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BACKGROUND 1. Technical Field: 5 The present invention relates generally to
a system amgb gazdobdd for providing conversational conputi RGTAISHR/20519
particular, to a protocol for providing dialog mnagenent and automatic
arbitration anong a plurality of conversational (nulti-nodal) applications
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I nformati on servers. Indeed, this mllenniumw || be characterized by the
avai lability of nmultiple information devices that nake ubi quitous
i nformation access an accepted f BACKGROUND This evol ution towards

billi ons, of ;@eiv%si ﬂe! gevi ces being interconnected via the Internet,
Wi rel ess™'net wott ntaneous 15 networks (such as Bluetooth and Jini)
wi | 'l5 revol utiThpresehtifvention edlitbLgentralieto 4/dystem afia et Torysroviingr action. In

the near future, personal information devices will offer ubiquitous
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i ncl ude impartHiteatureathatsappavthepstosolch as 20 conventi onal tel ephones, cell
phones, smart pocket organi zers, PDAs and PCs, which vary wdely
in the ihterfBess b Relate ey use to communicate with the user. The
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conput ati onal  power available to each user to manipulate this I nformtion,
brings wpdrtasive clietowibeommumicate with poweiful infermsationiserveran fivieeld, thisf nan- machi ne

comuni cat,j on. The .ability.taq.access.infornation 25 via a . nultiplicity of
appl i anc@él!m%‘&%w@&eicbﬁré&&‘@%witﬁe ?‘ﬁ\‘sl:ﬂ?l{ﬂ i°§af“b‘hm?° ‘Qﬁgﬁ'éﬁ?q feviges g and

abi |'i ti egalkd ybAdiitodd MEstmatio® acceR R Beckpted YaclBENE. ThizlevblnasLtowai®bllibhONS
shoul d exploit all available input and output (1/0O nodalities to maxim ze
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man-machine interaction. In the near future, personal information devices will offer
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ubiquitous access, bringing with them the ability to create, manipulate and exchange any
information anywhere and anytime using interaction modalities most suited to an individual’s
current needs and abilities. Such devices will include familiar access devices such as

20 conventional telephones, cell phones, smart phones, pocket organizers, PDAs and PCs, which
vary widely in the interface peripherals they use to communicate with the user.

The increasing availability of information, along with the rise in the computational
power available to each user to manipulate this information, brings with it a concomitant need
to increase the bandwidth of man-machine communication. The ability to access information

25 via a multiplicity of appliances, each designed to suit the individual’s specific needs and
abilities at any given time, necessarily means that these interactions should exploit all
available input and output (I/O) modalities to maximize the bandwidth of man-machine
communication. Indeed, users will come to demand such multi-modal interaction in order to
maximize their interaction with information devices in hands-free, eyes-free environments.

30 The current infrastructure is not configured for providing seamless, multi-modal

access across a plurality of conversational applications and frameworks. Indeed, although a
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30 The current infrastructure is not configured for providing sean ess,
mul ti-nodal access across a plurality of conversational applications and
framewor ks. | ndeed, although a -1 i~0~o~nw i ~vm~prov *ACTI ON* *166166* WO
03/ 003193 Mg 034681320510 pl ethora of informati on can be a®CFASU205100mM
servers over a comuni cations network using an access device (e.g.,
personal information and corporate infornmation available on private

net wor k splathdramfliiformatioh cambe acsessed frem sertvérs overa compwticationsmetumorkusingt wor k
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information. Wth the increased depl oynent of conversational systens,

however , Intamet), thetanaidability ofisuch dnfoanatign ay ibaimited by thermedalibeofdblir essed. For
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f r om oneintapsuting &t obd4in sachenfoheation. across al |l nodalities - especially
anbi guous nodalities sugch as speech - is, not possible wthout significant
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(or pre granmars nee e defl ned for 'speech applications to
shift frsuppomtheaxpriisteare of various ¢omversitional applications; Hietpossibility tomayach syst ens

t not b f i t] Wi thout .k d f th
bl cat sl fSi onk Auicafiun® e Rirhss sl HtRBliats ResHand ARBIERER o e | ¢
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requires not only know edge of the goal of the application and how the
i nt er act programimihg miodel of s lieations and thrplatfosm o chysughapplicstipraage of ot her

I nterfaces an dul es, exter.nal to t.he i ' h as (i)
connect i W'?%éj'i ﬁ%&f‘“&ﬁ‘& % ﬁf}[‘]EWQER??%@syFﬁ‘E‘%&?%%J}#@%r#gP@g?e% crophones,
\(Neb br ﬁ\/\wisaﬁomto_mhm froin ohey 1|ewi¢n {oithe othierN IThaS, iatbitrating\in suchisystahs engi nes ;
speec recogni tion, natural |anguage under st andi pg, eech synthesis an
pog si bl ycﬂnawglg%bﬁepﬁ&é'ﬂéﬁiHt%’}?m?{q%im%“?ré@g\?%’émé‘ﬂ?fp&%@f ral?pgﬁfﬂébse‘ﬁ@nt . and

(1v) synﬁ;{%%&;‘%&@é&%@%\ﬁﬁ?ﬁﬂari ous nodalities for nulti-nodal

appl i cations.  Accor ere is need for a systemto provide dial og
management arFurthetiore) deselopinp iatcomtersatiorahappifsation usingrcutrentytechhologiay er sat i onal
(multi- npegl?ilrgs n%Pgllllg/ aé\i/l%crl]gse’ of%ﬂéj go%l gtr tgé gﬁa?llcation and how the interaction with the
users should be defined, but a wide variety of other interfaces and modules external to the
application at hand, such as (i) connection to input and output devices (telephone interfaces,
microphones, web browsers, palm pilot display); (ii) connection to variety of engines (speech
recognition, natural language understanding, speech synthesis and possibly language
generation); (iii) resource and network management; and (iv) synchronization between
various modalities for multi-modal applications.
Accordingly, there is need for a system to provide dialog management and automatic
arbitration amongst a plurality of conversational (multi-modal) applications, and a protocol
that supports such architecture.
SUMMARY OF THE INVENTION
The present invention is directed to a system and method for providing conversational

computing via a protocol for automatic dialog management and arbitration between a

plurality of conversational applications, as well as a framework for supporting such protocol.
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that supports such architecture. SUVWARY OF THE | NVENTI ON The present

I nvention is directed to a system and nethod for providing conversati onal
conputing via a protocol for automatic dial og managenment and arbitration
bet ween a wo o@Bi9By of conversational applications, as WPCI/UR82/HSTh anewor k
for supporting such protocol. -2 WO 03/003193 PCT/ US02/ 20510 I n one aspect
of the present invention, DVA (dial og manager and arbitrator) interface
conpri ses: a Inopt aspkit of the present inedntion, DMVA(dialogrhanagdriang arbitraA@) irtefdce ons t o
determ ne an. active application for a given user input event; and a

pl ural i tS""®%opl i cati on DMAs, wherein at |east one application DVA is
associ ated v robt BRIAforR RibitkAtink laMdng & BlurditPéfldppli¢afienAtdRIetrinelaH adtivet Y Of
sub-di al ogs within an application to determne a target application DVA
managi n¢epPHeation forc givengisersiopatieyentandi t h t he user input. Preferably, the

DMVA interfac i )| ' . 1 i_n arpi.tration
is perfor meg Pﬁ@‘%‘ﬁ’ﬁ%ﬁ%@ﬂ‘%“i’?@%@“ﬁ?ﬁ*ﬂ&‘ geg%Z’ﬁ‘F gﬁlﬁé&é}o%@ﬁ.ss gedr oot DMVA
and app! wigitédch appldition e atbitratiny dindhg@ phiralty 08 bubt-diglegewithintaa abplicatiomtoshi ch
the root of the tree is the_root DVA. When an application _is |aunched, the
appl i catdetprmineddargst application DM Aimanaging thesyb-dialngassactated with thgjusgrdapubs ¢ he
appl i catg ' | 4 | | | .chil d of
tho. r oot ERoRLHE SN infealXbriieed EHlbiakfil) e LA, whgER IR © T

i nst anc gerfofmedisy the PMA dnterface Didhg 1 bottemaig@pprolchd i The oot DMAianh becone

children of the t hat creat ed en the application initially
| aunc heoa.ppt‘frﬁt“f’ﬂ P@%‘%ﬁ A ;‘ﬁﬁr%iu%%w&ﬂ&gm%@?@nhéﬁg%gaﬂﬁ%ﬁae Beparate
thread. thorRPOME’ WaRR Ak bpplicatibifis RuasiRa! the Bp’;ﬂi&ﬁﬂi&{breﬁesf&ta?ﬁﬁbaﬁ@ﬁ DMERagi ng
di al og of one or nore applications conprises the steps of: instantiating a

DVA (di abaepnagathemaingdialog pfihe applivation. nFhis anplieation AMAgegisters with andar chi cal

tree structure AR 0 . r e l. i o :
sendi ng, SEPI TR R gRck EVEY e JBPcHHgh R bebroBR B pellip Ry

appl i catmeére inddiices sTithedppliddion DMARE nRRie subdiatoys Biich Beconievhilden of the
representation of the user input event; calling, by the application DVA an

BV cal g -
appl i cataDiviAthatives created avhen the application wasinifiallyilached; Ghildrenyapplinafien
Fepresenboias i preferably created in a separate thread.

In another aspect of the present invention, a method for managing dialog of one or

Iy

more applications comprises the steps of:

instantiating a DMA (dialog manager and arbitrator) interface comprising a
hierarchical tree structure comprising a root DMA and one or more application DMAs;

sending, by the root DMA, notification of a user input event to an application DMA;

obtaining, by the application DMA, a symbolic
representation of the user input event;

calling, by the application DMA, an application method to perform context resolution
of the symbolic representation;

receiving, by the application DMA, a query from the application, wherein the query
comprises the results of the context resolution;

determining, by the DMA interface, if the application DMA is currently active based
on the query received by the application DMA; and

launching, by the application DMA, a callback function associated with the query, if

the application DMA is determined to be currently active.
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receiving, by the application DVA, a query fromthe application, wherein
the query conprises the results of the context resolution; determning, by
the DMA interface, if the application DVA is currently active based on the
guery recewaaaB/dogioshe applicati on DMA;, and | aunchi ng, by PREUSMABSWati on
DMA, a call back function associated with the query, if the application DVA
Is determned to be currently active. 3 WD 03/003193 PCT/ US02/ 20510 I n yet
anot her aspedn yefanpther aspoetof therinveatieny atsgstern and methbd dorfprovidesomiltiesodal

mul ti-nodal,, i nput/output nagenent . \Wen .a nessagel response s to be
present eﬂth@wgqﬂ%g‘F{%%e‘gﬁ MESSASHIEPORRS S Fg"; e%ﬂ?dﬁ%gﬁé'ﬁ%r’ the Vohe or

nor e NDORAtagkSfeneraies the/ hesSBR3A 6fie otirhork ARAalRtick APHe VOBRIARYRE Btifizs Qtdske t he

out put generation to generate an abstract output event. The 1/O manager
conver t smanagers ke drivecthe gufppt generation tojgenesate Ak abstragtputputeval.i TheddOf or

present at | Lot her oo of r

Davant aqiatier Pabd o Bfiract HAERFevaRFinfl i op BRRARb Aticef AY iefuafiifo e

fol | ow ngedet ai | ed description of the preferred enbodi nents, which is to

be read in cqpnection with the acconpanyi ng drawi ngs. DESCRI PT| ON OF THE
DRAW NGS Fi g THESS . pther asperts, fepturss. o aaYaniabss 9HE BROssps FmPBOwilly ovi di ng

convers | rsalery : ent

i nventi ?ﬁ%?hp Fr?dfe? tﬁ?t&ﬂﬁﬁ@ﬁ\%&%ﬁe@%&s@ﬁ? agraméﬁgfaengélgtgﬁql‘@%@é’provi di ng
conver sawhicm &l to be vaagd un conpectonovith the accompanyinghdrewingsnt of t he present
invention; Fig. 3 is a block diag Qf .81 Lcal DMA (di al og manager
and arbitrator) accordi g ot he—present invention; Fig.
4 is a block mjags amightledd) bfoeR ARkeriny of BdySteM fhsrodRygicdhvidsatioadiog management
and arbitration using a DVA structure according to an enbodi ment of the
present gqompating agsordmgito ag embodimentefrthepresentiventionhg i nformation that is

mai nt ai ned by.. | ' . i nventi on.
Fo 6 e ol T 2R A AR itk el R AE T o ik Mon - EaRGRY | O
enpl oyi n@nipulihPaccortigy 1dian@nibodiatenestthelpresent invéntiohe pr esent invention; Figs.

7A, 7B, 7C, and 7D conprises a_flow diagram of nethod for pr.oviding dialog
Fig. 3 is a block diagram of a hierarchical DMA (dialog manager and arbitrator)

according to an embodiment of the present invention;

Fig. 4 is a block diagram of an exemplary method for
providing dialog management and arbitration using a DMA structure according to an
embodiment of the present invention;

Fig. 5 is a diagram illustrating information that is maintained by a DMA according to
an embodiment of the present invention.

Fig. 6 is a diagram illustrating a conversational computing system employing a DMA
according to an embodiment of the present invention,

Figs. 7A, 7B, 7C, and 7D comprises a flow diagram of method for providing dialog
management and arbitration according to one aspect of the present invention;

Fig. 8 is a block diagram of a system and method for providing multi-modal
input/output management according to an embodiment of the present invention;

Fig. 9 is a block diagram of an input/output agent of a multi-modal input/output
manager according to an embodiment of the present invention; and

Fig. 10 is a block diagram of a voice portal according to an embodiment of the present

invention.




managenent and arbitration according to one aspect of the present

i nvention; Fig. 8 is a block diagramof a system and nethod for providing
mul ti-nodal input/output managenent according to an enbodi nent of the
present i nWnY@BLI3Fi g. 9 is a bl ock diagram of an input/ ®0THS02/20§¥nt of a
mul ti-nodal input/output manager according to an enbodi ment of the present
I nvention; and Fig. 10 is a bI ock d| agram of a voice portal accordl ng to an
enbodi nent of the IptEADI DF B 7

DETAI LED DESGCRI PTI QN PRE EI\/BODI I\/ENTS The, term conver sat i onal "
and "conver satcSHH °88Yﬁ5§ﬂn9ﬂ5R“§E cquysgsaional compyting;’ as F%'délélﬁim refegs to

mul ti - Modamhless, mlmgn{oumfcﬁﬂagnhﬁﬁm@mfmmgés)B&wee@ﬁhei»l&% ithed ph' ne and

between devices or platforns of varying nodalities ities),
regar di séwesn deyigesiorplatfosms pf varxmzemodahtleh Q/Qemb@nd@wegaﬂbsmfnm Yo

prefera 1.0 rotpcol s and

st andar dég?‘abélgi%é\ge%?fh%%g&gs Q%@%&g‘z‘iﬁg’n@'ﬁag‘&%ﬁ mr’?f)d(% aBP ( e.g.,

conver sajoimnnalicagers protevolsand dtanddrds, ps el gy w@Rversitivhalgs bdel
applicatjon data  content (tier %mand busi ness logic (tier 2) fromthe
user i nt(@&BaconVsFational &%Ff'ge'ﬁ?ﬁifélmatf langyage) that pepatsatas the epplicationdataer sat i onal
Comput | NGnRRAREES H'Eﬂﬁﬁes@ % R s&ihéraBfiorPandl rﬂgdel?ﬁl P ur al as
human-t o- hunan di'a Furt e term "conversational ‘applica

refers tuseramarappites éionwrsatioaal @mppmg enableshurhanswaddimachinesao chroynon mt er actions
in the application and across

ed initiative dialogs) . .wthi
mdepengﬁéﬂ?ggﬁwgl Maﬂﬁ?) P@ﬁ%g\,\iﬁ preferably using short termand | ong

term cont extFufthérCihe Wricafivetéslbial Emwauﬁfv%ﬁﬂtt@wu pplitatiinih h e and
understand the user's intention. ferably, conversationa | cations

utilize nuﬂummbi direa fflowzintgrastjons (aJsdanmdanmm'ge)dlalm)mﬂmﬂtalapplwmwmmﬂu ve

di al th Vi XML
v ouat (RIS luRgep B debi5bectppliafiing: BORERbIY il shoB st it letstermon cn
(e.g. cWext((YHclhﬁlﬁrfgSﬁeﬂBﬁdﬁhﬁuﬂ aaag g9 }o dlﬁrH'Hquxa(m%rsﬂiﬂ'&/Me,uséﬂW

(handheld device nmarkup | angua and a conbi nati on of such nodalities
(e.qg. éﬁé@&i‘ Jeferably) Coﬂvﬁfsaféﬂﬂa? icatioagutflized¥ld] (nafurgldanguageni nat i on of
nodal it| %)e i npl emented as a full NL (natural |anguage) user

I nt erface resufl Ing in a universal conversational user interface (CUI ). It
is to be undultnooaiil mmactiabﬂfwmmnmﬁeesaﬁnnaﬁﬁwsadphmewhe(e deaunthored inve, any

f th
© © r{?d M , v1sual (&UI) (e.g., H-TML (hypertext markup language)), constrained GUI (e.g.,
WML (wireless markup language), CHTML (compact HTML), HDML (handheld device
markup language)), and a combination of such modalities (e.g., speech and GUI). In addition,

each modality (or combination of modalities) may be implemented as a full NL (natural
language) user interface, resulting in a universal conversational user interface (CUI). It is to
be understood that although the above examples are declarative, any of the modality can be
programmed imperatively or by any combination of declarative and imperative programming
in accordance with the present invention.

The present invention is directed to a system and method for providing conversational
computing via a protocol for automatic dialog management and arbitration between a
plurality of conversational applications, as well as a framework for supporting such protocol.
Fig. 1 is a diagram illustrating a high-level block diagram of a system for providing
conversational computing according to an embodiment of the present invention. The system
comprises a conversational application framework (CAF) 11 which comprises a set of
collaborating components that enable the development of conversational applications. For
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programmed i nperatively or by any conbination of declarative and inperative
programming in accordance with the present invention. The present
invention is directed to a system and net hod for providing conversational
conputi ng w@o3xooprst ocol for autonmatic di al og nanagenent RET/USHA20610at | on
between a plurality of conversational applications, as well as a franmework
for supporting such protocol. Fig. | is adiagramillustrating a

hi gh- | evedaniple) the CAR §t eomprfises cargsdnents that inperfave With gariauseygihesdnd @Rpdses

computing according. t 0. an. enbodi t .of the present invention., The system
conpr i se@‘c'é “e@qﬁ@mg%&m?ﬂ&r“eap%ﬁ? ggﬁ'li 13 comprses sMRonenisthat provigs, the, corrp)r/i ses a
set of ' TOPh HichG q-.\(,?h

conver saﬁgéﬁﬁﬂ%%?spg%@pns. EE%V?"{S?% Vtw\D 03? %gﬁlggﬂgﬁ Ues}gggle%?%dexanpl e,

t he CAF belowdhgsysteascamprisen@PMAE (diglog managerand ashitratoxfacidehithakitgi nes and
exposes ' | |.O il es. CAF 11 conprises conponents
that - pr o aRatosdtiiae bieBdhs Rflons Bk T inreHaSs Sl B PRRAOR i ch 1 ¢ 1 <

depl oyedapphtdtiofesnd theé O&Fi1ai ned bel ow, the system conprises a DVAF (dial og
manager and arbitrator facade) that, in accordance with the present

i nvention, prigefeEbly, the GAR L} sippertythe femiersetionabearenutiog arogrammingaradebns and
e DrepRalirbfibaion'cBfheft uchies BRI BackBfs ERBNPEIR B Rlersb IR 1 ! | N9

progranm-ng’ no y separating app I on conte usi ness 1ogi'c and
backend Prefemred pmbodimenisef an interactiohibased programinganodehire desveibed; faf an

i nt tion- ] del i bed, for. le,.in U S.
Pt ont  cSAPIE Uy BEPrCappgption Siee) MaBoiS s Bledom i B B otsgeont 11 ea:
" Met hodsjgiflode Vsl S9Rem® oM Mbled MYBA Bro WMpmria%k 8% m&érmga?%ﬂ |A

Conversational Markup Language”, whl_cﬁ I's comonly assigned an y
i ncor porMadap hengiage’lywhiclkfie cemmenly assigned and fully dimearposased hereiniby neferiencef or m

(CAP) 10 conpyises an impl enentation CAF. 11 that al sqQ. binds system
Servi ces 12 HbEabgrRyoran BPRARISR plgty (CABLTO perbriet oL IeRIGRrHoRS D om 1
a prefercgH 19MuedisoBids spkternSkriced €2 hebledltly the CATVI 19gRRb&S i Mtivava and its
services are bound to a Java Virtual Machine 13 (and, possibly, additional

native Ciperatingsystas)In apreforredpmbordiment; Whereinftha GAF tAis implemsentedtindavad t o
her ei n Cihd s serhicet 23 HL0Ro atabd Yitual ﬂi%&ﬁﬁé‘fa {a&%{}@?ssﬂ}l&m dﬁitfoﬁ?]*eﬁgti\l‘r‘ér]ﬂgr st ood

t hat al though™t present 1 nvention 1S prefera enen ava,
ot her opservies))this implementationadfitioe OAF dt isvefetredito oacih ang convessativmal witthalzed to

e e R L e e e o e Bl e B s Wit the
implemented in Java, other operating systems, platforms or virtual machines may be utilized
to implement the systems and methods described herein in accordance with the teachings and
scope of the invention.

