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Abstract

This paper describes the dialogue layer of a Spoken Dialogue System prototype. We have developed a methodology for the design of
dialogue management systemsfollowing Knowledge Engineering principles. A dialogueistreated asan activity that requiresknowledge,
experience, ability and training. We will also propose a specification language for the representation of the linguistic knowledgeinvolved,
as well as atask-oriented inference engine for the control and reasoning about the dialogue. This generic model has been implemented
in Delfos, an application devel oped for the automatic telephone task scenario.

1. Introduction

Our previous research in collaboration with the Speech
Technology Division of Telefonica 1+D, has focussed on
the study of the automatic telephone operator scenario
(section 2) within the ATOS project (Alvarez et al 97;
Fernandez & Quesada 99; Lopez & Quesada 99). As a
result of this collaboration, we have elaborated a generic
methodology for the design and implementation of dia-
logue management systems. This paper describes the most
relevant characteristics of our methodology, and their im-
plementation in the prototype system Delfos.

The methodology we proposeisinspired on Knowledge
Engineering principles and distinguishes two major levels
in the design of systems: alevel for knowledge specifica-
tion and a level for inference and control (section 3). Be-
sides, our methodology divides the specification level into
two further levels: therepresentation of speech acts(section
4) and the representation of dialogue structures (section 3).

2. Design Constraints: A Dialogue System
for the Automatic Telephone Task
Scenario

This section describes the design constraints of the sys-
tem. Weillustrate a sample conversation (Figure 1) in order
to present the functionality we are aiming at (although our
corpus is in Spanish, we have translated the conversation
into English for expository reasons).

This short conversation will help us to describe the de-
sign restrictions we have taken into account:

e Interaction with the speech recognition system.
Our system is embedded in a Spoken Dialogue Sys-
tem application which takes as input the output of a
speech recognition system through the telephone line.
Speech recognition errors such as those reported in
our sample conversation have been dealt with in pre-
vious research work in our group. The natural lan-
guage processing system Iris (Lopez & Quesada 98)
incorporated a number of techniques for the detection
and correction of recognition errors during the natural
language understanding phase. Nevertheless, the dia-
logue management system should also be capable of

handling recognition errors when configuring the di-
alogue interaction by using both direct confirmation
guestions (asin S6) and indirect ones (S7).

Task Detection. Our scenario difers from Task-
oriented systems in that the system does not know be-
forehand the task that the user hasin mind. Rather, the
user may choose between any of the different func-
tions which have been designed to interact with the
PABX. Therefore, the first problem that the system
must solve is to figure out which task(s) the user may
want to perform.

Incomplete functions. In our scenario, it is common
to find situations in which the requested functions are
not complete, that is, commands for which the user
has not specified all the arguments required to fulfil
the task. For instance, in U3 the user is requesting the
system to transfer higher calls, but s/he has not spec-
ified the destination number. In this case, the system
must be capable of keeping track of the requested in-
formation and generating those questions necessary to
complete the missing information.

Expectations. The dialogue manager system can ben-
efit from the knowledge of the previous history of the
diaogue. In fact, this dialogue history generates an-
swering expectations: in S4 the system iswaiting for a
confirmation answer either affirmative (“Yes’, “OK”,
...) or negative (“No”, “That's wrong!”, ...), in S5 the
system is expecting atelephone number from the user.
This knowledge (expectations generated from the dia-
logue history) can be further used both by the speech
recognition system and the natural language process-
ing module in order to improve the efficiency and re-
strict the semantic search in the grammar.

Multiple pathsin a dialogue. As we can observe in
U3, it is common to find cases where one interaction
initiates several functions. The system must be capa-
ble of handling all of them, while recalling unfulfilled
work at every singlepoint. In our example S4isasking
for direct confirmation of one of the functions. Later
on, in S5 the system carries on with the fulfilment of



S2: You have a new message.
U2: Please, | would like to hear it.
S3: The messageis: ...

U4: Yes, please.

U5: The number is 123456789

U6: No, to the number 123456789.

U7: No
S8: [Goodbye message]

S1: [Welcome message and management instructions]
U1: | would like to know if | have any message in my mailbox.

U3: Now | want to delete it and to transfer my calls.
S4: Shall | delete the last saved message?

