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mapped to thevocabulary ofthe dialogue anevhich take into
accountthe variety of ways in whichthe information may be
ABSTRACT presented by callers, and should be presented to them.

Almost every speechpplication involves integration witheal Just as the individual vocabularies of an applicasirtypically

world ‘databases whlcmay be large or complex.TeIephony constrained by the contents of the database, the contextual
based examples include call-centre automation, custome

. o . . L information intrinsic withinthe datacan be usedynamically to
identification anddirectory assistanceMany such applications . L ) .

are intrinsically largevocabulary problemsvith complex data maximise the overall applicatioperformance, improving both
requirements the accuracyand the identification aneffective handling of

responses outside of the domain of the application data.

This paper illustrates the architectural, technical dralogue . . . .
. The following sections discusstructures and processehich
issues relevant to thelevelopment of such systems. The

implementation of the Brimstormrporate directoryrial system can be used to modtde relationship between the contents of the

developed at BT Laboratories is described. application data-set and the operation of tr_‘e speenhess_lng
components, and to allowthe manipulation of multiple

1. INTRODUCTION hypotheses within an application.
Complex speech applications typically involtie integration of 2. ARCHITECTURAL CONSIDERATIONS

separatecomponent technologies such as recognition, synthe

and dialogue processing within an application architecture. %Sgure 1 shows a simplified architecture of a spesgstem

which needs to access application data withim dialogue. The
This must be linked to the databases associated with tHi@logue and information aspects tfe system have been
particular business process. This application specific data ca@parated to ensure thdilogue design and related issues are
therefore play akey role within the dialogueFor example, a not obscured by complex information processing.

customemay beprompted for a number dfems of information

such as names, addresses or alpha-numeric references. These are Dialogue
often used to searchihe application database to retrieve > Manager
additional information related tehe task. Examples include

) o . c . A
directory applications where number information is obtained Dialogue Information
given spoken namend address information and transaction Events Events
applications where an account holderidsntified by name and
reference information [1]. Information

Manager
Typically, information fronthe application database is used on a y —

vocabulary by vocabulargasis before or after pattematching.
Howeveradditional complexity canarise as such databases are
often irregular and contaidata of variable qualityhaving been
designed with visual browsing or bulk mailing in mind and ;232?2 < > Ag;{';z&gi;n
populated using a mixture of manual and semi-automatic

methods. In additionmany forms ofinformation such as names Recognition constraints Queries

and addresses can be intrinsically variabldor example, & &
multiple valid spellings of surnames, abbreviated first-names and Recognition results Search Results
complex geographical relationships. Processes therefore

required which allowthe vocabulary ofthe application to be Figure 1

Large vocabulary architecture



The role of theinformation management component is to
translate high level strategic information requests into tactical ( st )
operations. These include interactions with the application
database and the generation and manipulationsmgech
recognition vocabularies. Although, information management
tends to be algorithmically complexpany forms of dialogue
management can be well represented using graphical service
creation tools. This allows the iterative design of the user
interface whichmayinvolve end-users to be partially de-coupled
from the underlying complexity.

<Y

Can anything
be usefully
confirmed?

Can anything
be usefully
asked for?

3. DIALOGUE MANAGEMENT

As discussed abovemnany applications involve dialogues in
which a caller is promptefbr severalitems of information. The
design of the dialogue will attempt to optimise usability and
acceptability to provide an intuitive interface, whilst using
strategies and messages are designed to obtain predictable
responsedrom users whichare within the constraints of the
application and its database. A number of facnilisaffect such
designs:

Prompt for
next
vocabulary

Confidently
offer
entries?

1. Callers areot likely to knowall items with equahccuracy.
For example, a caller is more likely to béle togive the
name of their own road accurately in a customer identification
application thanthey are thelocation of a business in a
directory application. In some cast® items ofinformation
which might theoretically be most useful withihe search @ E‘nd
may bethe least likely to be&nown reliably, for example
organisational codes.

Offer
entries

2. Someitems of information can validly be expressed in a
number of ways. For examplmanysurnames can be spelt Figure 2 Simplified dialogue model
in different ways, many first-names have shortened forms and
many geographicelationships can be complexXor example,
an entrymay belisted under a largéown whilstthe caller
may be quote a smaller village or suburb.

The model showsow vocabularies can be prompted in priority
order. This order is based upon both usefulndssn an
application perspective and usability. At every stagedifl@gue
3. The space occupied bydatabase is unlikely to bevenly manager makes a decision as to whether to
occupied. For example, despitee fact that even in large
data-setgnanynames are unique, there are 92 peoplmed
David or Dave Smith working within BT and 14 within the,
BT Laboratories.

ask for additional information
confirm all or part of the most likely entries

. . ) » offer a number of entries
These factorswill affect the selection of those pieces of

information for whichthe caller is promptedutomatically, those During confirmation it is important tbear in mind the potential
which are requestednly if necessanand those whictareonly  confusability of entries within the databaser example, a caller
ever used in confirmation. Whilst it is possible to #s& caller maydraw no distinction between the names “DaBiiley” and
whether or not they know particular piece of information, if “Dave Bayley” and they must be managed accordingly.

used indiscriminately thiscan lead tounwieldy dialogues.