Preferred embodiments of a CVM and corresponding conversational protocols are
described in Intemational Appl. No. PCT/US99/22927, filed on October 1, 1999, entitled:
“Conversational Computing Via Conversational Virtual Machine” (which was filed in the
United States National Phase and assigned U.S. Serial No. 09/806,565), which is commonly
assigned and fully incorporated herein by reference. The above-incorporated International
Appl. No. PCT/US99/22927 describes various architectures of a CVM (conversational virtual
machine) that exposes conversational APIs (application program interface), conversational
protocols and conversational foundation classes to application developers and provides a
kernel layer that is responsible for implementing conversational computing by managing
dialog and context, conversational engines and resources, and conversational
protocols/communication across platforms and devices having different conversational
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Preferred enbodi nents of a CVM and correspondi ng conversational protocols
are described in International Appl. No. PCT/US99/22927, filed on Cctober
1, 1999, entitled: "Conversational Conputing Via Conversational Virtual
Machi ne" (WAQOX00a3 filed in the United States National MREIHESARS1GBSSI gned
U.S. Serial No. 09/806,565), which is commonly assigned and fully

I ncorporated herein ref erence. The above-incorporated |International

Appl .  NoSapplilitiesdg wmézwuwsal O&Hz(conaemtmalalsahmteﬁ‘actet)tr ACVM mayBéV

(convers at ..expo conv at i onal APIs
(appl i ca?llt'ﬂon %lr%déérsaﬁr@@natsﬁc{l %tﬂ?\? F %Hﬁpraqu pidom ar kemel that
convers atuns on topfofdrRentdntiongt M‘Os)(réd)-@heco%&aﬁﬁg SARMER) OB ygd}Ser&BQV' des a
ker nel g%g‘rv that is .responsible for inplenenting conversational conputing

by nanag anficompatibility %%”é'ﬁ‘ttwnmm&ﬂmlw%ﬁm nes and resources, and

conver sati onag BARSR ,ﬁ,;;a%ﬁ e havi ng
di fferent convgrpg%tt&frgﬁg{l]&{dgﬁm Og{/é 0%’?%83 ?‘ﬁggz(?é%gqgﬁ%g%g&ﬂfﬁ“ﬁﬁg
provi de thegpmpenents) Aﬂiral(dc’tbmtmslates ¢avdlutilizethe protapoish te) are MesSribedrimythde

or " ker neftor R porBolsh pfbrb R b, FCr RSRIZRbEE piementealbch eforiea ™

oper at i ngmisodish@ithof thePsecseit! ivention ishinledtensiGE&f1RE shove Rk ﬁt{:ﬂ)w ridfibnal

conventional platforns and applications. In a preferre ment of the

present APRIeNeiR(rT/UBRY2ERT with eespectiare.g.1prefimed ceraporehts aud prstovelstfer AP s,
and funcg,i J’%ﬁé"h f)l\ﬁﬂ? dn In‘lai 8%931%%%%@%% ar eqld§ r| bed in the

above inc pora I'nte ona

speci fi aatekgctiombq:lweétea cmnlversmmlal:lapphcdtwﬁ’andﬂlemﬂesle nmelmmtm QlﬂAPFthﬁf‘
ext ensi on_of thel a%gv% i ncor porated | nternational . No. PCT/ US99/ 22927
with resHg¥flesapplication de Vithya sipgleitandan °8?RF°B‘P‘bPQSB'c¥P§hq‘BHd°ﬂ$%I ement i ng

a DVAF (@Aﬁb&ﬁpdﬂéﬂﬁg%emwhﬁde@fa%hdém tﬁJ‘éiJghba{Ho %ﬂﬁé the

i nteraction between a conversSational applicati nd t The DVAF

i s an AFompogents ?frtbQ/CAé’sto é\lmh)’cshﬂdﬁppli@tden dp@iqpem frdm hnosvvla@ge@,f (3 namynafar d

CAl d
or 1 go. ¢ kg CA KRR, ) Rl eveble FREPEE B nrE Abeintiend Hevkeas ¢ o

t her eby thélplaif&'rﬁl@ﬁhilpﬁhere %ﬁ@WﬁpSnd‘nfMﬂ'éﬁﬁHéM&ﬁmﬂEd (H):nc%nﬂic of the
under | yi ng CAF conponents, (ii) how engine provi ders hook their engines and

devi ces R RTemales 6458 Of devs Pmem»)ntqmﬁqf@ﬂtltb!ég@smﬂitlpbrﬁpmm and engi nes

are | oc 0 S
|nterop2&rl§ﬂ lftls?€&g}élrté§§§e %"9& g{%}feﬁgg‘%hﬁ a  di ;4( @E#E%Ppeuog? (Q,Nl}eecture
r espect i nngiber, dSmamMmminbty dflapplibblkﬁxsrbni{mamst 1aSstpd DMXF sosoidivg to therber ,

domai n or_nodal i s%’ll i cations buil E aga r] it. Thus, a DMAF according
to the present inven 1n lS reusable across any conversationat application.

—...

Referring now to Fig. 2, a high-level block diagram illustrates a system for providing
conversational computing using a DMAF according to an embodiment of the present
invention. The system comprises a CVM 14 that comprises a plurality of external interfaces.
The external interfaces comprise a DMAF 16 which provides an interface to conversational
applications 15 and conversational application developers. In addition, an I/O interface 18
provides an interface to conventional I/O devices 17 comprising, for example, a keyboard,
mouse, touch screen, keypad, audio subsystem for capturing speech I/O (audio in/audio out),
etc. The YO API 18 provides device abstractions, I/O abstractions and UI abstractions and
provides modality-dependent presentation based on the I/O modality or modalities being
utilized. Preferred embodiments of an I/O manager are described below.

Further, an engine interface 20 provides an interface between core conversational
engines 19 (e.g., speech recognition, NL parsing, NLU, NLG, TTS and speech
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present invention is reusable across any conversational application.
Referring nowto Fig. 2, a high-level block diagramillustrates a system
for providing conversational conputing using a DVMAF according to an
enbodi ment vob od/60a199r esent i nventi on. The system conpri se®ca/uSvibosd t hat
conprises a plurality of external interfaces. The external interfaces
conprise a DMAF 16 which provides an interface to conversational

appl i cat ¢uwpresspnideeoraprassiansengingsyand theppplicationsusihguhdnnpTheengine ARIA0L i on, an

/O inte ' n i nterface to.conventional |/Q devices 17
conpri si %‘Ié’%gs otj@gg(dg(%ﬁet,g%gm%%ggrvﬂ, CORISIeS Wﬁffg?f tﬁ“cyr@% ,cat@ﬁ’é‘ﬁ?' audi o
subsyst ePefepably; et enginednterfaed0 ulilifesU8ARI JavaBpeech APH2Y and eftbisiond 68 1/ 0 AP
18 provi des device abstractions, |I/0O abstractions and U abstractions and
provi des® ALY ty- dependent presentation based on the 1/0 nodality or
nmodal i ties besdgy, ol . | L/ O manager are
descri bed bel ow. tﬁéﬂtokg,ftﬁégrﬁféggg?%@ﬁﬁ&g&gg&gg@ %%Fr)&g\;ﬁ@ggmg g?aﬂ gr face
bet ween protoeols fonimpleatentimah DMAK {dialeg thanager and, arlsipater facidey.olirthé foltowiryl

arsing, , NLU.. NL TS .an eech, -7 WO 03/ 003 PCT/ US02/ 20510 .
(F:)orrpr egs‘lieg?fl‘%lé%c? ?eg??fiﬁw%gﬁ%fe §55‘ ‘?ﬁﬂ”‘?%&“ﬁg‘ﬁﬁ]ﬁ |‘8H§P]ﬁ§ﬁ°?fﬁ‘?t”l‘f9’rﬂa The
engi ne ARnvélatioRalONitlR makhife PC VMY CalthugdhG DIMAFEESInG t¥ttepréelitenfAdbHES

whet her they are local or renote. Preferably, the engine interface 20
utilizesma plenagnieddp aBy: plagfonm fop proyiding-diele managsment oven one oxpRore As not ed

bove. thes ; ; ; : ‘ et e and

o1 ot ool SPHEHERE urtish BRALAR & Gy fibhiES vaflo Y cBinpbictts GTHRFER R e

{ E t P)E/A]Ic: ali_dlimﬁﬁemlgovdhforgbwa_tddgmeﬁiaﬁmaeﬁpplr Hd.t ROy DJ$| Dmn?m),l drly ﬁnﬁseatsvm( Cvre(l\j/) t hat
e is i mented, wi thin_a . conversatiqnal virtual machjne :

al t hoqu%PBR&& mnmqﬁgabé%f\ﬁémbwg@aﬁ{erﬂﬁ%m /Qmanagement wilkpe enent ed i n

any pl at§egérbel dé%iiQV]?"lH{hFﬂ thll i eﬁgcé"sr% JRFRRAE DRI Eorfiftnets cmﬁxﬁnic%tf gvit(has

applications. Further, althoug conpri ses various conpone
descr i bethie hppliation and avithrthe Maricals other CHYbequapoatnssiwilhales badéscritzed. Appl . No.

PCT/ US99/ 22927 t hose conponent s that conpri.se.a DVAE. and which
are rel ated t‘%bM%ghéﬁ‘éf’é’éﬁ%g{% pqesegfgmvggg)&pf%l (ifsia Tl]églgt&pfgonlyﬁlis?twénla’ t he
I nt er f acfagctions. "SuchfuhdiondMelude:ponent s communi cate with the application
and with the various other CVM conponents wi |l also be described. A DVAF 16

accor di ng t o (Dhergyidingeanversational applicatigns ajetandardyvay taihoek tathe EARENMY i onal
A L e D ey Dol cnti ol
bppli cat s ons ) 2teEine §Buer & pHiliy bfconférGitiolly MpGRAAY AN YA the

platform;

(iii) arbitrating between a plurality of sub-dialogs associated with the same
application; and

(iv) storing and managing application information.

To provide such functionalities, the DMAF 16 preferably comprises a set of interfaces
by which application developers can install and launch their conversational applications on
the CVM platform 14. Further, a DMAF 16 comprises a set of interfaces through which
application developers can access the arbitration and dialog management facilities provided
by the framework.

In general, to manage one or more conversational applications, CVM instantiates a
plurality of dialog managers and arbitrators (DMAs) that execute the combined functions of
managing dialogs and arbitrating amongst sub-dialog managers. To perform such
management and arbitration functions, application developers utilize the DMAF via DMA
handles. Once a conversational application is initialized and launched, a DMA instance is
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(i1) arbitrating between a plurality of conversational applications
installed on the platform (iii) arbitrating between a plurality of

sub-di al ogs associated with the sane application; and (iv) storing and
managi ng apy0 03%w819n i nf ormati on. To provide such functi oR&EIUSIZWS10 he DIVAF
16 preferably conprises a set of interfaces by which application

devel opers can install and | aunch their conversational applications on the
CVM pl at §reated fonthemain diajog and peanriated withithe applications Buring executiorf efdbe t hr ough

whi ch ] i : . ' ti.on and di al og
managerehP paR BPGHELE BRIA yiftBuiifeing holf bbbl e B O T2 g one
or nor e appropeiateprocessilg siyyeb,iand finaliysproGietheapplivatiornivith af oppdrtahidy tot y  Of

di al og n %ﬁs and,.arbitrators &l?DMAS%I t hat %xecgt e the caonbi ned functions
of rranggﬁ“ﬁg symbglic renresentatiqn of the userintoptasioblained from the variensgeaess ofto

per f or m sudk procéBBinggenent and arbitration functions, application devel opers

utilize the DVAF via DMA handl es. Once a conversational application is
initialized ardmicareiciserinteat, Bimpplicationesn dali upen theDAG0 sbieth #ditionsl02/ 20510

created ; 3 ' | [ .t h . | i cation ring
oot  Anmadih A (A BhineR D5 ML nRallidnibofh, Ffent St Hher o0
pass Ej heresudteof this térpietatioh és sﬁnmuclomhamm. If @neésabiﬁ@tigrlt H&Qfﬁen @diﬁnkgétrz@,al ly
provi de the i cation with an gppartunity to. handle the synmbolic

repr eserﬂ"gt‘f @EBMXP%@%B caFlﬂ'fBWti“%t@dﬂ%tﬁhﬁlym‘@me@%@nmﬂ&&% st ages of
such pr Iti ' k{at Wi | LA | al | upon
he. D PReaiDAs rubfink Sh BIGHIRfort e WA ol T Ble dbhiceian SRHeZ ' oy "R,
t r ansacthapdling thisdmtgrpretationent context, etc. The result of this

i nt tatiqn i k to th e} i tration. b
conpl ot ed. s VAT oBfirerss e Suphf or iR B ort BB itdS et 1 kel v
i nt er pr ejppiopfiate 0MPEnedts! for Fropeskifif lusing an algOARThRDsHA, sikdildp tdht algdtitinpen t he

DVA wi Il [aunch the application method handling this interpretation. The

DVA wi | Istringsisedy s input handling (as desceibed brlew), tecaontseldhe respense pragessingtand t he

ro"tne. deniaSERARE ntonite BleRRE oA ook it VSl I8bIA il bt a8l ' T
control dsliper the sppdication’s reqeisements anddinaliepresented dack thdesenplRistpbe at € engi nes.

After processing, an output response will be generated
P apprecnateg %mt e process of mterprget&g user intent maygoe performed by a dialog

management function of CVM or another component designed for such purpose. Further,
such process may be provided by the platform or as another application (as opposed to being
provided by the application provider).

The following discussion outlines preferred mechanisms, components and protocols
for implementing a dialog management and arbitration protocol according to the present
invention. In general, the present invention provides mechanisms to (i) install conversational
applications on the platform, (ii) allow application developers to use the DMAF components,
and (iii) allow the DMAF to communicate with other CVM components.

Initialization and Installation Mechanisms

In a preferred embodiment, initialization and installation mechanisms comprise a
mechanism for initializing a CVM platform, whereby the various components are instantiated
and the platform is ready for application installation. Further, a mechanism is provided for
installing a conversational application on a CVM. Another mechanism is provided for
running an application on CVM, whereby an application can be launched either via speech or
GUl/command line. Further, a mechanism is provided for installing and executing multiple
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as per the application's requirenents and finally presented back to the
user. It is to be appreciated that the process of interpreting user intent
may be perforned by a dialog managenent function of CVM or anot her
conponent ®@PHMB3f or such purpose. Further, such procePECTRER2/MS1Qr ovi ded
by the platformor as another application (as opposed to being provided by
the application provider). The follow ng discussion outlines preferred
mechani s#RPIcationp oma VM awhkerghys top-devel DM isigamerated:thiat cap asbittate mgngranagenent

and ar bi ' rdi to,t.he nresent inveption. In general,
the pr es@%ﬁﬁ’eﬁ@gﬁ{aﬁéﬁscp o@gg%ﬁﬂg@wfﬂpgﬁgmﬁmw etwen ?B"B applirgtonsthesnal
appl i cat nesded. dDetditsef pheli ihitiatizatioh and btaRtioARchaiirPae frRVEdeaRBElow. L © Use the

DVAF conponenys ﬁnd (iii) al low the DMAF to communi cate with other CVM
component s. Ik}ﬁ“{”ﬂ anagement andrinbieqtion Mechgmistpschani sns I n a preferred

enbodi ment, iNdxkiRd § ' j Ll qt ' '

mechani sm for init |llz)irlé|§et§|t ﬁg@mwmﬁtaf@ﬁwﬁgg‘%@@s eovlgwééﬁfzﬁggnponent S
are i nst¢iplog manegementandracbipsationt Arefeiablyy meshahism isprovided to areate new BIMLAL i on.
Furt her , intarFRs ' ' Vi f installing a conversat.i onal

appl i cation on r@g@%’hi%é’f'sga?}g%ﬁ%wa?ﬁ'ﬁ??m&do\?ig‘@ag? tg‘f’ mamﬁmlpagf%n

appl i catgivoen applicatidh wiiee thelpphcation B firtdaindRedC 3R alfitidrd WP DAL irdshRbesV i @
speech or @GUJ /command |ine. Further, a mechanismis provided for

i nst al | i A d{buidonat havego ba) gengrated for thegiven aplicsmnpomangexsubdinlas
appli catd's%&tm(ﬁ?{%% f6£by a top-level DVA is generated that can
t

arbitrate anong nu e applications running the platformand

di sanmbi guat e Ruethewcthe DMAR pagpyidds aanécharismtorarbitsingeshonpeiitrdiafogs)if &iys h
initialization. and installation mechani sps are, proyi ded bel ow. D al og
Managenefier Y dond By e User mRy HE?HPEH?&K@FEWIW cominedhe targebt BMA on provi des

a pl ur aljhétance maRBERgihe 28ocialRd sibiRlafiFRRl dREmbighak HtheBREAJEM™ENt and
arbitration. Pr ef_‘}gor ably, a nmechanismis provided to create new DVA

i nst ances, o the IDMAF qomprisese mechanism for agaveying apglicationproperties he nai n

di al og ' [ [ .fhe a | cat.ion. | st | ched. In
addi ti oﬁg tht COM ey ﬁ%ﬂ@?‘%e?ﬂ"%@@ﬂﬁéﬂiﬂs ﬁm&%ﬁﬁ%}t“ ﬁﬁb@“&é‘ 3TofS égﬁ@%t ed for
t he gi valevieggydrimathines) Such prpedies tladeélihe redtrcesths Asplidhish n¥eddsubh &
application. Further, the DVAF provides a mechanismfor arbitrating anong

sub- di al®Bgye respurgehfspeeiheccegnitiany NLY, glcy) data fidesi(suchygs NLUbandi grammaon  mechani sm
e g Bl digort A6 ing R nphi BRARRGR (1B AE'sfknb BFacP PG febaBt R 2! ©9
processing the user input). For example, if the user input comprises spoken utterances (voice
command), the algorithm string may comprise: front end + speech recognition + NLU. If the
user input is a typed command, the algorithm string may be just NLU, efc.
Another mechanism is provided to notify the DMA (and possibly other CVM
components) when one or more of the application properties change. For example, a Task
manager (which is a CVM component) should be notified of changes to the application
properties. As described below, the Task manager is a CVM component that communicates
with the conversational engines and, thus, needs to know the algorithm string of the user
input and when such string is modified so that the Task manager can instantiate and use
the proper engines for processing such user input.
Further, the DMAF preferably comprises a mechanism to convey a command registry
to the DMA. The command registry maps queries to callback functions. Applications
receive from a given DMA a symbolic representation of the user’s intent. After context
resolution, the application generates an interpretation of the user’s intent. This interpretation
-10-



In addition, the DVAF conprises a mechani smfor conveying application
properties to the CYMthrough the DMA. These applications can be | ocal or
distributed across different devices or machi nes. Such properties include
t he resour ®axo0¥dee19appl i cati on needs such as engi ne r esouPCFAISOBEPWSHC h
recognition, NLU, etc.) data files (such as NLU and granmar objects), the
algorithmstring for input processing (i.e., the set .and order of engines

needed fisreferpeddo disreimay*“quiery.’l Callback futic)ionsFompeixaapplicationimdtheis Asdtiated P Ut

conpri ses.,spoken utterances (vqice  cC nd),,. the al gorjithm string may

conpri se! 'F’g re?ﬁﬂ"s#’ é‘ﬁgéeﬁ‘?’(“r g&_ﬁﬁ:ﬁh"’tﬁm teoqiyipe therqueryewill jgwnchithout is a

typed conemhedlassédiftedviRliti NS aSlichiish AR¥IoP& chdlfbdablthe anMgfsﬂys chani sm
conpofien ss

is provided to notify the DVA (and possi bly other en one
or nore WM.t he application properties change. For exanple, a Task nanager

(which is a . Lfied of .ch es. to.the application
properties. es gar?l ?gg'%&lb’eflg#v?d l?)htgg%(t %ﬂg@WF@%M%%Went t hat
conmuni agptiating atlist bf ¢ventscirhevesieen gartated of Naser aipilt. SuheverieRemds, Joknow t he
al gorithm St{Qii?}a of .%.lhe. us&f_r iﬁ§rl:IEUt and when such string is nodified so
that the& QRIS Inpptnoufication, NLUresut; guery genaratedccallhackesnonse ete gFuthst, mor

pr ocessi : 1 airftMh %)Mxﬁ @ﬂ@w a

mechani sﬂr?na:th g’“@ﬁrﬁ%ﬁ“&"ﬂ%‘r”and r%lg?{sl% lrléldaﬁlt1 tl eO? % eﬂg@ﬁé%é&ﬁeédgi stry
maps qudhtioughouba given pessikns Artaskicomprisesopt pEmbiemser inpwis néeded forperformgi ven DVA

a synbol ic .representation of. the u 'S intent. er context . resolution,
t he app|clel§g{ll nO%ggr‘}ets %?vggy éﬂ(’ Pﬁﬁ@;@&é@ea?vlegﬁ 88?“1‘%06%“?“ USeL PSS Thi s
i nt er pr ehdhtaiped.- 10 WO 03/ 003193 PCT/ US02/ 20510 is referred to herein a
"query." Call|back functions conprise application nmethods associated wth

i nt er pr et at i dhe DMAR further geraprises 3 meghanismefoppaaviding-applieaion idevedenerswith | |

| aunch t ' t LR . i cat | . can update
tho. comturgeEon BftoRr BARE AR iifhrmaflOF uERe) EBLB T S EHARTHOR] " 1o
DVAF i s Thiswafomaaticmis athimthe diserietiomof the\applivgtibatdengloper) dndtis miartt ¥egrotip t hat
have been generated for. g user input, Such events include, for exanple,

i nput ndt ?'ﬂ? é}é‘t‘T“Hﬁ f%ﬁf&ﬁ%@ﬁﬁ ap(?ﬁ&ﬂ?“éé\fé‘?p&fsé&? make psr.Qfy for ExgBHedn et C.

