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Summary. This chapter presents SPIN, a newly developed template-based semantic parser
used for the task of natural language understanding in SMARTKOM. The most outstanding
feature of the approach is a powerful remplate language to provide easy creation and mainte-
mance of the lemplates and Asxible processing. Mevertheless, to achieve fast processing, the
templates are applied in a sequential order that is determined offiine.

1 Introduction

The task of the natural language processing module is to transform the word lattice
sent by the speech recognizer into a list of hypotheses representing in an abstract
way possible user intentions, For this task a new template-based semantic parsing
approach called SpiN (Engel, 2002) was developed within the SMARTKOM project.
This chapter motivates and descnibes this approach.

1.1 Module Input and Qutput |
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1.2 Approach

For the described scenario a semantic parsing approach 15 best suited, and seman-
tic parsers are also widely used within dialogue systems. Characteristic of semantic
parsers is that they do no syntactical analysis or only perform a very limited one
but build up more or less directly the high-level output structure from word level.
Examples for semantic parsers based on variations of finite state transducers (FSTs,
see Roche and Schabes (1997)) are Miller and Stallard ¢ 1996), Potamianos and Kuo
{2000 and Ward (1991). Examples for semantic parsers based on context-free gram-
mars (CFGs) are Allen (1994), Gavald (2000), Kaiser et al. ( 1999), Lavie {1996) and
Senefl (1992).

Instead of using one of the existing approaches for SMARTKOM, a new approach
was developed. The main reason to develop a new approach and not to use one of the
existing approaches was that writing and maintaining of the rules should be simpli-
fied compared to existing approaches, This includes especially the writing of rules
that are robust against speech recognition errors and rules that are robust against
word reordenng in free word order languages like German. Since the rules have o
be manually created! and the number of rules is quite large (435 templates are needed
1o cover all SMARTK.OM applications), easy creation and maintenance of the rules is

Page 757 of 1206



Natural Language Understanding 197

potheses can be processed. Together with a clever selection mechanism ? to choose
one of these hypotheses, this can enhance the overall performance of the dialogue

sysiem,

The reduction of parsing time is mainly achieved by trying to avoid wasting
time with the generation of results that are probably suboptimal. Results regarded
as suboptimal are, e g., results that are nonmaximal or results that are generated
using general templates i cases where more special templates are available. The
generation of such results is avoided by a fixed application order of the rules and by
grouping rules that lead 1o alternative results using the same input. The application
ol rules is discussed in Sect. 3, the preprocessing of the rule set, like the computation

of the template order, is presented in Sect. 4.

2 Template design

The template design is inspired by production systems where rules operate on a
working memory (WM), i.e., a rule selects some elements of the WM, may delete

some of them and adds new elements. In the presented approach the idea is simi-

lam tha iascsslabns anaesie aen oo IPRT shat snniaine ar macsihla alassnbe wesede aed
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Fig. 1. Excerpt from the SMARTE.OM template set, The templates are separated by emﬁ'h"
lines; the first line of cach template comains the conditions and the constraints (marked with

f}; the second line, the actions. Optional conditions are marked with %. List-hased matching
is activated using square brackels

can be expressed to reduce the number of required templates, Negation of conditions
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checks if at least one of the specified variables is bound. This is useful if a tem-
plate has several optional conditions, but at least one has to be satisfied to produce a
meaningful result, checkOrder checks the order of the elements bound by variables
in the WM. This ennstraint can be used if the word order is relatively free but not
completely negligible. In such a case the use of set-based matching together with
checkOrder constraints is appropriate, isQfType can be used to check if the type of
an instance was refined (see also Sect. 3.4).

2.3 Actions

Possible elements in the action part are constructors for words, constructors for in-
stances of the SMarRTKOM ontology and variables mentioned in the condition part.
Constructors for words insert new words into the WM. This can be used to preprocess
the WM so that a later applied template matches. This helps to reduce the complexity
of templates. Constructors for instances insert new instances of the SMARTKOM on-
tology. Embedded content of the instances can be specified directly in the constructor.
Within the embedded content it is possible to refer to variables of the condition part

2.4 Robustness
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instances within one alternative.

The second important internal data structure is the agenda. During processing al
many points several possibilities exist how to proceed. In such cases one possibility
is chosen, and the rest is stored in the agenda to be computed later.

3.2 Processing Overview

The WM is initially filled with the words of the best path through the word lattice.
Before further processing, the words are enriched by syntactic and semantic imfor-
mation looked up in the lexical database. To also be able to process the lower scored
paths in the word lattice, possible alternative branches in the word lattice are stored
in the agenda.

The next step is the application of the templates in a predefined fixed order. The
application order is not a sequential but a structured one. More details are given in
Seet, 3.3,

In the case when a template can be applied in several ways, one way is chosen
and all the necessary data to continue the other ways later on are stored in the agenda.
More details on the application of a single template are given in subsection 3.4.

To build up a chart, the application of the next template is delayed in some cases,
and first some of the agenda entries resulting from the last template application are
continued. After the ﬂpplil.‘}-ﬂ.tiun the different results are mcrg;d‘ and local alterna-

lives are created where necessary. The number of selected entries determines how
fast the first result ie frand usreiie ha e Fartes fha wad

lbe o o banrd

Page 761 of 1206



Matural Language Uinderstanding 201

1.3 Template Application Order

The application order is determined by grouping templates in so-called blocks, which
can be nested. The blocks are somewhat similar to control structures in programming

languages. Four different types of blocks are available:

s Sequential block: The embedded blocks and templates are applied in the speci-

fied order.
= Repeat block: The embedded blocks or templates are repeated until no block

and no template can be applied anymore.
s Alternative block: The embedded blocks and templates are applied alternatively.
If more than one block or template can be applied, the first one is applied and the

alternatives are stored in the agenda.
s Optional block: The embedded block or template is applied optionally, i.e., in
the case the block or template can be applied, the altemative of not applying this

block or template is put on the agenda.

A simple sequential application of the templates is not sufficient since in such a
case many relevant results could not be generated. Which block 15 used when and
why is described in Sect. 4, in which the automatic offfinegrouping of the templates

into blocks is described.

3.4 Application of One Template

A template is applied to the WM in four steps:

Each condition is tested to see if it is satisfiable with respect to the WM.
Alternative solutions omitting optional conditions are generated.

All constraints specified in the template are checked.

The tokens in the WM matched by the conditions are replaced by tokens gener-
ated by the corresponding actions in the action part of the template.

B -
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Fig. 2. The architecture of SPiN. The data flow is shown together with the knowledge bases
and the most important nternal data siructures

Since it is possible that the user has meant an instance of a different subtype,
alternative solutions with possible remaining types {mgmal 1}'pe without refined

furmal are alea reanmridsesd ko eddle - o ccllaoilio -
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maodelng and situation modeling to select the best hypolhesis to Send 10 [ne acion
planner,

Two factors determine the score:

I. It is checked if either an event instance (an instance that triggers an action within
the action planner) or an expected instance (e.g.. a valid answer to a question) 15
part of the result. In this case, the score is in the interval (0.5, 1]. 1f not, the score
is in the interval [0,0.5].

2, The portion of words that are used for the creation of event instances or expected

instances in relation to all input words, If such instances are not present the
remaining instances are regarded.

4 Offline Ordering and Grouping of the Templates

The order of the template application is determined offline in advance. Therefore,
first a dependency graph is created describing which templates have to be applied
before others. Subsequently, this dependency graph is transformed into the applica-
tion blocks presented in Sect, 3.3.

Three different kinds of relations are possible between two templates. A relation
berween the templates Ty and T> means that T} has to be applied after T3 if all relevant
results should be generated. It depends on the type of the relation if an additional

application of Ty before T3 hinders the generation of all relevant results or leads
I'II\" tﬂ a.ddih:ﬂna‘ ﬂ'hﬂﬂ!"lm.’l‘l raciilie Tn the fallaubns tha salatione ars .lhﬂf"‘!‘ih’ﬂ‘\d
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maodifylnstanceOfSameType: The relation expresses that two templates modify
the same instance and both templates use list-based processing. In this case, the
order cannot be determined in advance, e.g.. the input consists of a noun with
two adjectives, and two templates are used to process the adjectives. The tem-
plates can be sorted, so that both can be applied, but as soon as the adjectives are
swapped only one template matches. T, may be applied before 1.

The dependency graph is built up by comparing the templates pairwise. Each node
represents a template, and a transition between two nodes represents a relation. A
direct linearization of the dependency graph is in most cases not possible due to
cycles in the graph. The steps described in the following eliminate the cycles by
combining nodes and assigning to the new node an application block containing the

templates of the merged nodes. The steps are executed in the given order once.
. All cycles according lo reguire and moreOrEqualGeneral are detected. The

nodes of each cycle are merged to one node, which is assigned a repeat block
containing an altemative block. The alternative block in tumn contains the tem-

plates of the merged nodes.
2. All cycles according to require and moreOrEgqualGeneral and modifyinstance-

OfSameType are detected. The nodes of each cycle are merged to one node,
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Fig. 4. Computation of the template application order starting [rom & set of templates and
using a dependency graph as intermediate step. (8 = Require, G = Moreorequalgeneral, M =
Block)

optional to increase robustness against speech recoenition errors. Extension means
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The Gesture Interpretation Module

Rui Ping Shi, Johann Adethardt, Anton Bathner, Carmen Frank, Elmar Noth, Viktor
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Friedrich-Alexander Universitit Erlangen-Nimberg, Germany
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niemannj@informatik.uni-erlangen.de

Summary. Humans make ofien conscious and unconscious gestures, which reflect their
mind, thoughts and the way these are formulated. These inherently complex processes can
in general not be substituted by a comesponding verbal utterance that has the same seman-
tics {McNeill, 1992), Gesture, which is a kind of body language, contains important infor-
mation on the intenticn and the state of the gesiure producer. Therefore, it is an important
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The Gesture Interprefation Module 213

given separately in Streit et al. (2006), while experiments referring to user state
recognition as well as object mamipulation are shown in the following section.

2.2 Work Course of the Gesture Module

Apart from selecting virtual objects by gesture, the user state, which is expressed
through gesture and describes the mood of the user, influences 1o some degree the
way of gesturing: IT the user gets annoyed, his gesture tends 1o be quick and iterat-
ing, while it becomes short and determined if the user is satisfied with the service and
the information provided by the system. Both gesture and speech indicate the user
state and both complement cach other. Thus, we will base our experiment on a joint
sample set of speech, gesture and facial expression. Since we deal with constantly
changing user states, it is clear that the central point of this issue 15 concentrated

on the dynamics of the gesture and its interpretation, instead of focusing on its seg-

mentation from background. In SMARTKOM, all exchanged information packets are

coded i an XML fonmat.

2.3 Data flow in the gesture module
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Fig. 3. Typical trajectory of a poinling gesture with sampling points Ay, / = 0...¥ points and
geometric variances [y, / = 0N - |, which show the mtensity of fluctuation of the gesture

continuous two-dimensional coordinates {trajectories) and the time stamp, which are
recorded by the SiVit unit, are the most important information on the dynamics of
the gesture. The reason for computing the instantaneous velocity v over time is for
the system to learn from the behavior of the user's gesture. That is, with simple data
analysis, it would be possible to determine trends and anticipate future moves of the
user. The next set of data points is the acceleration @ of the gestures, which is easily
computed by approximating the second derivative of the position coordinate. Kinetic

energy K, which is just the square of the velocity while the mass is neglected, is also
a significant factor.

In our feature set, the trajectory variance is also included. This is the geometnic
variation or oscillation of the gestures with respect to their moving direction. A large
value of this variance can indicate that the user gesticulates hesitantly and moves
his or her hand around on the display, while a determined gesture leads to a small
variance. Figure 3 shows how the trajectory variance [2 is computed. So we have a

feature vector

f=(va,K,D). (1)

PR i e D hio s e i S R Ly Y calmbn mlome s sanhcrs Festaatee s b
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Fig. 4. Ergodic HMMs with different numbers of hidden states for gesture analysis

was confirmed by the preliminary experiments, where nentral and joyful had a high
confusion. We decided thus in favor of the three states topology. The user state :'fﬁ'lFff'
mined is given il the user knows what he wants from SMARTK OM, e.i., if he decides

to zoom in a parn of a city map on |h¢ GL]I by pointing to it. l['!.he user gets confused
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Table 2. Confusion matrix ol user stale recognition with gesture data using ergodic HMM (see
Fig. 4, CL: classwise averaged recognition rale)

Fmrfrm:e 3 HMM states (%) ] 4 HMM staies (%) [
user state  |[Determuned | Hesstant| Angry || Determined|Hesitant| Angry |
n&ﬁm:nmd1 — 6l 5 [ 13 B0 15 3
Hesitamt 5 T2 23 15 (£ B
Angry 1] 6 B4 10 I8 72
fcL 72 i 76 |

Table 3. Confusion matrix of user staie recognition with gesture dala using ergodic
HMM (LOO, see Fig. 4. CL: classwise averaged recognition rate)

Relerence || 3 HMM slates (%a) 4 HMM states (%)

user state || Determined|Hesitant| Angry || Determined| Hesitant] Angry
Determined h2 5 13 ] T F]
Hesitant 5 74 2l ” 3 74 13
Angry B B 30 B 2
CL l 73

Table 4. Confusion matrix of user state recognition with gesture data using nonergodic HMM
(CL: classwise averaged recognition rate)

Reference 3 HMIM stotes (%) 4 HMM states (%6)
user state Delermin:d]H:silnnq Angry || Determined| Hesitant] Angry

Determined 72 16 12 40 49 I
Hesitant 32 45 23 2 T0 28
Angry 60 12 28 2 4| 74

CL 48 6l

states, in that the windshield wiper movement has the same zigzag only with differ-
ent d}rnanucs and speed. le}abl:,r, some perﬂuns gestlculah: slnw]y while indicating

Y CRST S EELE S CRNES © PR | ESMICIRCET
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4 Conclusion

Gesture is an important communication channel in HCl, whose usage ranges from
direct manipulation of object to indication of user states as shown above. These two
models have been suceessfully integrated into the SMARTK oM demonstrator, which
Tuns as an autonomous service agent between the user and different information
sources through gesture, speech and facial expression, The user is, therefore, free to
communicate with the system, similar to talking with another human. Furthermore,
the gesture, speech and facial expression complement each other in a redundant way

so that the demand of precise expression in each modality can be relaxed and thus
extend the applicability with respect to prospective users.
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Multimodal Dialogue Processing
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Modality Fusion

Ralf Engel and Norbert Pfleger
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Summary. In this chapter we give an general overview of the modality fusion component of
SsarTKOM. Based on a selection of prominent multimodal interactron patterns, we present
our solution for synchronizing the different modes. Finally, we give, on an abstract level, a
summary of our approach to modality lusion.
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1.1 System Context

The above-mentioned tasks of the modality fusion component require commiumca-
tion with several other SMARTKOM modules. The main data communication chan-
nels (Fig. 1) are, on the input side, two channels bringing in data from the modality-
specific analyzers and, on the output side, the channel transmitting the integrated in-
tention hypotheses to the intention recognition module (e Vrugt and Portele, 2006).

1 Recognizer Gesture |

[ Recognizer Speech |—||

o -
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The first one provides information about the current location of the system, which
15 needed for the resolution of expressions referring to the situational context, and
the second component accomplishes the resolution of those referring expression that

cannot be resolved without aceess o the discourse context.
As descrnibed in Gurevych et al. (2006), inearly) all modules of SMARTKOM

employ the same knowledge representation, and thus all meaningful data occur in
Ihc same format. For FUSION it is 1n1purtﬂnt that this data structure can be viewed In
FifSs slaaa
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2.1.1 Selecting Seis of Objects: Encircling Gestures

Encircling gestures are a specialization of pointing gestures. The user selects a set of
objects displayed on the screen with one continuous gesture. In contrast ta pointing
gestures, encircling gestures require a somehow more elaborate processing to be able
to handle imterdependencies with the previous dialogue context correctly. Addition-
ally, the integration of muluple objects requires world knowledge about the involved
ohjects and processes 1o be able to imegrate the encircled objects in a sensible way.
Consider, for example, a situation where the system displays a seat reservation plan

and asks the user to select the desired seats.
(3) User: I want to reserve these three seals fencircling gesture/

The pesture analysis (Shi et al., 2006) sends weighted lists of all objects captured
by the encircling gesture to Fusion. However, the ranking reflects only salience
factors detached from a specific dialogue situation. So, FUSION has to deal with rwo

possible problem sources:
{1} The number of selected objects does not necessarily correlate with the desired

number of objects provided by speech.
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The challenge, however, is to identify when the adverb “here” occurs without any
accompanying gesture whether it was used with respect to the situational context or
with respect to the previous discourse context (e.g., when the user has requested
during route selection dialogue information about a particular restaurant and utters

in the next tum “'f want te park here.”

3 Synchronizing Different Modalities

In SMARTKOM the input channels are always open, i.c., the user can speak or per-
form gestures at any time. Additionally, the user can interact with the system using
speech or gestures, alone and the user can also combine several gestures with one
spoken utterance.” This implies the need for a mechanism deciding which gestures
are combined with which speech input.

Since both speech and gesture messages contain lime stamps indicating the start
time, and the end time it is a simple task to decide which gestures and spoken ut-
terances were performed at the same time., But often, the user does not speak and
perform the gesture at the same time, instead, e.g., the user performs the gesture one
second before starting speech or half a second after finishing speech. Therefore, ges-
tures are also combined with spoken utterances if they occur at a certain time span
before or afier speech, further referred as 1 pe fore and 7y frer. Our own experiments have

shown that 1.5 s for both time spans is a reasonable value,
To achieve the behavior described above, FUSION reacts depending on the type

of input in a different way. The next two sections describe the respective procedure.

3.1 Messages Containing Speech Input

When a message containing speech input arrives, the module should let a time span
fafier = (Tcurrent = lemd of speech) PAsS waiting for new gestures until the combination
of speech and gesture is started. But because of delay caused by the detection of the
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ery 500 ms. The idle messages contain time stamps so that they are independen,
from delays in the communication channels. As soon as FUSION receives an id|s
message it sends all gestures that 5aUsfy foud o gesrre + Toefore < late 85 §85MUre.
only messages 1o the intention analyzer, The disadvantages of this approach are
the increased communication overhead and the increased latency due to the time

span between two idle messages.

In SMARTKOM the prevention of delay problems within the specch recognizer
and the communication channels was considered to be more important than addi-
tional latencies and the increased communication overhead. Therefore, the second
solution was chosen. An example for synchronization is shown in Fig. 4. Note that
if the gesture recognition was more time consuming, such a synchronization mecha-
msm would be required for gesture processing, too.

4 Integrating the Modality Hypotheses

A slot-filling approach was developed for the integration of speech and gesture. The
term slot-filling approach means that the resulting hypotheses are produced by in-
serting the hypotheses of one modality inta the hypotheses of the other modality.
Such an approach is ideal in the context of SMARTKOM since it is powerful enough
to handle all oceurring tasks and requires no further knowledge bases besides the

already existing SMaARTKOM ontology.

4.1 Design Goals

Before the developed approach is presented in detail, the two most important issues
that influenced the design should be mentioned: multimodal disambiguation and ro-
bust processing. Multimodal disambiguation means that ambiguities occur in one
modality can be solved when the modalities are combined. Ambiguous input is repre-
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rotenially, local decisions can lead o solutions that are nol opuImal 11 Seen 1o &
global point of view. The disadvantage of this approach 1s that under adverse circum-
stances (especially in the case of recognition errors or unintended gestures performed
by the user) the generation of all meaningful combinations takes too much tme. To
address this issue processing 15 stopped after a timeout. The probability to find the

correct solution is increased in the case of a tmeout by optimizing the algorithms 1o
find more probable solutions first, ¢.g., processing last gestures first.

4.3 Implementation

A detailed presemation of the used algorithms is out of the scope of this chapter, but
a roueh sketch should eive an imnressinn of the realization af the anaroach. Keep i
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4. Same as 3, except that the slot is not empty, but is already filled with an incom-
patible instance. This increases the robustness against severe speech recognition

errors.
The gesture is not inserted at all. This alternative is necessary if the case occurs

that more gestures are recognized than can be inserted.

