WD 03/ 003193 PCT/ US02/ 20510 SYSTEM AND METHOD FOR PROVI DI NG DI ALOG
MANAGEMENT AND ARBI TRATION I N A MULTI - MODAL ENVI RONVENT BACKGROUND 1.
Techni cal wlislod3195 The present invention rel ates general | yarsaz/29530 em and
met hod for providing conversational conputing and, in particular, to a
protocol for providing dialog mnagenent and automatic arbitration anong a
pl ural i t y SYSTEMWNDMETIEOD (FOR FROVIBING THALIGEMANA GRMERT A¢phi tecture
that supports the protocol. 2. Description of Related Art: 10 The conputing
world is evol vi ng‘ﬁg RATION EN A M H: E-MOPALENVIRONMEN T nect ed

pervasive clients will communicate with powerful information servers.

I ndeed, this mllenniumw || be characterized by the availability of

mul tiple information devi ces t haBBACR&E®OUNDYUI t ous i nformati on access an
accepted fact of life. This evolution towards billions of pervasive

devi ced- bei dgchnicalFieldaect ed via the Internet, wirel ess networks or

spont aneous ks.. s Bl uet oot h.and Jinj i1l revolutionize the
pﬁ)nci pl es Jﬁg@%ﬁé‘ﬁﬁ%"%ﬁé’%?ﬁ%& g%lgra#'lpdt%P%qqnbﬁx_ldlﬁnﬁﬁ%oﬂgomayl % ure,

per sonebnvefdatioha coMPuGIRyArE tn Mirlibul& Tod protdRbIfet hRNAIIAE 8BRE miHabBEERY Wi th
themthe ability to create, manipul ate and exchange any information
anywhe#8d aHemats abiteation iamgng atpdyralityiof nonvsthational @vultiesiodaljapeitatiansand

i ndi vi q}i'gi’clhﬁect&rlél” gt rb%egrz an agi lities. Such devices will include

fam | i &7 2ERfeddre AT SipnorE G protocsh ¢ 5 ventional tel ephones, cel | phones,
smart phonepesdifisiion ofREAIRAZEHS, PDAs and PCs, which vary widely in the
interface peripherals they use to communicate with the user. The increasing
a\Pai | abi | i t fhetomphtmgmenldis evalvingtowatds ah lem where billiorshef intergonhextdédonal

power avail.abl.e to each user .to.mani te thi.s infornation, brings with it
a conc8fVEHH Cl??@édw ‘WWW‘&‘P&%%&"@Q“%&HWW“% S%‘?ﬁ'ﬁﬁ@ﬁ?@aéhléommni cati on.
The abidiilénhitR | ARy Yil F¥ T Moy : L ances,
each desliégng}j pgﬂgﬁlé%r?ﬂgﬁil ndi vtﬁgﬁgaﬁgglﬁgﬁ%%?@kkﬁ%ggh%%d@%‘%Pimta:t es at any
gi v_eln Enakeybmefwsabmd j ?twrfmis;sgmamcdpltmisfed ek gtiorfﬂit@ée. athis g@uﬁﬁ?ﬁmzcﬁmdilliggi haI:c
avai |l abl.e i nput, and out pu alities to.maxi m ze the bandw o
- aBRP AR BSDE GHerbPATAISE v e e PN e ot RROERLS

Mt - ARk (Rl BihABoth i@ T8 wiitGev ARl Afle bLiPIck Bh@Rfdg o Wi L h

i nformati on devices I n hands-free, eyes-free ehvironnents. The current

i nf r astrapabacheeiisteraotion. olnf thg near duthice; persenal difognaieadeeisss witbibffér- modal

access across a pl L{)I’ ality of conversational applications and franmeworKks.
| ndeedY lgp{t%@gﬁes& ringing 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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-1 WD 03/003193 PCT/ US02/ 20510 plethora of information can be accessed
fromservers over a communi cations network using an access device (e.qg.,
per sonal wofoenoaEbs on and corporate information avail abl e eaTarsoya2dseo

net wor ks and public information accessible via a gl obal conputer network
such as the Internet), the availability of such information may be |imted
by t he ptetitah bf nfarmatibe carché antdsad Gensseflers ®@er atomhtimpadbhOidiveRasidg C
software a gl%:vations W t h v.vh'%ch the user is interacting to obtain such
" nf or i PSS 54195 (BB PPFRERA JLIEMSHaR 9 FETOTY inORASIon ey RS OmpreateTs,
howeve i; I g |t at i t. be addy essed. For
exanpl Q?WS\% n&??ﬂgh‘? @5%@?@?#8%?&?%%@%&%@8& { Efg&ogk g‘é% agsié%ce of

var i oudntemat)sthe availabiity afxuich defoimation rhdyebedimigediby the ynddalifofehe Nat ural |y
from ong étl}%p| ication to another, across all nodalities - especially

anbi guSiRVagesanleviGeRr the platigan-gpraafiqsofiwage spplicgfions v thewhich Basuisesisgni i cant

modi fi gatl ok t|8 ohgl?n s@ﬁ?ﬁ’feﬁﬂﬁﬁ&g nodel of such applications and the

pl at f orm on ch such applications are executed. For exanple, explicit
(or pre-bui Mi}h the dwareassd depolyrient b€ cstekisaishal oysteie B6WevarPdw @ahrieNs t o
shift from one aEpI_i cation to the other. Thus, arbitrating in such systens

cannot chlengrs apd limytatiges mshhe addressed: | Roreusmale. Gientie gurrem séhatt he

i . ' he. nl = h ,
Gevel ORI RRbs B VERB ARl By P it Rl b e

requi r asturadlly fom yndappiicsiitgeoahothBe agtosd alldhoddigiea PBdpetially ambangudiow t he
interaction with the wusers should be defined, but a wide variety of other
i nt er f B0dalitigsguetrfapeecheys apipgssibls without sigpificanimeshifieationdmthe such as (i)

i iy it .devi f hone.i.nt e f . h :
web. or BieberiingdRudel 87 ShcRgbBI i bt ihs B AR SR M D aPPERyontirEng) nes
( speechbxecuR@OFbi &adiiple, RAPLEIB{or b%ngygigamm 2dedd b defifEBE ettt hesi s and

possi bly | anguage generation); (iii) resource and network nanagenent; and
(iv) soplicatensiashidnromeone applicaten oube atherl Thuscarbitwatingin suchispsteths
applicatiaps. ,Accardingly, there. is need. for.a syste o pr.ovi.de di al og
mnageﬁwpﬁ?{&’eé’ﬁ%ﬂ)&?ﬁg ahgpgqqaﬁlgﬁ%lﬁera%l}l%lkn%w%ﬁg? gﬁ’f‘ﬁg ca g?ts ati onal
(wltihm%ﬁi@%kagﬁ&}g_}nﬁbfoﬁ{]d a protocol that supports such
architecture. SUMVARY THE | NVENTI ON The present invention is directed to

a syst em anHurthgrinore, flovelgping i donvgrsationad appicatioraiising crpant tachnoalogies pr ot ocol
For au}e%ﬁ%%si r(l:ot %inﬁll k%%wqe‘adqg%%? rtTl‘{aengtoa cr>] hg alpﬂhtcgt?otrl a?n% }R)%& ﬁ\g?gte%ction 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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plurality of conversational applications, as well as a framework for
supporting such protocol. -2 W 03/003193 PCT/ US02/ 20510 In one aspect of
t he presewDosnvaEnti on, DVA (di al og manager and arbi trat or pcCirrntsez/2@ee
conprises: 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 oineepspeaof thie prddat inwdieion] DM (diglag madhger aR@ bitk@dthr tntRel S
associated, with each application, for arbitrating anong a plurality of
sub- di 8PBR&SHi t hin an application to determine a target application DVA