Fur t her ,undo antepéil h&tBn. WhIOHe PRerddlenBBlMchl SkiiHeAtRE aHQﬁfi‘ltidaﬂgn a list of
tasks that have been executed "throughout a given session. A task conprises

one of Wevelones specifiep wthat infamation to sieee dngirririgve, eny suifabledeshnigme wherefsuch every
(K, 2 RS arf e AR S e SRS SRS hrBBVLE, bl 71 2 120

history/context/meta-information manager, a service of CVM or by another application).

In addition, the DMAF further comprises a mechanism for collaborating with an
application to disambiguate a user input event, such as validate results from an NLU result
based on expectation history, current state etc. In one embodiment, collaboration is
performed by affording access to the various bookkeeping containers maintained by the
DMA. An application can then perform context resolution and return the resulting query to
the DMA instance. Again, as noted above, in the exemplary embodiment, context resolution
is performed by the application (and programmed by the application developer). But context
resolution may be provided generically or application specifically by another service or
manager or CVM or by another application.

Moreover, the DMAF comprises a mechanism for launching an appropriate
application method based on a top scoring query result once it is determined (based on

arbitration heuristics) that a given DMA instance is indeed the target of the user input.
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The DVAF further conprises a nmechanismfor providing application devel opers
wth a transaction history to store and retrieve information that they can
use in their applications. This information is within the discretion of

t he appl i c0 @0d®3el oper, and is neant to group events RCTAISH20810senant i C
| evel that application devel opers can make use of, for exanple, in wundo
and repeat actions. Wile the preferred enbodi nent assunes that an

appl i cati on deeariendechgrismsi es what information to store and retrieve, any

suitable tec 'qﬂgqmﬁg IS managed. ayt omati cal | y
may be i npl ewﬁt e reiﬁﬁﬁi&{'&gg{pﬁ?aﬁ%&%ﬁg%ﬁ}e& °§/'7% ggmrgﬁﬂ'ﬁg’f@a&h"ﬂf ormation

Pnn aﬁ er , Durirges ﬁbm&oMesﬁMMnmchh%isme fnalvidad) Hat albdw QD%}VIA kﬂhialid;: respofisiblehe DVAF
urther coppri.ses a mechani smfor co oratin th an application to

i 'sanb! oL TEHIoR SAieP AR o et o8 fevel BULA, ot biserinqit notReRiands e U

resul t  HEREshIPNPRIGRA nitohtknty o Vidirthis Qtkaridh Huforighaity bl ag’ﬁﬁlgg:g’ﬁo‘j' ment ,

col l aboration is perforned by affording access to t rous keepi ng
cont ai ners ) petifioatien mpthod is Pl'mm)'mo‘agqﬂ thatas itdlized by atDMA tpmofifythm cont ext

resol uti t lting. guery.to h i n ce. (n, as
noted ab; §€ éeﬁgmﬁﬁéy&ée #D%?sic%g#%%xglingémt%ﬁog&m t%?“%%&?vﬁf‘ﬁm to, %’f%glh f or med
by the apptinputtotificationdniyrto dreDMAJ Fuythér) & naiidatidineshanitayie prifsiBly But

cont ext rea%( ution may be provided generically. or application specifically
by anot HEPVISE tojtermingte thedictation and reswme mpuigotifisyfiande al YAsalnans.  Mor eover
t he DIVAR | ' f : i i pRhi.gati on
nmet hod beggdggp‘?)ér?% ’?‘!tsgrp sc @ﬁéﬂ%@h&@g@&ﬂ@%@@lﬁg&{@%ﬁ }élr?nnaﬁn ﬁ'ed ased on
ar bi t r attheowseh termingtes dictatiohthe BMA wanagdhgthe dictation epplicatiomlinéaims ittee tbopr get  of

st A A e ol

dictati Qaallrégiuftérwaﬁalidhtfdna.t I on session, nechanisns are provided that allow
a DVA (which Is responsible for dictation application) to informa top
| evel DMA t o Another giephanisar rejatipg to distation comprises & methpd to emmmrediat wn  Pr ef er r ed

rechent SEpRha Bl S1CAB b i GhRS LR LS ARRALIE nRl B fon GRlR 2
notify tThs ispeaferalie 6b aiuibrévent grediy applivationsrommatcilloging sthatapslivadons onor t he

top leve] DVA to send all |, user input notification only to the DVA
Fur t her ,thePladems todeRei G 1sprdBPMni smis preferably provided to termnate the

dictation angy W{ﬂbﬁﬂﬂknﬂﬁe‘gﬁt%i(Qé?viEé’oantﬁﬁr%ﬁ:ati&ﬁ) cQH@rovdebOdi nment, a

user will specifically stop ation via GUJ 1 nput or ‘'vol e command. Wen
additional mechanisms to automatically determine the beginning and end of dictation. The

teachings herein would encompass the DMA and applications associated with this
embodiment.

Context Resolution Mechanisms

The DMAF further comprises a plurality of mechanism to provide context resolution.
Context resolution, which is preferably based on current state, history and focus, can be used
to disambiguate queries. For example, disambiguating an input of the form “open her mail”,
wherein the pronoun Aer refers to the last person the user was talking about, can be performed
by exploring the events in the various histories provided in the DMA and discovering that the
last name used was ‘“Mary”. If this association can be found, then the previously ambiguous
command open_mail(sender=her) becomes an unambiguous command
open_mail(sender=Mary). This unambiguous command may then be sent to the backend

application, or processed, without requiring further disambiguation dialog.
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the user termnates dictation, the DVA managi ng the dictation application
informs the top |evel DVA of such term nation, and then the top | evel DVA
will resune sending user input to all registered applications. Another
mechani sm Mé0 8300313t o di ctati on conpri ses a nethod to enswmaa/ad02205aM
application in a dictation node relinquishes input control when a user asks
to stop dictation. This is preferable so as to prevent greedy applications
from not al | olpgroasessef assppiptionn hpwener, aequines the pbility torintetpretran applicatios e r

i nput. | B eaBRtoe" 'ﬁ;ﬁp f.or ervice or_ other application)
can pr owﬂge E{%i {tl?sg%gf& mch%wn%%?f:fg[‘%&’éﬁ?%?sﬁpfv ﬁ@é?‘ﬂller@“ gﬁé‘hﬁﬂgi nni ng
and end tie DMAttabe powerfillenoughao ldb sartei@ésoiutionoul d enconpass the DVA and
applications gssocjatedq with this, K epbodinent. Content Resol ution

Mechani sms  ThE® PHOKISesHch ¢pnpext Essolutiansncionplity the DMAF prewideamarioust o pr ovi de
cont ext | : ti | | on
current TemaLs e impaRk] by EOMAT O miBoE e YA DMRIGs P ror
exanpl e, thaiDMA1e gwintain gndimanageapplisatiothinfdrmation inpariodstiistories, ind pradide ei n t he

ronoun . o.the | ast Lson the user . tal king about, can be
Ber f or rreir]b?ilfé%el)% %‘tr’ll’e gact%ﬁsg%é%cﬁ?‘é&?rﬁs‘t Bﬂ°@5¥r’?’?}ﬁ€£ﬁ‘?‘§‘?ﬁﬁ”q‘gg’e seibted in the
DVA and niechanigms negsdafpdo enbire tHaea kiveiRaFplidem mGffies\a¥cesses bvdni that

association c n}ot-)tﬁ found, then the previous|y anmbi guous command
open_nai 'feg’é%?faé -the given applicationand maintain goptaiverintegrityd Accordingly the user or

open_nmai 'dedds ThlesS: LGSHPH ent _to the
bgckénd ih{ggp f|3§at | or‘ﬁe 8?‘ %@%@@h W tﬁ'&éﬁ@%ﬂ%@?ﬂ?ﬂ%ﬁ?ﬁ‘m and’

di sanbi ginftrmatiordthall shguld-bk 3hatedl 6y BB sP&i MGpPliGHIdhS OMbthoddédh beruesres Of
associ ati0 however, requires the agbility to inferpret an application's
"t o mat KA fichiifend, prlitAydpriviiG feRlisption G & Slren infermakien SEINERERPE. as
possi bl etypdatd thebectbityshdridg poli¥y fhet sH6uIB BLEfifisth a‘é&%ﬂgla/to do cont ext

resolution. To provide such cont'ext resolution functi®nality, the DVAF
provi des var iAngther methogddrovides ong oemorgsioatextatesalvérprato@ié\for Creappidationl

I mpl ene . .0l nt ai n d manage application
I nfor ma'?llg @Mcéﬂgﬁt (%éé\l ‘%JI' ést?a\({)\%l eesé%lﬁgw%p‘il%\l}fsag m e&” ?@’gfeﬁfn"@@v@ﬁ%ﬁé{r S
access tof tharmbthbd aded) the sesuling DMAF i@wiilsifl the RIS bthis IRvénBioh/Agdath these
mechani snms_necessary to .ensure that a _given application nodifies or

access esm@'_b can p provided I%é(%nlwthﬁ appligatiog; d¢éﬁgmpr by ethenapplieationsi nt ai n
cont ai nefpely RLESIES be/consiaeRl b PAtt ¥r thl BMIE GF ex¥mal to the DMA. The application

developer may use any one of the methods provided by the DMAF or implement his own.

DMA Architecture

The present invention provides a mechanism to allow DMA instances to communicate
with one another. Indeed, in a preferred embodiment, to provide arbitration across multiple
applications and within the same application between various sub-dialogs, a hierarchical
DMA architecture is preferably implemented.

Depending on the security settings of the loaded application, different applications
may or may not be able to exchange information (context, or user input or user input etc...)
between their respective aDMAs. When applications can not share information (e.g., because
they are provided by different providers and involve sensitive information), in extreme cases,
it may be required to restrict arbitration to friend applications. To switch from a state wherein
the focus is on one cluster of friend applications to another cluster would require an explicit
command to the platform to perform such a switch. Past context may be lost. This is similar
to the mechanism used for dictation as discussed below.
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application devel oper can specify information that can be shared with other
applications and information that should be shared only with specific
applications. Methods can be used to identify such friend, public and
private appV0@IeW3I for a gi ven informati on or infornati orPCVYSO2em&l t he
security or sharing policy that should be utilized accordingly. Another

nmet hod provi des one or nore context-resolver protocols for the application.
Preferred conRefetringdio tpdiig. i a bloekitiagrawi illustrates athéeratchical DA strnctdmtthatl

However , I e esultin W t hin
the teac hsl n§m?%%&§y i P\%\I{ {‘Egﬂ%&gggﬂ g’i‘ﬁ%‘&’é‘*@éﬂfd&%ﬁ&&ﬂ ‘B’émﬁrr tﬂﬂ”&ed by
CVM by tinbodimpht] waipl-levelmmwmemﬁé aﬂbmatﬁsfbeﬁve%ﬂﬂ:ghﬁ%\%gﬂﬁpphcﬁ%ﬁy 3fan al so
be consi deil:&;j as {?.“%L the DVA or external to he application

devel opef® en the GYM Pﬂ?éﬁoﬁﬁdétﬂi"&ypb@mﬁbmsm iDrefetredrtoi npl enment

h s, { t

l Tow DV ?E?@é%%ﬁmﬁﬁﬁé CRORED. ol SBBAord O By A R e | ©

pr ef er r eibsenésonfiarBMA, totmanpgeits maindidbog. rRor imstnes; apysiivation 31 ¢rbdes #DMA cat i ons
d th th b b-di al hi er ar chi cal

P ar crirpebet i BeRfalinf T4 pipsies s DYFE otsite F miven b insnces daand By -

set t i ngsar@ichildien bOthe fsp-ledl DM Alinstince 90.1 ADMALin@RRk icfedtel 2% palfidilfe” MY not
be able to_exchange information (cont ext, or user input or user I nput

etc...) anplicstions fofared t?égﬁ@@suaneanpﬂ)mnwénnamm orffaDMA."cEhe not share

|nformat € I.fferent providers and
i nvol ve sgﬁg Iag%rclln orma%m&?ﬁ*lgs aﬁ?’%éﬁ%ﬁ?@é"gdt‘? CIeRly ng INSANGES o t o
restri ct(eay,bvithiman apphk:mdﬂ's subdliglgy) lof & give® ADMAI OF i \thstflde, He@ADMAL at e wherein
the focus is on ster of friend applications to anot her cluster woul d

requi re WHAREEH 5&5“?358 3rage goneratndte mansgersyb dialagss Thesa@PMA swi t ch. Past

SS”B?EEUZ‘E%‘&& 3 836 43 eilorin Pk 1BMA e FoRBBORE R ARG ob it W (o i g

3, a bl capplickitmgi3dm i | | ustrates a hierarchical DVA structure that is

I mpl enent ed t he F.ac d enpodi nent . of  the present

i nventi on. bﬁ{“ﬁﬂ 18 ¥ p\/ﬁb@&r"ﬁgﬂ 561&"%@'{5“?%\’;5? it prbitrates amongpll r at es

bet ween néwaéiwua{ rP{he 14/rh OThe a3M I d on the
%p ofid in 0 e Aarﬁﬂ'la?% g HE} tgﬁéﬁ%&&

CWM pl atform A top-|evel instance Is re as a "root
DVA i nstapplieatiopis wlnidmfthqzmﬁAaM subsequent aDM Asrrlead] for arapplication| east one

cr ot o5 SOtRI b SERAIONCh SuifBiil B PP aloR, o s a i | nst ance 4.
These DMA i nS][mcaﬁe didlog nthnagement services, an application must register with the rDMA

30 to obtain an aDMA handle. Preferably, registration occurs when the application is

launched. The rDMA 30 in the architecture of Fig. 3 provides a plurality of services. For

instance, the rDMA 30 maintains a list of all registered aDMAs and tracks which of the

registered aDMAs is active. An active aDMA is an aDMA that is currently “in-focus.” In

one embodiment, there is at most one active aDMA per dialog turn. In another embodiment

wherein the DMAF supports multiple actions for one user input, there may be more than one

active DMA per dialog turn.

Further, the rDMA 30 associates I/O notification events with user inputs and tracks
them in history. The rtDMA 30 tracks focus changes and tracks events that are pushed into
history by children. Preferably, events are pushed by aDMAs as part of regular bookkeeping,
In addition, the tDMA 30 pulls children for events stored in their history if requested by a
particular child. For example in cases of disambiguation, a child aDMA may ask its parent
(the rDMA in this case) to pull its children for some information that may be used in
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are children of the top-level DVA instance 30. A DVA instance created for a
particular application is referred to herein as an "application DVA

i nstance"” or "aDVA." The hierarchical architecture depicted in Fig. 3 can
be further vaxpsosiwd to create new i nstances (e.g., w thi ®CEAUSo@siocati on' s
sub dialog) of a given aDVA. For instance, new aDVMA instances 35 and 36 of
aDVA 33 are generated to nmanage sub dial ogs. These aDVA instances 35 and
36 are cfisambiguation. Dependimdpn 8@ sedvaity setiinggses by bachrofithe childfengappficdtiofs or

appl i catj on. Th in Fig . 3 he rDMA.30 is at the top of the tree and
" ar by 1 BRa0w, eI oy et B i o oboe Preh i BimasdB. DhieRsinkrorites aowe
managi ngeahbe provided di imktalativh o2 dghansitallyaReive Sithitiae. iThest srbhdrilesan bbset” DVA.

Al'l subsequent aDMAs created for an application becone descendants of the
ADVA, o BERER e RMAR infedfics v carh convematanakamalieions Nisoeappbcstioncos, an
appl i catg : | ] 5‘}?"’5 L0 aDVA handl e.

Pref er abrlbe,ges;gggt?nsgt: r@:gj[llﬁgtz’éi%u\g'g&rpgﬂ enQi}ﬁgr °§%B+ ﬁ%eg?{e ghcﬂ‘ngéﬂ | aunched. The r DVA
30 in the ardfdniousinformation f5ieychadget etwebashexDM Arand aDMAY, Sugh Wifésatiofror

i nstance, .the t DVA 3 .. nt ai ns list Qf all regjstered aDVAs_and tracks

whi ch of'h?lﬂ‘ges’ ﬁr"éiff“glpg"r:gﬁ *'thélw@ Q&Sﬁ-‘*\'@? femteaeﬁms WIHEDMA G VOo\VA that i s

cur r ent |potifitdlion@9etiis thal die séit & REBRFIAITBOMAS; (Hi§ i@-é{cﬁﬁﬁ%ﬂw fecOlVE BiFthé Ve aDVA
in the

urn. I n anot her enbodi nent where support’s multiple

per dialog t | g s
actions rpgﬂ‘@'ﬁé‘ alkigs childrentaDMAg focarbirgte igmong the DS tordscida swhioheof A per

dialog t . S0 . y 0..not4f i cation ents with
user i npathAsaﬁgﬁj{T ?’gt!ykaghb?ﬂ‘%ﬁéﬁ%@?%rgﬁﬁ géﬂ]?@ %‘B&ﬂ"%‘l’mmﬁﬁs“ hanges
and tr acnhsandmmmgadtimb t(amad ia ppta%lbledotiﬁe?ﬁwons hlfnafs mrsﬁnthz EthWeQDNIL&‘ﬁ @Lﬂg_t ably,
events are pus aDMAs as part _of regul ar, bookkeepi ng. n addition,
the r Dwf%aﬁa&? §°‘E‘ﬁ'ﬂaﬂf’%ﬂf erg)‘éﬂ)’efm“:? chinges Vi) reaupsts for thediextRrompt 9request ed
by a p VA i 5 ; DOMAD iyl m Qﬁ‘;ﬁﬁrh' hil d
aDVA na?ﬁ?sk iﬂmg?r%%thﬂﬁ%?he rﬁﬁfﬁﬁgggziﬁﬁo pul'l |tsﬂ?:?§'?§fen for
some i nfgeneratian) anging:so asdg construetacprompt; ant (Wi) polindddnHeHinGBOARG0510

di sanbi ' . ndi ng on the security settings set by each of the
chil dre%’?@%dp%{l?ec}rgﬁﬁgﬂgs'or sub-di al og, the rDVA may accept or refuse to

provi de such Wiinah¢' DM Axare digtribatedyithe hbove @ifoimitdion cambe Sftrypiedy iBéeshsat
installation or dynam cally evolve with time. These properties can be set

t hr ough Seefeinfoumption ag be yew/ sensitives #dvpassihlpdhat the RMA cligpiranaat batmstodhen t he
appl i Catmgfgrgn{s%mﬁécﬁmrmde%raharsgsttmfs RS Folidstllcd QTR diboatdiy lahe  user

are requi
mechanism can be provided to specify friend applications that can exchange information and

unfriendly applications that can not exchange information. Friend applications could be
developed by a same provider. One mechanism for specifying friendly application comprises
certification by digital certificate or other certification mechanisms. This implies that while
dialog management can be performed within the application, arbitration across applications is
limited to the friend applications. As noted above, a switch to another group of friend
applications preferably requires an explicit command by the user. For instance, this is a
command that the user address explicitly (such as “switch to...”) or implicitly (such as
clicking on other window) to CVM. The notion of what is and what is not a friend
application can rely on multiple criterion that can be static or dynamic (e.g., a function of the
current application , application state or other external considerations, including user
preferences).