S5: The last message has been deleted. To transfer your calls,
| need a telephone number or an extension.

S6: So, do you want me to transfer your callsto the number 132456789?

S7: OK, your calls have been transferred to the number 123456789.
Would you like to perform any other function?

Figure 1: A sample conversation

the function requested in U3 whileindirectly confirm-
ing the execution of the first function.

o Dialogue history and anaphoric references Rep-
resenting the previous dialogue history is also useful
in order to deal with discourse phenomena such as
anaphoric references. In our sample conversation both
answers U2 (“I want to hear it”) and U3 (“delete it”)
refer to “the last message”.

Taking into account the design restrictions imposed by
the application described, we have developed a genera
methodology which is described in the next section.

3. A Knowledge Engineering-based
M ethodology for the Representation and
Reasoning in Spoken Dialogue Systems

Thelevel of representation (Hodgson 91) playsacrucial
role in the study of the discourse level of language and in
the implementation of dialogue management systems. This
is evident, for example, in Discourse Representation The-
ory (Kamp 81; Kamp & Reyle 93; Eijck & Kamp 97).
One of the main areas of research has been the devel opment
of dynamic representation models of speech actswhich are
capable of allowing an incremental interpretation of the ut-
terances within a context (Kamp 81; Barwise & Perry 83;
Cooper et al 99).

On the other hand, those research works which have
studied the implementation of dialogue management sys-
tems have made evident the need to specify and represent
concrete models or dialogue plans in relation to the appli-
cation domain tasks. Most implementations in the litera-
ture (OVIS (Noord et al 98), VERBMOBIL (Alexanders-
son et al 98), Philips (Aust et al 95), TRAINS (Trains Web
Page), TRINDI (Trindi Web Page)) make use of a frame-
based representation model and a dialogue management
plan-oriented strategy (Schank & Abelson 77).

Thus, theintegration of adialogue management or plan-
ning strategy introduces a higher level of control on top of

the speech acts, that gives rise to the idea of a dialogue
structure representation model.

Bearing in mind the research work described above, as
well as the design constraints explained in section 2, we
propose a methodology which is based on the following
principles (Figure 2 illustrates the architecture of the sys-
tem Delfos according to these ideas):

¢ Unification-based dialogue management: basically,
every speech act obtained from the module (Iris) is
represented asacomplex feature structure (Rozenberg
& Salomaa 97). This facilitates the integration be-
tween the dialogue manager module and unification-
based grammars (Shieber 86; Kirchner 90).

¢ Communication via the CTAC protocol: This pro-
tocol, formally based on the extended Lexical Ob-
ject Theory (Quesada 98), guarantees an efficient, bi-
directional, flexible and transparent communication
between the NLP and dialogue management mod-
ules (Lopez & Quesada 98).

e Declarative Specification of the Dialogue Struc-
tures. Delfos incorporates its own language for the
specification of dialogue structures. This language
profits from plan-based management techniques, thus
avoiding those problems associated with dialogue
grammars (Aust & Oerder 95). The specification lan-
guage of Delfos allows, among other things, for the
representation of the history of the dialogue, the con-
trol of expectations and the treatment of ambiguity.

o Dialogue Management as an Inference Engine on
a Discour se Declar ative Model: The reasoning level
can be regarded of as an inference engine (Hodgson
91) specialised on the trestment of dialogue manager
systems.

4. Utterance Representation

From afunctional perspective, the system receivesasin-
put the results obtained from the speech recognition sytem,
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Figure 2: The Delfos Architecture

represented as a set of n-best hypotheses. The NLP sys-
tem Iris (Lopez & Quesada 98) then carries out the lexical,
morphological, grammatical and semantic analysis. It also
incorporates awide range of speech repair strategies (Lopez
& Quesada 99).

The NLP system transforms each utterance into a list
(one or more) of feature structures according to the CTAC
protocol (Lopez & Quesada98). The CTAC protocol stands
for Class, Type, Arg and Contents.

1. CLASS: Three classes have been defined for this ap-
plication: Object, Function and Operation. Object in-
cludes any terminal element in the dialogue structure
such as Person, Telephone Number, etc. Function de-
scribes the set of tasks in the application domain. Fi-
nally, Operation will be used for the representation
of auxiliary functions such as Confirmation, Cancel-
lation, Help, etc.