To find all possible solutions even if one strategy is successful, the subsequent
applied and may lead to additional solutions. It is also possible

siratemies are also
HI1eE are aise

that within one strategy several solutions are generated, e.g., there is more than one
matching referring expression. The additional solutions are added to the set of speech
hypotheses, so usually the number of speech hypotheses increases during processing.

5 Scoring the Generated Results

The scoring function is used for two tasks. First, the function decides which gener-
ated results are sent to the intention analyzer. Because of the large number of results,
only a reduced number can be sent. In SMARTKOM a maximum of three hypothe-
ses is sent to the intention analyzer. Second, the sconng function determines the
so-called fusion score that 15 attached to each hypothesis. In the intention analyzer
this score is used in combination with other scores, e_g., the acoustic score assigned
by the speech recognizer, to select the one hypothesis which is passed to the action

planner.
Within the scoring function several criteria are considered, all providing their

own scores. The scores are listed in order of their importance:

how often temporal crossing occurs between modalities, e.g., an earlier gesture

1.
replaces a later referring expression and a later gesture replaces an earlier refer-

ring expression
the fraction of replacements of an instance marked as referring expression

the fraction of replacements of an instance not marked as referring expression
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on a detailed level how we solved the so-called synchronization problem and gave a
general overview of the core integration algorithm,

The overall performance of the fusion component in SMARTKOM was verified in
extensive system tests. Although the fusion component was not evaluated separately,
the system tests showed that the fosion component performs very well.

Future research will aim for a more generalized application of the presented al-
gorithms. Instead of representing the interaction patterns directly at the level of al-

gorithms, we are amining for a knowledge-based approach where new interaction
patterns can be added in a more flexible manner.
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Discourse Modeling

Jan Alexandersson and Norbert Plleger

DFE] GmbH, Saarbriucken, Germany
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Summary. We provide a discnption of the robust and genenc discourse module that 1s the
central repository of contextual information in SMARTKOM, We lackle discourse modeling
by wsing a three-ticred discourse structure ennched by paritions together with a local and
global focus structure. For the manipulation of the discourse structures we use unification and
a default unification operation enriched with a metric mirroring the similarity of competing
siruciures called OVERLAY. We show how a wide vanety of naturally occuring multimodal
phenomena, in particular, short utterances including elliptical and referring expressions, can
be processed in a generic and robust way. As all other modules of the SMARTKOM backbone,
B relies on the 1 domain ontology for the representation of user infentions. Finally, we
show that our approach is robust against phenomena caused by imperfect recognition and

analysis of user actions,

1 Introduction

This chapter provides a comprehensive description of the central repository for con-
textual information in SMARTKOM: the discourse modeling module (DIM ). For

Page 798 of 1206



Page 799 of 1206



Discourse Modeling 239

U7 Wheat's on TV rtonight ?
87 Hewe are tonight's broadcasts.

LIS Apd fonrorrow?
SS9 Here are tomorrow 'y Broaecosis,

Here, the correct interpretation is a request for showing the TV program for
trmmnrrnwe misle I dhis cace MM hag 1o inteerate the ttme peareecinn Al toorm 118

To conclude, we pose the following requirements on discourse processing in
SMARTKOM:
We need a general and robust method for the enrichment and validation of user

hypotheses.

The context model must differentiate between modality-specific information and
modality-unspecific information of a concept introduced into the discourse.

* The context model must reflect not only the temporal structure of the dialogue

but also the topical structure.
*  We need a robust and fAexible method for resolving different kinds of referring

EXPressions.
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The approach chosen enables resolution of different referential expression, ¢.£.,
anaphora, cross-modal referming expressions and a wide range of elliptical expression
(see Sect. 1.1 for examples). Still, the deployved functionality is efficient and does not
slow down the system. We have carefully designed the algorithms in such a way that
we only use algorithms linear 1o the size of its arguments (unification and overiay).

Additionally, the search space for resolving referential and elliptical expressions 15
drastically reduced by the topic structure.

The chaper is orgamized as follows: Sect. 1.1 provides a more thorough pre-
sentation of the challenges we are facing. Section 3 describes how we represent the

discourse. In Sect. 4 the algorithms used are described. The description of EJ‘-TPIE_}"*
however, i1s found in Alexandersson et al. (2006) Before we conclude the chapter m
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Fig. 1. The mierfaces of DIM. solid feex depict the main data fow;, dashed linex indicate

auxiliary imterfaces

15 incorporated into the discourse history representing a user turn. The system tumn
is constructed by the expectations of the action planner (describing the anticipared
user reactions to the next system tum), the screen state published by the display
device (describing the objects presented on the screen) and coneepts presented by

the generation module (describing the system utterance).

2.1 Some Terminology

Before we continue with describing our approach to discourse processing, we have
lo introduce some terminology. The top level of the SMARTKOM ontology contains

several application objects. The number of application objects is determined by the
set of applications modeled by the action plans used in the system (Lackelt, 2006).

Application objects daccribe avents, 2.2, a movie ticket reservation request, and can
contain suboebkjects that are recursively composed of other subobjects. An application
objeet describing a movie ticket reservation event includes, for example, subobjects
describing the movie theater, the show time and movie information. Additionally, the
type hierarchy is used to express relations between application objects. Subobjects
that can appear in dilTerent application objects are introduced as early as possible in
the type hierarchy. Additionally, some subobjects are called slors, Slots are character-
ized by their paths from the top level of an application object and represent objects in
the real world that could be focused on during the conversation. Moreover, slots are
predicted by the action planner via its expectations; a feature we rely on especially

when it comes to the interpretation of short utterances (see below).
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3 Discourse Representation

In this section we outline the concepts and realization of the structure of our discourse
memory. Mext, our extension to the three-tiered context representalion of 1-ulﬂffrﬂ}’

{1992) is described. We close this section by a brief description of our focus structure
and the use of initiative response units

3.1 A Three-Tiered Context Representation

Our approach to discourse modeling is based on a generalization of Luperfoy (1992)
together with some ideas from Salmon-Alt (2000) and the Verbmobil dialogue mod-
ule (Alexandersson, 2003; Wahlster, 2000). Following the ideas of Luperfoy (1992),
we use a three-tiered context representation where we have extended her linguistic
layer 1o a modaliry layer (Fig. 2). Additionally, we have adopted some ideas from
Salmon-Alt (2000) by incorporating directly perceived objects and compaositional

information of collections, The basic discourse operations described in Alexander-
sson (2003) and Wahister (2000) have been further developed (Alexandersson and

Becker, 2003).

The advantaee of our annroach to dizeanree renrezentatinon lieg in the aniffed rep-
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3.1.2 Modality Layer

Modality objects (MOs) are introduced to the modality layer every time a discourse
object is mentioned in discourse (either by the user or by the system). Every MO
is linked to its corresponding DO and encapsulates information about the surface
rl.'-ah:atiun of this particular mention of that DO. With respect to the three modalities
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we call OVERLAY [M:xanl:ll:rss;:m, 2003: Alexandersson and Becker, 2003; Plleger
et al., 2003a; Alexandersson et al., 2006). The starting point for the development of
the latter operation was twofold: First we viewed our domam model as typed [ea-
ture structures and employed closed world reasoning on their instances. SEEUnd._WE
saw that adding information 10 the discourse state could be done using unification,
at least as long as the new information was consistent with the context. This 18, I!_DW-
ever, not always the case, as the user often changes his or her mind and specifies
competing information, which causes standard unification to fail. There was thus a
need for a nonmonotonic operation capable of overwriting parts of the old struc-
ture with the new information and at the same time keeping the information still
consistent with the new information. The solution is default unification (Alexander-
sson and Becker, 2003; Carpenter, 1993; Grover et al., 1994), which has proven o
be a powerful and elegant tool for doing exactly this: overwriting old, contextual

information—background—with new information—ceovering—thereby keeping as
much consistent information as possible.

Ud:  What is on TV tonigh:?
54:  [Displays a list of broadcasts.] Here [°] vou see a list of the broadcasts running
formigh,

U5:  Whar is runming on MTV?

S5:  (Displays a list of broadcasts for MTV tonight.) Here [ ] you see a list of the broad-
casis running fonight on MTV,
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Fig. 4. Due to spatial restrictions on the screen it may be impossible for the system (o
display every broadcast for all channels, e.g., in 84. SMARTKOM therefore chooses
some broadcasts playing on some channels. Clearly, the intention in U5 is to ask for
the program on MTV ronight, thus requiring the system to inherit the time expression
from U4. Full utterances are processed by traversing the global focus structure and
picking the focused application object in cach focus space (if any). In Fig. 4, default
unifying U3 {covering) with U4 {(background) results in What is running on TV on

chane! TV rowiehin,

4.1.2 Partial Utterances

For the interpretation of partial utterances (henceforth partials) we gave a detailed
description in Lickelt et al, {2002). For elliptical utterances (U6 in Fig, 4), the gen-
eral idea is to extend the partial to an application object of the same type as the
nearest locused application object—a process referred to as bridging—and then use
this application object as covering and the focused application object as background.

There is one more challenge we have to face: resolving referring expressions.
Giiven resolved referring expressions and the correct bridging, we can use the basic
orocessing techmoue as described in Sect. 4.1.1. Next. we concentrate an the latter.
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thereby searching for a discourse object that allows for a linguistic sponsorship rela-
tion.

4.2.2 Partial Referring Expressions

By a partial referring expression (PRE), the user refers to a part of a discourse object,
e.g., selecting a movie from a list of movies. In this case, the processing is the same
as for total referring expressions with one exception: the local focus is scanned for a
compositional discourse object that satisfies (i) the differentiation criterion specified
in the pantition feature of the request (i.e., “the first ), and (ii) has a discourse object
in its value feature that is compatible (i.e.. in our case unifiable) with the requested
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2 Compute the bndge by using the parl in either expected or possible slols, o
the MOs v the local focus stack
Conceptually, the process of the interpretation of partials is summarized in T,
ble 1. Depending on who is having the initiative, conceptually different processing
15 performed, Although we always use overlay for the combination of new and pjg
information, it suffices in some cases to use unification.

Table 1. Possible combinations of partal utterances and different expectalions given Wer ar

syslem imiuatnve

| | Procesing |
rLfsrr niatve | System mitiative|
Expeciled
Expected slot MA Unify
Plan conlinues
Plausible Plaustble
Possible slod Unify Unsfy
| Replanning Replanning |
Plausible Plausible
Filled slot i Owerlay Dwverlay
| Replanning |  Replanning
Other implausible recover strategies

There are, however, some exceptions to this general scheme, of which we provide
two examples in the following.

4.3.1 User Provides Too Much Information

If the system has the initiative, thus requesting for information, the user might pro-
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I' CINEMARESERVATION |
[ T17

T2 7
SEATS ]
£l Cardinaliry 2

Joo fears | sear BRAT

seafl AR

Fip. 5. An application object representing the reservation of bwo seals
4.3.2 Manipulations of Sets

For the correct processing of the example above, we had to extend OVERLAY with
operations on sets, like union. Again consider a seat reservation scenario where we
have the case where the user is not satisfied with the reservation and replies to the
system request “Is the reservation GK i wuh a madlﬁ::atmn r:umammg manipula-
Al B Rl = .

¥ L I Tha
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The following dialogue excerpt is an example where the presented functionality
of MM will accumulate oo much contextual infonmation:
Ul:  What is running on TV tonight” (Context C1 }
Uz2: .. and what 15 unning on ARD? (Context C2)
U3 Show me information about this broadeast [ 7). (Context C3)

Uda:  And is there something with Schwarzenegger?
Udb: Show me broadcasts with Schwarzencgger.

When considering Uda and Udb the question is which context to use. Possible
contexts are C2 (channel: “ARD." evening) or context Cl {evening). An intuitive
answer for Uda would be C2, as the syntactical structure of C2 and Uda both start
with a conjunction. Utterance LI4b, however, is a rather general request and should

not be enriched with too much—if any—contextual information.
In general, enriching discourse contributions with respect to their previous dis-

course context 1s a complex venture. The approach used for SMARTKOM has—
besides its robustness and generality—one important disadvantage caused by the fact
that we deploy a straightforward use of overlay. For most dialogue situations this is
feasable. As shown above, our current approach might lead to overaccumulation.
Hence, there 15 a need for “forgetting™ or “discarding” contextual information.

One can argue that this functionality should be placed in the action planner: in
case the interpretation provided by DiIM does not result in—in the example above—
any broadeasts, the action planner could relax some of the contraints. This relaxation
could, however, be provided by the discourse module by proving an ordered list of in-
terpretations insiead of a single contextual interpretation. In the example above, one
could imagine the interpretations { OVERLAY(U4a,C2), OVERLAY(U4a,Cl), OVER-
LAY(Ud4a,C3)... }. Now if the action planner fails to retrieve any broadcast using the
first interpretation, the next—lower scored one—can be tested. This approach is only

defeasable if the database is fast enough.
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Granularity. In some cases OVERLAY should overwrite complete subsiructures of
the background rather than include all information from the background. The
keys for when this should be done are often found in the surface of the user
actions.

Overlay. For setlike structures, i.e., seats in a movie=theater, it is unclear what oper-
ations should be used (see also Alexandersson et al. (2006)). The current \’Eﬁiﬂ_“
of DIM provides correct treatment for some examples. Ongoing work investi-
gates how and when different set operations (i.¢., adjoin, set difference, etc.) are

used for the combination of new and contextual information.

Evaluation. The success of the overall system shows that our approach to discourse
modeling is valid. Still, neither the overall system nor DiM has recieved a proper
evaluation. Although there have been some attempts to create evaluation stan-
dards for dinlogue systems, there exists—to our knowledge—no standard for
how an intrinsic evaluation of DIM can be performed.

Forgetting. For longer dialogues (more than half an hour of discourse), the dis-
course memory runs out of memory. It is—even for most humans—necessary 10
forget information. How and when this can be done is still an open and challeng-
ing issue we will have o address in the future,
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1.3 Combining Current Context and User Utterance

The TFS-based representation allows us to discuss the four cases of siare updare
mireduced in the previous section in terms of wnificarion, (Carpenter, 1992). In par-
ticular. (1) the user adding a value for an empty slot can be seen as unification in
(untyped) feature structures. (1) Refinement is a case of unification in typed fea-
ture structures, and (rii) revising and (1v) changing are cases of default unification or
overlay (Carpenter, 1993). In Sects. 2 and 3, we formalize this approach. Sect. 3.2

describes an ennchment of overlay with a scaring operation that expresses how much

information from the current context 15 retained.

2 Preliminaries: Typed Feature Structures and Unification

Almost 30 years frames or framelike formalisms have been used to represent knowl-
edge (Minsky, 1975). Different requirements, such as processing speed, expressive-
ness, etc., have guided the development of the representation as such, as well as the
algorithms for the manipulation of the representation inte several directions. For rep-
resenting linguistic knowledge and more abstract common-sense knowledge, typed
frame-based formalisms are used, such as TFS (Carpenter, 1992) or description log-
ics (Horrocks, 1998b). In parallel different inference operations meeting different

needs have been developed. For linguistic analysis, different unificarion operations

(Carpenter, 1992) and for description logics, the classifier (Horrocks, 1998a) are

used.
In this work we are concemed with TFSs and, in particular, operations that ease
the interpretation of discourse phenomena such as different elliptical expressions.
The najve standard unification is enough as long as consistent and not contradictory
{conflicting) information is added to the discourse. However, as shown in Alexan-
dersson and Plleger (2006), there are a lot of cases where the user changes his/her

mind and provides information that conflicts with the context. Sull, it is desirable 1o
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e § is the {unigue ) root node.

8 : Q — Type is a total node ryping function.
& : Feat x Q — @ is a partial featnre value funcrion.

We adopt the appropriate condition from Carpenter { 1992), which states that a feature
is appropriate for a type and all its subtypes.

Definition 3, (Appropriateness)

In an inheritance hievarchy (Type,C). the partial function Approp: Feat *
Type — Type meets the following conditions:

» Feature Introduction. For every fearure f € Feat, there is a most general rype—
Introl [} € Type—such that Approp(f.{ Intro{f}) is defined.
L

Downward Closure. If Appropl f, o) is defined and & C 1, then Approp([,T) 15
also defined and Approp( f,a) C Approp( f,1).

In order to define unification and default unification, TFSs are ordered by the
following subsumption relation which spans a lattice:

Definition 4. (Subsumption)
F = (0,4,8,8) is said to subsume F' = (@', 7 .0 ,8), F C F', iff there is a toval
Sunction b1 Q — Q' such thai:
o hig)=7.
o Big) CO'(hig)) for every g€ Q.

h(B(f.q)) =& (F.h(a)) for every a & O and fearare £ such that 8( £, q) is defined.
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3 Overlay = Default Unification + Score

In our main application, we are concerned with two challenges. We provided a mo-
tivation for the first one—enrichment—in Sect. [, The second one—validation—is
concerned with the task of assigning the most probable hypothesis among several
a lgher number than the competing ones. In SMARTKOM, 1.e., Systems processing
user actions run though nonperfect recognizers and/‘or analyzers, the possible inter-
pretations of a user action will almosi never be unambiguous, The task of comparing
the representation of the user action with context must involve some kind of scoring
telling how well the representation fits the context. Our solution is to combine default
unification with a scoring functionality so that the actual score is computed during
the combination of new and ald information. To this end we developed an efficient
implementation of default unification and equipped it with a scoring mechanism. Be-
low we provide a formal operational semantics of this default unification operation
{Sect. 3.1), whereas the heuristic scoring function is described in Sect. 3.2 (see also

Sect. 3.3 for a highlighting example).

3.1 Default Unification
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The type of the resulting structure is the type of the covering in case of conflicting
types and the type of their GLB in case of compatible types.
Definition 7. (Assimilation)

Let co and bg be rwa TESs (covering and backgrownd) such that co = (0 co, Feus
Beo.Beo) and bg = (Qpy, Gug Bt B ). Then, the assimilation—assim{co, bg)—is de
fined as

if (co T bg or bg C co),

then assim{ce. bg) = (co, bg),

else assim(co,bg) = {co, (0.8, 84.84) ).
where

Ig '= LUB{co, bg),

§a = Ebg with E{ﬁﬂ} = la. :
By is the same as By, for [ reachable from §, (but for 8,(f.§,) we require
Approplf.ta)).

Qg is the set of nodes reachable from § .

8. iz the same ax Bi. for the nodes reachahle fram 7 with B0F Y = L.
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drawn { Antoniou, 1999 Touretzky, 1986). A famous example related to this distinc-
tion 1% how in mheritance hierarchies one has 1o allow for overwriting in the case
ol describing a pengumn. Since birds can fly, and penguins are birds but cannot fly,
the information slating that birds can fiy has to be overwritten. In our case we want
to overwrite old contextual information with new conflicting information and at the
same hime be able to draw inferences—we are thus aiming for credulous default

Fﬂﬂﬁl'_'ll'lll'lg.
Within computation hinguistics, the early work staris with Karttunen, e.g., Kart-

tumen { 1986), who used in his DPATR workbench a default unification algorithm
called clobber, Kaplan ( 1987 ) introduces priority imion as a techmique for an elegant
way of processing elliptical or morphological nonmonotonic constructions. These
approaches are, however, based on nontyped feature structures. The processing of
elliptical constructions is picked up by Grover et al. {1994), but because of the ex-
pense for computing priority union—it is exponential—the authors state that their

implementation cannot be used in real applications.
In the beginning of the 1990s, techniques for the processing of typed feature

structures were developed { Bouma, 1990; Calder, 1993; Carpenter, 1993). The appli-
cation for default unification ranges from lexicon management (Villavicencio, 1999;
Lascarides et al., 1996, Carpenter, 1993) over robust parsing (Imaichi and Mat-
sumolo, |995; Fouvry, 2003) to discourse modeling where, for instance, elliptical
constructions have to be processed (Grover et al., 1994; Alexandersson and Becker,

2004 ).

3.2 Scoring

So far, we have seen that overlay can be used to transfer nonconflicting information
from one structure 1o another—even in the case of type clashes or conflicting atomic
values. What is missing is a way to assess the structural resemblance of the involved
structures to be able to judge how well a background structure fits the covering. This
scorine of the averlav result can be verv useful. e.e.. for tasks like disambizuation
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is overwritlen.

