
the later interactive task contributes to the com-
pletion of the earlier one. From the viewpoint
of the discourse model presented in this paper,
the satisfaction-precedence relation holds between
two tasks if they are subsequent steps in a plan.
For instance, QUERY- | F (step 4 in figure 3) is
satisfaction-preceded by REQUEST (step 2): Af-
ter the online shop has found articles in its data
base and presented them to the user (step 1), it re-
quests the user to select some of them to put on
the shopping cart (step 2). The shop cannot ask
the user if he wants an offer (step 4) until steps 2
and 3 are completed.

The dominance relation holds between two
tasks if the dominated task contributes to the com-



A Satisfaction precedence

3T | Which articles?
Expected: Modification

Turn number
| | | | .
T T T T -
ul S2al S2a2 U2a
A square stands for a failure in a plan; circles for new user
utterances, diamonds for system reactions to a blocking, and
lines for discourse relations.

Figure 6: Chart of discourse relations after new
turn has been shown irrelevant to the current focus

pletion of the dominating one. For example,
all user responses are dominated by interactive
tasks initiated by the system. Figure 6 shows
the discourse structure after step 2 in figure 3.
Satisfaction-precedence is visualized by going up
the y axis, while dominance holds between tasks if
they are crossed by the same parallel line along the
2 axis. The goal of an interactive task is achieved
if it dominates another one. In this case, its expec-
tation is met. If the expectations of an interactive
task are not met, consider this modified continua-
tion of the example dialogue (see figure 1):

User; (U1): I am looking for red boxes.

Systems,; (S2al):  You may nhow
choose from the articles in the presented
selection.

Systemsy,o (S2a2): Which one would
you like?

Users, (U2a): | need containers.

In the example above, even the reaction of
the dialogue system (utterance Systems,,) violates
the expectation assigned to the interactive task
(User) that has been initiated by the user (see fig-
ure 1). In order to react appropriately, the user has
to analyze the system’s utterance and understand
that it indicates an admissible step in a plan for his
request Usery. Analogously, the system has to find

out whether user utterances constitute expected re-
actions that allow the execution of the next step in
the plan.

5 Logical and Discourse Relations

Assuming that boxes and containers are two dif-
ferent types of articles and that therefore the user
does not choose any article from the proposed se-
lection with Usery,, the goal for Usery, is in-
compatible with the plan for User;. Neither
satisfaction-precedence nor dominance holds be-
tween Systemsy, and Users,.

In a situation like this it is useful to analyze re-
lations that eventually hold between the transac-
tional tasks assigned to User; and Usery,. The
implementation of the online shop may allow
other relations than satisfaction-precedence which
implies that the first task should be completed be-
fore the second one can start. If the shop is capable
of presenting multiple windows for several selec-
tions at the same time, it can handle two or more
transactions concurrently.

Concurrent execution of plans can be modelled
with the help of the planner presented in section
2.2. Actually, the planner computes a partial or-
der of actions that need to be executed to achieve
the corresponding goal: A step in the plan may
imply the excxeution of one or more actions; in
the latter case, all the specified actions will be ex-
ecuted in parallel. Consequently, if one wants to
test whether two interactive tasks are connected
by the relation in-parallel, one has to compute a
plan for the conjunction of the associated transac-
tional tasks. If there is a plan, in-parallel eventu-
ally holds (see section 6).

Otherwise, Usery, blocks the execution of the
current plan. In this case, neither in-parallel nor
satisfaction-precedence or dominance correctly
express the relationship between interactive tasks.
As (Asher and Gillies, 2003) observes, additional
discourse relations are needed if a conflict occurs
when integrating an utterance into the discourse
structure to adequately describe it.

In contrast to (Asher and Gillies, 2003), our ap-
proach distinguishes between discourse relations
(which statically describe a state of affairs) and
discourse pragmatic plans (which devise a way to
proceed a dialogue): If it turns out during the anal-
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Cancel Boxes?
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3T | which boxes? /

Dialogue step
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The purple circle indicates that no discourse relation has been found for this user utterance.

Figure 7: Discourse structure resulting from a block relation between the last utterances

ysis of Usery, that the new contribution blocks the
completion of the current plan, this conflict must
be solved. In figure 7, the discourse structure is
shown for the following dialogue continuation:

Systems,; (S3al): You cannot browse
boxes and containers at the same time.

Systems,s (S3a2): Do you want to stop
selecting boxes?

In our analysis Systems,; is dominated by
Usersy, as it completes the associated interac-
tive task (by indicating failure).  Systems,o
satisfaction-precedes all utterances, since without
an answer, the system cannot decide how to com-
plete the pending transactions. In ASHER’S terms
a correction relation would hold between dialogue
step Usersy, and Systems,. In our view, however,
CORRECTI ON is the underlying interactive task
(see figure 7). CORRECTI ON has been performed
because an adequate discourse-pragmatic plan was
found, which allowed the dialogue system to ask
the user for information; this is done in-parallel
to the pending query Systems,s in which the user
is asked to choose from the presented items in the
shopping cart. Basically, ASHER’s and our analy-
sis do not differ; however, the distinction between
relations and tasks is better suited for an efficient
implementation of a dialogue model that allows
for analysis and generation of dialogue turns.