Another solution is to use “sealed” aDMA code that can certify its integrity, and
exchange encrypted information with its children and parents. The term “sealed” means that it
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Various information is exchanged between the rDVA and aDMAs. Such

I nformation includes, for exanple: (i) information to register/de register
aDMAs with rDVA (ii) I/0O notification events that are sent to registered
aDMVAs; (i1 iWOooy3tsori ng query received by the rDVA fromPgdTVUSoz/205ehi | dr en
aDMAs to arbitrate anong the aDMAs to deci de which of the aDWVAs is
currently active; (iv) notification that is sent to an active aDVA to
proceed degsaot reveah thisiinforMatiomtvsthe vutside (hroughiany plitsintetface ddtehérys@id ons t hat

are sent,to.,nop-agti,ve, abVAs. t o not roceed): confirmation of context
or fzcuslogﬁyngﬁgs’, SF‘J??I\F/; 9PRINGEL {S@p&&abpﬁ@eﬁgﬁdﬂ o rgs all th?énthllBR#?t@an ask
its chil diakg nfdabE¥ndn® inddontexPiiafizeinentfteRBIN (g{eeexﬁanwz&pw@&tmp gg,ech guage

;. an Vi pu

generation) engine so as to construct a pronp ng children
for i nfofhiayibdoes spthave to be pasesdsto egutsidees. When the DMAs are distri but ed,

t he above i nf ' u Sy [ rmati.on can be
very sensiti vtg Esqlﬁf% ?@%@%&? &ag&ﬁ%%/f? h‘[%ﬁrés Wc&'ﬁ’éﬁm e&n We‘ﬁésql'f‘tﬂg’tléd.
Di f f er enimplerherttéd; itshauld be endersivoditaat thorealtinigsBDMA fsia.ﬁtiéi§étbt!3by fheudréhtt ance, in

one enbodi nent, a nmechanismcan be provided to specity friend applications
t hat can‘“@%]‘?&nge informati on and wunfriendly applications that can not

exchange i nf OrfEBDMA préférably Pedbrnls M&Lt%ﬁ@%g :tﬂ', ﬂ?@rapgleo\f‘ibmsdu&%raa Sane

provi der. One mechanism fof "specifying y "appl catiron conpri ses
certifi ceatioonumgpproaght Mithotbistapprioaelt, potificatiomef a wser inpiit is passehfror ¢eani sns.

This i ' h whi | e Lal o nagenent can, be performed within the
appl i Cg}[) ‘%ﬂgﬁi té?%:hﬁﬂftfrgﬂ f@mg@‘ &H‘ﬂdgﬁr@mgs{'tge “’TGFFHPPE@ asgociated i end
appl i cat ¢roMdeen. A inERE titINEency of Wid sprdadh, A PRhtieE mEEAHRMAS plefdrsyly

appl i catlon,spcgref erably requires an explicit comrand by thg user-. For

i nst anceProyided; Inong embedimentsl usen input ispassedio allrdgistercdaPMAsthet havé beenh as

"switch ) s Of ol wilo whk] CKI on,ot her w,ndow).to CVM
The not i%cﬁvggl.e“ﬁ;’l{ocllisg? (gr%gé éé“suatl ?dsﬂ%r}g % P’gl s@ﬁﬁ%gﬁ%l? %%%%‘n%&ﬂ on

nul ti pl etrainéd; eptimined dretieuristic thethed @tatic opdyndiniv) Ghrebd sed withautfdhﬂféliljg%e of the
current lication , plication state or other external considerations,

i ncl udi n%gFMteﬁP’é? n pRReipiceIn e followsing discyssiopgbisagmimed that aphv code

that can,ggihd isfperfolnted o tBSalltr¥eistared aDMMGNRRL (o] d information with
its chi r%r enéasnﬁc? parents. 'Igher %lser m " seal rehg" %gﬁssyﬁ%ﬁe it -15 WD 03/003193
PCT/ US02/ 205 Hurtherswre, deunisties, aleterrhingstic of statistit algorithmstfiweprovitdingadebitrdtionugh any

of its interta nd crypts.it. .lacally. .This. "seal ed" roach is
applic ab?%”ﬁﬁ%%ﬁ ﬁlé‘g% : pﬁﬁf’otp?rﬁrbgfaﬁo’? ﬁgﬁ?(?g,lﬁsélf "p‘h@?@fqaﬁ}ﬁ !038&0‘&‘ franagenent
and cont feathewdib fdfitalzed! Préfeiably] deveBBES tHambtall tH'C AP B insthil MRirHR&C! TiC) .
arbitration strategies. Again it is possible that the arbitration algorithm be provided by the
platform, CVM services or external applications. They can be generic or specific to the

loaded applications. They can be considered as part of the DMA or external to it.

Fig. 4 is a block diagram of an exemplary method for providing dialog management
and arbitration. More specifically, Fig. 4 illustrates the creation of three applications: (i) a
calendar application 40; a mutual fund application 41 and an airline reservation system
application 42. All of the applications 40, 41 and 42 are managed by a rDMA 43. For the
mutual fund application 41, one aDMA 44 is generated to manage the main dialog and two
aDMAs are instantiated from the aDMA 44 to handle the user access sub-dialog and the
mutual fund transaction sub-dialogs, i.e., the sub-dialog aDMA 45 to handle user access
and the sub-dialog aDMA 46 to handle mutual fund transactions. Further, the Transaction
dialog is further subdivided such that a Sell transaction and a Buy transaction are handled,
respectively, by two different alDMAs 47 and 48. More specifically, the sub-dialog under the
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so that it does not have to be passed to the outside. It is to be

appreci ated that other solutions may be inplenented. \Watever solution is
i npl emented, it should be understood that the resulting DVA is antici pated
by the cur W@03/063denti on. The r DVA preferably perforns am@miusar/2em anong
the plurality of aDVMAs using a bottomup approach. Wth this approach,
notification of a user input is passed fromthe rDVA to each registered
aDMA chi transactjon dialogtothandle sellingsoftrmatual fendsiismpanagedbpaldMA 47 &d thehi | dren. To

I ncrease | C] f..thi.s, appLo a pr.unin chanismjs preferably
provi deds.utblﬂﬁalg%éﬁ%@g‘yzﬂgﬁﬁﬁ]ﬂ%@ﬁ&hﬁﬁuyﬁg Ma?gg“é? IS ‘P%gi‘i@'r ed aDMAs

t hat havaDMaet6. active (i.e. in-focus) for the past "i" turns where "i" is
sonme definable nunber. Any pruning .trained, optimzed or heuristic method

(static or dy¥grepysr mdhe exemplacycmpediment of Higndi both the calemian applisation4) ur e and
execut i §:0E1 o : | ' ' ela sl at no
pruni ngoeinlél F&E)rg??gerﬁénrggnosn O@P {!u%tﬁoélq? k‘@é\%clﬁg%lg F%@M%%u%ﬁ@iagﬁﬂ 8@ |th I ed.
Fur t her nandle theemainsijdlog assahidted with thetdorrespondihgappdicational gori t hns f or

provi di ng arw are preferably pluggable. Thus, the arbitration
strategies a WEPISy | oaded when the framework is initialized.

Preferably, de¢gbii@ng disbiaskioh isdirdcted td'srefeffed 6atipdrefils A thel IMEYA! thatWre

arbitration strategies. Again it is possible that the arbitration algorithm
be pr oviWdigedior praviding beokkespingrsemicssr FigeRis agliagsam dllustrptingpreferad | ons.  They

can be | " | ' A e

consi de?cg) gis‘&ggﬁﬁ% th(g'ﬁ wﬁl@&%ﬁ?‘ﬁ@ﬁy@* %&EHJ%%% a;&;o?éng?d;%ﬁ di agram
of an exemmhuidiment ofth peeséminyention. dhothet erabatiments afhepresent andntidr) tHeseat i on.
More specifically, Fig. i1 lustra the creation of three applications:
(i) a cCoMmpsnchts éﬁ&eiegalﬂéﬁiprﬁezn%&eﬁﬁﬁfféﬁntlmeﬁas T COMNABANtI 4Nty an airline
reser vatij | | t mki h@ﬁﬁ , 41 and 42
are mnégggd%&gﬁ@mq"%%ﬂ?ﬁ%sﬁ%am u% app |d§)§%°| n Ef%o one aDMVA 44
i s generragistthtion tabie@lywhich enapa registired childrendDMAs withh#seciated applcationsitited fr om
the a 4 handl e t he u cess.sub-dial o d e .mutual fund

tr ansactﬁ'%#&@ﬁ-a&? rYeE, a@ﬂA ?ﬁgmglfﬂff‘?j? %ﬁa%&ﬁﬁﬁég%t I‘Fdﬁ{}\z@l ®ser access
and the astidh @im&n&@m&%m%mwmogmﬂa&e &mﬂ%tmrﬂgm b@R&therur t her, the

Transaction dialog is further subdivided such that a Sell transaction and
a Buy t regmpsses afacushistory d|thay stores seqodstal getive aDMAs theougheytargiven sapdigns 47 and

48. Morg; | £4 lrX, ot - - 3
PCT/ USo3 BT Nk 65 BT doRlsHbitp 47 el Bfres Kook of i ihidien | ¢
managed abMADMeouphoatradgiténsession.

In addition, the aDMA 65 comprises a transaction history that provides an application

developer a container in which they can store completed transactions. These completed
transactions may group various tasks that share some semantic meaning. It is to be
understood that in a preferred embodiment, the information that is stored in the transaction
history 68 is entirely at the discretion of the application developer. This transaction history
68 can be used by applications to, e.g., code “undo” , “repeat”, memorize, summarize,
actions. For example, to code an “undo’ operation, an application may use the transaction
history to record all the steps taken to achieve a certain transaction. When a user wants to
“undo” his last transaction, the application may take the list of tasks it has recorded for that
transaction and undo each one in reverse order, thus reinstating the application state as it was
before the user accomplished the transaction.

Further, the rDMA 60 comprises a short term history store 63 which maintains
information such as (i) I/O Notification Events, (ii) which aDMA(s) receive I/O notification
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sub-di al og under the transaction dialog to handl e buying of nutual funds is
managed by aDMA 46. Moreover, in the exenplary enbodi nent of Fig. 4, both
t he cal endar application 40 and airline reservation application 42
respecti vewo gpaesmat e one aDVA i nstance 48 and 50 to han@CE/USHL08H N

di al og associated with the correspondi ng application. DVA Conponents The
follow ng discussion is directed to preferred conponents of the DMA that
are uti(agardt isassupred that alh eegisterbdadMAS avill eeceive et /O hétifidatibseventdi agr am

il lustrating preferred pnponents of an rDVA and aDVA that are enpl oyed
for " sucrAIEREbEaacte et RO ohueh utizss GcrvARG meshapin, prlysaHbsel SRIBM | on I
ot her errggidierBaRDMAS wil'§et BieGiofifitationy Which Qibset!caf BE detaHTRQ ¥y NomeCaN b€

excl uded %r conbi ned di%‘erently, and/ or ot?ler con%onents canebe

i nt r oducheyrigtics Frained, seteauinistig or statistieal wptipizationdlgerithmDate:;, in Alre hebiitics@se,

conpri sesga: ' | | istered..chil.dr DMVAs

W th ascbidtisiRlaRich Bttt BPuMRL Ll RV RS gD i AMAS

conpr i sesceivedego aheadtand exdcateltsk fotifivation @.el wihai is € durentaRtReADNA ) ()| dr en
aDMAs with the sub- dﬁ%lfiogm hgiy gbmervj ng. The rDVA 60 further conprises
a focus TR Frapess Rotijication any which senbit, (14 [agledeseaipior sont BYgHIMAL gi ven
sessi on. | daM Féﬁeam aél&l% ?&ﬁ.% : EFﬁgd ores
records %?énactlv%gg 'l dren %5 t érrl ughgﬁlpﬁg&éi%egﬁ%@é?tggeﬁ n a%dition,
t he aD\V¥a gigenctaski(seeslddT in aDMAYRcCt i on hi story that provides an application
devel oper a c¢ontaiper .in which th can store p£onpl eted transactions. These
conpl et ed tf@ﬁé@ﬁ‘iﬁ83§°m9“5ﬁ8fi‘ﬁ%§?%&§y§‘8&@ tﬁﬁéﬁ)t%tée E6RE semantic
neani ng. gehéraed féra pagticulid dQteSih ARHiAIBAL Such eRer?s &nRprisedi)HARARHRItont he
information that is stored in the transaction history 68 is entirely at

t he di scavents:gi) Teek mapageppetificationeyents: Gil)Wel results or whateveraesulimcomest ory 68
can be hCaLy . nlt 1< o haITENMDI i ZE,
armar | S0k 65 BRI ) BB al P Gonfht redlfifon (HIE el T RHS by T

app! i catapplicatiny --the agiptieationawidladbtaimaccessits therhHT, S THe forus history srfdstost eps t aken
to achieye a,certajn transaction. . Wen a user wants tﬁgo'i%?ndo" I s | ast

t r ansactdetfrmineyehatis the actyal gueny [his may resylt in ¢ ghangg toythe, cafjire/Valug or ded f or

that  trang ﬁﬁédd? BB 0TS ﬂﬁoﬁﬁ%ign AR cdsEibleRY HeADMA WabugH B ixgﬂlt“chﬁlﬁmt ating the

application state as it was fore the user acconplisShed the transaction.

Fur t her ,context objieat); 60 quenysentdack ta patent PMAe(can he parontyaDM A oe rBM Aviffi thisis
mai nt ai I_nf lon, such as (i) | LO Notificatj.on Events, (ii) which
aovn( o) eraDRy R Rl e feshonse 195 000 corpfiaigl “verts: (11 whie

The short term history is flushed when a call back function returns. A subset of what

is contained in the short term history is then placed in a descriptor and pushed onto the long
term history as described below.

The rDMA 60 further comprises a long term history 64 that stores Task descriptors of
inactive aDMAs. That is, when a dialog terminates, the task descriptors in the STH for a
particular aBDMA get moved over to the LTH. The aDMA 65 comprises a long term history
70 that stores the main events that lead to the execution of a task. Whereas the short term
history stores information at the level of each state in a dialog, the long term history would
store information at the level of the entire dialog. Therefore, when a task has been completed
and the dialog is in a new state, a subset of the events in the short term history will be pushed
onto the long term history. This subset of events can be grouped in a descriptor object, which
is then tagged with the I/O transaction ID and pushed onto long term history. The subset of
events comprise: (i) /O Input Notification Events; (ii) Query Object; and (iii) a callback
response.
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WO 03/ 003193 PCT/ US02/ 20510 (again, it is assuned that all registered aDVAs
wll receive the 1/0 notification events although in another enbodi nent
which utilizes a pruning nmechanism only a subset of the registered aDVAs
will get thOWR®#d3t43cati on, which subset can be determ ned HGI/ES02/R0510
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aDMVR) ) . aererdingyip ap smbegdimentf she;present inventions Mozg spegifically; thezmbotlimentofor es al |
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event s; qoimpirisesNLdonversational gpplication 86, anrapplicatibn PMA 8E, robEDKA 82 HENYI nes) ;
(iv) the resulé3 oLasgont ext aesol ut. i On’Elgxt hjs result |s passed by the
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change to the |ist of%eature val lljtg ?)ai rs aolnrea y ?i?l‘eﬂé. H|E§§)|anormation

i s acceslMgy &l and root DMANIR andirelated interfacapesiniprise therDMAFN Tha DMAK provides (V)

query sept. I ar I f this | t he
i n apnglyneEs HeBre oot boRfoshBh 5 bR S GAF Sompmnentt . B o

t erm hi s8598¢, 87andl88shed when a call back function returns. A subset of what
i s contained inI’fhe short_termhistory is then placed in a descriptor and

pushed onto ti& Qmanager33isithe€ AF yomponsatthatiinferfagss with alltnput andputp@ f ur t her
. . _ T . RS
conpri s Qﬁvfée% gﬂﬁb\%@ Wﬂ-lﬁ%lﬁﬁt\értﬁc% \@lnﬁﬂh% wﬁfg aisfx?(ﬂlgg& '33RE s?gp% I hact]ve

aDMAs. That 1Is, 0og term na scriptors.in the STH
for a pwtificationaverdOiothe EDMADR2-ahd presents ® uskrs theTdutpuf bequestd benb throughnkié ses a

| ong ter | SLO 70 t ores t In eyvents tha, |ead o the
executi di §g %&?P%’g?‘l\éﬁm@%ﬂg@tpﬁem %ﬁ?‘gﬁ’w ghons: @ eBdshat i on at
the | evaisexdhpt aelificdtioh @vérits @ thé ADNG; (1) YecdivB Buiphf MBtHCAAGH téqudRid!ffdbm MEOT €
information at the level of the entire dialog. Therefore, when a task has

been corfPMAi) regeives pekngwvigdgments fiom the HAMAswhanechildres ¢prsumedtiputiandevent s i n

the sh hi ' t i story. Thi
subset o) HERE EkfwiedimheniS JRIDMEA a8 Uutiud Roretila, i Hofd el 1, °
t agged WDMA pbiat df\Gew, the imeraction Wil the\DIOmimbge réfiires 4 Metholl &6 fecéiveimputy .  The

subset of _events conprise; (i) 1/0 Input Notification Events; (ii) Query
bj ect ; ngp,ﬁca(tliopicyergs g iggthed to send output generation requests. Preferred embodiments

and protocols for providing I/O management in accordance with the present invention are
described in further detail below.

Furthermore, the DMAF communicates with the Task Manager 84, which is the CAF
component that interfaces with the engines 88 (e.g., ASR, NL, etc.) via engine APIs. The
Task manager processes commands from the application DMA 81 to, e.g., initialize and
configure the engines 88, register threads, compose prompts, synthesize output, etc. The Task
manager 88 comprises two components - - a ThreadPool manager 85 and an Engine manager
86. The ThreadPool manager 85 is responsible for tracking threads created by the platform.
In the context of the DMAF, the ThreadPool manager 85 manages the main application thread
(associated with the application DMA 81) that is created when the application 80 is launched,
as well as all threads created when children aDMAs are created to manage sub-dialogs of the
application 80. The Engine Manager 86 acts as the primary interface with the engine APIs.
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response. -18 WO 03/003193 PCT/ US02/ 20510 DVAF Interaction with CAF
Conmponents The DMAF operates in conjunction with other conmponents of a CVM

Referring now to Fig. 6, a block diagramillustrates a system for
provi di ng AWOV¥BBH3I onal conputing according to an enbodiraviSozR051he
present invention. Mire specifically, the enbodinment of Fig. 6 illustrates

the interfaces between DVAF and ot her CAF conponents. The system conprises
a conver The Enging Manager 86edllahora@s with aResturceamanage M which i@arottes DVA 82, 1/ 0
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i nput and out put devices. ugh an' i nter
1/ 0 mananpsific@®nsyents fiomaARMAs(ii) $endimgienginesesuitsye gONLUfedtidhafid paify] pr esent s

t t tnr h th DVA 82. M i fi [y,
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110 nangggl?q’rlg%#?}gg@?e O%Fef o'r el%g#@éad?ﬁ%d?maﬁ%télgf’?%ﬁs@ﬂ %V%‘Pft s and a
met hod toveaesdhy theiCVIM corepraentsi on requests. Preferred enbodi nents and
protocol s for_providi.ng,110 mana nt i.n acgcordance, with the present

i nvention ar 8 ?iﬂqdﬁgﬂ"’?’w*%ﬂl dasediencodingsrhems iscmploysd by BIC@SDVAF

conmmuni GRdnager'84itH cﬁé!ﬁnééﬁﬁbn%’f@ﬁﬁfw&ﬁ tlkéé%lgﬁﬁi 13 %‘E{Iﬁf ﬁ‘@lﬁzg rfei%gpénig t that

interfaces wWith the engines 88 (e.g Pls. The

Task rr}arfeagmwopkoh‘ isgfés appreciated thaf 3 mefdrdeg Wh@dﬁg@&ﬁ%ﬁﬂ:ﬁe@ial&t of ,
initiali . configure the engi.nes . Iegister threads, conpose
pronpt s, 3{’1% éssefx? S}S’g"t t&?f“;‘bq%fhf.ag fign ?g'éfw ‘t??gﬁ'ﬂd’é#’%ﬁ‘%@ﬁﬂﬁy%@m%
conponemfesessary. Havig BRd ARAgBHENt fhhm Motk A1d R e
Thr eadPool smlaggr %5 i?n‘?éergponsi blte for tracki ggb{]%nggﬂggég%%@gﬁm&g t he

pl at f or #0 XM stream alsoymakes this apchiseavumputomgticaliy disiritratable, wheeeiethe Staloganages
the mai gy aRpn énfirhRBwbik 28 Ingines view one another as the producer/consumer of an

XML-encoded stream. Control exchanges can be exchanged in XML-encoding (e.g. an XML

protocol such as SOAP), possibly sometimes synchronized with incoming or outgoing audio
or multimedia streams using the mechanisms described, for example, in International
Application No. PCT/US99/22925, filed on October 1, 1999, entitled “System and Method
For Providing Network Coordinated Conversational Services, ", as well as the mechanisms
described in U.S. Application Serial No. 09/703,574, filed on November 1, 2000, entitled
“Conversational Networking Via Transport, Coding and Control Conversational Protocols”,
both of which are commonly assigned and incorporated herein by reference, U.S. Serial No.
09/703,574 describes a novel real time streaming protocol (which is an extension of RTP
(real time protocol)) that provides for real time exchange of, e.g., control information between

distributed devices/applications.