All these parameters are collected during the application of overlay, and in the
end a function compiles that information into a single number reflecting the structural
consistency of the two structures. The sum of co and bg minus the sum of tc and ¢v¥

will be weighted against the sum of ¢o, bg, te and ev. This leads to a function (shown
in the formula below) whose codomain is [—1, 1].

scu-m‘{&'ﬂ-.bg.ificv} = ziiﬁ ; E:Z Ii:;w‘,ljI

T - - T
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in Fig. 1) where the user has requested information about tonight’s television pro-
gram (sce Fig. 2 for a TFS representation), resulting in a system presentation of
tonight's television program, Now the user wants 1o reduce the number of displayed
mavies by uttering s there a movie with Nicole Kidmean?. This user request, if in-
terpreted separately, leads to at least two intention hypotheses — one where the user
requests information about the curmrent TV program (see Fig. 3) and one where the

user requests information about the current cinema program (see Fig. 4).

Li: W s on TV romight 7
a2 (Desplays ihe TV program lisings) Here voir ge¢ o [isr of drovies riviiining fonight,

L fx theve o movie with Nicole Kidoan ?
Fig. 1. Dialogue excerpt

If we now overlay these two interpretation hypotheses with the latest user con-
tribution we get for both a suitable result. However, one of the results is more likely

than the other, and this 15 expressed by the scoring of overlay. Column 2 of table |
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TP
- BC -|
[ Time ) 1
INSTANT
analysis: day: today
bT: | daytime: evening
pOL: | o [ BETWEEN
Functisn: From: 2000-06-03T 18: 0000
I I fo; 2003-06-03T23:59:59
" AVMEDIUM
CAST
i cast: [ o [ ACTOR } J
name: N. K. JJ.J

Fig. 5. Interpretation of the utterance f5 tiere a mrovie with Micole Kudwaan® with respect 1o the
previous discourse context

For more information about the application of overlay in discourse processing, we

refer to Alexandersson and Plleger (2006).
Future work will cover the areas described below.

This chapter provided a set-theoretical characterization of the behavior of over-
lay. The complexity of default unification for reentrant structures in complex
inheritance hierarchies is regarded as exponéntial (Copestake, 1993). In Alexan-
dersson and Becker (2003) we provide an efficient algorithm for the computation
of default unification based on a multiple-inheritance type hierarchy.

For SMARTKOM we decided to use typed leature structures (TFS) as the internal
data representation for overlay. As we have shown above, TFS can be used to

reanracant imelancas al an antalaoe and thoe we had the ides af an imnlementarinn
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Summary. We describe the role of context models in natural language processing systems
and their impiemeu!mi-nn and evaluation in the SMARTKOM system. We show that contextual

| s P s asncalila Al gmeles s ae Lavesal sed measssalio dics |l|-l|.'|l|.l|n|.|..'|.r|..-'|.|l|
R IS is necucy foi an enscinoie of tasks, such as lexica? and PraipisiEais SdtalTho SiRi i,

decontextualizion of domain and common-sense knowledge that was left implicit by the user
and for estimating an overall coherence score that is used in infention recognition, As the
successful evaluations show, the implemented context model enables a multicontext system,
such as SMARTKOM, to respond lelicitously to contextually underspecified questions. This
ability constitutes an important step 1oward making dinlogue systems more intuitively usable

and conversational without losing their reliability and robustness.

1 Introduction

Th:: human ﬁnterpnse uf' answering or responding to conversational speech input in

ok le ol L WE e N T T e O
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additional knowledge sources and dynamic context modeling are needed. Herein we
describe the central contextual processing unit which combines ontological and sit-
uative knowledge. In the SMARTKOM system, discourse contextual influences are
handled by unification-based operations, for example OVERLAY(Alexandersson and
Becker, 2003; Lockelt et al., 2002), which operate on the schemas automatically cre-
ated from the SMARTKOM ontology (Gurevyeh et al., 2003b; Porzel et al., 2']'331?}.
They also interact closely with the contextual processing module described herein,
for the resolution of deictic expressions.

This integration of basic common-sense domain knowledge with situative con-
text knowledge constitutes a necessary building block for scalable natural language
understanding systems that facilitate felicitous cooperation and intuitive access 10
web-based, location-based and personal information. In single-context systems, such
as train schedules or help desk systems (Aust et al., 1995; Gorin et al., 1997), th!'E
does not constitute a problem, since conversational phenomena such as pragmatic
and semantic ambiguities or indirect speech acts do not occur (Porzel and Gurevyeh,
2002). A multidomain, muitiscenario and multimodal system faces diverse Usags
contexts (e.g., at home or in mobile scenarios), conversational phenomena (e.g., 1~
direct speech acts and pragmatic ambiguities) and multiple cross-modal references

l;i_!._g_i Egstu[&l E!’!d !'i !‘l_\gl.l'iﬂl ir diepmres akiandey A& sesmaeshaneiuvs ||nr|9~r5t_1_1nd'i'l'l.g ur

uuuuuuuuu ourse chijects), A comprehensive under _
naturally occurring discourse and of the often implicit questions embedded therein
still has many unsolved issues in computational linguistics. In this work, we describe
research on context and knowledge modeling components that enable dialogue s¥s-
tems with multiple contexts 1o realize the needed capabilities outlined above.

For example, in most conversational settings a passerby's response to a question
such as;

(1) Excuse me, how do I get to the castle?
will most likely not be followed by asking where and when the spatial instructions

should start. More likely, directions will be given. But, as the collected field data (see
Sect. 5.1) shows, the felicity of spatial instructions is also dependent on contextual
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changing remote geographic information systems; or relatively stable historical and

architectural databases.
Natiral language understanding in the area of parsing and pragmarcally under-

standing questions as well as in terms of extracting their underlying intentions and
finding suitable and felicitous answers is far from being solved. Still, a variety of
robust parsers can deliver valuable contributions beyond part of speech and treebank
tags { Pieraccini et al, 1992; Collins, 1996; Gavaldd and Waibel, 1998; Engel, 2002).

ELELRD &bl LM EWaRRI LR e HE]IIE ERISINE TVIEILEIIL (I8 PNTWLRE RS | YWalRET T 41, LU0,
Beringer et al., 2002).

{2) Where is the cinema Europa?

In real situations seemingly “simple” gquestions such as (2) are difficult to under-
stand in the absence of context. A felicitous answer often depends on the situational
context in which the dialogue 1akes place. That is, as the data collected and analyzed
shows (Porzel and Gurevych, 2002), where {5 questions are either answered by lo-
calizations — if the reference object happens to be closed or with an instruction —
if the reference object, e.g., a cinema or store, is open. In such cases of pragmatic
ambiguity, the model resulting from the analyses of the corresponding data has to
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= Additionally, if decisions hinge the contextual coherence of sets of concepts and
their relations by applying both dialogical as well as semantic coherence mea-

surements (Gurevych et al., 2003a; Porzel et al., 2003a), e.g., for ranking speech
recognition hypotheses or semantic ambiguities.

3 Context Modeling

Unerances in dialogues, whether in human—human interaction or human-computer
interaction, occur in a specific situation that is composed of different types of con-

texts. A broad categorization of the types of context relevant to spoken dialogue
systems, their content and respective knowledge stores is given in Table 1.

Table 1. Contexis, content and knowledge sources

[Types of context | Content | I{nuwledﬁnﬂﬂj
| Dialogical context What has been said by whom | Dialogue model
{Onlelogical Context World/conceptual knowledge | Domain model
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nology, this formal context group function outputs a domain, i.e., the real-world
utterance-based linguistic target of our definition. It is important to note that despite
the multitude of domains that are 1o be encompassed by the SMARTEKOM system,
the central aim is (o create a kernel NLP system capable of dealing with multiple
and extensible domains, which ultimately ean be added to the system during runtime
{Rapp et al., 2000).

One of the central ideas embedded within the SMARTKOM research framework
15 1o develop a kernel NLP system that can be used in a vanety of situations, i.e.,
scenarios, domains and modalities, see Wahlster (2002), whereby:

®  Scenarios refer to different manifestations of the system, i.e., a home, office and
public {booth) manifestation as well as a mobile one.

el g LN R = 3 2 Y

*  Modaliry refers to speech, gesture, mimics, affectives and biometry.
= Domain refers to the general backdrop against which dialogues can be pitted, i.e.,
areas such as train schedules, movie information or hotel reservations.

These additional scenario-specific contexts feature:

e dynamic mobility of the user - where traditional input modalities, such as

keyboard- and mouse-based input, are highly unsuitable
prolonged dialogues throughout sometimes hour-long spatial navigation rasks

context-dependent intentions
Therefore dynamie, e.g., situational, context information has to be integrated to-
" v a s ' . = = T

Page 836 of 1206



In line with our proposal stated above to separate domain and application knowl-
edge, the implementation within the SMARTKOM system exhibits a clear distine-
tion between domain-specific knowledge and application-specific knowledge. This s
consequently mirrored by respective modules: the domain and situation model (each
can be addressed via separate blackboards/communication pools) implemented in a
module called modeler.knowledge, and the function model, implemented in a module
called modeler function. This module can be described as the module that contains
the knowledge of how specific plans are realized {given the actual software agents,
databases and hardware devices). It therefore can be regarded as a translator between

representations coming from the NLP and knowledge system and those of the back-
ground system.
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Ld § FFLLS rI:J'Ir_.II drrr dRdrrer
What runs inthe cinema 7

(4) Hier sehen Sie was |hewre in den Heidelberger Kinos  fdwft |
Here see  you what today in the Heidelberg Cinema runs

Table 2. Context-specific insertions into a sample intention hypothesis resulting from the in-
lgpretation of a speech recognition hypothesis

< informanonSecarchProcess >
<enlerlainment >
< performance =
<Einema e ————
i <x> 70.345 < /x>
<address> <y> 49822 < [y>
{‘::’r:} <town>
<flownz {ﬂ;:;lhm
</address = o kot
r:_.ifnuntm:r Zhmes
</cinema <atz 19:00:00T26:08:03 </at>
<time= < fime>
< beginTime>
<at> el b
< conlextualCoherence=
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several intention hypotheses,

By means of explicating such information and providing topical and contextually
adequate values, the system can retrieve appropriate information from Web sites or
databases on what is currently playing in town, produce maps featuring cinema lo-
cations and then offer further assistance in navigation or reservation, for example.
We have therefore linked the context model to interfaces providing contextual in-
formation. For example. within both the SMARTKOM and the DEEF MaP framework
{Malaka and Zipf, 2000), a database called the Tonrist-Heidelberg-Content Base EUF';
plies information about individual objects including their opening and closing imes.
By default, objects with no opening times, e.g., streets, can be considered always 10

be open. A GPS built into the mobile device supplies the current location of the
user, whech is handed 10 the geographic information system that compules, among

AR FRRURTL ERARRNLARE O IV RN REIREE R RR-GE T ARy

other things, the respective distances and routes to the specific objects. It is imporiant
1o note that this type of context monitoring is a necessary prerequisite for contexi-

dependent analysis.

5 Application and Evaluation in SmartKom

5.1 Data and Annotations

We collected two types of data for demonstrating and realizing context-dependent ef-
fects in the SMARTK.OM scmnns First, we cullectﬂd field data, by askmg SMART-

FAre rmanifia accccilce e 8o d.

i R
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sets of the audio files were sent 1o the speech recognizer. We logged the speech recog-
mtion hypothesis (SRH), n-best lists of SRHs and the module’s input and output for
all utrerances.

Using the laboratory data we created specific corpora for annotation experiments.
In a first set of annotation experiments on a corpus of 1300 SRHs, the SRHs were
annotated within the discourse context, i.¢., the SRHs were presented in their original
dialogue order. For each SRH, a decision had to be made whether it was semantically
coherent or incoherent with respect to the best SRH representing the previous user
utterance. In a second experiment the annotators saw the SRHs together with the
transcribed user utterances. The task of annotators was to determine the best SRH
from the n-best list of SRHs corresponding to a single user utterance. The decision
had to be made on how well the SRH expressed the intentional content of the utter-
ance {Porzel et al., 2003a). In the first experiment the interannotator agreement was
80%. and in the second 90%. Last, the annotators had to create corresponding gold
standards by means of discussing the cases of disagreement until an optimal solution

was found,

5.2 Evaluation in SmartKom

For evaluating the performance of the model described above we computed the task-
specific accuracies as compared to the gold standards described above. The situa-
tional models trained on the field data of 366 subjects using a c4.5 machine learn-
ing algorithm (Winston, 1992) achieved an intention recognition accuracy of 88%
as compared to baseline achieved by a context-insensitve model of 59% evaluated
against the annotated gold standard of a corpus of dialogues with 50 subjects fearur-
ing various kinds of spatial interrogatives (Porzel and Gurevych, 2002).

For evaluating the contextual coherence scores of the model we logged the scores
of all scoring modules (speech recognizer, parser and discourse model) that rank n-
best lists of speech recognition hypotheses produced out of word graphs (Oerder and
Ney, 1993) and those that rank the representations produced by the parser (Engel,
2002). As described above, these speech recognition hypotheses were annotated in
terms of their coherence, correctness and besmess and umned into corresponding
gold standards (Gurevych et al., 2002; Porzel et al., 2003a).

For computing contextual coherence in the evaluation, the module employed
three knowledge sources, an ontology of about 730 concepts and 200 relations and
a lexicon (3600 words) with word-to-concept mappings, covering the respective do-
mains of the system and a conceptual dialogue history, including the concepts and
relations of the previous best hypothesis. The final evaluation was carried out on a
set of 95 dialogues. The resulting dataset contained 552 utterances resulting in 1.375
SRHs, corresponding to an average of 2.49 SRHs per user utterance.

The task of hypothesis verification, i.e., finding out what was said, in our mul-
timodal dialogue system is to determine the best SRH from the n-best list of SRHs

comesnnndine fa 8 oiven vesr niterancs The hacaline frr thie svslnanan wae the
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with both WaichPerceptualProcess and MotionDirected Transliterated. For this eval-
uation we tagged 323 lemma with their contextually appropriate concept mappings,

and achieved an accuracy of 85% given an aggregate majority class baseline aver-
aged over the majority class baselines of each individual lemma of 42%.

6 Conclusion

The basic intuition behind explicating contextual dependencies originally proposed
by McCarthy (1986) was that any given axiomatization of a state of affairs, meanings
or r=1am:r'ns presupposes an mphcn context. Any explicit context model Empiﬂ}"-’fd
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We have therefore demonstrated that the inclusion of such contextual interpre-
tatton in natural language processing can enable natural language understanding
svstems 1o become more conversational without losing the reliability of restricted
thalague systems. Given the challenge to extract the underlying intentions from con-
versational utterances such as “1s there a bakery close by” or “I don’t see any bus
stops™, we presented the necessary knowledge stores and inferential capabilires nec-
essary for their decontextualization, which is a prerequisite for understanding ut-
terances and responding felicitously. This enables us to restate McCarthy's oniginal
claim to say that for natural languages a fleshing out strategy can be employed if we
have sufficient and precise knowledge about the relevant contextual circumstances.
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Intention Recognition

Jirrgen te Vrugt and Thomas Portele
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Summary. The intention recognition module identifies the analyzed representation of the
user input 10 the SMARTKOM system that best represents this input in a collection of possi-
ble represemtations, The aliemative representations are generated by recognition and analysis
components, being ennched with knowledge, e.g.. from the discourse and context. A proba-
bilistic model combines vanous scores, based on features in the representations and computed
by the SMarTKOM modules during processing to support the selection. The parameters in-

Page 846 of 1206



Page 847 of 1206



[ntention Recognition 287

The context model in SMARTKOM is divided into a model for the discourse
(PAleger et al., 2003 ) and a model for parts of the surrounding world (Gurevych et al.,
2003 ). Belore the intention recognition takes a decision on the set of hypotheses for
the user input, the context models are requested to enrich the information in the hy-
potheses with context knowledge. These enrichments are evaluated by the discourse
model and the context model to rate the quality of the augmentation of a hypothesis
with knowledge rom the discourse and the surrounding world, and to support the

decisions to be taken by the imtention recognition,

2.1.2 Processing of the Selected Hypothesis

After selecting the interpretation of the user input which is considered to be the best
matching one, this interpretation is provided for further processing mainly to three

Components;

e The action planning takes decisions on the applications to contact and the next
interaction with the user based on the hypothesis provided by the intention recog-

nition.
# The dynamic help analyzes the hypothesis from the intention recognition to sup-
port the user in the interaction with the SMARTEKOM system, ez, the dvnamic
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3 Internal Model

In the early stages of the SMARTK.OM project, the development of the various mod-
els? had just stanted, or existing models had 1o be adapted for the use in SM.-\HTH*_.'!M-
The selection of the hypothesis considered to be the best matching one was mainly
influenced by rule-based decisions. After more and more ratings showed up in the
various modules, the rule-based decision was replaced by a rule-based preprocess-
ing® and a stochastic model.

To illustrate the stochastic model motivated by Young (2000), the following

nomenclature is used: The set of hypotheses generated by the modules preceding

the intention recognition is denoted by H = {ly,... i, }. The set H contains pos-
5!h!t mrl-rrq-m.nr!-!npe ol ane neer inmar Mandeal lnrl'.ﬂl-r\- are pepd for randoam va I‘Iﬂ.h]fs

T A B WA Wb ||.lF“l— l—l.'l'-'l'l.'ﬂ.l I bllid 3 dll e LEIWLE AW LR R4 PRI R F e 2=
where H is used for the hypothesis under cansideration, and [ 15, iz, [p and Iy are the
mput to the speech recognition, gesture recognition, prosody recognition and mimic
recognition, respectively, provided by a user,

The primary role of the intention recognition is to identify the hypothesis i that
is the best match of the given user input u:

h= argmax; . o P(H = h|U = u),

(1)
with U =

(faswIg.Ip,Iu). If D, € and F denote the preliminary hypothesis created

by the discourse model, context model and multimedia fusion, respectively, the dis-
tribution P(H|U/) can be rewritten 1o

PH=hU=u)=¥ PH =hlU=u,C=c)
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S(HIY = F Sul). (3)
mide| AT

The measures used in the SMARTKOM modules differ a great deal, e.g., some mod-
ules use stochastic models while other modules create a rating based on counts of
features. Some models might not fulfill the requirements of 2 mathematical measure
at all, which is a prerequisite of a probability distribution (Billingsley, 1995). The
ratings used in the intention recognition are finite, so these ratings could at least be
normalized,

Taking this into consideration and denoting the rating of module M by R u, the

intention recognition combines the various models in SMARTKOM by a weighted
sum of scaled ratings:
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ol the speech recognition module and the speech understanding module have been
niodificd for the data collection m order to obtain a large number of alternative hy-
potheses per user input,

The data collection was carried out in three steps that will be outlined in more
detail below. The recordings focused on speech recognition as input modality. Speech
was the first modality available for interaction with the SMARTK OM system.

] R N o P | T, (—
a1 L URICCLen

In order to ensure sulficient coverage of the user inpul by the system {especially by
the speech analysis grammar), a small data collection was carried out at Philips Re-
search, Germany, Because of the modified settings for the speech recognition engine
and the speech understanding component, it was not possible to collect run-time data
from real interactions with the system. The resulting number of hypotheses led to a
significant decrease of system performance in terms of processing speed. Therefore
a number of exemplary interactions of a user with the system have been designed.
These interactions are based on the examples provided by the SMARTKOM “Home™
scenario managers and online interactions with the system (Portele et al., 2003). Tweo
generic and seven “Home -specific interactions that can be combined in different
ways have been formulated. These interactions contain around 80 user-turns. Table

| summarizes the data collection.
The decision to restrict the user utterances to a fixed set was triggered by the

need of a basic grammatical coverage for these utterances, i.e., utterances the system
cannot understand are worthless for the computation of optimal combination param-
eters. Unterances of five different persons have been recorded; four of them resulted
in transcribed intentional structures. A close-talk microphone in two different posi-
tions was used. For the recordings, a simple SMARTKOM system running only the

audio input module was used.

Table 1. Recording and transcription statistics
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For each user input, the data preparation ook place in two steps:

. For each hypothesis produced, the semantic units created by the speech analysis

component are extracted. These semantic units have been manually aligned to
parts of the spoken input as annotated dunng the data collection.