The user can react to the system’s attempt to re-
solve the blocking of the plan by saying

Users, (U3a): Yes.

This results in cancelling the blocked plan (the dis-
course structure related to this decision is shown
in figure 8) which enables the dialogue system to
complete its plan. Now, a plan that satisfies the
transactional task of Users, can be computed and
executed (see Systemyg in figure 1).

6 Deciding how to React

Depending on certain constraints in the applica-
tion situation, when expectations of interactive
tasks are not met, the logical relation between the
associated transactional tasks may lead to an am-
biguous discourse relation between a new contri-
bution and the previous dialogue.

In this case, a decision about which of the pos-
sible interpretations to choose has to be made.
This decision is based on a valuation of the op-
tions in the current situation. Figure 9 shows how
these options are scored. Three factors are taken
into account: First, the type of the interactive task
expr(H) does not meet the expectation evoc(A)
of the task A whose plan is currently executed.
Second, the transactional tasks associated with A
and H can be executed concurrently, and, third,
A should be a good anchor for H (ideally, A is
the current focus). Based on this computation, the
following decision rule is applied:

relation(H, A) = v «» v = argmax,V (z|H, A)
x € {in-parallel, Blocking}

This rule selects the hypothesis with the best
valuation.  If there is no unique v, then a
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Figure 8: Discourse structure after the blocking of the plan has been resolved

V(in-pardld|H, A) =

v

VEparaIIeI(A, H)|H,A)-
V(anchor(A, H)|H, A)

(

V(Blocking|H, A) =

expr(H) # evoc(A)|H, A) -

Does task type match expectations?
Can transactionsrun in parallel?
Is A a good anchor for H?

V(expr(H) # evoc(A)|H, A) - V (blocked(A, H)|H, A) - V(anchor(A, H)|H, A)

Figure 9: Valuation of discourse relations

CLARI FI CATI ON is started which generates a
query in which the user is asked to choose an al-
ternative:

Systems,3: Do you want to browse
boxes and containers at the same time?

This example shows that blocking in a discourse
pragmatic plan is handled in analogy to the block-
ing of a transactional task. The dialogue model
allows that information from the dialogue situa-
tion becomes the topic of utterances and discourse
pragmatic tasks are associated to interactive ones.

7 Verbalizing the Discourse Structure

After building the DRS for Systems,s, it must be
communicated to the user. This is done by a sep-
arate natural language generation (NLG) compo-
nent which converts an input DRS (encoded in
XML) into German sentences. In principle, this
task is the reverse of analyzing user utterances; in
practice, however, we have decided to implement
the NLG component in a different way. Never-
theless, linguistic and pragmatic resources initially
designed for analysis are used in our NLG sys-
tem as well. Our approach to NLG relies on a hy-
brid combination of canned text, shallow, and deep

generation (Klarner and Ludwig, 2004). It uses
templates which can also be generated by the deep
generation branch, an extended version of bottom-
up generation (van Noord, 1990). Once generated,
the templates are stored for further use by the shal-
low generation module. The generated template
for Systems,s is displayed in figure 10. It con-
tains a Token with an XPath entry matching the
appropriate part of the XML input structure and a
bracketed reference to this Token. The parts in
brackets indicate a possible enumeration of direct
objects in the template sentence.

8 Related Work and Conclusions

The presented dialogue system differs from oth-
ers in three key issues: First, planning and pro-
cessing of discourse and application are kept sep-
arate. This allows for a plug-and-play architecture.
Consequently, the functionality of the application
can be modified without affecting the discourse
model and vice versa. In (Allen et al., 2001) an
architecture is described that integrates planning
and discourse more closely and therefore seems
to be less flexible. In systems as (Lamel et al.,
1998), a dialogue strategy is hardwired in the di-



Di al ogAct :
Token #1:
Tenpl ate #1:

query_yesno

" .|/ CHARACTERI STI CS[ CNAME=" Usage" ]/ CVALUE/ t ext () " #N. kasus_AKK/ t ext ()"
"Do you want to browse (%) at the sane tine?"

Figure 10: Generated template for a system utterance

alogue manager’s kernel. In our system, however,
a dialogue designer may modify an existing strat-
egy or even add new strategies during configura-
tion. In this way, non-linguistic factors of interac-
tion (e. g. user emotions) may influence the sys-
tem’s dialogue behaviour. Whereas these aspects
are discussed in isolation in the literature, our sys-
tem provides a platform for integrating them under
real-time conditions. Second, our system applies
deep processing to parsing as well as to genera-
tion. Third, dialogue coherence is determined by
analyzing the content of contributions to the dia-
logue with the help of a partial logic (Abdallah,
1995): For each new utterance, the dialogue man-
ager computes how it contributes to the comple-
tion of one of the currently active plans. Hence,
the dialogue model extends the information state
approach of (Larsson, 2002). Coherence in our di-
alogue model is not limited to the expressiveness
of finite automata, but is defined as a contribution
to a plan — a feature that is not found in other con-
figurable systems such as GALAXY (Seneff et al.,
1998).
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