' h ' OCI hth.th N ., Pref ly, th
DAt ar  ad ok SR oE @0 ARFREAD R o Kl BT ol R setombirEioh B0t at | on

i s penpmicawsh fy aighen vk inpitevémeandisi ng a bottom up approach. The root DVA
and application DMAs operate in a hierarchical tree architecture in which
the root of apheality ebapplicationeDMs, whiEsin atfleast ene apppitatioat DMA isassogiateshed, t he

i cat. eat i . >t he nmin dialog of th
2opl 1 oot SR o SRR b B T Bt B manPif ey of
t he rodéteflke aTdiQet&p?lﬁdaﬁaﬁ DVIATB3haBRIgAROIbAITARE absdciaftdll it tRWSerdApAl  NMOr e

instances of the application DVA to manage sub-dial ogs, which becone
chi | dr Br¢fesablyythe terfage apapriseedhisthrekieah tre¢ strupdpt, whersiorarbitratiomist i al | y

| aunch ihdre lication. are prefera cr d i.n a separate
thr eadsgror{%%ﬁlgg I%CPD g'fsj"’g‘e“é‘?f?%_? tHE AoresentP é_ﬁ’l‘?{/oeal‘if"i gﬂh,gmé’tm&&flf or managing
di al ogagflicRtith DMAYGHecfat@id hierid i tre® Alehitée@fre i ®hheRS oot of thRtleafy i ating a
DVA (di al Og@n@xg\% and arbitrator) interface conprising a hierarchical

20

tree sthegeet £ 8% appligatiools Idched, theapplicationsreatesFplapphdation DINMAS ;

oot cBiibetl maR 1 52 bgheeRln b ediclbeT ERR e SisDi B
r epr esp&toaick @@hid of e rétTIMIANPEHe a?ﬁﬁéﬁtibn%?dy'ﬂeﬂﬂogrgﬁﬁn{eﬁ% anentigRidn@r DVA, an

application method to perform context resolution” of the synbolic
r epr esmorainstances oé thei appheptioh\PMAo ammiag e subrdialoBlyivhich ogeome childwen toffithe

2B g L U SOmRL Se e LSS g e panex
curr enphyafsat bY&eIQ@%%@eatéaﬂn%%pé}%rtﬂre££Cei ved by the application DVA;, and
In another aspect of the present invention, a method for managing dialog of one or
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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| aunchi ng, by the application DMA, a callback function associated with the
query, if the application DVMA is determned to be currently active. -3 WO
03/ 003193wB@3h0F02/ 20510 I n yet anot her aspect of the i nPemtuson205& syst em
and nethod for provides nulti-nodal input/output nanagenment. Wen a
message/ response is to be presented to the user, the 1/0 nmanager generates
t he message In yetenetheraspect of thedavéntiorga systes did@hethod gL providés @ -Bodads k
managers to drjive the output generation to_ generate an abstract out put
event . IRPYHOYPE management. Whene message/respaise itto bspresanted e the usen thedfR or rnore

nodal i { ' : Iy t her ects
featur Eadsa,%gaefrn %E%d%tgiﬁ‘gté’zéssk%@ 1{1 Eléé %&frggr‘gﬁf&ilag égsﬁts[?l Sm ageﬁ%@@%@ ag%%( ar ent

f rom t henagrrd owirivg thiedwphtegnetation iodicneratetin dbseadp bafpar exgt eTROPOMENt S,

which is to be read in connection wth the acconpanying draw ngs.

DESCRI BN’ éﬁnVFHEAm&WNGSumug?VGN Ingo eneRrgpone aqdaliiesior preisenjatzon tofthey
system,fpr providing conversational conputing according to an enbodi ment
of the present invention; Fig. 2 is a high-level block diagramof a system
for provi di Theseand etieahipecia) featunpatid adgamsgs ofiitpréenaiveriadiiment of the
pr esenL i nvention; Fi g 3 is a block diagramof a hierarchical DVA (dialog
managePecoms apaient o the followingratled dessrptnp ofithewnefemed embodimentent

i nvent | @an.a :El ! i |lary method for providing
di al og%&ég{e%éenﬁ%a%%ld&g?%ﬁfoﬁéﬂp@%&%églogﬁgpagﬁﬁgﬁ?as Pefet ure accordi ng to an

enmbodi ment of the preseDESORIPTIONOFTHE DPRAWANGSagram il lustrating
information_that is nmaintained by a DMA according to an enbodi ment of the

present i nvE Il éha highdevedblosk gliagiamg e basysteny i pzavidigg sonvemsagioralt | onal

conput | tem l.oyi ng, a.DVA cordi to.an enbodi ment of the present
i nvent %éc}gnp ‘ﬁé%gas?orglg(}f)‘g t?é‘,’ e%?dlgﬁa&t 9%?’88%?#2@’56“3094 ow di agram of method for
providing dFgl Q%aﬂ%ﬁwwckﬂmglra%ﬁ Bf 4 Ey3inPfor pERAdiAl B8nvePsafiBgalaspect of the

present invention; Fig. 8 is a block diragram of a systemand nethod for

provi dpergputingtaccerdinglto an ambodimenpof therpreagnsimventiascor di ng to an enbodi nent

Of LNe PreSERt s hINERLL BREl O BelenorfPhRe (R Mgk 20 dRULH°U PUt
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.



manager according to an enbodi nent of the present invention; and Fig. 10 is
a bl ock diagram of a voice portal according to an enbodi nent of the present
i nvent i orMwo-04/00¥993/ 003193 PCT/ US02/ 20510 DETAI LED DESCRIPRTIUSHR/2H510
PREFERRED EMBODI MENTS The term "conversational™ and "conversati onal
conputing” as used herein refers to seanl ess, nulti-nodal dialog

(information exc EDESERIPTEONUE PREFERREB EMBODIWIINTS Vi ces or
platfornms of varying nodalities (1/O capabilities), regardliess of the I/O
capabi | i ti edhpferygonyeseadiongld and eganmenseitanal ganerusing hs/used dierein s fo

i ntero [ ' . ndar ds S |l as a

conver g‘%ﬁj}ggﬁ ’Sﬁ““gg@gwgn‘%ﬂhg ﬁﬁlf)og@?ﬁ&f %Cgfll?g%g)ﬁ]%\g?egaqs%ﬂgfmgéﬁ? - based

mar kup bétareudgrddesion platfoenaohyvaging htodaniés (Vat daprbitlaes, regaﬁte@%ftﬁ& yey 3) and

busi ness I_o%;j c (tier 2) fromthe user interaction and data nodel that the
user nhFNaPitiss akthe epepsedevies/cheanelcprafouatily: gsiag e dntaraparsbleand nachi nes to

carry | I h -t o-hunman . di al og. Further, the term
" conve?mugﬂgﬁlg%groﬁgg% g ﬁ%?%ﬁ 8 rag Q;t%(i)]l a%l(r% ¢ %Yﬁr?aggp‘iﬁé’ﬁggrﬁ%nlg%ﬁlﬁg?]t s

mul ti - eoglpdonvérssitonal gestirsbesedahirRiy lahgudge) thel sepakaielithd AHplivatidh @t£9S) W thin
t he application_and across_lndeEendently devel oped applications,

pr ef er &¥itgnt (Ker) and brgingss legiafiier Rhfrgmthe hser seraetan gridriztamibde) that éhei ous

i nput ' iquat e..and derstand the user's intention.