. For each hypothesis, the alignment of semantic units to text phrases can be used

to create possible semantic interpretations from the annotated user input. These
artificial interpretations are compared to the real hypothesis created by the sys-
tem. The result of the comparison was used to reson the hypothesis.

The soried list of hypotheses was then presented to a human annotator (together
with information on the “real” history in the discourse) who had to choose the
best matching hypothesis created by the system given the transcription of the
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Fig. 2. First-best error rates on the development corpus (K = 2; M| [#2]M; denotes the shares
of the models in the combination, i.e., model 7 gets the weight My /(M) + M3 -+ M3))

models providing a score {speech recognition, speech understanding and discourse
model), a parameter study was carried out. To allow an easier computation of optimal
combination weights once data has been prepared, an algerithm to automatically

estimate the parameters was also developed.

5.1 Parameter Study

L b L T - i A S NI S | AP AR B R PR T P SR SRR DRSS
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“Table 3. First-best error rates on development and 1est corpus for varying splits of the collecied
corpus

mﬂrﬂmmm Test
Corpus split| Entrics in Error  |Entries in - Error
paramcier & compus  Taie {(Yoe) corpus  ate (%)

2 78 5.1 B 7.5
3 100 5.0 58 8.6
4 114 70 44 45
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the true hypotheses on centain ranks in the n-best lists of the collection and fries to
compute parameter setups that place the true hypothesis on exactly these predefined
ranks. Such a parameter setup'? for a given positioning of the true hypothesis may
not exist. Considering all configurations of ranks for which a parameter setup exists,

the ones with the best guality measure lead to the wanted parameter setups.
A canonical quality measure for the simultaneous eptimization of all ranks of the

true hypothesis in the collections is the mean rank of the true hypotheses:

¥ 1~ best lists m collection § F8MKpas of trae bypo in list (1)
k = e : . 5
bl e & 1n—best lists in collection (5)

OF course, the rankpen quality measure could be replaced by another quality mea-

ciiemn Fae avamimla anneldee cacss sanlisarins aidhaens if (0 nassccarmr tn mlass the s
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return the list of best configurations

Fig. 4. Algorithmic framework of search for the optimal parameter setup

denote the rank of hypothesis h in the n-best list /. The rating & (/i) for hypothesis
h is defined by Eq. (4), Riga(h) is a linear polynomial in the variables (w s Jmodet M-
Therefore rank (1. h) depends on {w ) mader ar 1 rating(-) = Rypm(-)-

For a certain n-best list 1, let i (1 < k < n) be the true hypothesis. Consider the
problem of computing a parameter setup such that the n-best list [ has the ordering
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if [ exists nontrivial parameter setup w' that solwes I |
[ return all nontrivial parameter setups that solve I |

else
[ return NULL }

Fig. 5. Computation of nontrivial parameter selups for a given configuration C (W =
(War Dntodel ar )

possible configurations. For example, in a collection with p lists, each list containing
i hvnotheses. there are (!¢ collections.
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Plan-Based Dialogue Management for Multiple
Cooperating Applications

Markus Lockell

DF K] GmbH, Saarbriicken, Germany
loeckelt®dfki .de

Summary. The SMarTKoM dialogue manager implements the personality of the system and
its behaviour. It plans and manages the task-oriented dalogue with the user and coordinates
the operations of the applications 1o reach his goals. It also helps the analysis modules of the

system by providing hints about the expected future dialogue,

1 Introduction

Lisers access the functionality of SMARTKOM by delegating their wishes to Smar-
takus, the sysiem agent, Smartakus abstracts away the underlying structure of multi-
ple interoperating applications by providing a unified and personalized interface. The
dialogue manager module implements the behavior of Smarakus in two aspects:
First, it plans and performs the dialogical interaction of Smartakus with the user.
Second, it models the applications the system provides and triggers the interactions
with the application and device modules needed to give access to the functionality
offered by the system. The overall objective is to provide a flexible and convenient
way for users to achieve their goals. The knowledge regarding the current state of the
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Beluldeimadal '

Analysis

|' Dscoiirse
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Lexscon J

Inseraction
Modeler

Fig. 1. Modules in direct communication with the dualopue manager

specific circumstances of the system, and also contains the plan knowledge bases for
the applications. Their interrelation is shown in Fig. 2.

In the core engine, a planner module is responsible for devising the next actions,
which are realized and monitored by the executor. The controller interprets incoming
messages, maintains the zoal stack, dispatches planming tasks to the planner, and
computes the expectations (Sect. 3.3). It also initializes and shuts down the module.

The system-specific part contains data sources giving the plan operator speci-
fications, which together with the process descriptions in the ontology define the
behavior for the applications. To convert inbound and outbound messages from and
to the data formats needed by the communication partners, modules implementing

A e [ I [ ————————————— P [ e L LT e AR T
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Fig. 2. The internal structure of the module

asked for a telephone number, the request will be represented by a presentation tem-

plate requesting an ontological role, but the same request has to take the form of a
database query if the address book annlication is addressad
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— retracting a goal 1o abort a task currently pursued

— retaining a goal (this confirms that it is still actively being talked about, and
an utterance occurs in the context of the goal)
Slot manipulations:

— sefling slots w establish new information

retracting slots 1o take back / invalidate current information,
retaining slots to confirm information

Slot manipulations always occur in the context of a specific goal.

Annotation of the intention as positive and negative feedback, which might either
be an answer to a simple question, or an expression of the emotional state of the
user.

Confidence scores from the analveiz madiles
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Fig. 3, Structure of a composite communicative game for television guide information search
in EHHHTKEM The circles n:-pr\tsl:m games; the boxes, game moves. The content of the
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execution stack. During the dialogue, the execution stack is reduced by the executor,
This is done in two ways: If the topmost move is on an input channel and therefore an
mput is expected (e.g., an answer 10 a question, from the user or [rom an application),
the system releases the imtiative and wails for a contribution on the channel. If the
move is on an output channel, a corresponding message is constructed and sent. For
moves on output channels, the move specification also prescribes how the intention
content of the comesponding communicative act is to be constructed.

An Example

Figure 4 shows a (slightly simplified) operator for the request—response action as-
sociated with the veer hreowsinn a TV

nrtoeram. The oresence of a eoal 8o ciepifies
Ve RS wderanig o b v PTURTANL 8 GE PIERCNCE O1 4 BN an Sdgeainies

that the result of this operator is a user-specifiable goal (i.¢., “show me the TV pro-
gram” or equivalent); the 1ag contains actions that will be done first upon adoption
of the goal (the value of the slot epg broadeastSelection is retracted). The provides
tag specifies postconditions (the slot epg broadcastShown will have a value when
the goal is reached). This operator has no preconditions, which would otherwise be
specified under a needs tag. The first move in the body says that this operator is (o
be triggered by an intention on the user input channel and should be answered on
the user output channel. If the user sets the goal in an intention, both moves are put
on the stack, and the first move is popped again immediately to “consume” the user
utterance, leaving the “response™ move on top of the stack. However, the “response”
move has a prci:nndulun, I'i I'IEEd'E Th'l‘.' slot Epg _bmﬂd'cajr.ﬁ'.efeﬂmn 3 Emce thm S!'IH

R e
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te |Like do, but with preconditions. Given a set of templates, only the first

template with fulfilled preconditions 1s executed

boolean 1o conditions

slofsSer

stotHasVialue |True if a slot has a given value

True if a slot hag 2ome valoe

prredicete True if a binary relation (e.g., “=" ) holds between two slot values
storEqualsSior| True if the value of one slot equals the value of another

actions _
serSlot isets the value of a slot for an application

copySlor Copies a slot value 1o another siot

genld

seiProperry |Connsct

Generates a unique identifier
s two parts of an intention by a link
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Table 2. Top-level sieps Tor sending a fax message

{Step| _ Task |

Clear screen o

CHnain micture from realDocument application
Oibtain fax number from phone appheation
Inform “fax being sent™

Convert picture o fax fonmat

Send fax with picture attachment

Wail for confirmation of sending lax

Inform about compleiion of task

L RN = A T O pe—

5.2 Planned Actions

In most cases, user utterances must be integrated into an overall plan of ongoing
dialogue. The dialogue manager maintains a stack of goals that have been adopted
during the dialogue, At any one time, one goal is focused for the planner, the current
goal, A plan is created and then pursued that specifies a possible course of subsequent
communicative acts to reach the goal. I the user fully cooperates with the system, the
originally generated plan will be followed. However, frequently the user will make
contributions that are not intended by the plan, or he will provide information in an
order different from the planned sequence. In this case, the plan has to be revised and
modified to account for changed circumstances, and to continue the dialogue.

An action plan specifys a series of plan operators that establish preconditions
and ultimately lead to an operator representing the goal state. It is constructed by a
backward search from the goal state. Where the plan needs to refer to another, sub-
ordinate application (e.g., the phone application needs a lookup in the address book
application to fetch a telephone number), anather hierarchical level is entered and
the subplan is worked out in detail. The assumption is that the subordinate applica-
tion guarantees that it can provide the service it offers (such as fetching a number),

and therefore the planning can be deferred until the application is actually started.
Thus. if the dialneie akes an alternative nath (for examnle. the user might decide
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wards from a goal state, the top-level plan will be the one shown in Table 2.
However, to complete the task, several applications and services have to work to-
gether. [f the initial plan is rolled out in full, it would contain the steps shown in Table
3. The current application changes as the different subdialogues are delved into. The
table also shows the channels on which the communicative games arc played. The
games are inform, instruct, request-response, and the special type graphicalAcrion
{clearing the screen, presenting the document scanning area). The channels include
the user input'output channel and the function modeling channels for the devices b
alDocument and telephony. Note that the request to remove the document in 2-7 15
answered not by the user, but by the realDocument device detecting the removal in
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Table 3. Fully expanded plan lor sending a fax message

{Step | Task [ Channel | Application |
| 1 [Present clear screen —+ user (g) fax |
2-1 |Present scanning arca — user (g.5) real Document
2-2 [Instruct to place the document — user ()
2-3 |Initialize document scanner —+ real Document
2-4 |Response imtabzation complete | — realDocument
2-5 |Request starl scanming — realDocument
2-6 |Response scanmng complete +— realDocumeni
2-T |Request to remove document — user [5)
2-8 [Response document removed +— realDocument
2-9 | Request scanned image — real Document
2-10| Response scanned image +— realDocument
2-] | | Prezent scanned image — user (g)
3-1 |Present keypad and request number| — user(g.s) phone
1-2 |Collect number ~— user (reactive)
3-3 |Response number +— internal
4 |Inform “fax bemg sent™ — user (5) fax
5-1 |Request transcribe picture — realDocument realDocument
5-2 |Response transcribed image — real Document
6§ |Request sending of lax — telephony fax
T |Response sending complete +— telephony
& |Inform about completion of task | — user (g.5)

5.3.1 Slot and Goal Expectations

To give information about the state of the dialogue, the expectation structure speci-
fies the currently active goal and the application to which it belongs. Additionally, if
the system has released the initiative to the user, e.g., to answer a question, the anal-
ysis modules, especially the discourse modeler, receive indications about expected
discourse contributions from the slot expectations, which come in three categories:
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the dialogue and can, for example, forestall a question not yet asked or Ehﬂﬂgf h‘:"
mind about what he said earlier. The expectation structure will likely be h.cl.]'lﬂ:ll in
putting the utterance into context. Dialogue contributions that are not explicitly fo-

cused on but are related to the current goal will likely still be of an expected category,
although they will possibly get a score penalty.

5.3.2 Lexicon Updates

Applications can specify that they require dynamie lexicon updates during certain
situations. For example, the lexicon does not contain composite movie titles or geo-
graphical landmarks at startup, since the necessary word list would be inappropriate
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specification language resting on this foundation is used to define the behaviour of
SMARTKOM n a declarative XML-encoded knowledge source.

Two mechanisms for determining the actions of the system were described: the
reflex mechanism used to generate fast responses (o simple stimuli, and the Plﬂll-
ning mechanism to deal with inputs that require coordinated and planned actions.
An added useful feature is the publication of expectations, which allow the analysis
component of the system to take into account the current state of the dialogue in

IMIErPreting user utlerances.

6.2 Further Work

The dialogue manager is currently being redesigned to extend its functionality. This
will introduce the ability to conduct multiparty dialogues involving several virtual
characters, and 1o use more sophisticated planning and plan accommodation mecha-
nisms. A third focus of the ongoing work seeks to address the difficulties that were
encountered in defining a nontrivial set of interconnected applications, where the de-
pendencies can quickly become difficult to handle, and errors are easily overlooked.
Separating dialogue management proper from the application functionalities as far
as possible, we investigate possibilities to support the designer of the application in
improving the overview of content and dependencies, as well as providing easier
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Summary. The chapler prescnts the cognitive model-based approach of abductive interpre-

tation of emotions that is used in the multimodal dialogue system SMARTEOM. The approach
is based on Ortony, Clore and Collins® (OCC) model of emotions, which explains emotions
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instance, the user may be hesitant, because she has a goal, but does not know how
she can achieve it, or she does not know how 1o decide between certain alternatives,
ete. Such considerations add up to a very similar kind of cognitively comprehensible
appraisel of a situation, as elicit emotions in the OCC model. In contrast, the state of
tiredness (in the literal meaning) cannot be accounted for by such an approach that
analyses the cawse of the user state, Rather, the system should consider the possible

consequences of the user’s state.
Preconditions for a Working System

Some important conditions have to be met, however, if one wants to deal with user
states in an automatic system:

* [t must be possible to classify the state correctly up to a satisfying extent,

*  Thus there has to be a sufficiently large training sample.
*= The respective user state can be processed within the whole system, not only at

the classification stage.

The first condition means that we should start with user states that are clearly marked.

This rules out such states as “slightly irritated,” even if they might occur quite often
and have a strone impact on the felicity of communication. We are thus left with
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3 The Use Cases

To demonstrate the added value of user state classification and its subsequent pro-
cessing in the SMARTK.OM system, we designed so-called use cases. The first use
case is intended to show how a merely emotional reaction, without explicit com-
munication, can work as a self-contained dialogue move. In this case, joy or anger
are interpreted as positive or negative feedback, respectively. In the second use case
emotion works as a semantic operation that rums a positive feedback into a negative
one, which is considered as a form of sarcasm. In both use cases, the system suspects
that the emotional reaction may be caused by a like or a dislike concerning the prop-

artiee AF the arecented ahiaste 7 rearnnnbhlc sccdf doiee of coock lhian as dialilear Ao
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First constellation: emotion only
user: Displays joy via facial gestures
system: Do yvou ke science fiction? Shall I accoune for that in future presentations ?

Second constellation: emotionally marked verbal communication

user: Thar's really a beantifil program! (She produces this sentence with an angry
prosody. The positive feedback is analyzed as being sarcastic.)

system: You don't like science fiction? Shall [ accown for that in future presenta-
Hong?

user: Fev/MNo.
system: OK. I'l rake care of thar!

{ Suppose the user's answer was yes: [n the first constellation science fiction will
be presented at the beginning of a presentation, in the second constellation at the

end, )

user: Please, again remorrow's program!
system: Shows science fiction at the beginning (at the end) of a presentation.
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with a different weighting scheme.

Table 1. List of indicatars

1=

ar

ke recogmnes

Desoniplion

Prosody redapnizer
Mimac necognizer
Prosody recogsdzer
BMimic pecopmper
Prisody recognizer
Specch recognitics
Speech understandng
Imention aradyses
Intesticn snalyin

M

Bz 21l comveved amper
Prosmlically conveyed anger
banucally conveyed joy
Frosodwally conveved joy
Mimcally conveyed dalatoriness
Procsdheally comveyed dilmonmess
Lingussiecally comveyed anper
Rare of unanalyzable words
Cverall scoae of the best lypothess

MilMfrrrnere m e hamusan flee asd =sssml ke s iharas
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Table 2, Lisi of madels

el Lheseripieon
*roblem Lekelihood of 3 peoblem

Mgaabsl i Likelahisad of an ;n]lrm Pn:bln'n

Mrobiem Discowrse progress rane

Froblcm Lakehbood of the user being angry

Prihlean Likelilwsod of the uscr being hapny
LlserKnowledpe Estimation of wser lamidiangy with lask

Usork mowlodge Estimaiion of wser familiancy with system
Mesiballiny Bt af spoken mpil codilem)

Mlaliny Ranio of gedtural imput contend

Rfodaliy Rarie of maltimodal anpat coneent
MadsliyCoerasiive | Botso of contsostive usage of mudinuodal input
ModaluyRedundant | Raie of redendan asage of muBimeds] spai
Linguistic Adapiwvity of wser's lexscal chances to fommer syilem olstpul
Lonpuera Likelibood of leag ums

Linguastic Lakelihood of long semience

Linguistic Ratio of prompuan weage

Limguisiic Ratio of verb usage

Limguisiic Hano of adverb usage

| Lingaistic Rt of noun and verb usage

323

dicators that also contribute to the problem detection models. This overlap reflects
the design principle of the module.
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recognition as well as dlfﬁ:n:nc::ﬂ in the distribution of these values ‘1|i'I'I'-'"l‘IH
concurring hypotheses; this model 15 supposed to indicate problems in the
analysis pan of the system.

A third model estimates the dialogue progress. Here, the ratio of new infor-
mation items 10 total information items (after completion by overlay in the
discourse history) is employed as one indicator, another one bemng the ratio
of overlayed (i.e., changed, interpretable as corrected) information to unal-
tered information. A further indicator is the overall number of information
mems in the user input. Because of the system design, all other indicators can
contmbute to the model values as well (and the indicators used here are also
used for other models, e.g., about user experience with the task or the inter-

:lr'Hnn nn'm.'llu-m'l hm H«n iadisalare named ahove are accrmesd 16 1-...:- the oSt
r IllHI'rHll-"J.l.'I- lII.I.I.I bl LLLAW) P e CA0 S AL B Pl

important nncs E‘ur the respective models.

These model values are part of the input of the dynamic help module,

5 Cognitive Model-Based Interpretation of Emotions

Our approach to the analysis of emotions is based on the OCC model of emotions
developed by Ortony, Clore and Collins, Following the OCC model, emotions are

characterized by their eliciting conditions. These conditions consist of a certain com-
bination of
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anger (Agentl, Agentl, Stace,51t) 1if
holds (did{Agent2, Action) , Sit),
causes (Action, State,5ic0),
wants (Agentl, non_State, Sit),
blameworthy (Agentl,Actionl)
{5itD « Sic)

This condition means that the agent is angry if she believes that another agent
caused some state of affairs that contradicts her goals by performing an action that
15 nol acceptable according to the user's standards (expressed by the blameworthy
predicate). By the situation variables Sit, Sit0), one can express how the elements of
the conditions are connected with respect to the sequence of situations that oceur
{subsequently we will omit situation variables).

Recognizing the intensity of emotions could provide additional valuable informa-
tion, e.g., slight anger may occur at the beginning of a problem, while strong anger
may indicate an enduring problem. But the recognition of the situation that caused
the emotion and the generation ol appropriate reaction is basically the same whether

emotions are displayed shightly or strangly.

5.1 Abductive Interpretation of Eliciting Conditions

The OCC model is mainly used for the generation of the behavior of an animated
agent. In this case, one can deliberately define the agent’s likes, dislikes and stan-
dards in advance. If we want to interpret emotions that are displayed by an agent,
we have to find out which combination of facts, attitudes and standards may have
caused the emotion. Our approach is to achieve this by analyzing eliciting conditions
in an abductive manner. Abduction as a form of practical inference is infroduced by
Peirce (1995). Abduction is often characterized as inference to the best explanation:
Suppose we observe some fact A, which is surprising for us. If we know the rule
BC— A

(i.e., A is true if B and C are true), then we may suspect that also B and C are true,
because this would plausibly explain A. If we know that there is another rule
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Application-Dependent Concepts: Problematic Results of Database (ieries

According to our use cases we concentrate on requesis with liked or disliked outcome
as a source of negative or positive emotions. We identified four types of disliked
resulis:

& The result is empty.
s The majonty of retrieved objects show features that are not liked by the user.
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television programs or cinema programs, For these applications preferences are ac-
tally taken into account for the presentation. These rules are basically processed in
the following manner: First the conditions are tested (internally the conditions are
processed in a decision tree-like order). Then the cause of the emotion, which 15
represented by the clauses above the conditions, is considered as a reasonable ex-

planation, whereby the variables are filled by the result of the condition processing.
Then the system action is performed.

anger (thisConstellation,user,system) if
holds [did (system, non presentByPreference (dislike{user,X]}).
causes (non_presentByPreference (dislike (user, X)),
non_isPresentedByPreference (dislike {user, X))},
wants (user, isPresentedByPreferences(dislike({user,X))).

blameworthy (user, non _presentByPreferences (dislike (user, X))},
conditions (thisConstellation, X),

{proposed system action:) update(dislike{user,X)).