2. TYPE: Thisfeature specifies the value that each class
adoptsin agiven structure, as describedinthe CLASS
section.

3. ARG: Some classes may require the presence of one
or more arguments. The ARG feature specifiesthe ar-
gument structure of the class. This takes the form of
a list in which conjunction, disunction, and optional
operators may appear.

4. CONTENTS: This feature represents the particular
values associated with each element of the ARG at-
tribute.

As an example, the second part of the interaction U3
above “ transfer my calls” will be represented as:

CLASS Function

TYPE TransferCalls
ARG [Name]|[Number]
CONTENT

For the corpus we are currently using, which contains
60 pieces of dialogues (amounting to more than 1,000 sen-
tences) extracted by a Wizard of Oz, we correctly identified
the task and assigned the correct CTAC representation in a
96% of the cases.

5. Dialogue Structures Representation

As mentioned above, the module in charge of the dia-
logue management is called Delfos. This subsystem incor-
porates its own language for the specification of dialogue
states. These states are triggered by the speech acts result-
ing from CTAC. Inturn, dialogue states may trigger expec-
tations, modify the history of the dialogue, and/or execute
actions.

Continuing with the example above, the specification of
the dialogue state corresponding to the function Transfer
callsin Delfosisrepresented in Figure 3.

Though a complete description of this specification lan-
guage is beyond the scope of this paper, we will briefly
describe some of its components. First, the dialogue state
is triggered by a process of unification between the CTAC
and the Tri ggeri ngCondi t i ons in the state specifi-
cation. The Decl ar eExpect at i ons field assigns pri-
ority values to other states, and specifies how the result of
those states will be incorporated into the history of the di-
alogue. Thus, the CTAC generated for the interaction U5



( StatelD: TRANSFERCALL,;
PriorityLevel: 15;
Tri ggeri ngCondition:

(CLAS: Function, TYPE: TransferCal | );

Decl ar eExpect ati ons: {
Name <= NAME;
Nurmber <= NUMBER;

}
Set Expect ati ons: {

Confirm <= (CLAS: YesNoEnd, TYPE: Confirm CONT: Yes) ;

}
Exi t St at e:

( CLAS: YesNoENd, TYPE: Confi rm CONT: Yes);

Act i onsExpectations: {
[Name] => {

User Pronpt (" Por favor,

[Confirm => {

i ndi que el destino del desvo."); }

@f (@ s-TRANSFERCALL. Nane) @ hen {

User Pronpt (@oncat (" Real mente qui ere desviar a ",

@ s- TRANSFERCALL. Name. CONT,

User Pronpt (\ @oncat (" Real nente qui ere desviar al ",

"))}
@l se {
@ s- TRANSFERCALL. Nunber . CONT,
"))}

}
}
Post Actions: {

User Pronpt (" EJECUCI ON DEL DESVI O');
}

)

Figure 3: The TRANSFERCALL Dialogue State Specification

(* The number is 123456789" , which was understood as
“ The number is 132456789" ):

CLASS Object
TYPE Number
ARG 0
CONTENT 132456789

will trigger the NUMBER (aking of destination for atele-
phone call) dialogue state (Figure 4).

The information obtained by this statewill beintegrated
in the previous dialogue state using the expectation specifi-
cation Nunber <= NUMBER, thus yielding the represen-
tation shown in Figure5.

With this representation, the system can trigger the di-
rect confirmation question S6.

6. Conclusion

This paper has described a methodology for the design
and implementation of Spoken Dialogue Systemswhich in-
tegrates different techniques from Language and Knowl-
edge Engineering. As a result, we have presented an ar-
chitecture that dividesthe Dialogue management level into
two main components. Firstly, the representation module
which distinguishes the representation of speech acts ac-
cording to the CTAC protocol, and, second, the representa-

tion of dialogue states. The system proposed is capable of
dealing with all the design constraints previously specified
for the task, such as bi-directional interaction with a speech
recognition system, control of incomplete functions, ma-
nipulation of expectations and multiple pathsin a dialogue,
and representation of the dialogue history.
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