prof er S yleRds, CopSATRAE I BuR nt NS SE Snd BReHiER P 2y BhGuage
undersﬁiangiagghturmghhma@@@hufnaﬁmaﬁ%i ve di al og conprises nodalities such as
speech (e.g., authored in VoiceXM), visual (GJ) (e.g., HTM. (hypertext

mar kup | angherdfeer) the tesmstconyersatiomliapphcagion” refivs tq am applliestsomthatcupportnguage) ,

CHTM. HDML .(handhel d_devi. mar kup . . and
combi e BRCGE: BES Ao BEMeLPEL e eixed Qo dioeabignin i elelipb A “cach
modal i hefodsQhddpRARINAGdePlopdd dﬁgg@dtiohé,%éfeﬁ@w Rhg SHBH SRR AofS teédmf Ul | NL

(natural |anguage) "user interface, resulti'ng i'n a universal~ conversational
user i eansext doelud@giprevidus inputtand oltputitddissmbighateaat] uatlérstand thetuser’sbove

exanpl e re decl arative, ar f the.nodal.it be r ogr anmed
i nper atﬁ%‘ii‘gif’g}- gfe%ﬂgblé(nﬁpnéfm“?y{?f?@im tFOIHé‘(E‘ﬁIé‘? é?iﬁ&‘a’é‘ﬁ%] lg}ﬁgﬁat i ve
pr ogr affdeR@andigp)accor dance with the present invention. The present

invention Is ditected to a system and net hod for providing conversati onal
conput i ng vMaltandal inwoactive dizdeg ameirises nhodaltiips serheayepesth (agd aathbicdriat i on

bet Wee{}of%eXML), visual (GUI) (e.g., HTML (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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plurality of conversational applications, as well as a framework for
supporting such protocol. Fig. 1is adiagramillustrating a high-Ievel

bl ock di aypasioef19m system for providing conversational cecpuiSongosaccor di ng
to an enbodi nent of the present invention. The system conprises a
conversational application framework (CAF) 11 which conprises a set of

col | aberahpleghe QATONESYHpriseatopaith® thdiSnid@y@ wiiPiHoul fenSIABY flasabbeRal
applications. For -5 WD 03/003193 PCT/ US02/ 20510 exanplé, the F 11

conpr i $idr widsHyRg finctiopalitiesnThe CAde! homprises ¢amponentgites pravide theposes  t hei r

under | yj { ] it F 11 ¢ | ses .C nents that, provide
t he ne?g«;&%@ﬂ%#@%@ﬁ@% ot %‘%*“&*é@?%‘i??%‘/ﬁdmﬁ fr{B CTp 8 ?’%’E%&I oyed.
Fur t hebgloas thespstairothprised DM A lisss hiafhge TR hbRsatdr BMNE) 4di al 09 manager

and arbitrator facade) that, in accordance with the present i nvention,
provi d@scosdancewithithepresast yiventians pravideaah dntetfacedppréenabnversational t he CAF 11.

Pr ef erg.%;y%aﬁ&ﬁean&fe éhs,]q.pports t he conversational conputing progranm ng

nodel séparati ng application content (business |ogic and backend

access) froPrefeably] the €A1 | %poﬂ?ﬂﬁf&ﬁﬁégati%m%h‘gﬁﬂhé pfggrﬁﬂming model

I nteraction-based progranm ng nodel are described, for exanp In U S

Pat ent b¥penaratingiappliaipn gpntri. (beings lngboad Hackend aspesspfrom wSer id@BGtiownt i t | ed:

"Met h Svyist € F Mul ti - Modal ' d .| nmpl [ f A
conver SRR OF e h B AroPEEna Biocs Re Srsnbeb 4 1 ul |y
i ncor pexaae, iNeT.8I Putdit apSE@KEA S&ralNE @gﬁsaﬁ,%zﬁ,icfgg@tlm @.@H‘l Bﬁg{dgg&gﬂﬂe tform

(CAP) 10 conprises an inplenentation of the 1 that I nds system
servi cé¥etpdneeti®dtdans KareM@nMpddl Browsing ped Implememtuiiareof 4 Genedridiipnaly st em

In a preferred enbodi t., wherejn the CAE js inplemented in Java and
s s o B L aneBgo AR g¢ s5TD0R ot ERedanil teBorpSTR S RERein Gy S Tgiepos.

addi ti onal } df el sl i L . | S
referred tonﬁég?gﬁﬁ%sn agﬁ%\grblgtgyr%)spe{?t?conad@r@ l%ﬁ-&)ﬁrgr%sg% 1%{3 IWEIO?%#S to be

under s€addl It thatt alsd bihds gysterh serpices Ehheddad by tlicdDAF 91196 @ spacitid native npl enent ed
I n Java, other o‘%grati ng. syste platforps_or_ virtual machines may be

uti | i z8RFTatng SYRisMe B Aretmed grabodimentn Whessimiba CAT L L isi implemaaied; in Jave
accord b5 Rad i el nt.i,Qn. Bref. d
o T fs Whlibed ELOGRNR Y% Tihal MEORRC D (ARCpL BTN LBonTrEi R 08
descr i bapdices), thistimpheamtentation ofithd CARA 1 iPeTdridd0 hedvas a donvedativhalCeittailer 1,

1999, entjtled:. "Conversational Conputing Via Conversational Virtual
Machi nBachipg, &W 15 tp|bsindersiopd thaﬁlgﬁtpll%’ﬂh %ieeﬂré@nkm"?@im is prefereblind assi gned
U.S. Sﬁﬁﬂl@llnexll\llgd i@%&%@hé@ﬂraﬁﬂ@ E}Vs?erﬁs? pﬁ%%ﬂ)lyvirtual 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 International 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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assigned and fully incorporated herein by reference. The above-incorporated
International Appl. No. PCT/US99/22927 describes various architectures of
a CVM (cowoasmetibdnal virtual machine) that exposes convecgatSoewio APl s
(application programinterface), conversational protocols and
conversational foundation classes to application devel opers and provides a
ker nel chpapéities kaprovRieraampeensal QA (Eaveisagunaledet imefoe) VAICEVI RRde conput i ng
by man and cqontext, conversational engines and resources, and

di, al
conver 2%?{] g\‘?ﬁ ed %f)g Bastaadalona PP fneraing srstealonss amaform erdemgbthates havi ng
di ff bi l.i.t t
o ovi ot GBI & e o1 DO KR redHiing Sl Al oS8R b PED e

i npl enbmlmimhsompati’mdltyefoxsdoanehtmhalr;ﬂat%n(sapeap;lsliclatjoxssyst en) or as a pI atform
or kernel t r unsc%éh to convent i onal OS or ’(:r eal -tine
operating s "EB‘i‘?ferreﬁ OGF’BGIBPS Creignt IB&WWﬁr@egeﬁiPpr ] CAF Ifcgmprise
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a C/M 14 that conprises a plurality of external interfaces.
present invention is reusable across any conversational application.

