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ABSTRACT

We proposed dierarchical domain modegHDM)-basedmulti-domain selectiorframework
(MDSF) for multi-domain dialog systesa The HDM-basedMDSF statistically detecs one or
more candidate domains and heuristically deteesone or more final domairfsom among the
candidate domainghe HDM is used in both the candidate domain detection and final dom
determinationcomponerd. Multi-domain dialog systemsthat employ the HDM-based MDSF
provide serviceto one or more domains at the same time, whereas traditionaldounigin
dialog systemgrovide serviceo only one domain at a tim&o validate theHDM-basedVIDSF,
we developd a multi-domaindialog systemfor TV program,video-on-demand and TVdevice
domairs. Theexperimentalresultsshow thatthe HDM-basedMDSF correctly selects one or
more domains an@énablesmulti-domain dialog systemt provide more accurate and rapid
dialog service thatraditional multitdomain dialog systems
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1 Introduction

A dialog systemis a natural anceffective interface between hunsaand maching because
dialog isa naturalmethodof humancommunicationRecently, multidomain dialog systenthat
provideserviceto multiple domairs have becomavidely employed in redlife situations(Allen

et al., 2000; Komatani et al., 2006; Larssomd Ericsson 2002; Pakucs, 2003Multi-domain
dialog systers that employ the distributedarchitecturefirst select a domaifased ona user
utterance,and thenexecutethe domainspecific processes of the selected donfain et al.,
1999) Therefore, previous researchs focusedn the correct selection of a single dombaased
ona user utterand€elikyilmaz et al., 2011lkeda et al., 2008\Nakano et al., 2011)

However, to our knowledge, no previous resedrabfocusel on the selection of one or more
domains at the same time fowlti-domain dialog systesthatprovide service to closely related
domains.For example, suppose thatnaulti-domain dialog systerprovides service to a TV
program and videon-demand (\OD) domairs. When a user ask%Are there any animation
programs?” the system should select both the TV program and the VOD denhaioontrast,
when the usesays“Play it.” in the middle ofa dialog for the VOD domain, the system shoulc
selectthe VOD domain based onthe dialog history although the userutterancecould be
acceptedby boththe TV program andthe VOD domairs. However, traditionamulti-domain
dialog systemé&ave no method of selecting one or more domains at the same time

In this paer, we proposet a hierarchical domain mod€¢HDM)-basedmulti-domain selection
framework(MDSF). TheHDM-basedVIDSF selecs one or morelomairs at the same timeThe
HDM-based MDSF consist of two processesstatisticaly detecting one or moreandidate
domairs based ora user utterancandheuristtally determiningone or mordinal domairs from
among the candidate domainased orthe previous domains and the typetbé dialog actof the
user utterancerheHDM is used inboth thecandidate domain detecti@omponent and thignal
domain determination componentVe developd a multi-domain dialog systenusing the
HDM-basedVIDSF for TV program, VOD, and T\Wevice domais to validate théiDM-based
MDSF.

This paper is organized as fols Section 2 briefly introducesrelated work.Section 3
introduces multdomain dialog systenmtfat employ the MDSFSection 4describes the detailed
method of theHDM-basedMDSF. Section5 demonstrateshe experimentalresults ofthe
HDM-basedVIDSF. Finally, we draw conclusiosiand make suggestions for future work

2 Related work

Most research omlomain selectiorhas focuse&l on selectinga domain correctly To avoid
erroneousdomain switching, a twstage domain selection framework determinétherthe
previous domain is continued, and then selacistherdomain only if the previous domain is
determined to not be continuédakano et al. 2011Y o cope with speech recognition errors ani
grammatically incorrect user utterances, a robust domain sélmt method integraes topic
estimatiorresults and dialog histgi(lkedaet al., 2011)

Most research omlomain selectiorhas not consideredthe scenario of encounterirg user
utterancethat can be servedby severaldomairs togetherat the same timeln contrast, we
considermulti-domain dialog systenthat provide service to one or more domaaisthe same
time. Therefore, we proposéite HDM-basedVIDSF.
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3 Multi-domain dialog systems

Speech User Utterance | Candidate | candidate Domajn¥ulti-Domain User Action Multi-Domain
Recognition >~ Domain » Language Context
9 Detection Understanding Interpretation

T UserSpeech
User Context
T System Speech

4

Speech SystemUtterance Mtlilti-Domain System Action Mullt)i_-Dlomain Final Domains | Final Domain
Synthesis anguage - 1alog Determination
Generation Management

Figurel - Thearchitectureof a multi-domain dialog system.