-20-



(associated with the application DVA 81) that is created when the
application 80 is launched, as well as all threads cl eated when children
aDMAs are created to nanage sub-dial ogs of the application 80. The Engine
Manager 86 VWOO¥0MEI3t he prinmary interface with the engi ne ARTAUS2/26510\D

03/ 003193 PCT/ US02/ 20510 The Engi ne Manager 86 coll aborates with a Resource
manager 87, which is another conponent of CVM Although the Resource
manager 87 nafMybintedfuces HBth Conversatianalvdpplieatiop) atform in a preferred
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i nformati on between the engines 88 and the dial og managenent framework. It
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of an REeed % d . i .

3341 encump Ropeid S iffpreldd Brbign HEH ARAERI Ry IpdX GAUNGroaRL i
synchr onapplicatians ontp €36¥heitherdocally bymotely Udiaddition, theiCViMishell providesanws usi ng
t he nechani sns,described, for ex le, in |Ipnternational oplication No.
PCT/ US9 dﬁ%ﬁ@%}‘g‘ﬁﬁf’% agserap {‘Bbaé’PﬁéE?m&%@b‘?'e Bﬁffg't“i‘ ¥ wwémgﬁ?&ﬂ eedAbd  For
Provi di ngidi¥péeoR cémmandsli nat ed Conversational Services, ", as well as the

mechani sms  described in U S Application Serial No. 09/703,574, filed on
Novenber 1, Zwghermone,itke ©¥Mshelbenmprisas 4 pincelityNefimeshdds tajinstaatiate anspor t

Codi ng ti Pr ot.ocol s” bot h .of whi re. comonly
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RTP . .
factory of classes are provided to create instances of all these classes.

The CVMshell provides functions such as instantiating a shell property class and
populating it with all resources of the shell, data files and algorithm string. Further, the
CVMshell creates a command registry. The command registry table is empty when no
applications are installed on CVM, but the command registry is eventually populated by the
list of commands to launch a given application, as well as the corresponding entry points to
the application. Further, the CVMshell creates a new aDMA object and sends the property
class of the shell to its constructor (which will add the aBDMA and task Manager as listeners
on that class).

When the CVMShell initializes, all the objects will be instantiated. The CVMShell
further comprises static methods that return handles to these objects.

The “Install Interface” provided by the CVMshell is an interface that allows an
application developer to install applications on the platform. The install interface preferably
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(real tinme protocol)) that provides for real tinme exchange of, e.g.,

control information between distributed devices/applications. -20 WO

03/ 003193 PCT/ US02/ 20510 DVA Interfaces Wth Conversational Application The
fol l owi ng WOAHBIBn descri bes various interfaces that theP@EEB2RFOSES tO
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dat a fiI%s and algorithmstring. Further, the "CVMs creates a comand
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I nstall DATA | | syeventual |y popul ated by the
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cl ass). the DMA) that comprise the callback functions and the associated queries; (iii) specifying
dialog state exit condition(s) (which are used in the DMA); (iv) storing and retrieving

3

transaction records in the DMA (again, these records may help in undo, repeat or
summarization actions (if supported by application), and the grouping of events that form
each transaction is at the discretion of the application developer); and (v) accessing DMAs
histories to help in context resolution.

In addition, the conversational applications implement a plurality of methods that
allow interaction with the DMAF. In a preferred embodiment, the DMAF expects the
application developers to implement, at a minimum, one or more methods so that the DMAF
can communicate with the application. For example, in one embodiment, conversational
applications implement appropriate methods to perform context resolution. In such an
embodiment, the DMAF does not impose any specific protocol for context resolution, but the
DMAF does impose the arguments to the method and the return type. For example, in a
preferred embodiment, a contextResolver method accepts an NLResult object and returns a
Query object.
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When the CVMshell initializes, all the objects will be instantiated. The
CvMshel | further conprises static nethods that return handles to these
objects. The "Install Interface" provided by the C/Mshell is an interface

t hat al | ondv@es/00at9pl i cati on devel oper to install appli cat PCRAISE20610e
platform The install interface preferably -21 WD 03/003193 PCT/ US02/ 20510
provi des nmethods for: (i) specifying an application nane and a cl ass that
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- Query Class: stores the results of context resolution.

- Query Hashtable Class: A hashtable in which queries are inserted. Thisis a
hashtable keyed by the DMAs. To each DMA (key) is associated the query (value) that
resulted from context resolution. This hashtable represents the result queue of the DMAs.

- Short Term History (STH) Class: Creates a stack in which events pertaining to a
single user inputs are stored.

- Long Term History (LTH) Class: Creates a stack in which events pertaining to a
particular task are stored.

- Transaction History (TRH) Class: Creates a stack in which transaction objects are
stored. These objects group events at a semantic level defined by the application developer.

- Focus History (FH) Class: Creates a stack in which the current focus is tracked.

Figs. 7A-7D comprise a flow diagram that illustrates a method for providing dialog

management and arbitration in accordance with one aspect of the present invention. In
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can communi cate with the application. For exanple, in one enbodi nent,
conversational applications inplenent appropriate nethods to perform
context resolution. In such an enbodi nent, the DVAF does not inpose any
speci fic pwooaxzm®Bi9Bor context resolution, but the DVAF d®€I/USAPWISE t he
argunents to the nethod and the return type. For exanple, in a preferred
enbodi nent, a context Resol ver net hod accepts an NLResult object and returns
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the IDMA. As explained above, a dialog manager and arbitrator architecture can support

multiple applications. Thus, the following discussion assumes that one or more applications
are active.

Once an application is initialized, the system will wait for a user input event, e.g.,
voice command or mouse click (step 103). When a user input event is received (affirmative
result in step 103), the /O manager will send a corresponding user input notification event to
the rDMA (step 104). The rDMA will then retrieve the input notification event from its input
queue (step 105). If the “exit” condition of a given application has not been met (negative
determination in step 106) and if the input notification event is not an “END_OF_INPUT”
event (negative determination in step 107), the rDMA will store the input notification event in
its STH (short term history) (step 108) and then insert the input notification event into the
input queue of all registered children (109). In other words, in one embodiment, the -DMA
will send the input notification event to each main aDMA that is registered with the IDMA.
Using a top-down approach, each main aDMA will then insert the input notification event
into the input queue of its descendant aDMA instances, if any, and this process is repeated
down the hierarchical tree until all of the aDMA instance have received the input notification
event (step 110).
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single user inputs are stored. - Long TermH story (LTH) C ass: Creates a
stack in which events pertaining to a particular task are stored. -
Transaction H story (TRH) Cass: Creates a stack in which transaction
objects aravoeyms®d. These objects group events at a semamrcirwsbhzwsio defi ned
by the application devel oper. - Focus H story (FH Cass: Creates a stack

I n which the current focus is tracked. Figs. 7A-7D conprise a flow diagram
that ill ustr dtissobe umderstabdfthat othepiettiodgmay bé érfiployedta Ganignit thaligbuar bi trati on

in accordance.w th one aspect _of tgﬁ‘?gdresent invention. In -23 WO 03/003193
PCT/ USO 3tipn, SYents Aspn the treq: Alndesd; 29 noled-aboye, baeauss tharBMA nf or mat i on

W thin thierelaMly thiks GRRAOE BiRegified ADMANERREH friniHg fletodMidy nePaSSES 11
t hrough t he various conponents tor processing, and Pretorne synbolic

r epr eseremployed wifereim thewserrihput ispiasset! to only Hosayegisterat dADMAs THae hdvelbeenni ng

al gorithm.further describes how the ages the out.put.response of the
cal | bac |?le"[,{18{ ﬁ)&lﬁs?g}ﬁ@é’“’t‘ﬁgr@ﬁﬁ P@B%ﬁgﬁ@ggv% ?wea'&ﬁﬁ‘i/maﬁe 18Yt he DMA.
Ref erri rgavision otifer pidecols¥for Paseing thestr inpud t61#eRisfepe AHMARS € conver sat i onal
applications' _using the appropriate comand via, e.q., speech or GJ (step

100) . Wen anRefspingaiewiteFig. B, each abitA wilbsead the inputaotifination guenttectbs wi | | be
ed oLl iy re t
SOV | oy Mefifgch BRY bISBK 1i¥RouEhyifinditaion SbnorHNGH Qs RARK asuandil®) °00

appl i catuntiha tesporme isgreceived fomthe culrenk nofifvataceven(stepil i ). tThe TagipMataget on.
Further, .depending on the manner.jn which an application is progranmed,
other - a X T et BEssagh Lol et (ke AoRFGoD FRABROR freblh NEEPOAL N e
creat ed cash ADMAIROR Which the Pask MargertBitiveadhd der Mt no'ﬁﬁ%tﬁ%%e?ﬁ"(& the rDVA
to obtain an aDVA handle for the aDVA instances created by the application

(step 101%). Hneemranmessageris eeturaed(affirpuativef result inistegild 3)s thectrron ®ill\se hantlledh

. Saing e ! o _
from 1 nctbpdty G 174, BB Ashile, fn oo REfas in terllp S saRARET IR Mandeir ' °°°
ar chi t echeaBMAawilbivfipmrthe applicationl of tieplor. GXorddds be hbsigned diterém séveyitiow

di scussi on assunes that one or nore applications are active. Once an
appl i catang the aDNLAim3ys depeading op thesovarityndagide toignare theerrar, inform theput  event ,

e.g., LGB | ) < ' event is
r egei ve&ﬁkgdf%%lls‘?gn};@?\gkgw r esui t 0|S:1r%6 g%‘éﬁ%‘é‘%“?%’e“%ﬁn%ﬁ?g’g?’ %‘W‘; send a
cor r es peentrityyifhigh; then pxit theapplidation. i The applieation may alseproidddnieshanisnisGd) . The

rDVA wi Ll then retrieye the.input . notifjigcation event, fromits input
han&le The error of ré yonp atform Services t(é{/'l\'ﬁ or other appﬁcatlons tornanéle the error

and offer an error recovery mechanism or an error handling dialog. These may be application

specific or generic.

On the other hand, if a result set is returned (negative result in step 113), each aDMA
will store the result in its corresponding STH (step 115). This result set comprises a symbolic
representation of the user’s intent which is generated by the engines. Each aDMA will send
the results to its corresponding application for context resolution and block the transfer of
subsequent results to the application until a query is returned for the current result set (step
116).

An application will perform context resolution on the result received by the associated
aDMAC(s) to generate a query (i.e., an interpretation of the user intent). It is to be understood
that the process of context resolution differs between different applications and within the
same application for different sub-dialogs. Thus, the result of context resolution (i.e., query)
received by each aDMA will be different. Further, during the process of context resolution,
an application can collaborate with an aDMA to obtain additional information that is
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gueue (step 105). If the "exit" condition of a given application has not
been net (negative determnation in step 106) and if the input
notification event is not an "END-OF-1 NPUT" event (negative determ nation
in step 10MWOO0/MBIBDVA will store the input notification SCIMSOR/R0516ts STH
(short termhistory) (step 108) and then insert the input notification
event into the input queue of all registered children (109). In other

wor ds, iﬁ‘%@“@rﬁ%g?ﬂ@msqchésﬁmandwmrwm trangactiomhistoky, catréron event
to each | 3 [ | ed with the rDMA. Using a top-down
approach?&{égkéh rihlon a V\{eﬁﬁé‘?ﬁéﬁl I nsert the input notification event
into the i npuAfieurentextfesolttiorses applidativn vilvéuinwiefltgsquery todadh aBWA. t hi s

process S,r teﬂ down the hierarchicgl tree until all of the aDVA
instancebﬁﬁ\lﬁiﬁgé@ HOE § ARery Ffisatve g!fmpeﬁfqﬂenm@%m(m ti)148). -24 WO
03/ 003 19hefikel/SitRés? e Hindiont 8 difdop rahiificst 868 irkditon ShARLTRIS\MS ™Y be

enployed to transmt the input notification events to a he tree.

| ndeed, eentexsreselutioninay alse be prowided by a Biodulefapplication] CVIM serkise)dpicedn baf t he
regi ster le t a pruning nethod may be enployed wherein the
user inpgltgo S pasé’zé‘g’ﬁ&b\éﬁ‘f‘y those regi stered aDVMAs that have been active
("in focus") Nent, wingaisieton-up aptoachidsitrativh islperfrmed by Bsoh phRABEDKIA il €d i n
the art &g ._envi sion qther p(gg;)ocols for passing the user input to
register "ym&gca [E¢ B$iPg ARy Reirdlogy; Iy a preferrediembadiment,a suitabledaunistie i nput
noti fi caji i1 ‘ i N[ DL ecK rgpnsm ssi on

hlg St & 01iZe 16 Béiemﬁgé#_aﬁ%ﬂs %gﬁg%rg’ d.e2h scgﬂpggg%ﬁpésuft).

of notiflcatlon events to t runti Se IS Teceived
for the particula starting fromthe lowestlevel in( the e stfutjure, Siwh pheenk aDMragill wainfdrl t hen

return a_ngs SQr T L t.set . 0. 8. Speech recqgnition resylt and NLU
resul t) ?%E oggsgﬁn MWF"E&'?‘F‘E@“P&E‘E fgTes into Q@W&ﬂ“ﬂ“ﬁ@y thser input
not i fi caparem (Refe1YB).( NoRRhat e ohildteh aBIMAY 4t M BHRDAATRadSbrafdhtih Beree will
(affirmative result in step 113), the error will be handl ed accordh ngly

(step 11wt perfirm arhitrationbecapsetheycare not patents {iye, they simplyrpredds theinqueéries Task
Manager , Ll ] lication of the error. Errors can be
(gl A g iplichftf iR Bl

assi gned S aDVA may, depending on the severity,
deci de to i grRveferablygaealami mahafepisrenipieyed fpEige altintsdudifidr A prédetefthingdd nove
on to next, yser. inpuyt (e.g., return to step 103), or if the severity if

hi gh, t r%mafftm%’ ﬁg H&bé P?’g‘ﬂtm{’* degsnof wiait indefinitaly fasyecsiving pyinpingeuery
mechani s d . : ' r ot her
appl i catmrsea;thoénﬂg'ngﬁeé m@ﬁe{fgﬁﬁﬁ{lgﬁﬁl’%{@g}eﬁgﬁE’te@{eg]r(ﬁrﬁé}é%&g??G%%gﬁi sm or
an err or119radinmeoyt wilbdasyr (sBEpd26). rhen)tbe pavent iwdl kilbdisrepaet) iefichochild aDM®ET i C.

that did not respond with a winning query within the predetermined time period and send an

error message to the associated application (step 121). It is to be appreciated that in another
embodiment, the time out can be extended if a child requests a timeout extension from its
parent on a particularly complex processing task.

A parent aDMA will then arbitrate over the query that the parent received from the
application and all the winning queries in its output queue (received by its children during the
waiting period) to determine a winning query at the level of the parent (step 122). Referring
to Fig. 7C, the parent will then store in its STH the winning query together with an
identification of the associated aDMA (step 123). Next, the parent (which is a child of
another parent aDMA) will insert the winning query in the output queue of its parent aDMA
and block subsequent transfers of winning queries to the parent until the aDMA receives an
associated arbitration result from the parent (step 124).
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On the other hand, if a result set is returned (negative result in step
113), each aDMVA w Il store the result in its corresponding STH (step 115).
This result set conprises a synbolic representation of the user's intent
whi ch is gév@p3esth3by t he engi nes. Each aDVA will send tHRETYESOURESE to its
correspondi ng application for context resolution and bl ock the transfer of
subsequent results.to the application until uery is returned for the

current resul tlgapItratiop grocessestepsp] 8x124) is @altfwgwﬂ\ﬂqm the bottemiie e tepeodithe
r esol ut i FrraRhidalOM & R4, unfiPRE FooE HMEX rdobifiefhE Wi %E&epg%ﬁ% chfjaggnerate a

query (i.e., an interpretation of the user der st ood
t hat t heaPMAseEhe ropt OMA wilt ther atbitrate betwetnfailevianing tjueries reteived by

li catj i thin the . .appl i cation for diff b- di al ogs.
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Wi || be Thd iDMAMWill gEhdratd @'finalisbitraGort I’éﬁllﬂhﬂ%ﬁ%ﬁ&fs thOSSl wfnﬁﬁ@!qH jyon, an

application can collaborate with an aDVA to obtain additiona rmation
that is skheghildaliA fipm phich Usppverailvioniag quers was tecpiyed.ne aDMA such as a

command ret Ur'ﬁﬁﬂ, m%yp:&#am%gﬁghoﬂlerﬁnﬁé}?i}t’mﬁ&y{egﬁpﬁ trsg%'iitgﬁ%vﬁne g o

di sanbi guate the qu ter cont éxt resolution, an a |
r et ur n ahieragchical RN Aytres. yintpartiealah) tieRb#t DMAowill sehivihe \finkl arbitiatién Resulter vV

{he 1 uncErACTPBRIeEEhAn aDbASnd eADVIR vl chisn e quraiontomiignang

context ST ghdfl 230 BReh ke abRAN A fthdle 2HG RelPRAhEPkRRs VM

service) or even be also provided by eac using a bottomup
appr oac hparent ki determingif the qverall ovinming guere for kthepweranput {&3séiciated withéhehi er ar chi cal
tree usi Vi hodal . bn referred enmbodi nent, . a suitahle heuristic
al gorit h%&f@mqﬁt?&{ef“ggﬁr@f%%@ﬁgv 1opng,FYTTY ﬁﬁt wsdrspioysty determined yia 5. or j ng
query r egbitration Bylthe paveh ADMArand Sforedi(inWep I23YIn RS TIPSR 12d6gvel in the tree
structure, each parent aDVA will wait for each of Its children aDMAs to

i nsert their 15Rp3edionghe retined-atbitration result, 3 prreniaDAMA detepninesthat nestherit (st ep
118). : [ "’i‘%@%ﬁm LN the tree
w | | mﬁpg%??{)lgstn@ gg%?tapg{ilg%ﬁ ec auggnéégypgééﬂr&a?i%%gr?%% gi ?ﬁr}ﬁ% 1!115',[ hey

si nply praoent aBMAwill clearetsiST3H (s(epd28) and dhebrinforrh 2B ofijipthitisér ZDNIAS that hei r

parent) .. Preferabl al.ar m, manager .is enpl to trigger. a tineout
after a %?yeﬁﬁﬁéf%(%gﬂmﬁe r%mspaiegﬁ@dsmrﬁﬁﬁﬁfgéﬁtemm theeeeralbt wai t
i ndef i niyghine GRérviEESocTdt ), inf EftatenGha , if the
pr edet er m ne%hmrlytli ng pe?‘?ggh&gl;j}r‘ggm?g? |tFurlrlat¥)€§g res&q?h#gcdsq;e“p{é

parent (affirmative determination in step 127), and that the parent is not the winner but rather

one of its children is the winner (negative determination in step 130), then parent aBDMA will
send the winning child aDMA notification that it is the winner and send the remaining
children notification that they are losers (step 131). The parent aDMA will then clear its STH
(step 132).