() U)

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 /O API 18 provides device abstractions, I/O abstractions and Ul 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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The external interfaces conprise a DVAF 16 which provides an interface to
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devices 17 conprising, for exanple, a keyboard, nouse, touch screen,
keypad, audi o subsystem for capturing speech UO (audio in/audio out), etc.
The YOcpmpresGogdeponpeessivecngimes)mtl thecappiications 1€ng k. aTlid @ipineas®l 2d

abstracti 041 vi des nodal it endent presentation based on the 1/0

d de
nodal i P{PVEC rtr%?fgf’ °FP'§§° B%'Pﬁlglmca‘teu"rlﬁk ° eRgiRgsayhether dhaysue lesakos remotgn  UO
nmanagepréé@bNese ehPiad ifelrRw. ZOEfﬁ'ilEgbeJrSAPq Pyavh Sg%lil éﬁ‘(IZH anf e)?tgnsp({{lg\é'fd es an

i nterface befween core conversational engin
recognisedhohPLl. NL parsing, NLU, NLG TTS and speech -7 VO 03/ 003193

PCT/ US02/ 20 e on/ deco on e ne and_the applications
usi ng them iﬂi‘Bte@ﬁgB}rﬁ %IF*?re% tinyp néglglr?%ﬁ‘l]%lrﬂi? %?841 gmpgd Wﬁ%ﬁhcat:& with
core epgjiid P RhMNeMmeAMYa PAVEAF GHRbg ?ffan §3arb1tPa{t&]c Eﬁf@gym tﬁ@?oll%?ﬁﬁ%

interface 20 utilizes JSAPI (Java Speec extensi ons o
APl . Adessopteh effppotsired hmbpdmmtst ltlmassmhccbthat theMMAFtie dnplempmyeﬂ evithéra

mbodi t d d

o bi ¢ r BoBereinizne R Raghe [CM.PigrEte LAPAR ottt te s pirruniion nent
it I t ual
et i i s v R R AL

esent 1 nvention
i npl erremlwdtwns diyther, altliagnaf@Y Mprompridesepridus tamgporensgendestrimadeferéine or

(2. de BB e ateaRansP B e T RO APBL NSO SEUE BT G Pe G Mhppl . - No.
PCT/ USO8 B384 Mot Q8 prit RPN Mha GATRURE RRed IO GBS AiPYBF and i ch

are related to nagenent w descri ther, the
i nt er f desesbédinwletatih RuntheDilie inmmmytmldommmam@pmem commuaijepteiveici | on

and with the vario CVM co i al sqo be described. A DVAF 16
accor dfhr?d‘pP’gcat“ﬂE aBﬁ? (‘é’é‘g‘ﬁge VW@F@W&P@B@“@%‘N# alsq g deseribednyer sat i onal
functions &R@.{

applicati on?ﬁﬁﬁﬁﬁaécgfmn%ﬁqgg fes l{t'ltll%)"e?{]&y@g&%%%%mgh?%% ar Sﬁl?nétl I ng

bet wee funatipgrsurSach fynctibncimalnde:s at i onal applications installed on the

| at f or arbitratin plurality of sub-dial ggs associ at ed
\F/)\/l th th 2] sfﬁtﬂ#& Brg / quccgpivgrﬁa 10(9ﬁ{ﬁpp?1catlons a standard)(vay to hook to the C%P (CVM),

(i) arbitrating between a plurality of conversational applications installed on the
platform;

(1i1) 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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(iv) storing and managi ng application information. To provide such
functionalities, the DMAF 16 preferably conprises a set of interfaces by
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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
GUJ/command line. Further, a mechanism is provided for installing and executing multiple
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provi ded by the application provider). The foll ow ng di scussion outlines
preferred nechani sns, conponents and protocols for inplenenting a dialog
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general, the present invention provides nmechanisnms to (i) install
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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, etc.

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
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objects), the algorithmstring for input processing (i.e., the set and
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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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undo and repeat actions. Wile the preferred enbodi nent assunes that an
application devel oper specifies what information to store and retrieve, any
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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 her 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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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 wbloomiaigs ot her applications on the platformto PeTaiSVB2058@r
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exanpl e, di Tapbigdrasuchgontexi repolbtiaf fuhttéorhbityythedMAA Fyaovides Various Wher ei n t he

pronoun efers t t he | ast son the user was tal king about, can be
per f or H%?H‘Odﬁb’aéﬁrﬁllﬁp nfqﬁiebye%@gﬂeé '(ﬁ“et W@ﬂwaﬂmﬁlﬁ@emeétbdrth%g%‘% allowed in t he
DVA aneheOh a0 shdiRQin aﬁfﬂtm b@%&u&@{ﬁ%lﬁﬁaﬁ A}@'iﬁ'stonejs and:P %vxde
associ ati on can be found, e previous guous cb

open_napplicatéoridsvelopens doexse maslchrhlsimwsb Agothes mdmﬁmmlements the security
open_nwai | ( sender =Ma ﬁ\%’) Thi s unanblg LiS command, may then be sent to the
backenf®¢ SAFCPSATY 1B engiire thatk a ghyer apRlication madifies Phaccrsses meants that

di s amhﬂéié‘%hl?@o tieadi OGr applicatid &alm %oﬁ&yepﬁggér%? SA%tor&éﬁélgp e{ Jhef ?IS of

; i
associ ati on, “however, rp(ng res the ability to 1 ion's
i nfor napplmmtlon devek)pplr wespamf}anfdmmfamethat ¢am Heashipret hﬁtﬂ]ﬁfﬁexﬂ@pﬁmm énds

possi bl but et al ovverful engugh to do cont ext
resol ufr& at"i’B L@‘gwg Q:‘E)‘DI?YA&Q'?‘ sped ?ﬁﬁﬂlﬁﬁtl?%n@f{?@ﬂ%ﬁ Gapype uﬁ?ﬂetODIVAF
provid Il

I mpl erreR%?g sgslwtﬁjheg alsdflg\l%gbat hgplligquﬁ&?g&q ng){tr']o an rr%lnqggoé'ﬂig%p I cation

i nf or niype and the searritp osshariap poliesthatshduldrbevititieed ageptdinglyi on devel opers
access to s ch hi st&rl es. .Anot her nethod inplenents the security

mechani sms E@%%‘&F od groyidss ane OR BOTRCoRtxEResaST p@&@qo&fom.appb@at@n |
acceSSﬁﬁef&yea%ﬁte&mgol Lkt léa%n bl &?c@se\ﬁelﬂ %bé}“%lgg},de]nﬁa{tﬁt ain

contal ner 1 ntegri . CCOI’ e user or I ca I on oper can

speci f gf tihahmlhmltusedh thehwsultmag DMAF hawahinwhé h:adilh@ ofahiglihventivSgati these
information that shoul d be shared only with specific applications. Methods
can beMgteds ¢a8 be prayided by S, W‘ih@ﬁﬂphcﬁﬁ?ﬂ flevelapgr o byether apphications. on for a

?L;Enszﬂ%p{%q%go Iflszlggl{a g@eﬁjl ng}]lF w& of @gtem?tostﬁg 'I’HM}\yTRé apsprll%zritllor}lg policy
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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Anot her net hod provides one or nore context-resolver protocols for the
application. Preferred context resolver strategies will not be discussed
i n det ai Iwolowasies , i ndependently of the nethod used, thecrasot/eismg DVAF
is within the teachings of this invention. Again these nethods can be
provi ded by CVM by the application devel oper or by other applications.