A dialog systenis acomputersoftwareprogramthat provides natural and effectivénteraction
between humans and machin@dcTea, 2002) Users ask dialog systenfor servicesusing
naturallanguage, and the dialog systenespnd using naturallanguage.Some multidomain
dialog systemselect one or more domaibased ora user utterance and provide service to tF
selected domainsit the same timeThe architectureof these multi-domain dialog systems
(Figurel) consists okight main components

e Speech recognition: the recognition of a user utterance from a user speech

e Candidate domain detection: the detectionof one or morecandidatedomairs based ora
user utterance.

e Multi-domain language under standing: the classification of a dialog act and recognitior
of a named entity sequenibased ora user utterander the candidate domains.

e Multi-domain context interpretation: the determination of either continuirsgprevious
context or setting.new contexfor thecandidate domains.

e Final domain deter mination: the determinatiorof one or more final domairfsom among
the candidate domains.

e Multi-domain dialog management: the management of dialog flow by deciding a ne>
systenfor thefinal domains.

e Multi-domain language generation: the generation of the textual representation of
system actioffior thefinal domains.

e Speech synthesis: the synthesis of a system speech fthesystem utterance.

The MDSF consists othe candidate domain detection and final domairtedmination
components. If the MDSIisunderstands thdomairs of a user utteranceghe multidomain
dialog systenwould performunexpected behaviar§herefore, the MDSBhould correctly select
one or more domains and enalihe multi-domaindialog systento provide service to one or
more domains at the same time.

Turn Speaker Utterance Domain
1 User Play“The Closer’ TV program
System Do you meara TV program oraVOD? TV program and VOD
2  User TV program. TV program
System TheTV program has beestarted. TV program

Tablel - Thedialogin asingledomain scenari;m a multi-domain dialog system
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For example,ri thedialogin asingledomain scenario in mult-domain dialog systerfTable 1),
a usettells the systentPlay ‘The Closer’.” in the first turn. e systemunderstandshe domais

of the user utterance &®ing eitherTV programor VOD, and then askthe user to selethe
desired domainThis is because playing both TV program and VOD at the same time
impossibleto the system.

Turn Speaker Utterance Domain
1 User Are there any animatioprogram® TV program and VOD
System This is the list ofthe related TV programs:(...). TV program and VOD
This is the list otherelatedvODs: “Ice Agé€, (...).
2  User Who starredin “Ice Age'? VOD
System No such TV program is available. Denis Leary, ( TV program and VOD
starred in the VOD.

3  User | want to watch it. VOD
System TheVOD has been started. VOD

Table2 - A dialogin amulti-domain scenario ia multi-domain dialog system

In contrast, m thedialogin amulti-domain scenario ia multrdomain dialog systerfTable2), a
user asksthe system“Are there any animation programs?” in the first turn. he system
understand¢he domais of the user utterance aging bothTV program and VOD angresents
the user withthe list of related TV prograsmand VOUIs. In the secondturn, the user askihie
system*“Who starred in ‘Ice Age' ?” The systemunderstandshe domais of the user utterance as
beingboth TV programand VOD. However,the systenpresentshe user withonly the stars of
the VOD because no such TV program is available in the systetme third turn, the usesays

“1 want to watch it.” The systemundersandsthe domais of the user utterance as being eithe
TV programor VOD. However,by considering dialog history, the systeegardshe domais of
the user utterance &gingVVOD without asking a domaito the user; the system then plays th:
VOD.

4 Hierarchical domain model-based multi-domain selection framewor k

4.1 Hierarchical domain model

Root
responsg/es(): M
responséo(): M

1
l Video Content
TV Channel

play_progrartgenre title): S

change_channel(chanagme, channaio): A search_progra(genre, title): M

L) )
[ T |
TV Device TV Program VoD
change_volum@mount): S i itle):
o e ) play_prograrfgenre, time, title): S play_prograr(genre, released_yeditle): S
next.channd): S search_progra(shannel_name search_progragenre, released_yeatitle): M
previous_chann@t S channel_npgenre, time, title): M _prog . _yeatitle):

Figure2 - An example bthe hierarchical domain model. TV device, TV program, and VOD ar
thebase domainspot, TV channel, andideo content artheexpanded domains.
(M stands for MULTIPLE; S stands for SINGLE; A stands for ARBITRA
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We used theHDM in both the candidate domain detection and final demdétermination
componerg. TheHDM is a formal descriptioof the capabilitie®f domains andhe hierarchical
relatiorships amongthe domains(Figure 2). The capability of a domaimeanshe dialog actsof

the domain the types of the dialog acts, andthe parameters forthe dialog acs. The

characteristis of thedialog acts of eactypeareas follows

e MULTIPLE: thedialog acs can be served by multiple domains at the same time

e SINGLE: thedialog acs should be served by only one domain.

o ARBITRARY: the dialog ac$ should be served by only one domain, but the result of t
action is equal in all domains.

