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Cambridge TALK project work

Overview

� TALK project

{ Goals
{ Baselinesystem

� the HiddenInformation State (tHIS) system

{ Proposedsystemarchitecture
{ The SpeechUnderstanding(SU) Agent
{ Con�dencescores
{ HVS parser

� Current and future work
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TALK project:
Tools for Ambient Linguistic Knowledge

Project Goals:

� ImplementInformation State Update (ISU) approaches

� Developin-car and in-homemultimodal dialogsystems

� Learning strategiesfor the ISU approach

� Integratemultimodality and multilinguality

� Partners include Edinburgh,Gothenburg,DFKI, Saarbrucken, Seville,Bosch,
Linguamaticsand BMW
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TALK project:
UCAM Project Workpackages:

� WP1: Unifying Multimodality and Multilinguality

{ New SpeechUnderstandingcomponents
{ Developingnotion of multimodal dialogact
{ Closelycouplingparser, recogniserand dialogmanager

� WP4: Adaptivity and Learning

{ Reinforcementlearning approaches
{ (Partially Observable)Markov DecisionProcessdialogmanagers
{ Usermodellingapproaches
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Baseline System:
Current baselinesystembuilt with Edinburgh:

� Basedon SACTI Tourist Information domain

� Built using:

{ DIPPERdialogmanager
{ Open Agent Architecture
{ ATK speechrecogntionusingn-gramlanguagemodels
{ Word spotting parser

� Currently features:

{ Implicit and explicit con�rmation
{ Fragmentary clari�cations
{ Simple�xed dialog plan (slot �lling)
{ Overanswering
{ Multimodal output
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Proposed HVS System Overview
SystemArchitecture

user dialogue acts
of hypothesised
N-best list

Base
Data

tHIS

ATK

Speech Understanding

Dialogue Manager

System dialogue
acts

Manager
Turn

Buffer

NLGFestival

In

Speech
Parser

Out

Speech

Four agents:
SpeechUnderstanding Turn Manager

Dialoguemanager SpeechGeneration

Cambridge University
EngineeringDepartment

Dialogson Dialogs 5



Cambridge TALK project work

Proposed HVS System Overview
HiddenInformation State model

� Operatesas a MDP over Belief State B = P(Sd; Su) where Su=user state
and Sd=dialog state

� Similar advantagesto POMDP for modellinguncertainty but like an MDP can
be optimisedusingon-linemethods

� Belief state is discreteapproximation to continuousstate space

� Approximation is a forest of most likely states

� Userstate expandsaccording to application speci�c rules

� Userstate capturesdomainontology

� Actions As are basedon a linear function approximation of Q(B ; As)
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Speech Understanding Agent

N-best list
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Speech Understanding Agent

� Someof UCAM's proposedwork focuseson developingthe SU agent.

� UsesATK and the HiddenVector State (HVS) Parser.

� Outputs an n-best list of userdialog acts with scores.

� Operatesasynchronously, forwards dialog acts to the Turn Manageragent.
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Speech Understanding (SU) Agent
Motivation

� Asynchronous,so doesnot imposea turn-taking model - will allow barge-in.

� Will output the n-best dialog acts

� Use of HVS and ATK will allow statistical con�dence measuresto be
implemented

� HVS model can be incrementallytrained on-linewith systemdata.

� Multimodal inputs can be investigatedlater (WP1 work)
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Con�dence Scores
Current implementation:

� ATK currently outputs con�dence scores basedon recognitionscores relative
to a \background" model

{ Current scores do not contain much information about correctness of
hypothesis

� Recentwork hasenableduseof n-best lists and lattice generationin ATK

{ Needto generatevery long n-best lists to get alternativeparsehypotheses.
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Con�dence Scores
Proposedalternative:

� Generateword posteriors from lattice for eachword position

{ Will generatemore hypothesesfrom parser
{ Deletions/insertionshandledby \NULL" label

� Cangeneratealternativesfor eachword in the best hypothesis

{ Word posteriors havebeenshown to be more informative
{ Candevelopstrategiesbasedon fragmentary clari�cation more easily

� Currentlyworking on generatinginformation on-the-
y

{ Calculatingword posteriors requiresforward and backward passthrough the
(complete) lattice
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ATK Outputs
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The Hidden Vector State (HVS) model for Semantic Parsing
Overview

� Trade-o� between
at-concept and hierarchical models

� Flat-conceptHMM model extendedby expandingeachstate

� Statesencode stack of push-down automata

� Model is right branching

{ encodeshierarchical context
{ avoidstractability issuesof a PCFG approach
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Parse Tree generated by the Hidden Vector State Mo del
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� Parsetree of semanticconceptsis right branching

� Tree is representedin vector state sequencebelow
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The Hidden Vector State (HVS) model for Semantic Parsing
Motivation

� HVS is a statistical semanticparser

{ Fits well into UCAM's plan for a statistical dialoguemodellingapproach
{ Givesn-best acts togetherwith probability/con�dence scores

� HVS model is data-driven

{ allows on-line/incrementaladaptation/training
{ requiresonly lightly superviseddata

� HVS can be adaptedto work on-the-
y

{ will allow barge-in
{ can usemore complicatedturn-manager
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Training and Parsing with the Hidden Vector State Mo del
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Current work

� Training HVS and word-spotting model on SACTI data for subsetof tasks.

� EncapsulateHVS parseras an ATK component

� Make speechunderstanding(ATK+HVS) OAA agent

� Modify ATK to produce word-posterior networks with associated con�dence
scores
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Future plans (SU) Agent

� CombineATK and HVS probabilitiesfor a parsercon�dencescore

� Adapt HVS approachto work with this data format

� Current parser resultsusing HVS and word-spotting techniquesare relatively
poor

{ SACTI data is not ideal: will perform a new data collection to bootstrap
parserand languagemodels

{ Collectionwill featureabstractpromptsof all featuresdesiredin �nal system
{ May alsodo somecollectionswith baselinesystem
{ Plan to usea real town (Cambridge?) for new data collectionwith a much

larger databaseextractedfrom Googlemaps/Yell.com
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