When an aDMA determines that it is the winner (i.e., that it provided the overall
winning query) (affirmative determination in step 130), the aDMA will use the command
registry (which maps queries to callback functions) associated with the application to
determine the callback function associated with the overall winning query (step 133). The
winning aBDMA will then launch the callback function and block the launching of subsequent
callback functions until the current callback returns (step 134).

Referring now to Fig. 7D, if the callback returns a request to generate an output
response (affirmative result in step 135), the aDMA will send a generateOutputRequest to the
Task Manager and block the transmission of further requests until the Task Manager returns
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119), a tinmeout will occur (step 120). Then, the parent will kill

(di sregard) each child aDVMA that did not respond with a wi nning query
within the predetermned tinme period and send an error mnmessage to the
associ at ed Vppd/003eBi on (step 121). It is to be appreci at e®CTR®02/20810an0t her
enbodi nent, the time out can be extended if a child requests a tineout
extension fromits parent on a particularly conplex processing task. A
par ent atbrresuits of thenarent tequestiéstepd36). If the TaskeMianagenteturhea reaulethiat is @otedny ed
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of the ramgéet chical DI\/Atree unt|I the root DMA receives the w nning
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all W nni ng dﬁ@Fﬁ@&baF'ééf’élW@hmégﬁaﬁﬂﬁ Qlat the ppriicatior(assadinted with thervdasing ni ned
wai ti ng gﬂgc %%d@@dl?t\ﬁﬁérﬁﬂxj?cé% #i Maﬂﬁﬁﬁ%ccor&ﬂ@h D wi ll

gener at e | on resu nprises tne over W nni ng
query aprdcekshef dui:tatiaﬂl \&Eb%dépmdmg\bm thie nidnaerdn whad]ﬂ the\apphicatipnds progranased.

recei ved, The usin 190] approach, the final arbitration result is
transni tA%RPt Md: %PUr&P@ﬁ &&WPPP%'WI“HII[S%‘P@W%W“ uprthe r oot DMVA

Wil Serlgl\/l!‘ze«;lg%eftg % 3 raétqﬁmrto s@rmlubus&q lﬁ%ﬁﬁ&ftlowmm%ﬁ §é@g§h' | dren

aDMAs an L store the ar |on resu In i step
125). Eeamlly. piataédltlomlﬂwapyhbatloamcfenaﬂytpmmws laimechariizmm tar tegminate theet dictatéah f r om

its arent to det e.if. t n ery for t usey,J nput
(hason, B deshe i ORARGeioh ol DIRART Atter e SRtk forShs eibessellieRiTas no
query thﬁt14wa&aneteeﬁo@yalemetﬂé@(srég §1€38 ot 131), aﬁbwantaésb idwis géiRrdde ent aDVA
and stored (in step 123) in its STH (step éégz ased _on the returned

ar bi t ratqomnﬁlesmdsscnah?fa%th@ subsehof qeands-a#5as mthﬁennuheenﬁqatnowrenhny of

its chil 127) t hen
the *parSeF TR AEToleR b, Melilel SRR LR EE BT BBt bbb ° 0
chi | dr ereverii)ie qhérpbbjetthand the essharse bg theparent. Witth.a thdk has be&rmmdmr anhand, a
parent a%ta?ee 1Inetl:le digl%sg bteQi%g, tlgch seub(s)e\{ of exllelnts in the STH of the winning aDMA will be

pushed into its long term history (LTH). The subset of events can be grouped in a descriptor

object, which is then tagged with the I/O transaction ID and pushed onto LTH of the aDMA,

which then clears its STH (step 144). This DMA process is repeated for next successive user
inputs (return to step 103, Fig. 7A).

I/0 Management

Preferred embodiments of the I/O manager and the interaction protocol with the
rDMA will now be described in detail. It is to be appreciated that in one embodiment of the
present invention, I/O is addressed by the application developer and the CAF only controls
engine access and arbitration.

In another embodiment, I/O manager is a component of the CVM (CAF), thereby
shielding application developers from having to know the details of the devices/peripherals
that can be utilized to interact with the conversational applications. Preferably, an I/O
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W nning query is associated with an aDVA that is within the tree branch
managed by the parent (affirmative determnation in step 127), and that
the parent is not the winner but rather one of its children is the w nner
(negative &0 eyeB9ati on in step 130), then parent aDVA w [PCT/US@izdStthe

wi nning child aDVA notification that it is the winner and send the
remaining children notification that they are | osers (step 131). The

par ent abhdager dccortiingrio tHegmesentt invenfibh is(cohstmeted Dased\bh earious cohdidferaidngr ni nes
that it is the winner (i.e., that it provided the overall w nning query)
(affirmeP85 det ermination in step 130), the aDMA will use the command
regi stry (whigch nmemge graihdgt Ard li@ﬁﬁhd@#&l&?ﬁetﬁﬁﬁ%ﬁ%%ﬂﬁ%ﬁfc&ﬁbﬂg&ﬂsﬁ he
application to determ ne the call back function associated wth the overall

w nni ng HaEAF sheuld be pagjdedmith a mechanism te brek verions modalities ofithe applisatien | back
funct i i . | back f i til
o cur Mt CREPitore Wil AOCAF IS REHE N inbouBRE hahdlBERr GRS 11|
cal | Ibac hnocmmemilggnomqhmgmemgﬁbmmdﬂmmmmtst (sigﬁxfd@d‘?%@ uﬁd?eftfd, }[’eﬂat ihve
result | 1 , e a W sSe a ener at e u egues (0] e
ook MariE valiotoin) aud s coramon iHeFa8s BAEGES Sl baRIpvVIHeL el Ct the(GAL 9 Task
Manager ¢xghit’(Fom ?B}o]\ﬁgtitﬁ%ﬁg'g’&?ﬁl fRe T tbiRhdion Aeekidd kit &l%tééqr;ﬁgitsﬂihett&%scw rent

request (step 136). he Task” Manager returns a resu I's not an
" QUTPUT iRisQesi NiR abibatiom syendestonageete.hive result in step 137), the error

I's handl ed cordjpgly. (st 138), e. as deseribed earlier, with.input
processi ng e%or s.’JrP‘?':a)AS{'T @ﬁ%‘%‘%‘iﬁé‘?‘“ﬁ‘g‘ﬁ'& ,(e.g.h%)gﬁcglsﬁﬁhﬂ%{gg}ouﬁel{emsgdan
" QUTPUT thikpliethe rOMNCRisTarbhy foE arbit@ition. (Uidr inpiinbd#litics that dre in6t Mhkigucke By, t he
wi nning aDVMA will_send the |ocation of the output buffer _to its parent

aDVA whi nathre (&g <QUL Pepeterdp poityically soquirg gebitsatiop becayss the fieldde sichthe s ¢ hen
transmt‘}sgldin ig%fedh&?fsl&ﬂw{lg%ri%ﬂm DVA whi ch then sends the output buffer
e

| ocation to manager . the call back returned indicates that the
appl i cat i on( & sociRerarding User imerackondndall I4Dekentst Breferatdy,irecprding tiseri on node,

di ctat, 111 b dl.ed i.ngly,. The ., f dictati
O B ROSES0 b RIS ACESIRE Wt TR S SR
not ed. algidfpeciedlrRicaRbaalic} e dPptf ard¥aBpl 1 cation will send

notification up the DVA tree to informthe root DVA to send all user input
notification4o tkecass dnilingerdming\Enginesy For modalities irowhich eer anppit (asavelloas
pr ef er abl rovides, a nechanismto.termnate th lLct.ation glg.resume
put notind BEEERE Bollfe WiaE B sufiref ML rsch Fee bl th recBftubs o
(steps IPBFs, etc.), a mechanism for sending user input (or output events) to the appropriate engine(s)

is needed,

5. Synchronization: Preferably, a mechanism is provided to allows the use of

<

multiple modalities in a complementary fashion. By way of example, a user may move the
mouse to a window and utter something to fill a text field. Thus, input events passing
through the CAF need to be time stamped (and origin stamped) and reactions synchronized,;

6. Extensibility: A CAF according to the present invention comprises an
extensible framework, Thus, CAF (an particularly /O management) preferably allows new
modalities to be readily incorporated into the framework; and

7. Distributable: CAF components (e.g., /O manager) can be distributed. Thus,
the /O manager should be capable of handling user interaction that emanates from various
sources and/or from various domains and networks, as well as sending output events to

different devices or modalities.

-29.



or 142) or after errors are handl ed (steps 138 or 141), an event
description is generated conprising a description of the subset of events
associated with the input notification event (step 143). As noted above,

t he subset VWb 03803193s conprise, e.g., the 1/0 input notifi ®euusn2/208went, the
guery object, and the response by the parent. When a task has been
conpleted and a new state in the dial og begins, the subset of events in
the STH of t Haengrably; awpultiiodaliliO mbmgemssbtdﬂlgitmamembmdﬂnemg)ﬂtlwmdehtst ory
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provi decapptdphiate ch®meRNi sm t o hook various nodalities of the application to
the CAF. In qne enbodinent, the CAF may corrprl se _an input/out put manager
for all noddiigdillustrates asysemapd &?B@é.fmw ing aitirgiedald{O pranegemenit s (such

as focu SacU&ﬂﬁ%‘?@ an &ﬁ%(felggbtedf theiftt e’h&ﬁ&) ARt qncﬁﬂ[rﬂ? '?lﬁn% CGHRARG

| anguage can De provi such t can m an m)dal
nmanager )a ahtraltl!(émamignrmﬁmmmﬁtgcbfﬂ/ﬂagentsfzm aﬂﬁ@mknmlhlmyhgerttsi’sﬂmt it |s

d d f i.e. arbit t 2. A tion:
At uoey FmEnEategits B eV Sueces 206, Fisibe ubissstporbbadvor nr ough
t he r DMy/dy hgernesr&mmrfoani%&dt% ba%osés!%ﬁd tHaﬂ@HxhltﬂE@éAl'IiO RandgeAhayl € not

anbi guous by nature ﬁ etc.) do not typically require
arbi t ratqompn%@awbaqm Qes@t& Theieeatral ﬂ/@enamg@ﬂopmptatas pgintenmediaeyd i s known

& Prioriyetween the various modality I/O agents 201, 202, and the CAF. Each I/O agent 201, 202
implements both an interface to the central I/O manager 200 and an interface of the specific
device it is supporting. Each I/O agent handles a particular modality and is responsible for
gathering events from the modality via the APIs that the modality understands.

More specifically, each I/O agent 201, 202 comprises an interface to communicate
with the central manager 200 as well as an interface 201a, 202a (e.g., Accessibility API for
GUI, DOM for a browser, telephony API for telephone speech, etc.) to communicate with the
respective device driver 201b, 202b. Each device 201¢, 202¢c comprises an associated /O
agent 201, 202 that registers with and communicates with the central I/O manager 200 using a
common messaging protocol. The central /O manager 200 handles all communication with
other CVM components, thus shielding the CVM platform from device dependent
information.

Preferably, each modality agent is capable, at a minimum, of sending focus updates (if
they are available) to the central I/O Manager 200. All other events that may be sent are
preferably left to the discretion of either the modality agent, or the application developer.
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3. Recording User Interaction and all 1/0O events: Preferably, recording
user interaction and I/O events is perfornmed for all nodalities, and is
accessible to all applications irrespective of the nodality of the user

i nput and oY@ PIe03193. Access To Underlying Engi nes: For no@®@iTyuSozssin whi ch
user input (as well as output generation) requires access to engines (such
as speech recognition, pen recognition, TTS, etc.), a mechanismfor

sendi ng Thisis anajogous(to semlitgOl tagy ss8bcidted 10 chélev@Rd DBRE hidbBanfdi i (Bolused S
needed,; S.M%chr | zatign: Preferably, a nmechanismis provided to all ows

the use M nie B tagsnsuch asIPaddressed orofhen adirssses foy socketsiof the dayicosgr of

exanpl e, URI bR € Fuftley, SRS APBYStRe CAFR ! ter,sonething to fill
a text field. Thus, i nputewehssesnt S pagm ng°q%§%%§‘gaé§9®e°é’a‘%e %e tinme

st anped {estnationiaddress{egnpdodusana D éag)t i ons synchroni zed; 6. Extensibility:
A CAF accordi h resent jnvention,co I S an extensible

f r amewor k. Th@?@ﬁ%ﬁf“}?&ﬂ&f?wP?t?‘?obsr?gﬁ;‘@@&rgﬁtc?mm“@fcﬂ%\’%‘wm OWs new
modal i t i the nfodality ageeiarldythé bn@aDRO aiadsker DOG) whikh an%%m%d@gdargz tto

Di stributapl e; CAF cog})onents (e can be di st |%uted. Thus,

( . 9... 1/ O manager
the 1/ O RFEIFERDSY trapsmit B@%é&dypﬁ%@fhmmlﬁng?ma%wms rfand sssodiated t hat
emanat es; . ' AOf: o f | omai ns, an twor ks, as
w1 RS b b3 trB IS ETort B i EalTs WA b DB PRI BCAE 06 0
03/ 0031 98stPYRe0SEA6 DO Stbged@the BIMA's stackyand (iv)rDwtpht Notificatidte@atrop@adr di ng to

an enbodj pent of -the.present _invention acts on user inputs to abstract
t hem inaég%éaﬁﬁglﬁf atb&’f ﬁsﬁﬁﬁatmf?ﬁ?ﬁﬂ“i’?t& and transnits these abstract
i nput events f OEadhQ Bsnt RO 203 SdgRilerPivith IR ceriFal PO YRa; S D

o B B D) s

conmponents (or. other %ﬁplicatipns that may not be rel
expl ai ne@MEREIeationan {Q\agent sepding ap inpubevenkigdhaicentralimanageri20 wan mfateci de t he

nat ur e ' r f. on the event (e.qg., should the event
be di saq ?5{3531?5%6%?&32%#?%%_??@ “F)p:\ﬁng‘éf&f TAYFFs epgrae P%@ﬁaﬁ?&@ nghaw 10 ecej ve
abst r actextraétiata cavefithe ifpupsitdaine FutherDMYO afénd fdceitiNg anQURRAPE&RhSeanO! Ot her
applications that may not be related to a F. The "1/ 0 manager converts the

abst r actrePIFsiARLINe SYRAOrs speatfying Bt tnuk data shauld berovidedh dtsther, an 0

execut ablgniyn | : i | i etc.), and

hon sorgert i Rkt briBien M SRR everk (396 B Vil splecn T30 Rl b il 71

8 i | | ustliQumanager sepds inputnodificati dncaverits threugh\wDN A bierandHyi forarblitdatidd. OF uiheg g e et
an /O agent can specify that the input/output is to be placed in history in which case the

central /O manager 200 can either inform an associated rDMA with a special message or
directly contact the DMA responsible for the application. Further, for focus updates, the
central /O manager 200 sends a special notification to rDMA to update focus and transmit to
appropriate DMA.,

Preferably, all events sent to the central I/O manager 200 are time stamped so that
synchronization between events from multiple modalities can be achieved. The central /'O
manager 200 communicates with the rDMA and receives messages from various I/O agents.
When a new modality needs to be supported, a modality agent needs to be written for that
modality, and then register itself with the CAFs input/output manager.

Further, the I/O agents can be local or distributed across a network. When distributed,
numerous protocols can be used to support communication and registration. For example, an
XML protocol stack may be implemented herein (e.g., SOAP (Simple Object Access
Protocol), UDDI (Universal Description, Discovery, and Integration), WSDL (Web Services
Description Language), etc.) (see http://www.w3.0rg/2000/xp/, for example). Further, the
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according to an enbodi nent of the present invention. A nmulti-nodal 1/0
manager conprises a central 1/0 nmanager 200 and a plurality of 1/0 agents
201, 202 (or "nodality agents") that operatively comunicate with the
central |/ OvO@»ea3ed3 200. It is to be understood that two ROTUSBYREBIG are
shown for illustrative purposes and that a nulti~ndat -1+0-manager ey
conprise nore than two 1/0 agents. The central 1/0 manager 200 acts as an
i nt er medFeMpUNIgAtioRRIplocdieas desirihed imthd aboveyméntionedinteraatidfdl AppliationNb, t he

CAF. Eac 201, .20 i rpl.ements both an.interface to the central
1/ 0 managg?f/%g banzg%s 8W]q°n‘qumaﬂé‘gaa? pf‘ﬂ‘f@%%@&“ﬂcém%@iféﬁﬂmhop betdigpdor t i ng.
Each |/ Oloagleant rémate bgsticatigidr t i cul ar nodal ity and is responsible for

gat heri ng eveﬂ/'gﬂ_? fromthe nodality via the APIs that the nodality
under st ands. Qus epbediments|of gn I/Qélﬁgﬁmla)c@f@!g&ﬁﬂ the preser pventiorpmass an

interf ki oy : | 4; Q  |.
|t or { aceSanar CONALATES: nkhie, F8S) BRTIE iBPFFin 10lBeAlatBrdind R B ouser

t el ephongmbgdimensiof thel presentrinventier.cln, thetxempldrp embodimentoTFeg. W] i 1/0 Agent is
respecti i driver. 201b, 2 . _Each i ce 201c, . 202c conprises an
associ at }é@lgﬁétggﬁg}ﬁe%i g’i‘b‘éseﬁs °¥E?§F§Pgﬁé (%CPWGMJ%WM) least wit h
the centleatl 2) rfferfaes aTRE DM p6¥dcobis kn WW@M@W\W | e central
1/ 0 manager 200 handl es all pcor?rruni c%tion w th “other CVM conp hé“pnts, t hus

shi el di nereferred exthodimgntiafiamaedulanDMibasedreyltirmiadat browsérovhiett inayibe Pr ef er abl vy,

each nodali ] i NI f sending.f.Qcus updates (if
they ar eﬁd \}%l?{ef agi e&el{lguﬁ%gg%g%{pg' Pﬁolv ‘Wﬁﬂg"‘gleﬂ’%?al%?a“ﬁ{f‘ggﬂﬁ’ﬁ‘&r events that
may be s@M251:085, filed Efeeernlidry, RGO whizhtisenthhenty Sisighed afd iné ted Rére ity
agent, or.the application devel oper. -30 WO 03/003193 PCT/ US02/ 20510 This
i s anal of Beﬁ%"cf‘o sending I D tags associated to each event. O her nechani sns

may be used M&efgﬂéel:iifsiéag?, thfdoupRanh P@%naﬁ?&ﬁnd?a&@O?%rﬁm ﬁ‘,t&gaﬁ? %Q -an

addresses for so of the devices o etc. events
sent by YO aagager 200 repeivesd/D evdntsiassociatettig@mregifiéred browsksz05ahatdets i aal/Qon

ddr ess . alDt . Preferably, a co I nt er change
Sr ot ocol stgéprtrlﬁﬁlgfggﬁ@ggo é’ﬁﬂfﬂﬂd?g)ﬂmo ‘é%e\faé‘ﬂw}@ W@WWFémﬁﬁggand t he
central 1A aRE enfatieh SRIU3. MPsin abl
transm tl:llﬂ(ai ) .Focus pglfalt esl;6 gigigmut Not i fi ggmﬁﬁgsgﬁ%%ﬁﬁg%{s@oc?at ed
¢

i nf or matthafexisting broysers (pravided Yore atleast POM Level 2gompliant) ¢ratbehave been
d ;i | d .on the 'S St ack: d (iv
Outpot  npleinrted, The Bk S Mebrb Aot RS BV(IPrcttnfh vl i aitorecet 1Y o

| ocat i ordevige driyer 206 and corresponding peripheral 207. The browser 205 may also provide a

higher level of abstraction, including the capability to readily preprocess the input and output.
For example, a voice browser could perform some level of speech recognition and only pass
to the /O manager events at a higher level of abstraction. Accordingly, the output commands
can also be produced at a higher level of abstraction, whereby, for example the text-to-display
or prompt is provided instead of actually painting the screen or window or finely controlling
the text-to speech engine.