Similarly, strategies for confirming and offering information must 4. INFORMATION MANAGEMENT

take into account the characteristics of the data-set. . . , . .
This section describes the general purpagarmation manager

Overall, the approach often adopted is to prompt, where possibi®plemented for use in the Brimstone application.

for predictable information and to do so irway which provides . ) .
responses of a predictable form. However, a significant amount Bf¢ Purpose of thénformation management component is to
information processing mastill be required and this discussed malntaln. database hypotheses based upon selected.recognltlon
below. Figure 2 shows a simplified dialogue moseitable for results, independeritom the surface structure gf the.(.jlalogue.
use in such circumstances. These hypotheses can be used to corttnel imposition of



application and contextual constraintsto the recognition 1. Selectively confirm candidateafter recognition and re-
process. During an interaction, the dialogue manager may prompt as requiredAccuracycan be obtained dhe cost of
interrogate theinformation model which can, for example, multiple repeats and a lengthened dialogue.

recommend whetherthe system is confident enouglhat

confirmationmay beattempted and thame or moreentries can Collate the candidate lisessociated with each recognition

and use them together in a constrained database search.

be offered. .
Database redundancy allows some recognition errors to be
The information manager is responsilite several distinct detected.
issues: . - N
3. Narrowingthe search after eaakcognition. Candidatésts
« the relationships within vocabularies (suchsgeonyms and are used to obtain contextuaformation fromthe database
homophones) subsequently used to constrain further recognityoles.
. . ) Improved accuracy can be achievmd with poor rejection of
« the manipulation of databa$gpotheses (such as scoring of eITors

partial and complete entries)
In practise, these approaches carctmbined to provide a more

* interactions with the application database flexible approach to the manipulation of partial hypotheses.

The k_ey structure within the manager is thiata _modeI.Thls Within this architecture, partidhypothesesare referred to as
contains a ngm_ber (Vbcabul_ary'modeleach as_,squat_ed with one tracks A track represents an ordered subset of the entries in the
yocabularywnhln the application. These distinguish betweerhatabase based on application related information, the results of
items O_f vocabu_lary e_lsrepresented in the database and th?ecognition and dialogue acts date. The state of given track
alternativeways in which theymay bespoken and spelt by the can be used to adatite recognition of subsequent vocabularies
caller. by applying revisedstatistical constraints, bydynamically
Figure 3 shows a simplified version of a typicaicabulary creating new rec_og_nition vocabula_ries or by adapting other
model Each arc ofthe model or combination of arcs can be'eleévant characteristics of the recogniser.

represente_d as aocabulgry mapwhich can _be |mplemenf[ed Tracks can be straightforwardly manipulated aooimbined to

using relational tables, fillookup or algorithmically depending perform complex processes. For example, if a dialogue prompts

uponthe nature of the relationship to be modelled. In this way,. . first-nameand a surname, twioackscan be generated, one

aliases such asynonyms or homophonem_n be handled N @ hased on unconstrained surname recognitionthedecond on

fr_arr_lewc_Jrk pr oviding tests for acoustic and semantic surname recognition constrained tye output of the first-name

distinguishability. recognition. The resultanstates can be compared to allow
confidencebased rejection and bacdkf strategies. This process
can be independent of the ordering of dialogue prompts.

Tracks and vocabulary mapsre straight-forwardly extended to

support vocabularies whichre constructed from moréhan one
M database fieldfor example first-name/surnanmirs, allowing
major changes tthe user interface witbnly minor changes to
the underlying data model.

Pronunciation

May be pronounced as

Spel Spoken M Database In addition, rather th_arglying on fixed dialogl_Je order_within the _
Vocabulary Vocabulary Representation dialogue manager, it is possible to apply information theoretic
approaches to dynamically determine the direction of the dialogue
Mt MM optimising thechoice ofsubsequentocabulary, oithe values to
May be speltas May be spoken as be included in a partial vocabulary.

) o The information manager has been implemented as a flexible and
Figure 3 Simplified vocabulary model re-usable object oriented systevith a small application specific
assistercomponent as shown in figure 4.

The data model also manageshe relationships between
vocabularies as represented within the application data.

As information becomes available duringhe dialogue,
hypothesesre generatedhich can be used to providynamic
recognition constraints. It is useful to considbBree ways in
which the application could progress.



Welcome to the BT corporate directory enquiry system.
Please say the surname.

Bailey

And now please spell the surname
B-A-I-L-E-Y

Please say the first-name

David

Is the name David Bailey?

Yes

| have three entries matching that information:

The number for Dave Bailey of Networks and Systems is ...
The number for David Bayley of Business Operations is ...
I'll repeat that ...

Figure 5 Example Brimstone dialogue

6. CONCLUSIONS

Within many speech applications, complex application specific
database information playskay role within the dialogue. This

5. BRIMSTONE APPLICATION raises particular architectural and user interface issues.

A number of data intensivéelephony applications have beenThis paper has described the design and implementation of an
developed using an implementationtioé architecture described architecture which provides fahe management of application
above. Brimstone is a prototype corporate directory enquiipformation independently ofthe dialogue management
system, which provides voice access toswbset of the BT componentThis allows robust applications to be developed in
internal telephonedirectory, and which is currently otrial  which the information known byusers can be used to in
within BT. conjunction with inconsistent real-world databases.

Figure 4 Simplified Class Diagram

The multi-line trialsystem is based dhe BTISAP platform and
the dialogue is implemented using the VISAGE graphical service
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