The constellation expresses that there is a concrete reading of the goal present-
ByPreferences that may be a goal of the user, that this goal is not satisfied and that
ignoring the goal is against the standards of the user, The constellation contains facts
and actions that are not concretely specified. For instance, we do not know whether

the presentation contains some possibly disliked feature, and we do not know which
feature it is.

We test the calirnes Af the fenctallasian bee aoiebkiickioa fae Balla

S e e L
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already stored preferences. It should additionally be proved, if a user has not agreed
with stoning a preference. This has to be remembered, otherwise the system may
propase the same preference repeatedly.

The action updatefdislike, wser X ), which is attached to the constellation, initiates
a subdialogue that verifies if the user has the supposed dislike. It i5 not only a repair

action, but takes part in the explanation process.
The conditions mentioned so far are not sufficient to discriminate competing

explanations. Such competing explanations have to be modeled, even if no reac-
tion is foreseen for these cases. We distinguished three main sources of anger: mis-
understanding, slow processing and requests with a negative or disliked outcome.
Evidence for problems in the analysis part is detected by the interaction module

o e dmi
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(proposed system actiom:)
relaxRequest

Case: Anger on Empty Result
This is a simple case:
angar{user, system)
if
wants (user, getHonEmptyResull)
blameworthy (user, getNonEmptyResult)

(conditions:) emptyResult
(proposed system action:)
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Contribution to the Explanation of the Emotion

Semanlic content exprésses a concrete attitude (like or dislike) that is involved in trig-
gering the emotion such as £ don 't like thrillers or great movies, or semantic content
addresses the facis and actions that caused the emotion such as you didn't under-
stered e or thiat takes too mach time, or simply by uttering thrillers accompanied by

a positive or negative emotion.
The rhriller example contributes the concrete feature that may fill the abstract
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Nonstandard Input Processing 335

2 Architectural Issues

There is a fundamental architectural alternative for implementing the handling of
the topics listed above. One altermative consists in devoting an assistant component
to care about evenis (input events in the first place) that cannot be handled on the
standard strand of processing. The assistance is consulted if a certain input cannot be
processed on the main strand. This is the architecture chosen in SMARTKOM (with
the exception of the handiing of pure emotions, where the nonstandard component
takes initiative).

The other approach installs a metadialogue component that inspects every input
event and its processing — including the events processed on the main strand —
whether there is some indication to modify the processing (Purang et al., 2000).
Mormal processing could be canceled, e.g., if a misunderstanding is suspected, if the
result is such that it probably does not sansfy the user’s wishes, e.g., if it is empty,
or if the communication act shows a certain emotional color which indicates that it
should not taken literally.

In graphical user interfaces, there is the possibility to handle (at least some of})
the issues mentioned in the introduction as a parallel strand of interaction, e.g., by
devoting a special window to them. This approach does not seamlessly fit into the

maradirm Al dialacos fthaneh in a moltimandal evsteam the annrnach e nnecihle o
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3 Verbally Expressed Likes and Dislikes — Preference
Subdialogues

Preferences for specific genres or actors are regarded by the presentation planning
mmpumm,"' Objects that contain features, which are explicitly preferred by the user,
are presented at the start of a presentation, and features that are explicitly disliked
are presented at the end. 1f the user verbally expresses a like or dislike, the semantic
representation is passed to the nonstandard component. If the message explicitly
addresses a feature that can be handled by the system’s preference management (¢.£.,
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4 Interpretation of Indirect Specifications (Relaxation)

Indirect specification, which 15 usually not an indirect speech act, is rather commaon
m natural communication. For instance, it 15 quite normal to specify a goal not by
its inherent parameters (which correspond in the SMARTKOM system to the slots of
an object of the system’s ontology ). but by demanding that it obeys a certain relation
to other objects or evenis, This leaves il to the addressee of the indirect (and usually
vague) request to figure out appropriate actions for achieving the goal. We discuss
indirect specifications that contain vague goals concermning database queries. These
requests are basically handled by relaxation and occasionally by adding additional

specilications which are provided by the user.

USER: Which crime movies are on TV this aftemoon?
SYSTEM: Shows the crime movies running this afternoon.

USER: ({indirect request) More of these!
SYSTEM: System checks if there are any crime movies that afternoon on TV, which

are not presented ver. Otherwise it relaxes the guery specification

In the example above, the user's indirect specification contains a reference to the
set of results presented to the user beforchand. The specification adds up to extend
this set. The user does not specify how this extension should be done, but there is a

vague plea to find objects that are simifar to the objects in the set.
We distinguish two basic reactions on the request. The first reaction only checks

if there are any crime movies which are not presented yet. But there may be no more
crime movies left. A more cooperative reaction is to extend the set by relaxing the
specification. Crime is explicitly specified. therefore this genre is not a feature that
should be relaxed. We use modification of time intervals as a default operation for
achieving a modified result, which is similar to the objects that are already found.

There is ancther dimension, in respect to which more can be interpreted in two
ways: as asking for a super set of the original set or as asking for additional items
only. Taking into account the limited space for presentations, we take the second
interpretation. by moving the time interval instead of extending it. ?

Page 898 of 1206



databases and logc programming (Gaasteriand €l al., 1954). | N DASIC UPRsLatinie
anc.

(1) rewTiting a predicate with a more general predicate
(it) rewniting a constant with a more general constant

We perform relaxation on constants, and also on sequences of constants and in-
tervals, but not on predicates. Hence we distinguish three cases:

s atoms
& |isig
= intervals

In SMaRTKOM, predicates correspond to nonatomic types, constants correspond
to atomic types. There is no hierarchy on constants (or atoms) in SMARTKOM. It
is not possible to exchange atoms by more general atoms, Hence atoms may be
deleted or exchanged in special cases. For lists, relaxation by deleting an element is
an option. But experience with the list-valued features in the TV and cinema domain
led us to choose the deletion or exchange of lists instead. The only intervals relevant
for TV and cinema database queries are time intervals. As mentioned, intervals are
moved rather than extended. This modification accounts for the addirional values
reading of more, This reading cannot achieved in general for atoms and lists.

5 Clarification of Underspecified Input
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understanding, or from deliberately underspecified or highly elliptic user input, In
the Arst case, misreécognition is a possible source of the partial understanding. The
following ulterances are examples of underspecified input:

{1y Thrillers!
{2) Today evening!
(3 Heidelberg!

In example 1 it is unclear il the user wants to get information about the TV
program or if she is interested in cinema performances. In example 2 there is the
same ambiguity.” In example 2 there is another ambiguity concerning the role of the
substructure: It is unclear if the user refers to the begin time of an event or to the
end time (or perhaps both). Similarly in example 3 it is unclear if, in the context of
route planning, Heidelberg is the target or the start of the route. The role ambiguity in
example 2 is solved by taking begin time as default. In example 3 the role ambiguity
15 considered as a topic of clarification dialogue.

In the first place, substructures are ambiguous with respect to the goal that the
user wants to achieve by the help of the system. We understand Goal as it is used in
the action-planning component. There the concept goal corresponds roughly to pro-
cesses in the ontology (which is used for semantic representation). But a process may
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5.4 Problems and Coverage

Help on underspecification is realized for the home scenario and the mobile Ectﬂalriﬂ.
Since the public and the home scenarios are often presented together, the provision
of help then appears incomplete. The presentation of alternatives in the mobile sce-
nario shows how the substructures are integrated in the goal parameters of that goal
{Fig. 4). This is neglected in the home scenario, which makes the alternatives less
understandable. IT many different substructures are recognized, it would be valuable

if the user could choose alternatives, not only on the goal level, but also on the level

of substructure understanding by pointing.

6 Help on Demand

There are three basic types of information that should be provided by help on de-
mand, These basic types are:

s poals to achieve
= slots or roles that further specify the goal
s values that serve as fillers for slots
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7 Dialogue Maodel for Navigation in Multimodal Dialogue

In a muliimodal dialogue system, navigating is different in some respects from nav-
igating in a pure speech dialogue system. If a subdialogue is fimished in speech dia-
logue system, there 15 no antifact left. But in a multimodal system subdialogues leave
artifacts on the screen. [ the user wants to finish the subdialogue, these artifacts have
to be removed. This 15 especially true if the user wanits to finish the subdialogue not
by proceeding with another topic, but, e.g., because she wants to see again some rele-
vant information that was present before the subdialogue. It is obvious that restoring
the presentations that belong to the state to which the user wanis to retum cannot
be done by just restoring the state that precedes the current state, The subdialogue

may consist of several successive presentations, the subdialogue may be preceded by
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9 Conclusion

Problematic. indirect, attentive nonstandard input has been explored by considering
an extraordinarily broad range of phenomena. For certain problems, such as under-
specified input, general solutions are developed. For some aspects, such as handling
emotions, attentive user states, or indirect specifications, principled approaches are
developed and implemented for a restricted range of phenomena. For other topics.
such as navigation in multimodal dialogue, shallow but robust solutions are devel-
oped. One conclusion of the work is that architectural issues are relevant and may
facilitate or impede a principled general approach for error recovery.
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Summary. Recently, spoken dialogue systems became much more sophisticated and allow
for rather complex dialogues. Moreover, the functionality of devices, applications, and ser-
vices and the amount of digital content increased. Due to the network age (Internet, personal
arca networks, and so on) the applications one can control or wants to control change dymami-
cally, as does the content. Therelore a dialogue system can no longer be manually designed for
one apphication. Instead, a layer in between is required, which translates the functionalities of
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client or a fax modem. possibly domng formal conversion beforehand, ete. The user
in this case has a complex wish mvolving several devices and several actions per
device, He simply wants lis wish 1o be solved; he does not want 1o care about the
individual devices or the action sequences to be carried out. Similar problems arise
in the case of copying videos or combining EPG access and personal calendars. Note
that these tasks can only be solved by a system providing a central human—machine
interface operating several devices.

Given a home network or personal area network, the problem we addressed
within the SMARTKOM project is 1o enable a flexible and inutive control of an
ensemble of devices and services with a single intuitive human—machine interface
We focused on

s  how complex user wishes can be served, and

how plug and play can be realized on the side of the dialogue system

In order 1o solve these problems different aspects need to be considered:

A traditional dialogue system used for the control of devices usually consists
of an input understanding part, a dialogue manager, and the devices that are o be
controlled. The simplest way to control the devices is to have a unique mapping
Dilh'ﬂ user input to the apprupnalt: control command. Given, e.g., 3 speech input
L) M oala¥ 2
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in the network and a reasoning component, Using these abstract models the human—
machine interface can infer how to control the available services and devices. Hence-
forth, we use the term “devices” instead of “devices and services”™ for reasons of
brevaty. This article is erganized as follows: First, we give an overview about the
function planning module, which is followed by a detailed description of the single
pars of the function planning module and a formal description of the coneept. The
next part of the article focuses on the realization of the function planning module
within the SMarTKoOM prototype system. We conclude with a section about future

waork,

2 The Function Planning Module

21 Owerview

As described above, our focus is on serving complex user requests which may involve
several devices, In order to handle requests like “Please record the film XYZ on

Saturday,” the system needs to find out

o which devices are necessary to serve the request
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thermore, the external models of the devices allow the system to draw conclusions
on which devices are to be combined in order to fulfill a request. The external model
of a device describes the input data and the output data of the device. [t is modeled as
a binary relation. Each external model of a device corresponds to a functionality of
the device. Mote that a single functional model may consist of several external mod-
els, since one device may provide several functionalities. As an example consider, a
VCR, which provides the functionalities “recording™ and “playback.” The external

models corresponding to “recording” and “playback™ are depicted in Figs, 3 and 4,
respectively. However, a VCR as a single device is not capable of recording a film. A
second device, e.g., a luner, is necessary in order to provide the data to be recorded.
That is, the user wish “record the film" is a complex wish, such that the system needs

te combine two devices, namely a tuner and a VCR, in order to fulfill the wish. This
information is encoded in the external models of the tuner and the VCR.

[wideoSignalOnMedium] |

r [wdenSanalln:medium, Faramﬁleﬂ__] VCR -[

Fig. 3. External model of the VCR. describing “recording”
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Fig. 5. Internal model of the VCR

Definition 1. (Functional Model)

A functional model F is a tuple F = (D, 5,T.i,0, pre, post) where D defines
the external models and 5, T 1,0, pre, post define the fnternal model,

o D is afinite ser of external models wirh

D={(d},d}) |d\e T, &5 € T°}, DC D x TF
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Let D = |:| D! and D" = l:! I3, Then pre and post are defined as
i=1 3=1

pre: S — P(D' < D) U (e} = {€}

pre:s—{{dj,df) | j=1,...I.d; € D', d} € D}

post: § — P(D' = D°)U{e} x {e}
post : s {(d' d°) | j=1,...kd" € D45 € D°}
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by the device. .
Thus, the next step is 1o search for a path from the current to the imitial to the final
state in the internal model of the device. Since the transitions of the internal model
of a device are annotated with actions, a sequence of actions, 1.e..a plan, is returned.
While searching for a path (i.e., a plan), pre- and posiconditions of the states
are checked, Informally speaking, the pre- and postconditions model the necessity
of using further devices and how to use them. Since pre- and postconditions are
formulated like the external models (see Definition 1), the same planning algorithm
as described here is applied to fulfill them, which returns additional plans, These

additional plans, corresponding to other devices that are necessary to fulfill the given
complex task, finally are integrated in the overall plan.
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tion these devices are loudspeakers, microphone, VCR, television, document cam-
erd, lelephone, telefax, biometric authenticanon, address book, calendar, e-mail, car
navigation, pedestrian navigation, and internal scheduler. According to the concept
described above, the implementation of the planning module consists of: (i) the fune-
uonal model (i.¢., the external and the internal model) for each device, which contain
information about the basic functionalities of the devices and about the commands
which are required to invoke them; (ii) & representation of the current state of each
device; [1ii} a reasomng component, which involves a device search algorithm and a
planning algorithm; and (iv) a plan processor, which executes the generated plans.

In the following sections the processing flow is first described. Second, the plan
language, which is used in the functional models, is explained in detail, Finally, the
main features of the planning algorthm and the plan execution are presented.

3.1 Processing Flow

As already mentioned, the function planning module provides an intelligent interface
between the action planning module and the devices. In the following, the processing

flow of requests issued by the action planning module will be described.
The action planning module requests an abstract and complex user wish to be ful-

TLha slacscas sf ihe Rumairinm slemsions o dosla
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record the signal from the tuner.

3.2 Plan Language

The plan language is used to annotate the transitions of the internal model of a device.
These annotations model the actions which have to be carried out successfully 1o pass
the transition. The plan language consists of the following statements:

& achion

s wailt

s repeat.while.pending
* expect

« goal

 reached

The statementaction models the actions to be taken in order to fulfill a complex
wish. wait models the necessity of feedback of a device. expect is comparable with
wait, but depending on the feedback of a device, the performance of the calculated
plan will be performed, aborted, or alternative plans will be generated and performed.
repeat _while_pending simulates a self-transition within a FSM, i.e., repeat while -
pending is a loop of the very same sequence of actions, It causes a repetition of the

specified actions as many times as the application involved informs the function plan-
ning module that it is still working on the current request, i.e., the status of the request

1% neadine While arnceecing a multisla ra tha i e

Al iha devies 1@ the
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3.3 Planning and Plan Processing

The planning algorithm and the plan processor implemented in the SMARTKOM sys-
tem allow conditional planming, parallel processing, scheduling a task, and interrupt-
ing the performance ol a task. These leatures are described in this section.

The planning algorithm comprises a depth-first search. [t allows conditional/heu-
ristic planning by using the expect statement of the plan language. A generated plan
will be performed as long as the feedback of a device is the one as expected. Oth-
erwise the calculated plan will not be performed any longer. Instead an alternative
plan will be performed. This alternative plan either already exists, i.e., is precalcu-
lated, or will be generated based on the current states of the system and devices that
are imvolved (plan repair). As a simple example, consider a biometrics application.
The generated plan is based on the expectation that the authentication is successful.
This is modeled via an expect statement. If it is not successful, the generated plan is
aborted, and a precalculated plan is performed in order to inform the user about the
rejection.

The SMARTKOM system provides some services that last over a certain time
period like, e.g., the navigation service. Using such a service, the user should still
be able to request other services from the SMARTKOM system. In order to do that,
the function planning module has the capability to serve different tasks in parallel.
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ducing exira states and transitions. Those extra transttions bring the according device
ito the original state. (By erginal stare we mean the state which the device was in
before the execution of the plan started.) Funthermaore, they define actions that take

the rest of the plan from the agenda, and if necessary, also bring other devices into
their onginal state,

4 Future Work

Future work includes several topics. Planning and performing a plan within the func-
tion planning module could be refined and enhanced with additional features. The
existing concept of the function planning module supports plug and play. However,
there is still some work to do in order to realize plug and play in an existing system.
A more theoretical research topic is to consider complexity. In the following, future
work will be described in more detail.

Planning and performing a plan are implemented as two subsequent procedures.
Making them interactive with cach other would enhance the functionality of the
function planning module. If a device reported a change of state, the plan proces-
sor should check the consistency of all plans with respect to that updated state. If
necessary, an inconsistent plan should be substituted by a new plan calculated by the
reasoning component. As an effect. the devices would gain the possibility to change
their state a.umnnmnus!:,r. Furthermore, this changc would enable self-transitions ify
the functional model.

The interruption of plans is realized by extra states and transitions in the func-
tional model. A more general concept is desirable, such that a plan can be interrupted
and discarded at any point and that its effects are taken back automatically, so that
the original states of the devices are restored.

In a complex network of devices and applications, a given user request might
be accomplishable in several ways. First of all, the function planning module could
generate alternative plans representing altemative solutions. These solutions either
could be presented to the user, such that the user could choose the solution he likes

ke Lo Mo _ia

Page 921 of 1206



Realizing Complex User Wishes with a Funetion Planning Module 35]

comparable to the functional model. Thus the complexity results may also apply 4
the work descnibed in this paper
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Summary., The SMarTKOM multimodal dialogue system offers access 1o a wide range of in-
formation and planning services. A significant subset of these are constituted by external data
and service providers. The work presented herein describes the challenging task of integrat-
ing such external data and service sources 1o make them semantically accessible to other sys-

tems and users. We present the implemented multiagent system the corresponding knowledge-
based extraction and integration approach. As a whole these agenis cooperate to provide uscrs
with topical high-quahity information via unified and intuitively usable interfaces such as the

SMARTEOM system

1 Introduction

SMARTKOM is a multimodal dialogue system that offers access to a wide range of
information and planning services. In contrast 1o many previous systems, it infe-

grates services from multiple domains and in its current state covers over 50 dif-
ferent snecific tacke (Wahleter 2003 2002: Wahlster et al.. 2001). Some of these
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Intelligent Integration of External Data and Services into SmartKom 365
extracted from multiple, heterogeneous sources and to provide the user or interface
system with a uniform query interface. Moreover, to meet the requirements of global
Internet-based information systems, it is important to develop tool-based techniques
e make information extraction and integration semiautomatic and as scalable as pos-
sible. With today s tools, a lounist planning a inip to Heidelberg cannot simply down-
load a map from the Web showing all the ltalian restaurants close to the Castle, even
though the information may well be available on the Web as maps of Heidelberg,
lists of restaurants, and of tourist sites. The problem is not information distribution
but information integration. Building tools to simplify access to the wealth of avail-
able information constitutes a significant challenge to computer science.

