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Abstract

A platform for spoken dialogue systems and a dia-
logue description formalism on which the platform is
based is briefly described. The paper gives details
about how input devices can automatically be con-
strained by the dialogue manager on the basis of the
dialogue context.

The method is formalised and generalised and apply
for all input media in a dialogue system, especially
the speech recogniser and graphical input devices.

1 Introduction

In this paper a platform for spoken dialogue systems
is described with special focus on one aspect of a spo-
ken dialogue system: the method used for constrain-
ing the speech recogniser and other input media.

First, a very brief description of the platform is given,
then a dialogue description formalism (DDL - Dia-
logue Description Language) is presented in some de-
tail, and finally the method for constraining input
media (devices in our terminology) is described.

The platform (called GDS - Generic Dialogue Sys-
tem) consists of a number of modules that consti-
tute the core functionality of a dialogue system to-
gether with a formalism for describing dialogues. The
platform provides a design and development environ-
ment with support tools for interactive design and
test of dialogues. The platform is originally devel-
oped within the ESPRIT II SUNSTAR project and
used there for various speech controlled systems. Fol-
lowing this project, it has been further developed
within the Danish Spoken Language Dialogue Sys-
tems project within the domain of flight ticket reser-
vation and information. See [Baekgaard 1995] and
[Dalsgaard and Baekgaard 1994] for descriptions and
further references.

The architecture of the platform is designed to be
modular and open such that it can be easily ex-
panded. All modules of the dialogue system adhere
to a well-defined protocol, and the architecture al-
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lows for multiple input and output media. Further,
it interfaces to an APSG based NL component that
is further described in [Music 1993].

2 Why constrain input devices?

The advantages of constraining the input devices in
a real-time dialogue system are

¢ It improves the accuracy of the speech recogniser
since the search space is smaller.

o It increases the potential maximum size of the
language model because only parts of the lan-
guage model need to be activated in a given dia-
logue state.

o It allows visual feed back to the user of possible
input for graphical input devices as user actions
that are not possible can be inactivated (“grayed
out”).

o It increases the processing performance of the
speech recogniser.

o The constraints can be applied also on the NL
parser to increase processing performance.

o It insures correspondence between possible input
and the dialogue description thereby eliminating
the need for error handling in the dialogue de-
scription.

The constraints are calculated on the basis of the
dialogue model and the current dialogue context and
constitute the set of input events that can be hand-
led by the dialogue manager. Input events which are
not within this set can not be handled by the dia-
logue manager - hence, constraining of input devices
does not influence the dialogue. There is no idea in
allowing e.g. the speech recogniser to recognise an
utterance that the dialogue manager will not under-
stand.

In the flight ticket reservation system there is approx-
imately 600 word forms, but only at most 110 word
forms are active in any dialogue state.
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Constraining of a speech recogniser has been de-
scribed by others, e.g. [Young 1990]. The method de-
scribed here formalises and generalises the constrain-
ing mechanism to apply for all input devices.

3 The DDL dialogue description for-
malism

The dialogue description formalism is used by a dia-
logue designer to describe the dialogue between the
human and the computer. It is defined as a for-
mal visual language, and it is a recursive transition
diagram-based language with compound visual and
textual notations. Special features in the formalism
are dedicated for spoken language dialogue handling.
The formalism has several abstraction mechanisms
for input and output which, at the highest level, al-
low the dialogue structure to be described in terms of
semantic exchanges between the human and the com-
puters. DDL is a compound language that consists
of three layers: A graphical layer (GL) which is basi-
cally a graphical language for describing state transi-
tion diagrams for event-driven systems, a frame layer
(FL) that provides form like specifications of variable
length arrays of objects with associated actions, and
a textual layer (TL) which is a full-featured textual
programming language. DDL descriptions are inter-
preted by the ICM generic dialogue manager.

There are the following major abstraction mecha-
nisms: input lexica, output lexica, input graminars,
output grammars, semantic rules, APSG formalism
for input lexica and input grammars, and state tran-
sition diagram formalism for the dialogue structure.
Input and output grammars, semantic rules and the
dialogue structure are described as GL diagrams.

The existence of two input lexicon/grammar for-
malisms are due to historical project organisations.

3.1 Input lexica

The input lexica are divided into a number of sub-
lexica that are referenced in sub-grammars and a
global input lexicon that are referenced in sub-
grammars or outiside grammars.