They can al RefdingnowitalBiges, abslogladiaga lardbds Keratohil DMA keudthe Y. The
application developer nmay use any one of the methods provided by the DVAF

or i mplEmREmented Ryhe DMK ascerdingde an embadimept efthe prasentdnnention.pngbisdes a

hani : | ' : ' t h | ndeed,
T a pebdithal, il IVer DREA 3055k 0 IR o Mt B apfipipfesr ' Mo
appl i cand 3hthaame imsitdlledrontthe CyAplatfophi Aatop devd) BIMA GRstMRE i Pferiedlio di al ogs, a

hierarchical DVA architecture is preferably inplenmented. Depending on the
secur i N§FeUEAsy oRt RYLA matanee; 98 (rBMA T cBach@aplieatipn 81 end 32 prsiates at feastone nay or

may no I.nf.or | . text...or. user input user
gt et ERes S AR BR dNe. Wor SR hpRiig sl BAR e ot
shar e imsfancerd3 mahapplicgtion I2e@raatsea DM ¥nstin€e B4.0TheleDNIW idlithfi@E 8BtndBHVi der s
and involye sensitive infornation), in extreme cases, it may be required

to resticickildigpiof thefopdevel DMA jistance 381 AdaMAvinstanqrcresied & afpattinubar st at e
wh [ ' ter of i end ' ' th
o1 ust enprisafiof STHEmbd ki B 35 5h M loThain DAL HNRRP o SBDAPES, B 207 o such

a SWi t hierarflded] acshitbetie depictddtiniFos B. cathbe Furitier Skpinkiad to dreatt hew WREdHEy sm used
for dictation as discussed bel ow. -13 WO 03/003193 PCT/ US02/ 20510

Ref er r (%8 Wihintag application’sgub dipdeg) 9f agivemaDM As Foninstanee, npwreBMAI cal DVA

struct ' i I d by th F accordi. t n e i rent of the
presen Sf‘aﬁé%ﬁ'{si dgﬁ_%ﬂﬁa?ﬁ%fg%%eaﬁ%%e Ff?gen[{ EO I%m’f‘%ﬂbe‘é@ggbmﬁ%ﬁ aﬁ?@gance

ar bi t r giseacdsvimarsoardtiildéd §HthOADRINVBS Gkt hdhsged the Ml ddof Bathear e
installed on the CVM platform A top-level DVA instance is referred to

her ei nappication Hot DMA i nstance” or "rDMVA". Each application 31 and 32
creates at ast_one, .in ce, of manage .j ts. mai n dial Qg. For

i nst ance, algﬁ'l's@’ (L,rh]‘fgligo%’ thiﬁ%@a?%b* aéﬁ'ﬁ%ofﬁgggﬁgglﬁggmaﬁ{r}?eémqng ion 32
cr eat egpickhhsiingiIRAGR BY plafidfs S TRVEDMIS aRsSRRg #8 riif difog iy | dren of
the top-level DVA instance 30. A DMVA instance created for a particul ar
appl i capplisationsis ashdd oétherDMidr dilisubscqaent 2N As cabied folilepphisitionce” or

"aDVA. ' The . hi erarchjcal hitecture depicted in Fig. 3 can be further
expand&¥FOrs d@p@gﬁ@tﬁg@%raﬁpmgggaglpg_ﬂ&_rpa%dfah?g] an application's sub

di al 0g) of @o%céRR @IDE mafififenicABiNES, alEYpIRMh must register with the IDMA
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 IDMA 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 IDMA 30 associates I/O notification events with user inputs and tracks
them in history. The rDMA 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 IDMA 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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I nstances 35 and 36 of aDVA 33 are generated to nanage sub dial ogs. These
aDMA instances 35 and 36 are children of the aDVA 33 that nanages the nmain
di al og ofwotmsomppl i cation 31. Thus, in Fig. 3, the r DVA 3TiEsoatostidhe top
of the tree and it arbitrates anong all applications installed on the
platform The aDVA managi ng the main dialog of a given application is a
child dfsmmhrguaMDePbﬂdngmﬁmmmﬂtsaﬁlw@gscseel@t €idhbfthehilaiepl Apphitatihs opecone
descend %s of th managi ng the main dialo To receive dial og

rranageﬁ‘é ialog, g’le é‘??yefﬁfﬁ Dt ORFo{iesg topEavidesyels irdormgtion. Thesseewism setfogs o
obt ai ncﬁﬂb%d@@ﬂﬁh&allﬁ{&f& d?y?z;.r}ﬁcal'i)ﬁgx}o?\;er Wich 8 O‘é‘ﬁggesg‘ég?erg \ﬁt(%gl b% glication

Is launched. The r DVA he architecture o
pl ur al thrgughfthe WAEwerfmrwnh ezchanoersatinsal rapphcafion. rTWHHn&hélﬁpp%chthcﬁi of all
regi stered tracks wh ch of the registered aDMAs is active. An

an
active' a]i“gmﬁn f?‘ﬁ‘ﬁtswll tch eommands fom the yssears required. one enbodi nent ,
there is at vaR§is iAREmAGLH iéeex@ e@ﬁéﬁ@éﬂh@gpw.& And LIBI\/EQsOtgnhech i et"ﬁ?ﬁi aent

wherein the DVAF supports nultiple actions one user e may be
nor e t gmdesdor a«am;wfe (pinfopmationi ta registenitteregibor ADBIAS Wik rmvmﬁ(la Y@ssoci at es
110 notiflication nts with user (gﬁts and tracks themin history. The

' DVA 3BOHARRE CYeol Bt At et o satptarr A, Gt @Ptsﬁ%n%ﬁ‘éerbwﬁlééd bris
hi st or ypio ﬁ&hlaﬂr@r&hllﬁ'feﬁfag RE Yo arﬁfﬁ%ﬁg ﬁgﬁhggﬁ .%1 e SopLt of

regul ar bookkeeping. 1In ad Ition s children (for events
st or edaPMAshie currdritiytastiye;i(iv) meqﬁmnoaahdnys sent qoaalntalcﬁv& aDMxhid stocde@ito sotanpl e in

cases of dj.sanmbi guation achl a may ask its parent the rDVA in this
case) PHah Hﬁ“@%@ﬂl@ﬁ#@ﬁ#%‘tﬁ C3URRY "FPé?Pttt‘Pla?n AstiveADMAS P 10t - 14 WO

03/ 00351%36:@?%/%&9?} t & Cﬁ(ﬁ'@f gl élﬁﬂﬁ?sfp@gﬁ%gh&gs P tﬁeqﬁengr%wgk E)y the rDMA

settings se y each | dren, ns or
may acthepDMA caedsksts childpnaillMAs Soraktribuf totad seatio ahIRLG€Ratatal Mng@dgk i Ngs
can be provided at installation or d nam caléwx evolve with time. These

pr oper 87E¥ tiophenginessoras to RPRSHYAL 2 e d{vianilingchyldran fepiorawtioRr sat i onal

appl i cabiefn miiaisibiis. appl i cation refuses sharing, explicit focus switch
commands fromthe user are required. Various information is exchanged

bet ween t heWhblvitheaDM AsDivi\distrfhedd, ihefaboveinifermatib carbtesncripted. Bamee: (i)
[ nforrrathon to register/de regl ster aDMAs with rDVA (ii) 1/0 notification
event sSWhagforanationsan be yerysgnatgs. dids apptde that i@PMG@@@b‘?@r@t bebrsted-ecei ved

by Fh%ﬁ%@ sgglag%sgéa&, elpiotilid ' RBreBPMESishR. FoPlrsladb iR BRI nbdfimaMS to

deci de
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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aDMAs is currently active; (iv) notification that is sent to an active aDVA
to proceed to act on an 1/0 transaction (and in parallel, notifications

t hat are wer/obx9non-active aDMAsS to not proceed); (v) ceafTiuserison of
context or focus changes; (vi) requests for the next pronpt or the rDVA
can ask its children aDVMAs for attributes to be sent to an NLG (natural

| anguadees g idreal thisnhfoehatidittoIBe Siftside tHOMEH iy its 1rﬂéﬁ£ﬂétand% i ) pulling
children for i nformatlon stored in their histories. Wen t are

di st ri Mseliy, Thisesealady apprepelt wappligableavhandhe BM A pexformsBdLthe $rﬁerpsanztttmn

b h l
not be ol Bep B il ol EREhieBeh s gyl opp iR asetele. | Soue.