2.1 Logical Layers of Data Integration

In our prototypical implementation within the SMARTKOM demonstrator, we real-
ized such a knowledge and service brokerage system. Qur approach for an intelligent
knowledge and service broker system within SMARTKOM is organized on three lay-

ers (Fig. 1)

= the interface layer for translating queries and responses
» amediation layer that links to brokers and translators to the repositories

» aservice layer that accesses the individual Web repositories and databases

Interface Layer | Mediation Layer | Service Layer

R
Ewmm I

e — =
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On the mterface layer, the information integration system 15 hinked o the SMART-
KoM semantic interfaces. Therefore, we prepared an in-depth domain model from
which we derived a daabase schema. Furthermore, the model was also miegrated
into SMARTKOM's M3L standardization effort. This allows for efficient wanslation
of user requests into XML-based schema instances that represent user queries and
can be further analyzed by the integration layer.

Since different sources on the same information type may apply quite d:ii'l'-.?ra
ent taxonomic models on their information structure, the mediation layer must m-
clude semantic translators to integrate those external models. After the extraction
and translation process, the question of the quality of the information is raised. By
using sampled manual feedback and a computed confidence score, the more trusta ble
information 15 passed back to the SMARTKOM sysiem. The broker systein exposes
a uniform guery iterface; the queries are specified in M3L. We have constructed a
generic query engine, adoptable to any ANSI SQL 92 compatible database. Quenes
must include selection and projection criteria. Metadata information for the construc-
tion of schema conform markups can be externally supplied or can be automatically
extracted from the database schema.

The service layer includes a multiple-protocol handler and an interface repository
to technically access external resources. For our system, we allowed for more than
just Web resources that connect HTML pages via HTTP. The framework is more
fexible and also imegrates other protocol and content formats such as a CORBA-
enabled hotel reservation system or standardized relational databases that come along
with their own metadata model. However, standard Web pages without metadata are
also included. It should be noted that in HTML, the term markup only describes
annotations within the document that instruct a compositor how a particular passage
should be printed or laid out. As the formatting and printing of texts was automated,
the markup language was extended to cover all sorts of special markup codes inserted
nto electronic lexts to govem formatting, printing, or other processing. In order ©
segregate the important information data from the printing or processing data we

included source-specific extractor seripts, based on a high-level regular expression
language. As more Web resources offer content data in XML, the requirement for

B A e -t | [ O L
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The advantages of the agent approach are as follows (Wooldridge, 1994):

Autonomy and adapuvity: Tasks delegated to the agent are solved independentiy,
without immediate demand for user attention. By incorporating specialized learn-
ing algorithms, an agent can intelligently adapt to requests. Complex inquires can
be solved dynamically using different parial tasks depending on external avail-

abiliues, thus leading to goal-oriented behavior,
Cooperation: An intelligent agent is able to communicate with the surrounding

environment, with other agents, with infrastructure facilitators, and, if equipped
with a graphical interface, also with the user. Agent cooperation can be achieved
by direct or broadeasted communicative events— speechacts— which are formu-
lated in a high-level Agent Communication Language (ACL), but more impor-
tantly also by indirect dependencies leading to self-organization models based on
sligmergy.

Proactivity: An agent is able to start an action without having been initiated by
direct requests. Proactive functions could be based on environment changes or

internal siate changes.

Mobility: In a distributed environment, entities communicate mainly by re-

quest'response schemes, With a mobility-enabled distributed agent platform,

agents can move dynamically from system to system, transferming code and inte-
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e the identification of semantically related information (that is, information related
to the same real-world entity in different sources)

o the hererogeneity of semantically related information

For the SMARTKOM demonstrator, we rolled out a working knowledge and service
broker system completely implemented in a Java environment. Redundant resources
for cinema, film, actors, EPG, yellow pages, ticket reservation, hotel infonmation, and
reservation domain were connected. Furthermore, parts of the Deep Map histonc
content and a geo-map agent for Heidelberg were integrated (Malaka et al,, 2000;
Malaka and Zipf, 2000).

The actual inmegration of external data in SMARTKOM realizes a transparent
bridge from SMARTEOM to Web services and databases. As described in the pre-

vious sections, the system is organized in three layers, each of which, in wm, 15
implemented in multiple software agents.

221 Interface Layer Agents

Although the agents on the interface layer are implemented very differently, the ser-
vice provided by them is the same, i.e., offering interfaces to external clients enabling
them to benefit from different agent system services. Users have various oplions
available for using the agent system. They can choose between using JSP sites, mail
requests, or a graphical user interface. The SMARTKOM system communicales via
a blackboard pool architecture and is based on a PVM architecture (Herzog et al,
2003). A PVM bridge and a connector agent were constructed to enable both 5ys-
tems lo communicate, This agemt required special adaptation to the SMARTKOM
pool architecture. In future systems, all agents should be capable of dynamically lo-

cating the optimal broker agent on a cost basis and registering the user's habits for
the adaptation.

2.2.2 Mediation Layer Agents

The agents assigned to this middle layer (so-called broker agents) have to address
the following tasks:

¢ solve complex inguiries dvnamicallv by decomnosine them into separate partial
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ehminate redundancies in the answers of different service agents by using sam-
pled manual feedback and a computed confidence score
provide a facility for translating various metadata models of external sources into

a global doman schema

The current broker agents implement three main components. First, the XML~
Java data-binding component dynamically translates XML into Java objects and back
by using marshaling and unmarshaling mechamsms. The second component realizes
a resource location protocol. The purpose of this is to determine the best resource
agents by using a catalogue service, the so-called directory facilitator, where all re-
source agents have to register with the respective costs involved, e.g., response time,
quality ol content, etc. The third part of the broker agent 15 a merging and integration
facility developed to eliminate redundant data from the answers of service agents.

2.2.3 Service Layer Agents

The service layer encompasses two different kinds of agents: database agents and
agents responsible for providing access to different Web sources. Such wrapping

agents implement source-specific translators to generate HT TP requests from the in-
comine Xl reanecie that are underetandable far the Weh cnoree Tt 52 nn the hagiz
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3.1 Development of the Domain Models for Messages und Databases

The first step for semantically integrating SMARTEOM external data is the provision
of internal domain models. For the fields of cinema and EPG, these models were
modeled such that they share many concepts such as actors or genres. The inital
version of the model was built for the XML Document Type Defimtion {DTD) lan-
guage.! An analogous version in XML schema® was developed for the current ver-
sion of X5D, taking into account the W3C specifications from the working draft of
the XML Schema Definition Language. The necessary translation between DTD and
XMLS can be done using propriety parsers and tools. The initial schema-based mod-
els for the respective domains were also transformed into the SMARTKOM ontology
(Gurevych et al., 2003b). From the ontology, i turn, tools allow for automated gen-
eration of corresponding XML schema (Gurevych et al., 2003a) from the ontology.
Based upon this model, a relational database has been set up configured using
Cloudscape, a Java RDBMS. This database seemed appropriate because it supports
portability, has a small footprint, and allows the persistent storage of Java objects.
For the domain of geographical data, necessary for many tourist applications,

the data integration is done by specific geospatial agents who access geoservers that
follow OpenGIS standards, which are also semantic models and also conform with

the ontology.In this way, objects from one domain like a “cinema” can be linked to
objects in the other domain in space (and time).

3.2 Building the Infrastructure and Middleware

As discussed above, we chose a multiagent system (MAS) for building the necessary
infrastructure and middleware for the information integration platform. We evaluated
a number of Java-based MAS and decided to use JADE,* which supports the impor-
tant OMG* standard (known from CORBA) and the FIPAS standards that aim for
promaotion of a commercial standardization of the Foundation for Intelligent Physi-

cal Agents (FIPA). Distributed objects using, e.g., CORBA, RMI, DCOM, or RPC,
communicate with each other based on the principle of local transparency, while the

agent communicatinn 1z dane acvnchranane ke avahammine maeeamas that are coman.
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s direct database connectivity over DB-API (Oracle Call Interface, ODBC, or
JDBC). The specific query statement can be formulated in SOL.

The unstructured HTML sources require an extensive manual preprocessing Lo
allow reasonable data extraction. As mentioned above, the most interesting data 13
today available in HTML sources. Different groups work on heuristics to analyze
semistructured documents, but this is only applicable to certain scenarios (for exam-

ple, XWRAP® or DERG). A typical example of such HTML text from a cinema
Web site is:

{=ui)

<TR=<TD VALIGH="top® WIDTH="10"=<IM3 SREC="/img/dot .gif"
WIDTH="10" HEIGHT="10%»</TD><TD ALIGN="left"
WIDTH="100%"><FONT FACE-="Arial, Helvetica® SIZE="2"x<hA
HREF="/filminfo/a/abbuzze_htm" TARGET="inhalt"sRbbuzze - Der
Badesalzfilme/Ase /FONT»</Thoe /TR

=TH>»<TD VALIGH="top” WIDTH="10"><IMG SRC="/img/dot.gif"
WIDTH="10" HEIGHT="10%</TD><TD ALIGH="lefr*
WIDTH="100%"><FONT FRCE="Arial, Helverica" SIZE="2Z"»zh
HREF="/filminfo/a/abgefahren. heml"

TARGET="inhalt"sAbgefahrenc /As«/FONT></TD></TR>
L

The information is provided by prepared pages in HTML layout, The example
shows how layout and data are mixed. The specific extractor has to use a directory
of URLs to intelligently extract the right target content. In a typical XML document
the information is well-structured and content is semantically annotated:

cchannels
ctitles

moreover .., Indian subeontinent news
cftitles

i...]
sdescriptions
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cfitems
<ifoms

]

The XML, ORG* site tries to support standardization effons for different vendors
and apphcation domains, The XML Tree” indexes content providers who provide
their contents in pure data formats, unfortunately approximately 50 vendors for Ger-
man content, mostly 1in WML form for WAP devices (WML is structured, but also
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Fig. 5. The call for proposal protocol

3.4 Formulation of the Processing Logic of Queries

Information and external services from different sources from the Web are repre-
sented by resource agents (Fig. 4). A broker agent then initiates the negotiation pro-
cess 1o access the service by using the call for proposal (CFP) protocol (Fig. 3).
Available service agents can be found using the directory facilitator (DF) service.
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an accept-response for their offer will either deliver a result or fail, and will inform
the initiator accordingly, I the response takes too long or due to other circumstances
15 not needed any more, the initiator can also asynchronously cancel the execution of

the request.

3.5 Definition of the Query and Response Syntax and Semantics

We have connected the resources into our prototypical demonstrator that feature con-
tent about cinematography, hotel reservations and geographical information modeled
in the corresponding actor, film EPG, hotel, and map query DTDs. We will illustrate
the function of these models with examples from the cinema domain. Consider. for
example, a user asking whether the film Gladiaror is running in the city of Viern-
heim tomorrow. The corresponding query syntax is defined by a generic DTD shown

b low:

«?xml versions="1.0"%s

< | ELEMENT er (day, time?, town, title?,actor?}>
< |ELEMERT day {#PCDATA) =
< !ELEMENT Cime {#PCOATA) »
< | ELEMENT town [#PCDATA) =
- loroueeT eicla {4DrMATA] &
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Summary. This chapler describes the output generation subsystem of SMARTKOM with spe-
cial focus on the realization of the outstanding features of the new human—computér interac-
tion paradigm. First, we start with a description and motivation of the design of the multimodal
output modalities. Then we give a detailed characterization of the individual output modules,
and finally we show how their collaboration is organized functionally in order to achieve a

rrharanl Auraea ]l Feebaes Andreck habaiasie
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The system persistently conforms to the design principle “no presentation with-
out representation™ ( Wahlster, 2003), 1.e., all output elements are {independent of

their modality) internally represented using corresponding Multimodal Markup
Language (M3L} expressions potentially referrable by the user.

Consequently, all output graphics are visual widgets for output presentation ele-
ments, also potentially referrable by the user.

The planning and realization of output presentations natually depends on the
respective scenario and the available output media and modalities.

The system constantly presents adaptive perceptual feedback that represents its
intemnal processing state.

All system output is based on context-dependent modality fission,

SMARTK.OM realizes symmetric multimodality, i.e.. all input modalities are also
available for output, and vice versa,

In conformity to the SDDP paradigm, the communication assistant Smartakus 1s
a de facto personification of the system.

All multimodal capabilities of the system are integrated into the same reusable
and efficient dialogue shell: the core dialogue processing engine.

In the following sections we show the various explicit and implicit impacts of

the above-mentioned features on the desien of interaction metanhor of SMAaRTKOM
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This kind of human-machine interaction cannot be done in 2 simple command-
and-control style for more complex tasks. Instead, a collaborative dialogue between
the user and the agent elaborates the specification of the delegated task and possible
plans of the agent to achieve the user's intentional goal.

Consequently, human-computer interaction in SMARTKOM is put on a com-
pletely new footing. The focus of interaction rests on the cooperative communica-
tion with the animated agent about the fulfillment of the respective service the user is
mterested in. Unlike the traditional desktop interaction metaphor, which is based on
WIMP interaction, the content of the graphical user interface of SMARTKOM is radi-
cally reduced to only those elements (e.g., graphics) that are relevant to the user to the
extent that the visible presentation contents on the screen exclusively consist of the
graphical presentation elements such that the screen background becomes transpar-
ent. The presentation agent Smarakus itsell guides the user through a presentation

and comments on and points to objects as needed.

The user delegates a task to Smartakus and helps the agent, where necessary, in
the execution of the task. Smarnakus accesses various digital services and appliances
on behalf of the user, collates the results, and presents them to the user. Therefore, all

further design aspects must naturally be subordinated to this fundamental interaction

style.
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There are three different instances/scenarios of SMARTKOM that differ in the respec-
tive applications and hardware. In this section we shortly recapitulate them in order
1o show their respective key influence factors on design aspects of different output
elements.

SMARTKOM “Public™ is a system that can be used as a public multimadal m-
formation kiosk. Comtactless gestures of the user are rendered possible by an in-
frared camera (the Siemens Virual Touch sereen, SiViT), which tracks the user's
hand moving across a video projection of the graphical output on a lablet screen.
MNaturally, this constellation may comain the compleie spectrum ol application types,
modalities, and hardware functionalities. All mpu! dew:es and input modalities are

masnilnhles Dasnicse cPole o Voo A8 mfeen s = e Y o M Rl
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have slower reaction times of several seconds have to focus on giving the user per-
manently adequate and adaptive perceptual feedback during the processing of the
user inpul about the respective state or progress of this processing. Fortunately, con-
cerning the realization of such a feedback, the SMARTK OM system is equipped with
various multimodal output capabilities that can be used for that purpose in a natural
way.
Accordingly, apart from the entire interaction facilities, the SMARTKOM system
additionally provides constantly updated adaptive perceptual visual feedback. In line
with the SDDP paradigm. the feedback is given indirectly by the animated agent,
which simultaneously performs conformable gestures {Poller and Reithinger, 2004).

In parallel to that, adequate graphic elements, e.g., a flashing light during input pro-
cessine are additinnallv nresentad an the dignlav to reinforee the desired effect.
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Fig. 4. Architecture of the fission modules

Accordingly, the task of multimodal fission consists of two major steps:

Partitioning: This is the division of the tasks into appropriate subtasks, including
the generation of the comresponding evaluation plan. In SMARTKOM this task is
performed by the presentation manaeer (Sect. 2.2).
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2.2 Presentation Manager

The main task of the presentation manager is the planning of a multimodal presen-
tation that consists of two pans: static gesture-sensitive graphical elements and a
corresponding multimodal animation of Smartakus, including gestures referring 10
objects with aligned audiovisual speech output.

All information that flows between modules is represented as an XML document
conforming to the schema-based language M3L, which was developed in SMART-
KoM (Herzog et al,, 2003), The input of the presentation planner consists of a M3L
document that is sent by the action planner or the dynamic help component. It con-

DTV BT RS R S, P LI | .

Page 949 of 1206



Fig. 7. Presentation ol touristic sighls m SMARTROM-Mobule

Some examples for the presentation parameters are the current scenano (SMART-
Kom-Mobile, SMarTKOM-Home, SMARTKOM-Public), the display size (SiViT
and Tablet PC have a resolution of 1024 x 768 pixel while the PDA has only 240320
pixels), output language (German, English), available user interface elemenis (e.g.,
lists for TV or cinema movies, seat maps, virtual phone or fax devices), user pref-
erences (preference for spoken output while using SMARTKOM-Mobile in a car),
available output modalities (graphics, gestures, speech) and design styles (e.g., dif-
ferent background colors for Mobile and Public, see Figs. 6 and 7).

The stylesheet transformations add scenario-specific or language-specific data to

T T
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For simple presentation tasks, like showing the phone, the presentation planner
creates commands for a graphical element (the phone itself), a speech comment, and
a gesture scnipt for Smartakus for pointing at the phone while commenting. In con-
trast 1o simple presentations, there are complex presentation tasks that depend on
more input and modality parameters. For example, while planning of a TV program,
the presentation planner chooses the appropriate graphical element depending on the
amount and type of input data. If there is only one broadcast to show, a lot of back-
ground information about it can be presented (e.g.. directors, actors, and descniption).
The presentation planner must also take into account what the user likes (e.g., if the
user likes action films but not the channel ARD, action films will be shown first
while broadcasts on channel ARD will be shown at the end or not shown at all). 1F
some information parts are not available, the place reserved for this information can
be used to extend other information pants (e.g., if there is a film description, only
some actors are shown, but if there is no description available, all actor names are
presented. In Mobile, the whole space is used for text output on absence of pictures
for a sight deseription).

After choosing the graphical presentation, appropriate speech and gesture pre-
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Fig. 9. Presentation plan in SMARTKOM
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After the presentation script is generated, it 1s sent to the display manager, The dis-
play manager evaluates this script and performs the computational steps as follows.

The display manager first chooses the appropriate graphical layout elements from
the knowledge base. According to the planned presentation, these layout elements
are dynamically filled with actual data (e.g., movie titles, channel logos, maps) with
respect 1o space restrictions of the chosen graphical elements. This also includes
the update of status information that is graphically on-screen, like the display of the
virtual cellular phone or the virtual console for TV and video devices.

Since in SMARTKOM multiple graphical objects can be shown at the same time, 2
layout manager must be used to compute and optimize the arrangement of the objects
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form the knowledge base ol the presentation subsystem for Smariakus. Smartakus
itself is statically modeled with 3D Studie Max (Autodesk, US) as a 3D Life-like
character. But for efficiency reasons. the deeply 3D-modeled gestures, postures, and
behaviours are technically rendered as animated GIF files. During run time, the ani-
mation of Smanakus 15 dynamically generated using the elements of this catalog by

visually combining elementary gestures to larger animation sequences (see Figs. 12
and 13) in conjunction with inserting appropriate BETWEEN-gestures wherever

neaded.
Because of the different display sizes in the SMARTKOM scenarios, two Smar-

takus characters were developed:
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The anumation script is generated by a procedure iterating over the phonemes to
consecutively specifly the concrete viserne(s) and the exact point in time at which
they have to be shown in the output animation stream. In terms of Fig. 14 the proce-
dure alwavys tries to select a viseme that has a common borderline with the previous
viseme whenever possible (also by inserting intermediate visemes, if necessary).

4.2 Coordinated Lip and Body Animation of Smartakus

During presentation, Smartakus ofien points to graphical objects on the screen to
draw the user’s attention to them. To make such presentations more lively and natural,
Smartakus is pointing while speaking. For this purpose the body animation (which
15 performing the pointing gestures) is separated from head (and visemes) animation
(which is performing the lip animations). Additionally, heads with visemes for left,
front, and nght side exist. During pointing the body often moves into a posture for
which the head must also be moved horizontally or vertically to realize a natural
posture switch of the entire agent. Therefore, for every body posture and every head
posture an image with one ground point is generated to be able to calculate body and
head coordinates. Such ground point images can be easily generated in advance from
the 30 model of Smartakus, such that the synchronization of heads and bodies can

be done fisllv antamatieally at mon time (Fio, 151
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These agent behaviors are shown as soon as the the respective state of the sys-
tem/conversation is reached.

5 Conclusion

In this chapter we described the design of the novel human-computer interaction
in SMARTKOM in line with the sitwated delegation-eriented dialogne paradigm
{$DDP) and presented in a detailed compilation the multimodal system output plan-
ming and generation process. As shown, this is a very complex procedure containing
the modality fission, i.e., the distribution of the output elements over the available
output modalities, the generation of the respective modality streams, and finally the
coordination and synchronization of all output streams within one multimodal pre-

sentation. Consequently, this procedure was divided into a bundle of actively com-

municating and cooperating modules.