Each input lexicon L consists of an ordered list of
lexicon entries Ey; which has a categorical reference
point Pr; (denoted a pragmatic category) and con-
sists of the tuple Er; = [Pri,evri, Drs, Irs, Hi;, Vi)
where evy; is a functional predicate reference, Dy; is
a device reference and Iz; is an item such as a text
string or a variable, Hy; is an action program, and V;
is a declaration of semantic slot-fillings as a list tuples
[catrij, valy;;] where catr;; specify a slot in any SO
(semantic object, see below), and valr;; specify the
value to be assigned to that slot.
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Lexicon access is through the P;; and involves eval-
uation of the predicate evy;(Dy;,Ir;) on the basis
of an object representation describing the incoming
event and possibly other context. A Ppr; can occur
in more than one Er;. The Hy; program is executed
only if the lexicon entry E; is used positively in the
state transition algorithm (see below) and provide a
mechanism for maintaining contexts.

3.2 Semantic objects

A semantic object SO represents a simple seman-
tic value of input in terms of nested frame struc-
tures.  The SO is defined as a list of slots
[name, type, de fault — value] where default — value
applies if the slot is not otherwise assigned.

3.3 Input symbols

Three different input symbols exist which reflects
three abstraction levels of input. An input symbol
is connected as a branch from a dialogue state, or it
occur in input grammars.

3.3.1 Simple input symbols

A simple input symbol IS refers to a lexicon entry
through the reference point Pp;, and that can be an
abstraction of simple events such as a click on a but-
ton, a D'TMF touch tone, or if an isolated word recog-
niser is attached, a single word. Further, it can be
system genecrated events such as a time-out or an er-
ror.

3.3.2 Grammatical input symbols

A grammatical input symbol GIS refers to a context-
free grammar. A grammar G is defined using the GL,
a consists of terminals which are simple input symbols
IS5’s, and non-terminals which are grammatical input
symbols GI1S’s. Recursive grammar definitions are
thus possible.

An input grammar specify the type of SO that repre-
sents the semantic value of the parsing results. Se-
mantic values are assigned to slots of the SO by
matching the catr;; of the lexicon entries referenced
by the 75’s of the grammar with slot names in the

S50.

During runtime, the grammars are used by a recur-
sive transition network (RTN) parser built into the
dialogue manager.
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3.3.3 Semantic input symbols

A semantic input symbol SIS refers to a semantic
rule R that evaluates a semantic object SO. The
branch of a semantic input symbol is taken if the rule
it refers to evaluates to the largest scalar value in
comparison with other rules.

A semantic rule R is represented as a GL diagram
that evaluates an SO parameter and returns a scalar
value (or nothing if the rule fails). The rule may
access contextual data structures for the evaluation.
A semantic rule declaration specify an SO type and a
list of APSG sub-grammars that map semantic values
on that SO.

As mentioned above, the dialogue manager and the
APSG parser are separate modules that interact
through a simple interface. The dialogue manager
gives the APSG parser the following information: a
list of SO’s, a list of names of APSG sub-grammars,
and the textual representation of an utterance as de-
termined by a speech recogniser. The parser parses
then utterance according to the set of sub-grammars
and maps semantic values on the SO’s.

3.4 Dialogue states

The DDL formalism experimentally allow multi
threaded dialogue where the dialogue may be in sev-
eral states concurrently. However, for the sake of clar-
ity in this paper, there is only one current state. In
this state, branches to input symbols describe the in-
put events that are expected to occur while in that
state. Input symbols specify whether input events are
treated as ordinary input or exceptions.

3.5 Handlers

Handlers are branches to input symbols from either
the process start symbol (which is the start of the
dialogue description) or from procedure start symbols
(which are the start of sub-dialogues). A handler H is
attentive when the process start symbols or procedure
start symbol from which it is a branch has been exe-
cuted and the corresponding process stop or procedure
stop symbols has not been executed (i.e. it is atten-
tive while the sub-dialogue in which it is declared is
active). An attentive handler can be invoked.

Handlers are either reverting or non-reverting. A
reverting handler eventually transfers control to the
dialogue state in which it was first invoked. A non-
reverting handler transfers control to any position in
the dialogue description in which case the dialogue
manager restores its context to the context for that
position.
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3.6 State transition algorithm

The state transition algorithm specifies what actions
are taken by the dialogue manager while waiting in
a dialogue state and an input event is arriving. Be-
fore the dialogue manager enters the waiting state it
computes the constraints and imposes these on the
input devices. In addition, the relevant parts of the
constraints together with the set of SO’s are handed
to the APSG parser (which then prepares itself for
parsing). When input arrives, the dialogue manager
performs the following actions

1. If RTN parsing status is set, continue parsing
with the Input event as the next input token. If
parsing completes, select the branch correspond-
ing the the input grammar that was used to com-
plete the parse.