In theHDM, each domain is either a base domain wirtaal expanded domai® base domain
is thebasc unit of functionalitydesignedor themulti-domain dialog systenA virtual expanded
domainhas multiple child domains, whighherit the definition of the wtual expanded domain
A domain can define a new dialog act or redefine an existing dialog act of the parext dy
adding more parametetsthe dialog act. When trdomain doesot redefine the inherited dialog
act of the parent domain, the dialog deesnotneed to bexplicitly described.

4.2 Candidate domain detection

The candidate domaifetectioncomponent takea user utterance for its input and detects one «
more candidate domains for its outplihe candidate domain detection component consists
the in-domain verifcation componestof all the domainsthe output ofthe candidate domain
detection componeiis an integration ofthe outputs ofhein-domain verification componest

421 Training phase

The basic method for trainingn in-domain verification componenof the candidate domain
detection componentis to usean in-domain corpus ag positive example and ogiomain
corporaas negative examplesThe in-domain verifcation componentis then trainedusing a
keywordbased approaatr a featurebased approad€helbaet al., 2003Komataniet al. 2008.

In-domain
Verification
Models

SingleDomainLabel Automatic Mult-Domain Multi-Domain Label In-domain Verification|
Annotated Corpora Label Annotation Annotated Corpora Model Training

Figure3 - Candidate domain detection component training

However, he domain of the corpus tatterance belong cannobe useddirectly to train the
in-domain verifcation component. This is because saserutterance®f the other domains are
not negative examples but are positive examples when the domainbsely related to each
other. For example, aserutterance'Are there any animation programs?” in the TV program
corpus $ a positive eample of both the TV program andVOD domains. Therefore,
multi-domain labed on corpora should bautomaticallyannotatd before training in-domain
verification componenté-igure 3).
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In the automatic mukdomain label annotation process, mdltimain labels for all user
utterances in corpora amutomaticallyannotated using th&lDM. More specifically when
several multidomainscanaccept auserutteranceby consideringthe dialog act andhe named
entity sequence of theserutterancethe multtdomain label othe userutterance is annotated as
the most generalnefrom among themulti-domains For examplea userutterance' Do you have
action?” [search_program(genre=‘action’)] can be acceptedby the video content, the TV
program, and the VOD domain$he video content domain is the most general donfiam
among these domaintherefore,the multtdomain label ofthe userutterance is annotated as
video content.

Hierarchical

Domain Model ‘. “\

~

1
, 1
| \ ! ' Corpusigc
1 1
' U U U ! Automatic Mult-Domain ; L_/| L_/| L_/|
! Label Annotation ! Corpusg Corpusc Corpugc
' i

1

\

1
1
Corpug, Corpug Corpug |

SingleDomain Label Annotated Corpora . Corpus, Corpug Corpug,,’

z

Multi-Domain Label Annotated Corpc
Figure4 - An example of atomatic multidomain label annotatidior domain A, B, and C

After the automatic mukdomain label annotatiothe multi-domain labels of positive examples
of a singledomainare the domain or its parent domaitise multi-domain labels ohegative
examplesof the singledomainare remaining domainsFor examplewhenthe single domains
areA, B, and Cthe automatically annotateahulti-domain labels aré, B, C, AB, AC, BC,and
ABC (Figure 4) Themulti-domainlabels of the positive examplessihgledomain A areA, AB,
AC, and ABC; the multi-domain labels ohegative examplesf singledomain Aareremaining
domains

422  Decoding phase

The candidate domaitletectioncomponent takes user utterance for its input and detects one
more candidate domains for its output. Thedidate domaidetection component integrates the
outputs ofthein-domain verification componesbf all the domains. The idomain verification
component of each domaierifieswhether theuserutterance can be accepted by the domain.

4.3 Final domain determination

The final domaindetermination componemakes thecandidatedomains, a dialog act, a named
entity sequence, and a context interpretatesult for its input and determines one or more fine
domainsfrom among the candidatdomainsfor its output. Two cases exist ifinal domain
determination according to the relationship between a set of previous doamana set of
candidate domains

Case 1: Whenthe previous domain set is a proper subset of the candidaterdsetand the
multi-domain context interpretation componeantinuesa previous contextthe final domain
determination componeignoresthe candidatedomains and determines the previous domas
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thefinal domains. This idecausehe dialog historyimplies thatthe domainsdo notchange in
this case For example auserutterance‘Play it.” can be accepted by both th¥ program and
VOD domains,but domain switching should not occur for thgerutterance in the middle of
dialog inthe TV program domain.

