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the HiddenInformation State (tHIS) system
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{ The SpeechUnderstanding(SU) Agent
{ Con dencescaes
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TALK project:
Tools for Ambient Linguistic Knowledge

Project Goals:

Implementinformation State Update (ISU) appoaches
Developin-ca and in-home multimodal dialog systems
Leaning strategiesfor the ISU approach

Integrate multimodality and multilinguality

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

WP1: Unifying Multimodality and Multilinguality

{ New SpeechUnderstandingcomponents
{ Developingnotion of multimodal dialog act
{ Closelycouplingparser,recogniseland dialog manager

WP4: Adaptivity and Leaning

{ Reinfacementleaning appoaches

{ (Partially ObservableMarkov DecisionProcessdialog managers
{ Usermodellingappoaches
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Baseline System:
Current baselinesystembuilt with Edinburgh:

Basedon SACTI Tourist Information domain

Built using:

{ DIPPERdialog manager

{ Open Agent Architecture

{ ATK speechrecogntionusingn-gramlanguagemodels
{ Word spotting parser

Currently features:

Implicit and explicit con rmation
Fragmentay clari cations

Simple xed dialogplan (slot 1ling)
Overanswering

Multimodal output
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Proposed HVS System Overview

SystemArchitecture
Speech Understanding

N-best list
Speech Parser of hypothesised
In / user dialogue acts
y Dialogue Manager
Turn Data

Manager Base

-
| \
\ System dialogue
acts

Speech
Out

SpeechUnderstanding  Turn Manager

Four agents: Dialoguemanager  SpeechGeneration
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Proposed HVS System Overview
Hidden Information State model

Operatesas a MDP over Belief State B = P(Sq; S,;) where S =user state
and Sg=dialog state

Simila advantagedo POMDP for modelling uncertainty but like an MDP can
be optimisedusingon-line methods

Belief state is discreteapproximation to continuousstate space
Approximation is a forest of most likely states

Userstate expandsaccading to application specic rules
Userstate capturesdomainontology

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

Speech Understanding Agent

Speech
In ————

ATK sends N-best
word lists from lattices

u,1l

u,2

u,3

> | > | > | >

u,4

>

u,N

N-best list
of hypothesised
user dialogue acts

Parser generates
dialogue acts
continuously

Someof UCAM's proposedwork focuseson developingthe SU agent.

UsesATK and the HiddenVecta State (HVS) Parser.

Outputs an n-best list of userdialog acts with scaes.

Operatesasynchronous|yforwards dialog acts to the Turn Manageragent.
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Speech Understanding (SU) Agent

Motivation

Asynchronousso 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-line with systemdata.

Multimodal inputs can be investigatediater (WP1 work)
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Con dence Scores
Currentimplementation:

ATK currently outputs con dence scaes basedon recognitionscaes relative
to a \background" model

{ Current scaes do not contain much information about corectness of
hypothesis

Recentwork hasenableduseof n-best lists and lattice generationin ATK

{ Needto generateverylong n-best lists to get alternative parse hypotheses.
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Con dence Scores
Proposedalternative:

Generateword posterias from lattice for eachword position

{ Will generatemore hypothesesfrom parser

{ Deletions/insertionshandledby \NULL" l|abel
Cangeneratealternativesfor eachword in the best hypothesis

{ Word posterias havebeenshovn to be more informative

{ Candevelopstrategiesbasedon fragmentay clari cation more easily
Currently working on generatinginformation on-the- y

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

Overview

Trade-o between at-concept and hierachical models
Flat-conceptHMM model extendedby expandingeachstate
Statesencale stack of push-devn automata

Model is right branching

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

Treels repesentedin vecta state sequencdelow
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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 dialoguemodelling apgroach
{ Givesn-best acts togetherwith probability/con dence scaes

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
{ canusemare complicatedturn-manager
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Training and Parsing with the Hidden Vector State Mo del

domain specic abstract semantic
lexicalclasses annotation for each
utterance
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Current work

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

EncapsulateHVS parserasan ATK component
Make speechunderstanding ATK+HVS) OAA agent

Modify ATK to produce word-posteria networks with asseiated con dence
scaes
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Future plans (SU) Agent

CombineATK and HVS probabilitiesfor a parsercon dencescae
Adapt HVS approachto work with this data format

Current parser resultsusing HVS and word-spotting techniquesare relatively
poor

{ SACTI data is not ideal: will perfaom a new data collectionto bootstrap
parserand languagemodels

{ Collectionwill featureabstractprompts of all featuresdesiredin nal system

{ May alsodo somecollectionswith baselinesystem

{ Planto usea realtown (Camlridge?) for new data collectionwith a much
larger databaseextractedfrom Google maps/Yell.com
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