For i nsé @it dobynarhaveriediag®adite thi outddani sm can be provided to SpeCI fy
friend applications that can exchange information and unfriendly

appl | cat i ondt 1§ tpdte appFeciated @ﬁbﬁhﬁg@lqﬁﬁflbmﬁﬁbﬁ implementedd Vﬁmetwecmlutmms coul d
b f f dl
oppl | b BAEHeDl AT B et ERERB NS B Putier

certifima@hii@n nechanisns. This inplies that while dialog managenent can be
performed within the application, arbitration across applications is
linmted to tTh@rlPWemfemiﬁy pé@@%rﬁbmﬁ@m@r& thb plueality o§ aADMAs usinganot her

group friend ons fer uires a licit comand by

t he us§§tt Papﬂroﬁgrﬁcgpt%tt S?"P @ﬁ“rﬁéﬂw A&peTd Qtﬁss%q% e&ﬁ%‘?‘@ & explicitly
(such aBMAW dacirdgistered ADMA LRRI, Wl&ﬂl)itﬁﬁuﬁa{%sﬂﬁ:us&l 1'1154&' t8QsQRjafigher w ndow)
to CVM The notion of what is and what is not a friend application can

rely ophitdren.i b mcraabe @cueﬁfmlmatofdamanmoashaa pruning mischamism i§ preferablp f uncti on

consi dBrFHendt oftBnbytfiagy ueef Byt Erel 28 fegﬁﬁgf‘ﬁtéﬁ%m BEbeen o use
" seal edctia M i5-96t8s] fbﬂhe‘?&@t “ieﬁirhg Whérk %110 EGHE Héﬂnab%m g‘gans rypted

information with its children and parents. The term "sea ed hat it
- 15 WOra3edaptiodzed©r hesiica08hed (statieor dmame)/@albetdse&wuthd’mtmhmlgmmthbo t he

tsid h t. ncre, s it locally
’seal eﬁxhﬁ&&mﬂ% e 55'5? @'&%Pﬁémf?éﬁ“aﬁref lf@lm%ﬂen dtis atswgledt at o
| nt er ppRinaigl 198erfoxﬁie@|sgghﬁ%ﬂq‘9£%@3 a@n&wmaqyg[emmt internally

(generical I'y or application specific) so t It does not have to be
passed t o t Rerthemnerelbeuristics, sleteomingstizmp statistat Agorithms fatpgrevidmgladiiiratiom may be

R e N CMA I T I T TR
framework is initialized. Preferably, developers that install the CAF can install their own
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 aDMAs 47 and 48. More specifically, the sub-dialog under the
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The rDVA preferably perforns arbitration anong the plurality of aDVAs using
a bottomup approach. Wth this approach, notification of a user input is
passed frwmoslhe3193 DMA to each regi stered aDVA child, whi clrcTrusoeeesio pass
the user input to associated children. To increase the efficiency of this
approach, a pruning nmechanismis preferably provided. In one enbodi nent,

user i opndacticn diategesl hamiladdllingef mitaslgndAanbdsatbyhdM Abeeimd st i ve (i . e.
i n-focus) for the tgast "i" turns where "i" is sone definable nunber. Any

pr uni n§'b-dialagtader the transastien dialogde pandle buyirg efomutust fanfleisanandgedtbs c) can be
used wWihRpdlgchangi ng the DMA architecture and execution principles. In
the folTow ng discussion, it is assunmed that no pruning is perforned so

that all reMwtoesdn daismphiryahbydigeht ofdig.f4, Both theledlBRTaFRpRicatidido St i cs,
determnjstjic or statistic al aori thns for providing arbitration are

pr ef er & Yrigledetsaration anplication A2 respestivelyigeperaterang DM A dnsiance d§pnd50 40 | y
| oaded . i’(féezié'? LB bt ] all . Pr bly, devel opers that
i nst al P%{bﬁée]tht&&im%g% I'ns gﬁté(fwiet?lrtﬁéom# egpgogg}qgragﬁﬁ%aﬁl%ét rategies. Again it is

possi bl e t hBMA IGengpiolessat i on al gorithm be provided by the platform CVM

services or ex%?rnal applicatigns. They can be generic or specific to the
| oaded appl TB&{qllondng disission is diesciedie pirdereed cwsnoasnts of thelRMBMhatare ext er nal

to it. KHi ' : ' . [ for.providing
o al og "tk i prdy il GOKI oA BHTiCKs. Bk, SRRl [Tb0AE EReR)| Lol Pa s
the creahparnsiofahtby A iDMA thasare employed €ilsackdpirpasslatcling o 40; a

mut ual fund application 41 and an airline reservation system application
42. A embedipmsat ¢fiihe present ysntaen. Inpthes gmbodimeatsafiihejpigsesy invenwntiese For t he

mut ual i ' . Wff 4 i er.at e nage the main
di al ogcéﬁnﬁg}e\%%%aggﬁkgag?e@qrﬁg{@h% a ge el}dr}g%n&? re(gtg%i\?%ni?%n{fﬂgs ﬁ%ﬁbaﬁ e the user
accessingtednebdavitpudafedting theprinsadles sfibe DMVBAS AgtrDMA $0kodipais@ds, i.e., the
sub-di al og aDVA 45 to handl e user access and the sub-dialog aDVA 46 to

hand| eragisfration tahlech 1t whish maps egistered ehildsen aDMAsTilinasseeipted applications that

f h L VI h L1t i . i
nandl oite SNEAR aREEO T "l BME o3 Frmebisia s Fls fo B iRt on e
Speci 1 hsaabihté chiliien SDMAL WHRGhoHBTialbBethes fre WY, TREIR1ACET kloRR/ 20510

transaction dialog to handle selling of nutual funds is managed by aDVA 47
and t heompriggs difequs fistersl 62 that storesaperads ¢fmetive alPMhs thraughelita givepi ssspiof. nut ual

funds }§ _managed DIVA 46, reaver, in.the exenplar nmbodi.nent of Fig.
o "bot W O R R Shimit S e SoMSa Tane ores R o efilR SRR cati on 42
r espechibVAthERBRGR i RMes | nstance 48 and 50 to

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 IDMA 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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handl e the main dial og associated with the correspondi ng application. DVA
Conmponents The follow ng discussion is directed to preferred conponents of
t he DVA twetosmom93 utilized for providi ng bookkeepi ng servipcaaisor2a105 is a
diagramillustrating preferred conponents of an rDVA and aDVA that are
enpl oyed for such purposes according to an enbodi nent of the present