In addition, to avoidinnecessdly asking a domairthe failed domains are not considered to b
previous domaing the next turnThis isbecause the intended domain afserutterance within
a continuectontextis only successful domainBor example, suppose a user adRe you have
animation programs for adult?” andno such TV program is availabl&he systenshouldthen
inform the usetthatno such TV program iavailableand presenthe user with théist of related
VODs. When theuser say$Play the first one.” in the next turnthe intended domain of the user
is VOD not both TV program and VOD.

Case 2: Otherwise the final domain determination componeti¢termines final domaingom
among the candidate domains basetherype ofdialog act described iBection4.1

e MULTIPLE: determines all candidate domains as final domains

e SINGLE: asks the user to select at@mainfrom amonghe candidate domains.

o ARBITRARY: determines an arbitrary candidate, but priority is given to theique
domain.

5 Experiments

5.1 Candidatedomain detection

We used5-fold cross validatiorto evaluatethe candidate domain detectiamomponentof the
proposedHDM-based MDSFusing the corpora ofthree base domaing/hich consist 02628
user utterances. In the corpora, 52.6% of user utterances belong to onlynuaig the others
belong to more than one domain. The mdtimain label aswers werannotated by hands for
evaluation. For the evaluation metrics, we used precision, recallF-Anglcore.We used the
Maximum entropy classifier (Ratnaparkhi 1998) to implementthe in-domain verification
components of the proposethndidatedomain detection componenthe baseline isthe
traditional domairdetectioncomponent thathe domais of the corpora tahe userutterance
belong areuseddirectly totrain the domairdetectioncomponent.

Component Precision Recall F-1 score
Baseline 97.1% 65.26 78.0%
Proposed 95.6% 96.2% 95.%

Table3 - The result of the candidatiomain detectioexperiments.

The proposed candidate domain detection component had much higherygomaealt and FL
score, but slightly loweprecision than did the baseliemponentthe recall increased from
65.2% to 96.2%, the precision decreased from 97.1% to 9au6d4heF-1 score increased from
78.0% to 95.9%Table 3) The recall of the baselineomponentwas too low because it made
numeroudfalse negative errors.e. it cannot detedhe domains to which user utterance may
refer whenthe user utterance can be accepted by more than one domain. In contrast, the re
the proposed candidate domained#ion componentvas highbecausat madevery few false
negative errors.
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5.2 Multi-domain dialog systems

We usedhumanuser experiment® evaluatehe multi-domain dialog systerthat employed the
proposedHDM-based MDSRo validate itseffectivenessWe exclude the speech recognition
component and speech synthesis component in the experimentseb#taes components are
independent tathe domain We asked 10 student volunteerto complete10 dialog tasks
involving TV program, VOD, TV device, or combinaits of them. For the evaluation metrics,
we used successful turate STR), task completiorate TCR), and average turn lengtATL).
STRindicates the average success turn rate of user utterdi@R#ndicatesthe average success
rate ofthetasks;ATL indicatesthe average turn lengtf thedialogs. We excluded the temost
and the bottormost outliersfor each task. The baselinetle traditional multtdomain dialog
systenthat selects only one domainaatime

System STR TCR ATL
Baseline 55.0% 58.8% 47
Proposed 91.1% 95.0% 35

Table4 - The result of thenulti-domain dialog systemxperiments

The proposed system had hgl$TR and TCR and logr ATL than did the baselingystem the
STR increase from 55.0% to 91.1%, the TCR increagkfrom 58.8% to 95.0%, andthe ATL
decreaseé from 47 to 35 (Table4). More specifically, the STR, the TCR, atitk ATL of each
taskwereimproved in all tasksThe STR and the TCR of the proposed system were high beca
the HDM-basedMDSF correctly selectsthe domains of interest of user¥he ATL of the
proposedsystemwas low becausethe HDM-based MDSF enablethe proposedsystem to
provide service to one anore domains at the same time.

Conclusion and futurework

Is this paperwe proposé the HDM-basedMDSF. The experimer results show that the
HDM-basedMDSF correctly selects one or more domains and enables-dauttain dialog
systems tgrovide more accurate and rapid dialog service treditional multitdomain dialog
systemsTo ourknowledge, thipaper is the fist work onthe selection ofone or more domains
in multi-domain dialog systems

We plan toresearchmulti-domain user simulation A simulated user experiment & useful

method for evaluating diog systems with large numbef dialogs because @éuman user
experiment is time&onsuming and expensivBowever,no existing usesimulatorcan simulate
uses within multi-domain dialog systenthat employthe MDSF. Therefore, multidomain user
simulaton is an important part of future reseaochdomain selection
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