Assuming the /O agent comprises a GUI modality agent, the /O agent preferably
maintains a registration table per application, wherein the registration table comprises each
component that the application wants to register with the CAF. For each component in the
registration table, the GUI agent preferably uses the accessibility interface to capture the

events needed. The application components of the developer will implement the accessibility

interface.
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Each 1/0 agent 201, 202 registers with the central 1/0 manager 200. During
communi cation, an 1/0 agent sending an input event to the central manager
200 can inform the central 1/0 manager 200 that the input event requires
engi ne supp¥Ow3/083pci fyi ng how to extract data out of thepdTgser/2es16 eam
Further, an 1/0 agent receiving an output event can request engine
support, specifying how the output data should be provided. Further, an 1/0
agent can requedyssuming thed{O egent comprises apuiti-modal brveser, itie browsez asodakidyt h

speech), . r 1/0 n r sen | nput _notification events

t IEI)I‘ oug)h ?%ﬁﬁﬁ?@gﬁésgkfﬂﬁﬁ?wgﬁ%?ﬁﬁ ﬁwgsqmgﬁrfﬂﬁ%@@ﬁtf“c‘ﬁﬁa@peci fy

that theeventsuind thenpinttuinsndtify tfe inpud elager whirbiueh ¥virfls SR{iC NinGRsisd Siiipe CENt T &l

/0O mna@fﬂﬁ@%@gﬂ an either_informan associated rDMA with a speclal nessage
7 t

or dire Qwser, AL AN s nat ssqyired when the browser despinotsuppastifreerfiaw her , f or
f : i al tlfi ti t
ocus upgiafofs In $udK an Exﬂﬂgdl{ﬂ'lcm', {He iRk I?@%aﬁ?%?gs %ﬁﬁ% \ g?lg{égtﬁ'iy" C:| : on to

rDVMA to update focus and transmit to appropri
event s skatweendegacy modalityspecifiObnoemsers end LB0ltiamedal sinatl. SVherphe CAF ik hat

synchronj | on en e ts fromnultiple nodalities can_be achieved.
The cent ér'ét’l?ﬁd_{'sﬁothl% %‘ﬁ'&oﬂ%@ AR S0 ‘E’gp afivel comnectediamthg mylti-modal, e s

mes s agesshiell ontovhé DMISF. LiVheA GRS TG agenYRSipRmieRied 62961bitory Hﬁﬁﬁ%nd&{% ?e
supported, a nodality agent needs to be witten for that  nodality, and

then regelephonyim ify Iifp pgent interfaseswithgnevissent glephewndBBr . Further, the 1/0
agents can be | ?ﬁl‘g{eroarv bmgﬂ?%r@v%e?%@@eﬁﬁ %ﬁ‘kﬁ?\é\ggfﬁwdhﬁé%@m;j L on.

numer ous protocols can be used to support conmunica
For exartpbwserdy explting thet samelcondeptof UiGhsnalugei whire tRmhadgdidrélidestie 9. . SOAP

Si npl e L EC cces Pr ot ocol UDDI _(Universal_ Description, D scovery,
gn:jrr})nt Mﬁn&ﬁlﬁ’e efWﬁn@é‘Fi/YE’é ; %Wﬁebtsi%vﬂ'&ﬁgwge), etc.) (seey
Nt Lp: /[ wt BRIk thltThe EniEURNERs difptdeliShoveifng hidwitfR 803193

PCT/ US02/ 20510 communi cation protocols as described 1 ove-nentioned
| nt er natimpementedpsierlaeatively, imperatiredy,/ usidg S¢riin 9@ any Apbrirbcamighativanherebff 0 provi de

conmuni i | stration between . |local and renpte applications.
Var i ousclzokﬁegﬁlll@rggc? éﬁgﬁr aéﬁmP?r TYEFRRG USng Javy, l'efl’ot?'f’ ﬁ@ﬁ?@%‘@ PRIGEAT on nay
be irrpldamplibdad/ithﬂiee]iaﬂaa&@isiﬁim?k&@&@/utlﬂit&s(s%e,ieﬁ%,a bl ock di agramof an /0O
agent acrizrt%& ing to an enbqodi ment of the present invention. In the

r

nb
exenpl a SUR-ERHY pErdugtsgic/4downloadiercgsil thatiaze Wﬁlhb!%‘rmilnttbdarus?higt}a«i sting
b . ' » . | 2
i r f s FHEBORP EudablUhd Ao ATl OfifidfBkabe pBVdeE tbor S Prech )

technologies to locate and query user interface objects inside a Java application running in a

JavaVirtual Machine. It also supports installation of "event listeners" into these objects. The
utilities provide example tools that highlight how to enable assistive technologies to interact
with the Accessibility API support built into Swing components. By capturing events and
manipulating the user interface elements, it is possible to perform the same kind of /O
management. Other packages such as ActiveX and DCOM that provide similar utilities may
also be utilized.

Any other interfaces (DOM or accessibility) can be extended to new channel types
(e.g. voice, handwriting, etc.). Other interfaces or utilities that provide similar functionality
or capability can be considered. When distributed, remote control of the DOM (or DOM
equivalent) can be implemented by SOAP. SOAP affords an advantage in that program calls
are much more likely to pass through firewalls and gateways. Of course, any other protocol

that allows remote control of these interfaces can be used.
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preferred enbodi nent of a nodul ar DOW based nul ti-nodal browser which may
be inplenmented herein in disclosed in U S. Provisional Patent Application
Serial No. 60/251,085, filed Decenber 4, 2000, which is commonly assi gnhed
and i ncor povVao¥e3mBrein by reference. Mire specifically, rdwuseghosan 1/ 0
manager interface 203 and DOMinterface 204, an 1/0 manager 200 receives
/0O eveq_hz,l a?é(’?&é%tged to a registered browser 205 that acts as an I/0O
agent . B%r 200 can nodify and produce outputs through DOM
comrands t haty shoufied 9&@1{; rowser 205. This
approach provlltgles anﬁ“ﬁ'\gﬁ@gg{eﬁfﬁ’%’ﬂé@gx. S a:"%g‘@ﬁ’levvggﬁgg \‘)‘F ded t hat
t hey ar emamnerssuttlizinp@ih cu:e\pertnoz of thefeatenes ;nd:aenhlamsmarnésemmm Ther browser

I nt ocjated I /O device

205 al h | wth th
arvor ool el b VRIS on CopEprsiuthurt HoPSFonch b1 e pprsalciroriogt Ohs Paient o
provi de AppliwgdnESeriaeNGI 091545am; iR 'oh April 72000 infifled h@cﬁﬁ&ﬁ%hk&zw&a‘l&z readily

preprocg he |np t and ouw For exanpl e, a voice browser cou
per f or m S OF‘é'(f'gl apversefiape W%W@M"&W@rﬂaﬂcva%Demgnd’hA voia® amanager

t ut d
can a5 persiuanfpoat Eeofding 54 b0k e A eAimlentby fe MBS, " examp o
t he textFlgoL(mEm\éqzcefmabxsmqms ﬂlmugha%dd(gatmyee@ The Maﬁ@dnh pisB9d ntAls ng the
screen or W Oor 0 speecC engl ne. sumnin
Che 1/ o Centte Biaptact MY x beliA AR 104 BifictjeiudesAr Goregonguinguchie por ably
mai Nt ai OMA 2@ task frﬁhagea h POMA bRAWseATUD, hfcPd ﬁlﬁﬁl:g)’&ﬁﬁﬁid&u%ﬁk%&ﬁm stration

tabl e conprises each onent that the applicatio S to register with

t he CAF. ﬂﬁd?ﬁ%@hasém% A 305 Be8 andRypwser 306,309t Alpleralitylod efigihes3pdnt

prefera YRPe rface to ca event s needed.
The applbjlo?:?at ion %‘g ﬁog&ﬂ%? E}OQHI%%%"&%\E/%OB%«SFWWT ?SSP%%F‘EW\%‘H&
accessi tnohﬂppndmghmlfcamm -32 WO 03/003193 PCTI US02/ 20510 Assum ng the I/0

agent conprises a | ti-nodal browser, the browser nodality agent is
preferably i nPERBRCEPEESsS bigwter forepgh applieation H@t DU Wants te interactavithi st en

for cert Vﬁmr%] when such
events ogtb:%f s& t eﬁ@ag%t{bg?n atyjhﬂe% b%k%ll t |artﬁﬁ)h g\%fgir% teg H@E&Fﬁé il

requir edhwt;mhcattw vthenw%reddlnesg}nthb perttgipor & URII.e(mtérbqwled Isdi the Qﬂewhwdmvgﬁ‘h an
errbodl | ti-nodal er i s operatjyvely connecte et ween
| egacy Iaﬁpl ‘I@V g%@%l(‘fq"é’erﬁ?tlﬂﬁéue Pgﬁ'éaﬂangelrﬁilni Umadal) acdseq proviggre hhe wser CAF | s
enpl oy ednayl ifiRradtwith tH¥RRFerert LPplioatiak S Terdl byliRe PIIEH Bhsed BhYe.£ MR GEEd tO the

mul ti - nodal
applications subscribed by the user, user preference or user past history, or simply the result

of the evolution of the interaction of the user with the Portal. It is to be understood that the
different applications and corresponding browsers can be located at the site of the application
provider rather than being provided by the portal on the portal site.

Each browser is either operatively connected to or encompasses an aDMA 305, 308
when the application browsers 306, 309 support context management and free flow/mixed
initiative. An arbitration algorithm (e.g. heuristics) and the aBDMA function can be simplified
when the browser only provides support for grammar-based dialogs (e.g. as supported current
by VoiceXML 1.0(http://www.voiceXML.org)). Accordingly, the recipient of a user input can
be determined with high probability based on the recognized text and based on which
grammar scores high. Some heuristics should be used when grammars overlap (e.g., which
application had the current focus, etc.). GUI channels (and, in general, channels that do not
require separate processing because the focus is unambiguous) also can be directly arbitrated -
- where the user clicks is where the focus most probably is. When the input is ambiguous, the
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shell or to the DVAF. When the 1/0 agent is inplenmented for tel ephony
applications, a telephony nodality 1/0O agent interfaces wth an existent
tel ephony API. Further, a VoiceXM. DOM browser can be built froma
convent i onaYOBOERINL  browser by exploiting the sane concepl/Usk/20510
manager where the manager provides the DOMinterface and the conventional

Voi ceXM. browser, is the Vaice aﬁent. It is to be understood that the

embodi mePQ2! grovidee canpitilize the nosalTPMA 303 andpassiblyipeoviderigh tewal services

decl ar at ¢ the Lyel ' i rid conbination

t her eof .thy@c%ﬂcladxﬁgprr%lr??wg%r???ggéh%mg?g%ip\g/{éal?{g%%i ng Java, wherein the
appl i cati ons lpanether embodiment, switchésibetiveeh applichtond aconseaiied Bithdt khe igkasses /

utilitieg (s -y ttp://jaya. sun. cony products/jfc/#downl oad-access )
that ar e"\'?\ét!eﬁslkcﬁtmsﬁft ?’r‘?ﬁ%‘ﬁe{' °}A{§"°ﬁ A SYVH%h_nZe&aglég’Gmgtﬂﬂ@XM switchto thee, t he
Java Accetheriapplidatiyin bbrmbsdsf STHPCHARAEARNW R BERarkg the ?ﬁﬁﬁlsabg)(ﬁ and its
technol ogies to | ocate and query user interface objects inside a Java

appl i cat #80F1ater ARPHeation that reragnizessuehjinstryetion For ingtance, such sommand can be a

i nst al | abdrigdn " | Y e | S... e utiljti.es

pr ovi deaﬁexartﬁ?fgo?gl\éﬁ&s%{#ﬁﬁ%hﬁ? gﬁ%tcﬁ)g(vkt %&%5@% § EChapisS| ogi es

to i nt ercssentially aralogous tadhemscHanisint fipr éifRéring digiation nivade! wittiinh givenapilication

conponent S, %)6&&; turing events and nanipulating the user interface
tegeriped piy

el enent s € ble to performthe sane kind of I1/O management. Cther

packages suclEvaatudtty, if b a)Va L1 d: PR al so
be utilized. Any ot he?ﬁi&ﬂtﬁ.g?]E aces ﬂ%rﬁﬁcﬁg@l%{lﬁ%&@g}n&%&g egnded to
new chartpefrceptgraefusq shagng obuseel/Olfamominguitergncesoutpyt. uttckanes) andt@itéaces or

o . eeniel ! o i s
const denSupr G BAEShE ford sord) peEiLsuBen abptisalionsa® Sesorbed ooms
equi val ent) dathelegemplatycsiktvidaterthSaID (afPoMe ddssbRmaAl-mekapat age in that

pr ogram cal ch nore likely to pass through firewalls and gateways.

LI : .

O cour B¢ tlzﬁgﬂaﬁéﬁe&ﬂn&e@bmpw torpach Zactivevdrowses (adl aronly the ong curteaty

i nterf : - 2 0510 Ot h licati

T Shour e piocHS A wsink wuilihiP coiiidohal Sl BiotlB anert Bibotel (1

var i ous desraibedins U.B.iSerialiNay 081703574.a portion of the features and mechani sns

descri bed herein., For, ex | e, consider a Voice or Conversational Portal
such as the Btdf‘ F°al?° ‘H’é‘&é@?g@t @!’@yﬂ?’&‘f 6 methods) described hereiamay beno .

09/ 545, GrhBlemiehieg th PdioP fdrins 6f ha@R e, SRWate, fifnw I | | tg For
Provi di ng§Conversat i onal Browsing a’ns(-? l\/ua*flﬁne‘(‘j,iﬁg’ reéggl(ﬂ?:g‘;sdtsggﬁmfgﬁlrash%' . A
voi ce or@combination thereof. In particular, the present invention is preferably implemented as an

application comprising program instructions that are tangibly embodied on a program storage
device (e.g., magnetic floppy disk, RAM, ROM, CD ROM, etc.) and executable by any
device or machine comprising suitable architecture. It is to be further understood that,
because some of the constituent system components and process steps depicted in the
accompanying Figures are preferably implemented in software, the connections between
system modules and the logic flow of the depicted methods may differ depending upon the
manner in which the present invention is programmed. Given the teachings herein, one of
ordinary skill in the related art will be able to contemplate these and similar implementations
or configurations of the present invention.

Although illustrative embodiments have been described herein with reference to the
accompanying drawings, it is to be understood that the present system and method is not
limited to those precise embodiments, and that various other changes and modifications may
be affected therein by one skilled in the art without departing from the scope or spirit of the
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conversational portal according to an enbodi nent of the present invention
isillustrated in Fig. 10. The Voice portal is access through a Portal
gateway 300. The portal conprises a central UO manager 301, a portal CAF
302 (whi ch YﬁHP@8£§3CAF conponents such as an rDMA and t aB&r/osnagas), a
portal browser 303, and a plurality of applications each enploying an
associ ated a 5, . 308 and Browser 306, 309. A plurality of engines 304,
307, 310"HfB ‘Bhp‘g‘gi‘é‘& gneep avsl medifigations are iended mabe ineludéd wihin M deoad €d Wit h
the cor betheemdh i i T (.tal conprises a browser for each
application thatﬁglﬁagbh%ﬁ @gt e?ﬁ?d;ér%%{%% with. Access to a portal
application may be based on a phone nunber (preferred nunber to access the
application when offered through the portal), or a URL (intercepted by the
gateway 300 of the ISP or Wreless (conversational, Milti-channel or

mul ti-nodal ) access provider. The user may interact with the different
applications offered by the portal based on, e.g., a list of applications
subscri bed by the user, user preference or user past history, or sinply the
result of the evolution of the interaction of the user with the Portal. It
is to be understood that the different applications and correspondi ng
browsers can be |located at the site of the application provider rather

t han being provided by the portal on the portal site. Each browser is

ei ther operatively connected to or enconpasses an aDVA 305, 308 when the
application browsers 306, 309 support context managenent and free
flowmxed initiative. An arbitration algorithm (e.g. heuristics) and the
aDVA function can be sinplified when the browser only provides support for
granmar - based di al ogs (e.g. as supported current by Voi ceXM
|.0(http://ww. voiceXM..org)). Accordingly, the recipient of a user input
can be determned with high probability based on the recogni zed text and
based on which grammar scores high. Sonme heuristics should be used when
granmars overlap (e.g., which application had the current focus, etc.).
@QJ channels (and, in general, channels that do not require separate
processi ng because the focus is unanbi guous) al so can be directly
arbitrated - - where the user clicks is where the focus nost probably is.
When the input is anbi guous, the -34 WO 03/003193 PCT/ US02/ 20510 porta
provider can utilize the portal rDVA 302 and possi bly provide high | evel
services through the portal browser 303 and the aDVA of the portal CAF
302. In another enbodi nent, sw tches between applications are constrained
so that the user nmnust explicitly instruct the browser of such a switch
(e.g. by giving an explicit swtch to the
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ot her application commands). This command woul d be managed by the portal
aDVA and its associated application that recognizes such instruction. For
i nstance, such command can be a particular command or keyword: go to

f i nanceXXX, wWO03/pe3a%8e|l XXX site. This nechanismis essenti adiyusszassagous to
the nechanismfor entering dictation node within a given application as
descri bed above. Eventually, for security reasons, the portal, user and
appl i cat WHAT IS CHAIMERISieci de to accept or refuse sharing of user 1/0
(incom ng utterance, output utterance) and context (short termand | ong
term history) between supported applications as descri bed above. In the
exenpl ary embbdAmethod fohmanagingndigiop of erievt mdre asplivhtfondLdohipridhig Me Héps

mul ti-nmodal events) can be shipped to each "active" browser (all or only

t he one Bﬁrrently sharing the processing) using suitable conversational
transport prongastiating d BMA{dialtz3Rana i |00 L Al . 09/ 703, 574.
It is to be understogg tha’f( the sys e%&gﬂr?gﬁgfwg%gc%gg@%ﬁherei n may be
i mpl enenhigrarchical ieq SsturegomprisingticrootRMA andohe wamere dpplication ®MAgeci al

pur pose proce , i ion thereof. |n ticular, t resent

i nvention is %rﬁ%%g’rbggb "y"’?ﬁ%%’@?@&%& ogﬁ useé&ﬂu{ﬁva??‘f{?ﬁn@ gatign HS’L& ogr am

i nstructions etitghing/ by theasplichtiontDMIA] a ¢mbylica program storage device (e.g.,

magnetic floppy. disk, RAM ROM CD ROM etc.) and executable by any device
wRreEionst s

or machi USER INRWIe¥eHy chit ecture. It is to be further understood

dopi ctod | n Chaety Bk sbplalaroMA 4E Bbn AL FERASTRIDR BbaeRTiRR °* °F°

depicted in the Tacconpanyl ng re pr
sof t war eof thé:symhotin eeprésentstidigt ween syst em nodul es and the logic flow of the

depi cted net hods. .may di ffer. de i,ng upon th nner in which the present
i nvention is BrOYPe “Péleag}?%m‘% 83‘6‘%’ ﬁ'ﬁ@ Lﬁ%?ﬂﬁiﬁ?“%nghﬁ?mtb“r%‘%ry skil |
in the rengirises e feswikd of thecohblxerdsoluiant enpl at e these and similar

i npl enentations or confiqurations of the present invention. Although

i |l ustrative dstAEBHIREG:RY e inteslace ifhe anplication DMA iscurtentlyfaetiverbased o t he
acconmpanyi 1 I B . ergtood that the present system and
nmet hod irasﬂﬂggggér?%gﬂg%b*gleta'ﬁ%ﬁscgt’%r?gg%emgnbodi ments, and that various other

changes and rmiching/ty the sppliestion DM, heallack fuefic AsttiatelWwith el dued, ifn t he
art V\nthgut departing fromthe scope or spirit of the -35 WO 03/ 003193

PCT/ Uso2he appligaty ig detepmined toche cupramlycasti¥id nodi fi cations are i ntended
to be included within the scope

2. The method of claim 1, wherein the step of instantiating a DMA interface
comprises registering, by an application, with the root DMA to obtain an application DMA
handle.

3. The method of claim 2, wherein the step of registering comprises registering an
algorithm string comprising a set and order of engines required by the application for

processing user input.