I nvent (apain, itis adstvared drabaldrepiviérad DM AW 66 the ICERGtifdatioh BRHE Conponent s
can be excluded or conbined differently, and/or other conponents can be

i nt r odaltkepshiin pather gnbedimeny which wilizard prustnggnecharismipnly asuboipf e

conpri | | t ' hster.ed chil dren aDVAs

i th oy BORLE AR b @R lth, WA TR Sal SUAGGRY Sarritoum o5

conpr i hewisticteginet detbinvinistiabt stafidichihapttiniisatiohi dldoz@kin &c: iAIBORduRisEe 643k dr en
aDMAs with the sub-djal ogs theléfI are servi ng. The rDVA 60 further conprises
a focud liff s msintaiged phusgistored dAMAs that gecenre the VOwetificamen) ((iovkjploa®MA gi ven

SesSi 0fheaivhi k?&%ﬁ: AR, £5 i istory .67 t, stores
recor dga cglfVEgc | veg% ﬁ‘f‘@%‘regn a%wﬁgﬁﬁﬁt‘(?ﬁSﬁ%{}?f‘gqgﬁ\?QH”S@S%PES%?IB]P@‘)a@‘@. tion,
t he aDbiitpitrequaspnotifization aridawhieh aDMA Rergtin) (v) o thek deRedptbi®at Ba@pMAcat i on

devel oper a contajner in which they can store conpleted transactions. These
conpl et&gn a3sk haybeensrecuted (the taskdssamptonconprises 2 sehset afiryents gormsatedfint i ¢

meani ng..: ' -num?rﬁ ood that in a preferred enbodi nent, the
i nfor rrgﬁdg}r}t%sﬁé%e%ilgﬁs{ore 5?1 the transaction history 68 is entirely at

t he di scret ThenaDMA 58 capptises atshom tetmiatonatore Thitlsat kfodsteiothe evenky St ory 68
can be used by applications to, e.g., code "undo", "repeat", nenorize,
summar BgsTatedyfor  padiculap statedn ki dialogo Seefteveats compaise: (Divpw mtificatign

appl i cagd.ony:: i on. hi [ Il th eps taken
o ache Sra G Rk BEndelEndd AARSELY G, oI SUFLsR (PORMEV R rimdtSEoREPT oo

t r ans abidkdfom hginespp(liv)ahé tesilt BRyonitexk eesbiutioh (this redulf is pkissed by fies recorded for
that transaction and undo each one in reverse order, thus reinstating the
appl i caRnlisatian aike applipationauill ghésip pecestie the EBHTa8 Ednisicns his@ry and tor ansact i on.

Furt he | ses~—a. ferm histary, store.6 I.ch

mai nt a:&ehtgm??] or m%ttﬁ?e oa%msggé%&g'sT ]is)ﬁga%r%ﬂ{}olp iafﬁhgrzgeﬂgﬁh%@sg r?? &aﬁ’(r%'jﬂuﬁhi ch
aDVA( spaifseiebdefilléd) THas infforgitiof s accdséibo0Bé QORI thrbiizh thiSaApIRAGdP (again,
it is assunmed that all registered aDMAs will receive the 1/0 notification

event sConiextibiegh; (vih auery send bagldoquirent PMM{rarrbaparernt 2BDM A oprMiAni thieishani sm
gﬂlbge?th%&?g%é]}ye‘?)é% hvg)gg%%tgésﬁgn&%? fovéﬂﬁls !:orgg&tatgor}l? notification, which
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 aDMA 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
1s 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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heuristic, trained, determnistic or statistical optimzation algorithm
etc: in the heuristic case, a list is maintained of registered aDMAs t hat
recei ve twe os/o@ipotification), (iii) which aDMA recei vedPtgasatresdo and
execute task” notification (i.e., what is the current active aDVA), (ivV)
out put request notification and which aDVA sent it, (v) a task descriptor
sent by an BBMAF IndepactiontviikK CAFSChRgonearsecut ed (the task descriptor
conprises a_subset of events generated for a given task (see LHT in
aDVR) ) . The TADMMAE opgalss ins ey uncipg mithiothercomperanis efi a0 ¥M.OR efminggionr es al |

th : : tl ' he di al og. ch events
conpr 1 SiE, 6 AU Bftain PR G 0r o Pond Snl BEarBl SPmBEL | St 1 o
event saccpiding tonlémteslithérst of dre prbseheimesntions Mdrs spiallyb@e kmbb@imeanst nes) ;

(iv) the re?ult of context resolution (this result is passed by the
appl i chg 8 #lustratep thedptsripecsbefyeeniDYAF g othes EAdseomponents. THF sy, f ocus

hi st rﬁﬂ% qap aat: I snt - rs - Thi It in a
clh:lngrey(% 0 tﬁgégf?lg%}%gl%éelgp %ﬁ%}leg?&eﬁ%ﬁgﬁér%%glﬁ\gg‘ yl’ i??tfi)d&ﬁé;‘%#’ I nformati on
i s accmasaget 83 tatatkheandgh84 bompiising HThrpdRdot atanager 86 QRY Bxgine Atk (V)
query nt_back to parent DMA (can he parent aDVA or rDMA'if this is the
mai n~ affvi)Resgprge (‘\?P?geﬁ§7éﬁ‘fl aphEplify o corfversationad gaginesfyt Hhe application short

t hi ' T ubset of what
o ConPR/eg ahdriat BRI A2 Rl Mrid o O PR TRIDMAE BB, and

pus hedaminteofatdibetiveag thetconverkitivhairdppHcatida 301ah 8 @tk QBErVAF Eo@pordils ) g ur t her
conprises a Iorhg termhistory 64 that stores Task descriptors of inactive
aDVAs . 8%R8t 87 ad §hen a di al og term nates, the task descriptors in the STH

for a partj r e t LIH. T DVA, 65, C rises a
ong t et m niEsLOm BN, P36 oFCER B Bondnb il BudrieFes Vi1 of il B SR
execut devicesS Tiaougisdn inidhed @aerfideavigiibe DMAFMhe i inaniges BYkaflsinffur mat i on at

the |l evel of each state in a dialog, the long termhistory would store
i nf or natifisation eyents tp dhetDMA §2rndgriesents teinserodie ompat equesss sephwoughtthsk has

been c I . ' .S WSt a bset of, the events in
the srimAE MaRdpstifCal, Pefaisie & SoBRfs Histbfouihs TaRRrs DS “Thi s
subset ugef inpuedtificadon HEngy 16 Wke EDMA; T PREEVESPput Yt E64tionWBsehts fiom tHaen
tagged with the I/O transaction |ID and pushed onto long termhistory. The

subset "RIIA; Giibrresivenrknpwiedgiients from thepM Awhicn chiddre aomBumetisputyand) * Query
I?li/JAEC'I[ -i\{)gfagélfnlit'% hglﬁ%Wﬁgdéﬂﬁl o %%g%lieﬁmgsa%er éliltgutvi\%)pl%éérggdof ! gl%ug: %-'Ic_)/rrgJ 31%2/ 20510
rDMA point of view, the interaction with the I/O manager requires a method to receive input

notification events and a method 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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The DMAF operates in conjunction with other conponents of a CV/M Referring

now to Fig. 6, a block diagramillustrates a system for providing
conver satwonalooxiesrput i ng accordi ng to an enbodi nent of tPeTArSeY 2030
invention. Mre specifically, the enbodinment of Fig. 6 illustrates the

interfaces between DVAF and ot her CAF conponents. The system conprises a

conver $h¢ Engiat Munppdr@stdotlabdiftes with aYsbwaé hdRaddVR7 SikhicR i AdthePVA 82, 1/ 0
manager 83, a task manager 84 conprising a ThreadPool manager 85 and Engi ne