2. If input is classified as a continuous speech ut-
terance invoke the APSG parser and retrieve the
S50’s.

3. If any SO’s have filled slots, then for each of
these SO’s evaluate the semantic rule that knows
about that SO.

4. If any rule evaluates to a value, then select the
branch corresponding the rule that evaluates to
numerically highest scalar value and terminate
the state transition algorithm.

5. Invoke the RTN parser with the input event as
the first token. If parsing is possible according
to any input grammar, then set the RTN pars-
ing status and terminate the state transition al-
gorithm.

6. Evaluate each of the IS, and select the branch
of the first one that evaluates to true and termi-
nate the state transition algorithm. The order of
evaluation is such that for all Fp, referenced by
the IS’s, Er; is evaluated before Er; if ¢ < j.

7. For each attentive handler, considered in reverse
order of becoming attentive, evaluate the SIS,
GIS, and IS for that handler as specified in steps
3 to 6.

When the state transition algorithm terminates, one
of the following actions are taken

o If any branch was selected, transfer control to
that branch.

e If RTN parsing status is set, calculate new con-
straints and impose them on the input devices.
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4 Calculation of constraints

The constraints imposed on the input devices are cal-
culated as follows: Let S; denote a dialogue state z,
H; a handler j, W, the set of simple input events
expected in dialogue state S;, Wh, the set of simple
input events expected by handler H;, G, the set of
input grammars expected in dialogue state S;, Gr;
the set of input grammars expected by handler H e
SO0s, the set of semantic representations expected in
dialogue state S;, and S0y, the set of semantic rep-
resentations expected by handler H;.

We use the term ezpected to cover both ordinary input
and exception input. Further, let F(G,wiw; .. wy)
denote the set of possible next terminal symbols
for the grammar set G given that the n termi-
nals wi, ws, ... w, has been successfully parsed, and
A(SO) be the set of APSG sub-grammars that
map semantic representation on SO. The con-
_straints in dialogue state S; given that the hand-
“lers Hy, Hy, ... H,, are attentive are expressed as Cw
which are the simple events constraints (single words,
buttons etc.) and C,4 which are the APSG sub-
grammars that are active.

The constraints are calculated as follows: if RTN
parsing status is not set (i.e. n = 0), then

Cw = Ws,
U U;-'f__l WHj
UF(Gs;,€)

Cy = A(SOS,.)U;n:l A(SOHj)

If RTN parsing status is set (i.e. n # 0), then

Cw = F(Gs,,wrws...w,)
L]

Uiz, F(Gr;, wiws...w,)

C4 is not calculated when RTN parsing status is set.

To yield the Ip; the Wy, is mapped through the union
of all E7; that have the reference point Pr; that are
referenced in all 7S’s branching from the dialogue
state S;. The I; for Wy ; i derived similarly to W, .

The sets G, and Gy ; are dynamically and temporar-
ily reduced during parsing as grammar rules may fail.

The dialogue manager statically computes all Ws,,
Wh;, A(SOs,) and A(SOg;), except for those sets
that depend on variables. These are computed dy-
namically. The constraints are imposed on the input
devices as A sets (which reduces the communication
overhead between modules). A device that adhere to
the GDS protocol has the notion of constraints sets C;
that are enumerated by the dialogue manager and a
special active unordered constraints set C, that con-
stitute the actual constraints on input, and a stack of
constraints sets. The dialogue manager maintains the
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sets for all devices independently. A device accepts
the constraints related commands:

Ci=1IaIps. . Ik

Cs=CUC;
Co=CoaU{lr1lLy.. Iy}
Co = Ca\Ci
Co=Co\{Ir1l12.. . Itx}
Co=0

push(C,)

pop(Cl)

5 Conclusion

The dialogue system platform described in this pa-
per has been applied for a number of prototype dia-
logue systems and the input constraining method has
been used for isolated word recognisers and continu-
ous speech recognisers.

The calculation of constraints is automatically per-
formed by the dialogue manager, and is therefore not
part-of a high level dialogue description.

In the flight ticket reservation dialogue system the
constraining of the speech recogniser which have lim-
itations on vocabulary size and language model size
has allowed dialogue structures that would otherwise
require limitations of the speech recognisers of about
5 times larger. The use of constraints thus allows
higher complexity dialogues.
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