4. The method of claim 1, wherein the step of instantiating a DMA interface
comprises instantiating a main DMA to manage the main dialog of an application and
instantiating a plurality of child instances of the main DMA to manage sub-dialogs of the

application,
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of the invention as defined by the appended cl ai nrs. WO 03/ 003193

PCT/ US02/ 20510 WHAT IS CLAIMED I'S: 1. A nethod for nanagi ng di al og of one
or nore applications, conprising the steps of: instantiating a DVA (dial og
manager andWQiOBM3A%k or) interface conprising a hierarchi cROT/US022080r uct ur e
conprising a root DVA and one or nore application DMAs; sending, by the
root DMA, notification of a user input event to an application DVA

obt ai ni ng, byt Fee methpd efelpion!.orherein thesteh of detenmuning skthe aypilioation! DMAeis us er

[ t ; ' jcati DIVA, | i cat.ion nethod to
oot for m St B Empfes e o Pl o P alifartfel S degEems ng, by
the appl thegueryiis Didp:scoring ey dmenp allpendsrededit b9 dthey iR htion DRARUET Y

conprises the results of the context resolution; determ ning, by the DVA
interface, if the application DVA is currently active based on the query

recei ved by tderrmRbtheédbf QanEVhy | t |.j cati on DMA, a
cal I back function associ at ed Wi t ﬁ%?’gﬁgﬁg%ﬁ??&&ﬁ%&g‘b%ﬁ%gﬁ%ﬁon DVA is
det er m nanplicagiops based pr secuyitysettingeregidteratty thespplidatishscl ai m 1, wherein the

step of instantiating a DVA interface conprises registering, by an
application, with the root DVA to obtain an application DMA handle. 3. The

met hod of cl &. riTHe methet ef claitn's; whierin the step of Sy 4 BeltoRR P irbRA%ioh BAItGHLE | Ng an
algorithmstring conprising a set and order of engines required by the
appl i catOP™8  processing user input. 4. The method of claim1, wherein

the step of issikdid 8Lk %p‘] f : | | nst Lating a main
DVA to nanage the ngélig éc;biqglaf)g lzE;£r1tﬁ’zliilpp |c1{31tt‘ﬁ|fé ﬁérgﬁgﬁali%gt%ﬁ&quﬁ 5
pl ural i trgcedveddtdmid i nst ances of the main DVA to nmanage sub-dial ogs of the

applicatjiop. .- 3/003 PCT/ US02/ 20510 5. The nethod of claim1,
wher ei n @RM‘PBE’%&&@E@fﬁﬁgfﬁﬁgﬁePﬂ@tﬁm ication DVMA is currently active
p]g)rmrl ses t herkitrathgdby teirfet BMRAObétA B queRtdYebdivdd it BpplicAGsH DMAsIRL ST M ne
i

are children of the root DMA to determine if there is an overall winning query.

8. The method of claim 7, further comprising the steps of:
disregarding, by a parent DAM, a child DMA that does not provide a query within a
predetermined time period; and

extending the predetermined time period upon a request from a child DMA.

9. The method of claim 7, further comprising the steps of:
generating, by the root DMA, an arbitration result comprising the overall winning
query and the associated application DMA; and

sending, by each parent application DMA, notification of the arbitration result to each
child application DMA.

10. The method of claim 1, wherein the step of launching the callback function
comprises using a command registry to determine the callback function associated with the

query.

11. The method of claim 1, wherein the symbolic representation comprises one of a
speech recognition result, a natural language understanding result and a combination thereof,
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the query is a top-scoring query anong all queries received by other
application DMAs. 6. The nethod of claimb5, wherein arbitration is
performed between friend applications based on security settings

regi st ered W 08Me312ppl i cati ons. 7. The nethod of claimb5, pé¢EUsI2ZRSIbEe Step
of using a bottomup arbitration protocol conprises: arbitrating, by each
parent application DVMA in the hierarchical tree, between queries received
fromapplication DMAs that are children of the parent; and arbitrating, by

t he root DMA, 1bhe ' ' f . om Iiction.Dl\/Aﬁthat are
chil dren of trllg' ﬁg@%ﬁfgﬁg&gﬁ&nﬁeﬁg&mﬁ{f%ﬁgeﬁo Praanng. by fhe My query.
8. The minterfated shottaerm Histofyutohprisingoevenits aisbelated ovithtaqRer ifput eént! €9ar di ng, by

a parent DAM a child DVA that does not provide a query wthin a
predeterm ned tine period; and extending the predeterm ned tine period upon

a request from.a ' P elai : ' . further c I Si ng
the steps of. geﬁgkg%tﬁ%g, t%/lglt hmegt%%ﬂat%gg‘%ﬁ%ﬁ'ﬁ%ﬂﬁg’z’ﬁlﬁ%ri si ng
t he over iterfage,Alongtermy history afieventsassusintediwithont expaitédrask. on DMA, and sendi ng,
by each parent application DVMA, notification of the arbitration result to
each child application DVA. 10. The nethod of claim1l, wherein the step of

| aunchi ng t hel4:aTheamnetiiod s eliiinON) furlRABShSiREngURE 46 8F A ma%g{ to
determ ne t | back functiqn associ ated émt/iﬁt hgl% he quer .’Bil. é met hod

e c > il € S ; .
of clai m‘“i‘?rpaﬁﬁé’r fus histery dhatracks active applieation DM dwingra diddog ssssionf a  speech
recognition result, a natural |anguage understanding result and a
conbi nation thereof. -38 WO 03/003193 PCT/ US02/ 20510 12. The net hod of

claim 1, furtHerTheangthodsofrjpimhe firthepcamiprisigrthestep ofrollbboritheg belWeeniant er f ace,
a short fermhistory c I.1S] events.associated with a user input event.
13. The Mlﬁmn&fﬁ@i{ﬁ?%%%m‘%bm@rg 1620 gssopidtedQBEYof nmi nt ai ni ng, by
the DMA interface, a long termhistory of events associated with an
executed task. 14. The nethod of claim1, further conprising the step of

mai nt ai ni ng, ¥y Theanathed oficlrimriSafuethercompeising Hiestaprof disambiguatingesqueeyt i ve
appl i cat ﬁs%h % a%'&{ {itm %is% a,l lglgg t%xerg ?x{s%rxly, focus history, and a combination thereof,

17. The method of claim 1, further comprising the step of generating a message in an

appropriate modality, if a message must be presented to a user.

18. The method of claim 17, wherein the step of generating a message in an
appropriate modality comprises converting, by a modality-specific /O agent, a

modality-independent output event to a modality-specific output event.

19. The method of claim 1, wherein if the callback function comprises a dictation

mode, notifying the root DMA to send all input events to the application DMA.

20. The method of claim 19, further comprising the step of termination the dictation

mode in response to a user input command.

21. A program storage device readable by a machine, tangibly embodying a program
of instructions executable by the machine to perform method steps for managing dialog of
one or more applications, the method steps comprising:
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15. The nmethod of claim1, further conprising the step of collaborating
between an application and an application DVA to di sanbi guate an

associ ated query. 16. The nmethod of claim 15, further conprising the step
of di sanbi gW&03/863183 query using one of a short term hi st opgr/uSmngsver m

hi story, focus history, and a conbination thereof. 17. The method of claim
1, further conprising the step of generating a nessage in an appropriate
modal i ty, if &stpYatngea RiMd (dirlogmanagerand athstraton) sisterfack Somptising®t hod of cl ai m

corpri e o aehieel Mot it SOEh RN P19 BREF Btfonc e tage fpcation DMAS:
modal i ty-i ndepeditgnby thergot DMMkemdtification oTadBbri it $06HE td drfapMbdtidh DMANt - 19.
The met hod of tI a_'_m‘}, wher ei n iﬁ t he call back function conprises a’

di ctation rma@,am’ﬂ?t ¥ the appliqation BMA.Bsmbelicsend al | i nput events to the

appl i cat represEithtion?st.thefier iBLIWEn©f claim 19, further conprising the step of
termnation the dictation nobde in response to a user input command. 21. A

pr ogr am st or atlitgs by the applichtion DMy, an applidatiormethad ¢ pérformrdonséyi reglaigar 0gr am
of i”S”UF&EPﬁﬁbtﬁ;ﬁ%gh%mg lo,ﬁ% the machine to perform nethod steps for

managi ng di alog o re applications, the method steps conprising:

-39 WD 03/ 003&éivingTHy 5O applidaiidh DM, 3 léry Hothd apifitaa] a)hegmgaa&gpahd.
arbitrator Lnt&r‘qfao&s%&rﬁprlsmg a_hierarchical tree structure conprising
a root Ri1gs Bf Loy & coppitresalution; DMAs; sending, by the root DVA,

notification @fermitMisy itﬁbr?g fdtfac ' Lan: et 00 aini ng, by
the application DVA g’aysy Miél rep%’&@ﬁ?@?%%oq}?%légﬁv@wlyiaﬁ Yﬁbaé nt;

cal | i ng, omthegnerysgnsivied by therapplisatiom DMApdndcat i on met hod to perf or m cont ext
resol ution of e s ol i g.repr ntatjon. -receiving, by the application
DMA, a quer y%\’%’h’ighgyng‘ﬁﬁﬁlbc&ﬁ&bﬁﬁﬁ%ﬂé’%%k finction gssociated fithitheayerhif resul t s
of the cebpplicai@SDMA istentlfie@ [dBbunentlPaetivlle DVA interface, if the
application DVA is currently active based on the query received by the

application DMA, and | aunching, by the application DVA, a call back function

associ ated wi | . isGat jon. I s detegmned.tp be
currently actzlz\t)gfhfg ?ﬁﬁﬁémﬁdfgg F‘lgtr%e%fﬁbg agzg ’ Hh?f?’@%‘fnsﬁc PP f?i}“s(ﬁﬂg‘?tgﬁgn t he
i nst r uctd DMA interface edmprisedhstmgtions for registering, by an application, with the root DMA

to obtain an application DMA handle.

23. The program storage device of claim 21, wherein the instructions for instantiating
a DMA interface comprise instructions for instantiating a main DMA to manage the main
dialog of an application and instantiating a plurality of child instances of the main DMA to
manage sub-dialogs of the application.

24. The program storage device of claim 21, wherein the instructions for determining
if the application DMA is currently active comprise instructions for utilizing a bottom-up
arbitration protocol to determine if the query is a top-scoring query among all queries

received by other application DMAs.

25. The program storage device of claim 24, wherein the instructions for using a
bottom-up arbitration protocol comprise instructions for:
arbitrating, by each parent application DMA in the hierarchical tree, between queries
received from application DMAs that are children of the parent;
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a DVA interface conprise instructions for registering, by an application,
with the root DMA to obtain an application DVA handle. 23. The program
storage device of claim 21, wherein the instructions for instantiating a
DVA i nt er f W@ 0FBAIBI se i nstructions for instantiating a neRGT/TNOR20500 manage
the main dialog of an application and instantiating a plurality of child
instances of the main DMA to nanage sub-di al ogs of the application. 24.
The progr am sbitwtieg, dyshereotPMA, betwerd queriesreseined fiemiapplication DVYss thay

The progr am s 00 _ v o _
st r et g iien bl FREDNALS Bl i efilo o Brenl BFpnipengto, (o det er i ne

if the query is a top-scoring query anong all queries received by other
application %SF 25. The program st or,agae device of claim 24, wherein the

i nstructions $%r hsroggam stosagedsricepf clains 25 Sirthercomnsisingdhstiotion fose
instructions gegeratidd By tHeAbb M NaWe p%,]thl an dn the

hi er ar chi cal ree,le%e.-lfyween queﬁ?ég%%élgﬁ\%eggﬁfggo%ﬁég FOAFPONBRRE that are
chi | dr enqusty andehe asseciated appdicsonMAQ3ddD3 PCT/ US02/ 20510 arbitrating, by the

root DVA, bet eri,es recei.ved f a icati As that are children
of the root Eﬁ%\&ﬁgﬂ’ S paTeRs applic ﬁ‘é‘]’éﬂp’s “gﬁh‘@g‘@? 8&?‘"\%%“{?5 repylttg eachs. The
pr ogr am ciildrapplécadew DdeA.Of cl ai m 25, further conprising instruction for:

generating, by the root DVA, an arbitration result conprising the overall
Wi nning query and the associated application DVA, and sendi ng, by each

parent applicgti Iob i o] Lon result t.o each

child appli c?talit (;121@ B%B%HFEQQ‘?%@%%% lQ?%%é‘%%%é%“%?%ﬁ’&*W@i@ wher ei n

t he i nsttheicallbacksfuhction compeise ingtrudtions fo usihga korhmaed niegia m][umér?ﬁad thet ructi ?nz
ac uncti on associ ate

for usin d registry to determ ne the call

with the&HE@ﬁc&E“r%‘.‘aﬁsﬂgaﬁ?%%Mﬁ?%‘P&‘age devi ce of claim21, wherein the
synbolic representation conprises one of a speech recognition result, a
nat ural | anguage understanding result and a conbination thereof. 29. The
progr am st or 2§e The prageany storage deniceiof claim2i ewhereinttixe symbglic representationns f or

esoch at Sahgahonk 8F 5 800t fHc G R, P Rt bolinglriban g ©" " °

combination thereof.

pug

29. The program storage device of claim 21, further comprising instructions for
maintaining, by the DMA interface, a short term history comprising events associated with a

user input event during a state of the dialog.

30. The program storage device of claim 21, further comprising instructions for

maintaining, by the DMA interface, a long term history of events associated with an executed
task.

31. The program storage device of claim 21, further comprising instruction for
maintaining, by the DMA interface, a focus history that tracks active application DMAs

during a dialog session.

32. The program storage device of claim 21, further comprising instructions for
collaborating between an application and an application DMA to disambiguate an associated
query.
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30. The program storage device of claim21, further conprising instructions
for maintaining, by the DVA interface, a long termhistory of events
associated with an executed task. 31. The program storage device of claim
21, furtherwO®HM3iesi ng i nstruction for maintaining, by thecTtddsreierface,
a focus history that tracks active application DMAs during a dialog
session. 32. The program storage device of claim2l, further conprising

i nstructions for collaborating between an application and an application

DVA t o di sanbj ' r +41 WD 03/003193 .PCT/ US02/ 20510
33. The pr ogr%tsrgnu?]tieg’rrg%gﬁ §e°\%§e§€egﬁ§%ﬁ?2, Ffm"smﬁﬁwpﬂ'&fg’ﬁstructions
for di sdismbjgeatingg qaeryusing ous bNgshonaermi histosy) @ Idng!tarhiblosy, 9%dous Ristapyd term
hi story,gﬁiogoc ) q?.l stor % and a conbi nation thereof. 34." A DVA (dial og
nmanager 4i9p thereqfint or f ace, comprising: a root DVA for arbitrating
anong a plurality of applications to determ ne an active application for a
given user input event; and a plurality of application DVAs, wherein at

| east one appt4 ADMM (dirlagimanages and arbittitor)intenfaes; compyigihg:cat i on, for

arbitrating ral.ity of sub-dialo .t hin an _applicatign to
deternine a ?{atrl‘ra gg{)ﬁlﬁtﬂl}iagbéh Wgﬁﬂﬂﬂ%ftﬁafs ?ﬂ\??hc‘glﬁ’ﬂ‘?mdoﬁt%‘?‘%@ﬂ“é& ed with
t he user appiipation fovdgiven ubet inputdvént aider f ace conprises a hierarchical tree
structure and l\glne teylog' arbitration is perforned by the DVA interface using a

bott om up api BpphgatiomIMAS, wherelias legst ane abphication IIVBA is assaciatedDVA

i nt er f acith 8ach ¥BHEABG Bt é‘g& - : i . The interface
of claim l34, .vmqgir,ei n t’ﬁgr Wm er‘%dgcdﬁgxt%gtry?gg@r]g{air?&%g'ge mﬁ% lg?ioon

i nf or mat determirg7 taffkapplivationDMAananaging thessubidflog avsevistedwith e ugér ibh\g; T oot
DVA and applicati.o . maintain a list of events that are generated for
a given user @Wﬁﬂ?.ﬂle%%lﬁwmﬁ%@@ cgl tgge stryoture gnd whiefeibach of t he
root DVrarBifieitirOis peferinied’by thBMATRdMaed Bsifg 4 botfonP that have been
executed for a gipven di alyog sessi on. 3&@%%Mﬁ?ﬁr g'ce of claim 34,
further conprising a nmechanismfor collaborating with an application to

di-sanbi guat e 3 4G HNARNerrE4 2 blaim 34, wherein the DMA interface is implemented in a
multi-modal platform.

36. The DMA interface of claim 34, wherein the DMA interface stores and manages

application information.

37. The DMA interface of claim 34, wherein each of the root DMA and application

DMAs maintain a list of events that are generated for a given user input.

38. The DMA interface of claim 34, wherein each of the root DMA and application

DMAs maintain a list of tasks that have been executed for a given dialog session.

39. The DMA interface of claim 34, further comprising a mechanism for

collaborating with an application to disambiguate a user input event.

40. The DMA interface of claim 34, wherein the root DMA comprises a registration
table to maintain a list of registered application DMAs, and wherein the root DMA tracks
which of the registered application DMAs is currently active.
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40. The DVA interface of claim 34, wherein the root DVA conprises a
registration table to maintain a list of registered application DVAs, and
wherein the root DVA tracks which of the registered application DVAs is
current|y aWoi03@0319%2 WO 03/ 003193 PCT/ US02/ 20510 41. The Bi¥Usnesiace of
claim 34, wherein the root DMA communi cates with an 1/O manager, wherein
the 1/ 0O nmanager abstracts user input events into nodality-independent
events for processing by the DVA interface, and wherein the 1/0O manager

converts abst _ ent s . ne. nor dality-specific output
events. 42. %@W@L"F@é ooéal@rgéti(’) #%ﬁf"%@%ﬁﬁﬁ%%cﬁ‘ﬁ%ﬂﬁbﬁn
conpr i se¥Oamanapéry whertihGhe HOmRGAserabsiraots wbetahput ¥verBSinio rﬁ&fali%aﬁﬁecpfm@ﬁ']t Ity

supported bysctan under | \é;'/ﬂ% latform 43. The DVA interface "of alm 42,
wher ei n PYRSIBIRIPEESSINS interfach, ARd-exein the ) manager nonveits alystragtent

using a amm@mnmgmgmg ‘p&% The DVA interface of claim
34, wherein the application DVAs g?réwcu?én ca uéeéélﬁtst'h a task manager for
utilizing oneterThedPMAdsieviseseficdlaimail, whereindhe I/Qimenegen comprises alcentrah h@yer

conpri se nager for trackin reads, associated with the
appl i cat l?‘8‘?\a ﬂng%gba%ﬁ%fﬁaé ARgs @F“‘?@?‘%Eﬂ%ﬂ?@ﬂ“ﬂg’lﬁ%~
conversational engine APls. 45. The DMA interface of claim44, wherein the
engi ne manage nicates wth_  a resource nmanager, wherein the resource
manager desi g‘k’at uistfaceofclaimdl; whergip thmntdglo manageycommuficatdhe DVA
I nt erf acgj l w41 r ﬁﬁH’E@r' | 1 hani sm f or

control I?ﬁggﬂfﬁ%ti ﬁﬁtg{fc 2nc§es e%%p‘%%?@é%rﬁ based on
security settings registered by one or nore applications. 47. The DVA

i nterface of gl al.m . ei he .gecuri.ty nechani sm.provides  arbitration
only anong fr‘lﬁé?}eﬁgﬁl\{,}%}gf%ﬁn@da&g.ﬁﬂgﬂﬂlﬁ‘q 4RP W‘&EPBEAS ePmmRNIgAte f urt her
conpr i si vigh 8 ta3k &ladiges forfudilizingohebr Mere chiVersafibtal Efdin i etween
groups of friend appli cationgf.0 49. Tﬁg DVA ilnterfacéé)’p‘(‘)’%&g@e{lﬂﬂas , Wherein
the secuUPRRAgCrROMPESeSAHhiead poelgeanagerifey tragking éhredds assaviated avithi the apptlication - 43 WO
031 0031 BV i Theihe Hinaglr ol ASmitRicalihP iR G Rhsafibell gl aBi® ' 1 N

security nechani'sm

45. The DMA interface of claim 44, wherein the engine manager communicates with

a resource manager, wherein the resource manager designates a resource requested by the task
manager.

46. The DMA interface of claim 34, further comprising a security mechanism for
controlling information exchanges between application DMAs based on security settings

registered by one or more applications.

47. The DMA interface of claim 46, wherein the security mechanism provides

arbitration only among friend applications.

48. The DMA interface of claim 47, further comprising a mechanism for switching
the arbitration function between groups of friend applications.

49. The DMA interface of claim 46, wherein the security mechanism comprises
digital certificate certification.
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encrypted informati on exchanges. 51. The DVA interface of claim 34,
conprising a pluggable arbitration protocol. 52. The DVA interface of claim
51, wherein the arbitration protocol conprises one of a heuristics,

det ermi ni st WO BQ8318% at i stical algorithm 53. The DVA i nter peres@f2siai m 34,
wherein the DVA interface is enployed in a voice portal. 54. The DVA

I nterface of claimb53, wherein each application conprises an application
browser that communicates with a main application DVA

50. The DMA interface of claim 46, wherein the security mechanism comprises
encrypted information exchanges.

51. The DMA interface of claim 34, comprising a pluggable arbitration protocol.

52. The DMA interface of claim 51, wherein the arbitration protocol comprises one
of a heuristics, deterministic and statistical algorithm.

53. The DMA interface of claim 34, wherein the DMA interface is employed in a
voice portal.

54. The DMA interface of claim 53, wherein each application comprises an

application browser that communicates with a main application DMA.
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