The SMARTKOM solution of coordinating and synchronizing multiple output
modality streams in a pleasing and natural user interaction situation was significantly
determined by the principle of “interacting though delegation.” Having a conversa-
tional communication with a virtual communication assistant on screen to which all
tasks are delezated brings completely new human-compuler interaction methods to
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Summary, Based on the constraints of the project, the approach chosen for natural language
generation (MLG) combines the advantages of a template-based system with a theory-based
full representation, We also discuss the adaption of generation to different multimodal inter-
action modes and the special requirements of generation for concept-to-speech synthesis.
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2 Fully Specified Templates

The design decision to use template-based generation in SMARTKOM is driven by
practical considerations: We wanted generator output as early as possible in the
project, and there were various applications with a considerable amount of nonover-
lapping genres and relatively constrained linguistic coverage, down to a fixed list of
utterances in the firsi systems. On the other hand, simple stning concatenation is not
sufficient. For example, the integration of concept-to-speech information, especially
in the way the synthesis component of SMARTKOM is designed, calls for an elab-
orate syntactic representation, i.e., phrase structure trees with features, to guide the
decisions on prosodic boundaries. At least since Reiter (1995) (also sec Becker and
Busemann {1999)), the use of templates and “deep representations™ is not seen as

a contradiction. Picking up on this idea, the generation component in SMARTROM

is based on fully lexicalized generation (Becker, 1998), using whole parts of a sen-

tence together as one fully specified template that is then represented not as a string
but rather as a partial TAG derivation tree (Fig. 1).
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sentation have 1o be specified, Clearly, this is desirable but not necessary in SMART-
Kown. Thus only the levels of dependency and phrase structure are represented fully.
Dependency is necessary W guide the top-down generation approach, and phrase
structure 18 necessary for (concepl-to-)speech synthesis, However, there is nothing
preventing the later mclusion of other levels of representation, e.g., adding a level
of semantic representation { Scheffler, 2003; Joshi and Vijay-Shanker, 1999} to allow
for the inclusion of a separate realization module and which might also be used, e.g.,

by a sentence aggregation component,

3 From Templates to a Full Grammar

The TAG formalism (Joshi et al., 1975; Joshi and Schabes, 1997) offers an elegant
way to reconcile the twao notions of templates and deep representations. A TAG gram-
mar consists of a set of parnal phrase structure trees, so-called elementary trees,
These trees are then combined 1o form the final, so-called derived tree by two ele-
mentary operations, adjunction and substitution. The applied opérations are recorded
it a graph called the derivation tree.

In a lexicalized TAG (LTAG), each elementary tree contains only one leaf node

writh a lavisanl alamcmet Theare itha dasioatonm oo hae ane nnda Far mach lavical ale_
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with attributes specifying, e.g.. sentence mode and part of speech for CTS pur-
poses. Note that no derivation bevond tree selection 15 necessary when the se-
lected tree is already a complete utterance.*

OF course, even the first version went bevond a “canned text™ system, and we
already needed a planning operator that could instantiate the simple lemplates
{actually, overwrite leal nodes in the derived tree with sinngs taken from the
generator input XML document).

(ii) Phrasal templates: As soon as we encountered scenarios that required more

variability, we began to disjoin some sentence-level templates into smaller tem-
plates, keeping most features untouched.

Accordingly, the corresponding planning rules grew more complex. In order to
capture linguistic generalizations, we began o delegate the planning of noun
phrases and (possibly optional} modifiers to subrules and began to extract the
corresponding NP elementary trees,

(iii)Feature-based TAG: As a next step, all trees were annotated with top and bot-

tomn feature structures (Vijay-Shanker, 1987), which include, e.g., case, argument
status (subject/object/adjunct/ppobject) and discourse information for the synthe-
5is componeni. The simple realizer was enhanced with a unifier, enabling us 1o
make use of feature checking, percolation and structure sharing (co-indexing, re-

-l
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3.2 Dependency and Speech Markup

Templates in template-based NLG systems are commonly surface strings with gaps
that are filled from the input information. In the SMARTK OM NLG system, templates
are specified on the level of derivation trees rather than on derived trees (which con-
taun the surface stnng on their leaves) or even surface strings directly. This has sev-
eral advantages. In the context of concept-to-speech synthesis, it is necessary to add
markup to entire phrases which need not even be contiguous in the surface string.
This can be done easily by adding the information 1o the correspending node in the

derivation tree from where it is percolated and automatically distributed to the cor-
responding parts of the utterance when constructing the derived tree and the stning

from the derivation tree. Such markup relates to parts of the output that have to be

{de)emphasized, parts that refer to objects in the graphical presentation and must be

coordinated with a pointing gesture.

Figure | shows a derivation tree with speech-relevant markup on some nodes.
Besides mere convenience in the markup,” the additional power of TAG allows us to
distribute semantically connected markup to discontinuous pants in the final string.
Since formal complexity is a very different issue in generation than in parsing, we
are open to use extensions from the standard TAG formalism as in Rambow (1994)
or Gerdes and Kahane (70011 which micht he necsceary for German
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Fig. 2. The improved architecture of the system, with additional levels

Microplanner

Output of the Microplanner will be a flat semantic representation, such as MRS
{Copestake et al., 1999). The planner maps the domain-dependent relations of the
abstract generator input onto more general semantic relations. The semantic repre-
sentation must also include additional information of pragmatic and/or situational
content, such that this kind of information is available in further steps.

Semantics—-Syntax Interface

The representation at the semantics—syntax interface level is argument structure, i..,
a dependency tree enriched with feature annotations at the nodes, Edges are labeled
with the kind of dependency relation that holds between the two nodes, e.g., “tem-
poral adjunct,” “argument].” “argument2.” The arguments are understood more as
}Lndcﬂ}'ing deep syntactic roles (agens, patiens, etc.) than as concrete forms of real-
1zation of those (subject, object, etc.).

During this phase, lexicalization must be carried out, at least as far as part of
_spetc‘fl and dependency structure are affected. The heuristics that guides us in defin-
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5 Adaptive Multimodal Generation

An imporant decision in the presentation of system output in a multimodal dialogue
system like SMARTRKOM is its distribution over the available modalities. Some of the

relevant factors are:;

Appropriateness of media: Larger sets of systems results, e.g.. from a database
query, are most conveniently displayed as tables or lists in the graphics modaliry,
leaving a commenting function for the speech modality. Short feedback on the
execution of user commands, e.g., switching the TV set to another channel, can
best be presented in speech.

User preferences: Given an appropriate user model, personal preferences, e.g.,
about the level of verbosity in speech output, can be used.

Redundancy: Whenever appropriate, information should be repeated in other

modalities, which can resolve ambiguities for the user.

An additional interesting property of SMARTKOM in this context is the definition

of various interaction modes:

Lean-forward mode: in the home scenario, when the user is sitting on the couch,
leaning forward, i.e., looking at and touching the screen, listening and talking
Lean-back mode: in the home scenario, when the user is not looking at the screen,

1.e., the interaction is restricted to audio only
Theeter neade: in tha mahils ceanarn when the nzer nses onlv the screen
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The selection between these presentations is made within the NLG module,
which contains separate sets of planning rules for the different presentation modes.
MNote that the output differs in the amount of information conveyed, thus making
a request for more information more likely in the lean-back case. This could be
made explicit in changing the expectations published by the action planner, how-
ever, SMARTKOM’s ability to deal with mixed initiative dialogue allows the system
to handle all possible user reactions in an equal manner.

6 Tools

Currently we have editors available® for the planning rules and for the TAG-tree
templates. Both build on XML representations of the knowledge bases and present
them in an easily accessible format: a directory structure as known from the Windows
Explorer for the set of trees and a graphical tree editor for the TAG trees.

In an ideal development environment, with a (partial) TAG grammar in existence,
the rule editor can be enhanced with a TAG-parser: To add a new template to the
generator, the user can type in an example sentence, have it parsed, select the correct
parse, mark (delete) the variable parts, keeping the fixed part and add the remainder

of the rule. Thus rules can be created without ever writing trees by hand, thereby
avoiding inconsistencies in the set of templates.
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Thus, the SMarRTRKOM NLG system supports rapid prototyping without ﬂfﬂsing
the path 1o a step-by-step development of full system. The TAG grammar formalism
1= particularly well suited o this approach since all relevant information is kept in the
elementary trees, which can contain either just one lexical item (LTAG) or multiple
words up to entire sentences. This setup also supports the needs of the concept-to.
speech synthesis approach in SMarTROM. Finally, the multimodal setup raises new
1ssues 10 adapling the NLG system in its multimodal setting to the various interaction
modes defined for SMARTEOM,
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Summary. Speech output generation in the SMARTKOM system is realized by a corpus-based
unit selection siralegy that preserves many properties of the human vaice. When the system's
avatar “Smartakus™ is present on the screen, the synthetic speech signal is temporally syn-
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the prosodic structure of the utterance and necessitate temporal alignmem of the ges-
tural and linguisue modes. Another momentous requirement was that the graphical
design of Smartakus was piven before the voice database was recorded. This entailed
that the appropriateness of the speaker’s voice for Smarakus could be included as an
important factor m the speaker sclection process.

In developing the synthesis voice for Smanakus, we pursued the following strat-
egy: After the speaker selection process, a diphone voice was developed lirst. This
voice served both as a starting point for implementing a unit selection vaice by the
same speaker tailored to the typical SMaARTKOM domams, and as the default voice
for external open domain applications that require TTS instead of CTS. The diphone
voice and the unit selection voice were both evaluated in the progress of the project.

This chapter is organized as follows. We focus on the prosedy generation in CTS
maode in the subsequent section, The speaker selection process is described in Sect. 3.
Sect. 4 concentrates on the unit selection voice. Lip synchromzation and gesture-

specch alignment are discussed in Sect. 5. Finally, the two evaluation procedurcs are
described in Sect. 6.

2 Concept-to-Speech Synthesis

The motivation for CTS synthesis is the view that the linguistic content of an ut-
terance determines its phonological structure and prosodic properties. It has been
shown that prosodic structure can reflect aspects of syntactic structure, information
structure, and discourse structure (Culicover and Rochemont, 1983; Selkirk, 1984;
Cingue, 1993; Hirst, 1993; Abney, 1995; Biiring, 1997; Mayer, 1999). The challenge
in TTS is that text represents only a very reduced version of the full linguistic content
of an utterance, It not only lacks marking of higher-level linguistic structure, but may
also be ambiguous with respect to syllabie and segmental structure due to abbrevia-
tions and homographs. All these properties have to be inferred from the text in TTS.

The idea of CTS is to use the full linguistic structure of an utterance, i.e., the origi-

nal “concept,” instead of its raw textual representation. This structure is available in
Aialamics me s 2l o i = f am " - am = ® >
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diction of phrasing. and the implementation of Cingue's account for accent place-

ment,

2.1 Concept Input

Concepts in SMARTKOM contain information on three linguistic levels. The highest
level of annotation used for prosody prediction is the semtence level. Sentence mode
(declarative, imperative, yes/no-question, or wh-question) is annotated on this level.
This Kind of information 18 mainly required for the prediction of boundary tones.

The next-lower level is syntactic structure. Syntactic trees in SMARTKOM are
binary branching, and they may include traces resulting from movement of syntactic
constituents. They are generated from smaller tree segments within the ree-adjoining
grammar framework (Becker, 1998). Semantic and pragmatic information is inte-
grated into the syntactic structure as follows. For each node of the syntactic tree, its
argument status (subject, direct or indirect ohject, prepositional object, sentential oh-
Ject, or adjunct) and its information content (new vs. given) can be specified. Deixis
15 also specified on the syntactic level. Deictic elements occur when Smartakus exe-
cutes pointing gestures referring to objects on the screen.

The lowest level of annotation is the lexical level. On this level, material that
nriocinates froun Adatahaze anarieg e ineerted  The domain and lanmsaes af this ma-
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Smce we do not distinguish X-bars lrom XPs, rule (1) applies to any maximal projec-
tion that 1s not the sister of a head, Examples of the application of { I ) are the insertion
ol boundaries between topicalized constituents and the VP as well as between adja-
cent constituents within the VP The second rule allows breaks to be inserted between
the head of a phrase (the X in (2)) and s sister node, but only if the sister node is an
adjunct. Thus, phrase boundares between a head and its argument are excluded.
Deictic elements often tngger additional minor phrase breaks. A pilot study on
material from 26 speakers showed that deictic expressions, 1.e., expressions that were
accompanied by pointing gestures, were usually marked by a phrase break or an
emphatic pitch accent or both, This effect 15 modeled by inserting mandatory minor
breaks preceding and following deictic expressions,
The result of the phrase break insertion for the sentence in Fig. | is shown in
{3). Mandatory phrase breaks are (trivially) at the end of the utterance, and after the
deictic AdvP hier, indicated by the [+BB| and [+B| features, respectively. Optional
phrase breaks are inserted after the NP Sie according to rule ( 1a), and after the noun
Auwswall according to rule (2a), These optional breaks are marked by the feature

[ B] mn (3).
(3 Hier [+8] sahen Sie |+ 8] eine Auswahl [+ Bl
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accent location for each prosodic phrase. Additionally, semantic [actors can cause
deaccentuation. Pitch accent types depend on the information content of the accented
word, on its position in the phrase, and on sentence mode.

According to Cingue (1993), the default accent is on the syntactically most
deeply embedded element, as illustrated by the prepositional phrases in (5) (from

Cingue (1993)). The underlined words are the most deeply embedded elements, and
they are accented by default.

PP

ﬁ"&
(5) a. p NP
|

e

Y p A
HINEL iy

under | |
den N
the |
Linden
lime trees

PP
MNP P

.
b. Alﬂ N' entlang
4 'i'!il along
the |
Fluss
river
However, depth of embedding on the nonrecursive side is irrelevant, as shown in
(6) (from Cinque (1993)): In neutral accentuation, the pitch accent falls not on the
overall most deeply embedded element, fralienern, but on fmpfsioff. This is because
NPs are right-recursive. Depth of embedding, according to Cingue (1993), is only
counted on a path along the X-bar axis (e.g., connecting XP and X', X" and X') and
on the recursive side of each projection XP (e.g,, connecting X' to a YP embedded
on the left side, if XP is a left-recursive category; or connecting X' to a YP embedded
on the right side, if XP is a right-recursive category). The main path of embedding
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5
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PP 1
P__.-'ﬁ"‘-\.\_\_‘_ |

P NP verschickt
| |
an N
|
Nils MNager
Fig. 2. Syntactic structure for the example “Das Dokument wurde an Nils Nager verschickt™

{The document was sent io Nils Nager). The main path of embedding is marked by the nodes
in boldface. The default accents for the two phrases are assigned (o the underlined words
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side nor on the X-bar axis. The branches connecting NP to NP and NP to N are on
the recursive side because NPs are right-branching. The path to the determiner Daxs
contains two branches that are on the nonrecursive side: the branches connecting S
to NI* and NI* to Det, respectively. In the second phrase, the name Nifs Mager 15 on
a path exclusively along the X-bar axis or along branches on the recursive side. It is

therefore accented.
Smce the sentence 15 a declarative sentence, it is terminated by a falling boundary

tone. The accented element in the sccond phrase is assigned a falling accent for
the same reason. The accent in the first phrase is predicted to be rising because the
sentence continues across the intermediate phrase boundary between the two phrases.

Thus, the prosodic structure for (8) is as shown in (9):

(9  Das Dokument wurde an Nils Nager verschickt.
L*H - H*L L%

3 Speaker Selection

Several constraints have to be met in the speaker selection process. On the one hand,
users’ expectations include not only intelligibility but also more subjeclive proper-
ties such as agreeableness, pleasantness, and naturalness. Adequacy of the voice for
the target application may be even more important than subjective pleasantness. For
instance, Smartakus is a small blue-colored cantoon-like character reminiscent of the
letter “i"". This visual appearance did not seem to go well with one particularly deep
candidate voice, which was rated high by listeners only when presented independent
of Smartakus. There are additional, more technical and practical, requirements, such
as the experience of the speaker, which can decisively reduce the time needed for the
recordings, but also foreign language skills, which are required for some nonnative
diphones, as well as the speaker’s availability over a longer period of time.

The subjectively perceived properties of a diphone voice are currently not pre-
dictahle from the sneaker's natural voice. The prediction is less difficult for unit se-
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Ihe most important outcome of the evaluation procedure was that the subjective
ranking of speakers was different for the two steps. For instance, the left panel in
Fig. 3 shows that for the best four male speakers from the first step, the MBROLA
diphone voice of KK, who was originally ranked third, was judged to be the most
natural diphone vonee, and the second most natural diphone voice was from MS,
who was ornginally ranked fourth, Other signal processing methods yielded different
rankings; in these cases, the MS diphone voice was judged to be the most natural.
Similar effects are evident in the ranking of the female diphone voices in the right
panel of Fig. 3. This confirmed our expectation that the subjective quality of the
diphone voice does not correlate directly with the subjective quality of the original

voice.
It is evident in Fig. 3 that MBROLA turned out to be the best signal processing

method in all cases. Male voices were generally rated better than female voices,
especially for signal processing methods other than MBROLA.
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4 Restricted Domain Unit Selection Synthesis

The SMARTKOM domains are restricted but not limited: Utterances are generated
from a number of lexicalized partial syntactic irees (Becker, 1998, 2006), but open
slots are filled with names, proper nouns, movie titles, etc., from dynamically chang-
ing external and internal databases. The vocabulary is therefore unlimited, although
it is biased toward domain-specific material, The predominance of domain-specific
matenal calls for a unit selection approach with a domain-specific speech database
1o ensure optimal speech synthesis quality for frequent phrases. However, since the
vocabulary is theoretically unlimited, domain-independent material must be taken
mte account as well. This is especially imporiant because the vocabulary shows typ-
ical “large number of rare events” (LNRE) characteristics ( Mabius, 2003}, Although
each infrequent word on its own is very unlikely to oceur, the probability of having
an arbitrary infrequent word in an utterance is very high.

Domain-specific and domain-independent materials pose different requirements
for the unit selection strategy. Domain-specific phrases may often be found in their
entirety in the database. In this case, it may be unnecessary to even consider candi-
dates made up of smaller noncoherent units. Domain-independent material, on the
other hand, will usually have 1o be concatenated from much smaller units, such as

single segments, demanding a carefully designed database with optimal coverage

mamadl = a2t

Page 983 of 1206



Multimodal Speech Synthesis 423

concareiialion cost measures the acoustic distortion that their concatenation would
cause. Then the sequence of candidates is chosen that simultaneously minimizes tar-
get and concatenation costs. Since there 15 no distortion for originally adjacent units,
longer siretches of successive unils are lavored over single nonadjacent units, reduc-
mg the number of concatenation points and rendering a more natural voice quality.
We wiall call this a botiom-up approach because, starting from the segmental level, the
selection of complete syllables, words, or phrases arises indirectly as a consequence
of the lower concatenation costs for adjacent segments.

Such an approach faces two challenges. First, target costs and concatenation costs
must be carefully balanced. Second, for frequent units the candidate sets can be very
large, and the number of possible sequences of candidates grows dramatically with
the number of candidates. For performance reasons, the candidate sets must be re-
duced, at the risk of excluding onginally adjacent candidates.

One way to achieve the reduction of unit candidate sets is to cluster the units
acoustically in an offline procedure and to restrict the candidate set to the units of
the appropriate cluster (Black and Tayler, 1997). We will refer to this method as the
acoustic clustering (AC) approach. The idea is to cluster all units in the database
according to their linguistic properties in such a way that the acoustic similanty of
units within the same cluster 1s maximized. In other words, the linguistic properties
that divide the unitz into acousticallv similar clusters are those properties that ap-
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sentences were then selected successively by the greedy algorithm according to the
number of boih new vectors and new diphone types that they covered. For German
diphone types that did not occur at all, we constructed sentences that would contain
them, added these sentences to the corpus, and repeated the selection process. This
ensured that at least a full diphone coverage was obtained, and at the same time the
number of phoneme/context vector types was increased.

We added 2643 SMARTKOM-specific words and sentences to the domain- in-
dependent corpus. They included excerpis from demo dialogues, but also domain-
typical slot fllers such as people’s names, place names, numbers, weekdays, ete.
Movie titles, many of them in English, constituted the largest group of domain-
specific material, partly to make up for the omission of English phones in the sys-

tematic design of the text material,

B A

The speech database was recorded using the same professional speaker as for
the diphone voice and amounted to about 160 minutes of speech. The awtomatically
generated transcnptions were manually comected according to what the speaker had

sand together with the corresponding orthographic notation. The hand-corrected tran-
scriptions were then used for sentencewise forced alignment of the speech signal on
the segment, syllable, and word levels. Pitch accents and boundary tones were auto-
matically predicted from the orthographic notation and were subsequently corrected

manually.

The corrected version of the database contains 2488 diphone types. 277 of the
2377 originally predicted types were not realized in the database, mostly because of
incorrect predictions; instead, 388 additional types occurred. Similarly, the database
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h““ I'-*Wﬂhﬁtﬂd lllml'rt‘ﬂll}' We expect that the prediction of context v Wiﬂi‘ﬁ can be
significantly improved if foreign material i1s reliably marked as such in a preprocess-
ing step. However, the prosodic contexts are difficult 1o predict, and often several
alternative realizations are possible. Giving the speaker additional directions con-
ceming intended prosodic realizations, on the other hand, may add too much load in
supervising the recordings and moreover might result in unnatural realizations.

5 Lip and Gesture Synchronization

1t has been shown that visual segmental information can enhance segmental speech
perception (Massaro, 1998). Vice versa, inconsistencies between visual and acouste
information can significantly decrease intelligibility 1o the extreme that the segmental
identity is compromised: MacDonald and McGurk { 1978) demonstrated that acoustic
[ba] is perceived as /da/ when presented with the visual information of [ga]. Thus,
correct lip synchronization is an imponant issue in multimodal speech synthesis.

5.1 Lip Synchronization

in contrast to lip synchronization for more human-looking avatars, which may re-
quire modeling of various parameters such as the position of the jaw, the upper and

lower lip, teeth, tongue tip, and tongue root, only two parameters are necessary for
5“‘“‘“’“'5 hecausc of his caﬂuuntlke features: jaw opening and lip rounding. His
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Fig. 5. IPA vowel space diagram of the vowels used in SMARTKOM synthesis, in SAME,.
notation. The lip opening degree Tor each vewel is indicated on the feff. The dashed lines

mchicale the boundaries between different degrees of opening

shows the vowels used in SMARTKOM arranged in the International Phonetic Asso-
ciation { IPA) vowel diagram, in SAMPA ® notation, The position of each vowel in the
IPA diagram reflects the tongue position in articulation. Thus, the vertical position of
the vowels indicates tongue height. and the horizontal position indicates the front—
back position of the tongue. To map vowel positions in the diagram to lip opening

degrees, we stipulate that tongue height and lip opening correlate, but that the hori-
zonlal position is irrelevant for lip opening. The resulting mapping from the position
in the diaeram tn the anenine deores af the comesnandine viseme 15 indicated nn
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Multimodal Speech Synthesis 429

from a functional pomnt of view. In SMARTKOM, language generation and synthesis
are strongly linked. Without language generation, simulating concept input for CTS
synthesis 15 tedious, But if concept input is generated automatically for synthesis
evaluation purposes, the language generation component is implicitly evaluated to-
gether with the synthesis module. A second problem is that the appropriateness of the
synthesis veice for Smartakus cannot be evaluated without the animation component.
To detect possible synthesis-specific problems, we carmied out evaluations of the
synthesis module, detached as far as possible from the SMARTKOM system, at two
times. The first evaluation took place carly in the project and served to verify that the
diphone synthesis voice produced satisfactory intelligibility; the second evaluation
was carried out in the last project phase o assess the quality of the new unit selection
voice, particularly in comparison with the diphone voice. Table 2 shows an overview

of the tasks performed in the evaluation procedures.

Table 2. Overview of the tasks performed by participants in the evaluation procedures. The
general tvpe of (ask is indicated in the feff colivnn. The table lists iext material, viz. normal text
{open domain), semantically unpredictable sentences (SUS), or SMARTKOM specific material
{SK), and the voices used to generate the stimuli, viz. diphone voice or unit selection voice
(us)

|

] T amemmed asemlaanrbiomes
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and a user. Ninety three percent of these system tumns were transcribed without any
errors: 4% involved obvious typing errors; and in 2% of the transcriptions there were
errors that can probably be attnbuted to memory problems rather than to telligi-
bality. These figures show that the diphone voice offers excellent intelligibility for
normal speech matenal.

The SUS dictation tasks are perceptually more demanding because the linguis-
tic context does not provide any cues in cases of locally insufficient intelligibility.
The tasks thus aimed at testing the intelligibility of the diphone voice under more
challenging conditions. The sentences were generated automatically vsimg five dif-
ferent templates, which are listed in Table 3. The material to fill the lexical slots in
the templates came from hsts of words selected from CELEX (Baayen et al., 1993)
according to their morphological and syntactic properties. The hsts were randomized

before generating the SUS stimuli. All lexical items were used at least once, but in
varying combinations,

Table 3. Overview of syniactic templates used for the generation of SUS stimuli, The 1able
shows the lexical slots in the templates corresponding 1o the constituents in each of the lem-
plates. Although not explicitly stated here, noun phrases were also congreent in gender, and
the complements of transitive verbs and prepositions were in the appropriate case

Template | Constituent

-

Lexical slots
subject determiner (sg.}) + noun (sg.}
SVO verb transitive verb (3rd person sg.)
object plural noun
subject dielenminer (sg. ) + noun (s5g.)
SVPP verb intransitive verb {3rd person sg.)
adjunct PP |preposition + determiner {acc, sg.) + noun (ace. 5§.)
adjunct PP | preposition + determiner (dat. sg) + noun {dat. sg.)
PEV SO ".-E_rh transilive verb (3rd person sg.)
subject determiner (nom. sg.) + noun (nom. sg.)
object determiner {acc. sg.) + noun {ace. sg.)
verh transitive verb {(imperative pl.)
VS5O0 | subject “Sie™
ohject determiner (acc. sg.) + noun (acc. sg.)
verh

transitive verb (3rd sg.}
VSO0? | subject determiner (nom. sg) + noun (nom. sg)

ohject determiner (pl.) + noun (pl.)

The SUS task using natural stimuli immediately preceded the task with the di-

phone stimuli. It served to estimate the upper bound of scores in such a task. The
subjects transcribed 15 stimuli in each of the 2 1asks. For the natural stimuli, the sen-

tence error rate was 4.9%. Of these, 0.6% were obvious typing errors. The error rate
for the synthesized stimuli was 33.9%. Again, 0.6% were typing emors. The emor

analysis for the diphone stimuli showed three relatively frequent error types. One
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on a speech corpus from a different speaker. We replaced this mode! with a speaker-
specific model tramned on the unit selection voice data later in the project. Another
problem was that sometimes the subjects did not correctly recogmize word bound-
aries. We expect that in these cases listeners should also benefit from the improved
duration model. The other two types of errors concemed voiced plosives preceding
vowels in word onsets, and voiced and voiceless plosives preceding /RY in the same
position. We claim that the latter is a typical problem in diphone synthesis; The two
‘R/-diphones concatenated in these cases are two different positional variants of /RS,
ViZ, 2 postconsonantal variant, and an intervocalic variant.

Adfter performing the dictation tasks, participanis were asked for their subjective
impression of the diphone voice. They rated the voice on a five-point scale ranging
from <2 io 2 for each of the two questions “How did you like the voice?"” (=2
and +2 corresponding to “not at all™ and “very much,” respectively), and “Did you
Siried the voice eaxy or hard to understand? ™ (=2 and +2 corresponding to “hard™ and
“easy”, respectively). Subjects also answered “yes™ or “no” to the question * Would
you accepi the voice in an informationt system ?". The results strongly indicate that
non-naive subjects generally rated the voice better than naive subjects. The mean
scores for the first two questions broken down by experience with speech technology
were +0.53 and +1.37 for non-naive participanis, and —0.21 and +0.67 for naive
participants, respectively. Of the non-naive subjects, 95% said they would accept the
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for the younger and the older group. respectively), and elearly above zero for the unit
selection voice (+1.79 and +1.23 for the younger and the older group, respectively).
In the following evaluation, 77 subjects participated. none of which had aken
part in the earlier evaluations, Three tasks were completed in this evaluation. Paru-
cipants first transcribed SUS stimuli. The stimuly were taken from the Arst evaluaton,
but they were synthesized using both the diphone and the unit selection voices. The
results are comparable to the earlier resulis: The sentence error rate was 27% includ-
ing typing errors for the diphone voice (earlier: 33%5). This shows that the diphone
voice has gained in intelligibility compared 1o the first evaluation, For the umt selec-
tion voice, however, the error rate was 71%, This is due to the fact that the SUS stum-
uli contained only open domain material. The unit selection voice was designed for
a restricted domain with prevailing SMARTKOM-specific material {Sect. 4). In this
respect, completely open domains are a worst-case scenario, in which the synthe-
sis quality must be expected to be inferior to that of SMARTKOM-specific material.
Additionally, at the time of conducting the evaluation, the speech database was sull
in the process of being manually comected. Informal results obtained at the end of
the project, i.e., two months after the formal evaluation and afier extensive manual
correction of prosodic and segmental corpus annotations, indicate that the subjec-

tive synthesis quality especially for open domain material has improved since the
completion of the evaluation.

Page 993 of 1206



Multimodal Speech Synthesis 433

7 Conclusion

To summarize, the supenority of the unit selection voice is evident for the SMART-
KoM domain, Thus was confirmed by the pilot study and the SMARTKOM-specific
part of the second evaluation. The quality of the diphone voice improved between
the first and the second evaluation. We attribute this effect mainly to the new dura-
tion model obtamed from the unit selection data of our speaker. The ongeing manual
comection of the unit selection database is evidently effective. Subjectively, the syn-
thesis quality has improved since the completion of the second evaluation. However,
this will have to be confirmed in more formal tests.

Future work will focus on the extension of our unit selection approach from the
resiricted SMARTKOM domain to open domains in general. The experience gained
i working with the SMARTKOM unit selection voice suggests that accuracy of the
dalabase annotation is crucial for optimal synthesis quality. Also, the strategy to deal
with large numbers of unit candidates as they often oceur in open domain sentences
without excluding potentially good candidates will need some more attention in the

future.

Acknowledgments.

Page 994 of 1206



434 Anne Selweilzer el al

M. Beuhmgﬂ- M. Mohr, and M. Riley. Rapmd Unit Selection From a Large apeech
Compus for Concatenative Specch Synthesis. In: Proc. EUROSPEECH-99, vol. 2,
pp. 607-610, Budapest, Hungary, 1999,

AN, Black and . Tavlor. Automatically Clustering Similar Units for Unit Selection
in Speech Synthesis. In: Proc. Ewropean Conference en Speech Connnunicarion
and Technology, vol. 2, pp. 601-604, Rhodos, Greece, 1997

A.P. Breen and P, Jackson. MNMon-Uniform Unit Selection and the Similarity Met-
ric Within BT's Laurcate TTS System. In: Proc. 3rd Int. Workshop on Speech
Svmthesiz, pp. 373-376, Jenolan Caves, Australia, 1998,

D. Biliring. The Meaning of Topic and Foecus — The 59th Street Bridge Accent, Roul-
ledge, London, UK, 1997.

G. Cingue. A Null Theory of Phrase and Compound Stress. Lingristic Iiguiry, 24
(2):239-297, 1993,

A. Conkie. Robust Unit Selection System for Specch Synthesis. In: Collecred Papers
of the 137th Meeting of the Acoustical Sociery of America and the 2Znd Convention
of the European Acoustics Association: Form Acusticum, Berlin, Germany, 1999,

P-W. Culicover and M.5. Rochemont. Stress and Focus in English. Language, 39(1).
1231635, 1983,

1.P. de Ruiter. The Production of Gesture and Speech. In: D. McNeill {ed.), Language

.I'!IJ!.I‘; F.ﬁrln’rﬂ A TRA_AT1 Mambeidas T 9T Manebhetdas Tlniiraeerig Prace
PEEE S d B8l by AR 7T T L B hﬂlllulluh: AP, SAFUT, Co bl IR LI.JE.'.'. AR VR R ERY R W Rt

T. Dutoit, V. Pagel, N. Pierret, F. Bataille, and O. van der Vrecken. The MBROLA

Project: Towards a Set of High Quality Speech Synthesizers Free for Use for Non
Commercial Purposes. In: Proc, Int, Conference on Spoken Langnage Processing,
vol. 3, pp. 13931396, Philadelphia, PA, 1996,

C.G. Fisher. Confusions Among Visually Perceived Consonants. Journal of Speech
and Hearing Research, 11:796-804, 1968,

D.J. Hirst. Detaching Imonational Phrases From Syntactic Structure. Linguistic
Inguiry, 24:781-T88, 1993,

Al Hunt and AW, Black. Unit Selection in a Concatenative Speech Synthesis
System Using a Large Speech Database. In: Proc. IEEE Int. Conf. on Acoustics
and Speech Signal Processing, vol. |, pp. 373-376, Munich, Germany, 1996.

1. MacDonald and H. McGurk. Visual Influences on Speech Perception Process.
Perceprion and Psychophysics, 24:253-257, 1978.

D.W. Massaro. Perceiving Talking Faces: From Speech Perception to a Behavioral
Principle. MIT Press, Cambridge, MA, 1998,

J. Mayer. Transeribing German Intonation — The Stuttgart System. Technical report,
University of Stuttgart, 1995,

1. Mayer. Prosodische Merkmale von Diskursrelationen. Linguistische Berichre,
177:65-36, 1999,

B. Mﬁ-hil.l-ﬁ:. Rare Events and Closed Domains: Two Delicate Concepts in Speech
Synthesis. fnr. Journal of Speech Technelogy, 6(11:57-71, 2003,
G. Mohler and A. Conkie. Parametric Modeling of Intonation Using Vector Quan-

tization. In: Proc. 3rd Int. Workshop on Speech Synthesis, pp. 311=316, Jenolan

Page 995 of 1206



Multimodal Speech Synihesis 435

E. Morais, P. Taylor, and F. Violaro. Concatenative Text-To-Speech Synthesis Based
on Prototvpe Waveform Interpolation (A Time-Frequency Approach). In: Proc.
Inr. Conf, on Spoken Language Processing, pp. 387-390, Beijing, China, 2000.

E. Moulines and F. Charpentier.  Pitch-Synchronous Waveform Processing Tech-
niques for Text-To-Speech Synthesis Using Diphones. Speech Communication, 9:
433467, 1990,

P Poller and WV, Tschemomas. Multimodal Fission and Media Design, 2006, In this
volurme.

F. Schiel. Evaluaton of Multimodal Dialogue Systems, 2006. In this volume.

A. Schweitzer, N. Braunschweiler, T. Klankert, B. Mdbius, and B. Sauberlich. Re-
stricted Unlimited Domain Synthesis. In: Proc. Enropean Conference on Speech
Centmnnication and Teclnology, pp. 1321-1324, Geneva, Switzerland, 2003.

A. Schweitzer, N. Braunschweiler, and E. Morais. Prosody Generation in the
SmartKom Project. In: Proc. Speech Prosody 2002 Conference, pp. 639-642,
Aix-en-Provence, France, 2002,

A Schweitzer and M. Haase. Zwei Ansdlze zur syniaxgesteuerten Prosodiegene-
rierung, In: Proc. 5th Conf. on Natural Language Processing - Konvens 2000, pp.

197-202, llmenau, Germany, 2000,
E. Selkirk. Phonology and Syntax — The Relation Berween Sound and Structure. MIT

Press. Cambridee. MA. 1984,

Page 996 of 1206



Page 997 of 1206



Scenarios and Applications

Page 998 of 1206



Page 999 of 1206



Gerd Herzog and Alassane Ndiaye

DFKL GmbH, Saarbricken, Germany
{herzog, ndiaye }adfki . de

Summuary. We report on the experience gained in building large-scale research prototypes of
fully integrated multimodal dialogue sysiems in the context of the SMARTKOM project. The
development of such svstems requires a Aexible software architecture and adequate software

support 1o cope with the challenge of system integration. A practical result of our experimental
work is an advanced integration platform that enables flexible reuse and extension of existing

software modules and that 1= able to deal with a heterogeneous software environment. Starting
from the foundations of our peneral framework, we give an overview of the SMARTKOM
testbed, and we describe the practical organization of the development process within the

project

1 Introduction

The realization of fully fledged prototype systems for various application scenarios
constituted an integral part of the research and development activities within the

SMARTKOM project (Reithinger et al., 2003; Wahister, 2003), Building such large-
scale multimodal dialogue applications poses a significant technical challenge and
requires a nrincinled approach for succesful system integration.
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strong need to reuse and extend existing software

-]

e pressure to build ininal prototypes rapidly

s sigiuficant number of distinet components from different sources

s heterogencous soflware enviromment, including various programming languages
and different operating systems

o« high varability of target configurations for the mtegrated dialogue system appli-

cations
A distributed system constitutes the natural choice to realize an open, Aexible, and
scalable software architecture, able to integrate heterogeneous software modules im-
plemented in diverse programming languages and running on different operating
systems. A key point of our specific integration framework is the idea of having a
component-based systemn, composed out of executable modules, Our approach pro-
poses a modularization of the dialogue system into distinct and independent software
modules to allow maximum decoupling. A main advantage of such a component ar-
chitecture (FHopkins, 2000) 1s the fact that component integration and deployment are
independent of the development life cycle, and there is no need to recompile or relink
the entire application when updating with a new implementation ol a component.

The kind of component-based software engineering proposed here requires an
Integration plall'nrm that provides the necessary software infrastructure to assemble

imta a manltimaadal Aralames evetam sl an inteoes-

]

tho lasmse
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it focuses on the data to be exchanged and 1t decouples data produecers and data con-
sumers. The well-known concept of a blackboard architecture (Erman et al., 1980)
and distributed shared memory approaches that are based on the notion of tple
spaces (Camiere and Gelernter, 1989) follow similar ideas.

In order to ensure syntactic and semantic interoperability defimte contracts
among components are required. Using message-based communication, the nterface
of a specific component can be characterized by the adnussible message contents that
it is able 10 process and 1o produce, The so-called exrensible markup language, XML,
has meanwhile evolved into a standard tool for the Mexible definition of application-
specific data formats for information exchange. Thus we propose 1o operationalize
interface specifications in the form of an XML language. XML-based languages de-
fine an external notation for the representation of structured data and simplify the
interchange of complex data between the separate components of an integrated mul-
timodal dialogue system.

For the technical realization of an integration platform, we postulate basic design
principles that form the conceptual foundation of our integration [ramework:

s Asynchronous message-passing 15 more flexible than component-specific remote

APIls and better fits parallel processing in a distnibuted system. 1
Blackboard-like publish/subscribe messaging is a generalisation of point-to-point
communication that supports decoupling of components and allows better mod-
ularization of data interfaces.

Well-designed XML languages support the definition of declarative data models
for information interchange and semantically rich interface specifications.

The proposed framework does not rely on centralised control. Instead of that,
individual components take care if coordination is needed. Required synchro-
nization information is modeled explicitly within data interfaces.

There should be no hidden interaction between components. All data have w0

be exchanged transparently via the provided communication system to ensure
traceability of processing behaviour.
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A1 Mhddleware Solution

Owr spectlic reahization of an integration platform follows the architecture framework
and the design prninciples described in the previous section. Its main characteristics

are:

* component archilecture
—  modularization into distinet and independent software modules to allow max-

imum decoupling
- encapsulation of heterogeneous, large-grained software components info a
uniform module structure
s event-based architectural style
— very flexible publish/subscribe messaging
— implicit invocation {event-driven) to support decoupling of components
— highly adaptable content format specifications for each data pool, i.e., named

message queue
Instead of using custom programming interfaces, the interaction between distributed
components within the testbed framework is based on the exchange of structured data

through messages. The SMARTKOM testbed includes a message-oriented middle-
ware implementation that is based on the parallel virtual machine (PVM) software
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