ManagefompanentoféeVW M, - Althopgh AR esgrrogmapnages) §Tmanages af theaesparosaion theal

engi ne : | i 82 .and rel ated .i.nterfaces
conpr Bt S5 RRAetr L Ak il he 3 IR, otk s B st Frrf it 8

conver BMABriabnlgdpsiguaés resoudées alng thdwaskombeigeOAfll &kegonent s 83, 84, 85, 86,
87 and 88. The 1/0_manager 83 is the CAF conponent that interfaces with all
i nput and odiple oftdg TagsManpges 8 somprisestlag follpwing: €) rescilying user input DVAF, t he
UO man i A4 Ll gation. to r 82 and presents
to useraiation SRRESHLHREMARTL tonbfe SRk LS & RIS e Be Bt i cal 1,
1/ 0 maNayepar&3rqeefrtotenbetth o ADMARWiliYreCeintig cusit rédubstSRAGtation &6/ | Nput
notification events to the rDMA; (ii) receives output notification requests

from t AeMASHK) sendingjoutmig gesylis(eq Pmt&fgﬁg%és;f%ﬂdﬁvlm@lmhmé? children
i . j 1 t .af t t put
o or eluoiBiihe TRHaPdol Manidh” Wi DR GAECORED LS e et (' he

1/ 0 mansgwith églhresiPaoldahadr 85 TREThré8dPodPHanade® 85 mapasdsa tRieady S and a
nmet hod to send out put generation requests. Preferred enbodi nents and

pr ot oc&Fated By theVMusamponetdsnanagement i n accordance with the present

i ti i j t il | . Furth t F

commni ont o pERRER ERBhatoll 46T 588 o e Shanic s BIdTRM By e fasklny

I nt er f magdper'84 to éxtharpiROhReBatBsh Ketw8en thé\aihinddl88 £idGhd di\g}\ﬁ Igﬁ_}ﬁ'?&ﬁerﬁpl s. The
o,

Task manager processes comands from the application . ~e.g.,
i ni ti afrfemewerkd It is éqbe arnreciatad thahg prpégr@@,ﬂvﬁegicgdmg definesaddmpleahidosof

' Ih k. 88. i
P omponSNISHRt e IRy RIb B gl R ol Ret irolR S ibrbatioh AR sy Pegehe The
Thr eadifetsafR kg §5 didtod MaRpefiel Rarh@lorka8g khglfled dbnaAGECAL BRhREndNF t he

platform I'n the context of the DVAF, the ThreadPool nanager” 85 nanages
t he nmadthX¥dpstrean alemmakesdhig arqhifseiurs autamptisatindisiibutable, whatainthedisdog1) t hat

i ted when.th lication.80 is | hed | ] | thread
cr eat S HRSReR AR kA AR R vieY ouF atrthe R RedliCoRumBE ST the
appl i cCRMICBnd3@ed StRAENCbritfd] MReMAALSs (3R baekéhaAsed iRXMILLMREYink; (8. dhaeer i t h

the engine APls. -19 .
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 6n 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.
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WO 03/ 003193 PCT/ US02/ 20510 The Engi ne Manager 86 coll aborates with a
Resour ce manager 87, which is another conponent of CVM Although the
Resour ce wanagey1987 nanages all the resources on the pl arCorusp2/2051@
preferred enbodi nent, the resource nmanager does not interact directly with
the DMAF:. it only designates resources that the task manager will access.

The rol e of DMd IkeesfacbbWahoComersafivhal Appticilien T 0l | owi ng: (i) receiving user
input notifjcation events from aDVAs; E i i) sending engine results (e.g.
NLU f eat ur e WaiRllowing discussiqnidepraibss venaus inteyfaces that theddDMAF exposdishe (i)

receivi : - af fr DMAs:. (i.v) sending 0O

Facal ¢ SopusRiB deesitiit, PRAEARIRR, bioB[Pe i RoThIgiHbeitien v B RAR
Thr ead ol thaewaly VM )Nrem the pbit 6f el oF adapitidatith @dlopehe thread registers
itself with_the ThreadPool Manager 85. The ThreadPool manager 85 nanages

al |t hreads In & Peetresd gmbodyaentyafanysssatiinnat shell applicaionf(er {@dMshdiBdistent , an

XM.- ba ' ' I T er,. 84 xghange
ot or mar iSO nae TSN S0 S8 Rt At 1§ iSRG REe chRaifiork 1
is to bpplappoesiiadtatiatddavhen QVH Eﬁﬁ@ﬂle&%h-a?@@pﬁlﬁh@oﬂﬁfm@@vﬁ{sﬁklm| e dial ect
of XM that is ﬁgtensj ble to enable the addition of new itens of

i nf or mBteaferablydhe firstanplisetian the plaglesn il hegtvi ng t he di al og managenent

framework a ' . all N of ..an tream.al o makes
thi's archi { ohe GRandEh 2 SRIGE St iBTRaLR Lo e P REREISReEg

manage fietiofaliaien WMok kxansle ahg bﬁ&ﬁap{pli&uﬁoﬂﬁ@stﬂﬁﬁléaall C¥M ¥npgnestyC ¢hé consumer
of an XM.-encoded stream_ Control exchanges can be exchanged in

XM - en&ddVishgll peodesan “Sagtall intesfase oihatappHcationgereipperp vl hivgtodmptetient s

o =Y . orEEOT . pliib s .
The e piaSEt ol ol B APRlic B A e CYM RlatBim b SRR AR o
PCTI USSigip22 Ecthmand ligelinesipiordr ehasiighlwhith 8fplicanbn Sévetbpeyaheiowaliaddeinepd For

Provi di ng. Net wor k Coordj nated Conversational Services, ", as well as the
nechanpritisationsaiq ¥ pithay leallpep ramaiely.on Siiticr, thedCVBhFIDBrosies ahi | ed on

fpiien | ! VI ,
odi ng hiea SR e hisa P RIN<EIoRS b Bueck S ot ok CEER ko

assi gnest speech dveahamisat ed herein by reference. U S Serial No. 09/703,574
describes a _novel real tinme stream ng protocol (which is an extension of
RTP (real tFuhgsmorethsiGYMshell compridesie pluraity oémiethodsto mxtahtistge of , e. g.,

83?563&@%}5‘%@@%‘%@%&%? I/O%zsngé{gieg "l'taselgI mg%/gie? ?v&l/ngl?,% itucrg} \i’VHPi?l'Stafltlza(%e Vo
ThreadPool Manager and Engine Manager modules), and a Resource Manager. Preferably, a
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 aDMA 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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DVA Interfaces Wth Conversational Application The foll ow ng di scussion
descri bes various interfaces that the DVAF exposes to the conversational
devel operwo o3henes i nt erfaces provide the conpl ete interactconsee/2dsidc he DVAF
(and thus with CVM fromthe point of view of an application devel oper. In
a preferred embodinent, a conversational shell application (or "CVMshel |")
is i rrptoeynrbaumaahqgis iforgy @ peciivihE anaipplication pame anda akeemst inpléhentCMy pl at f orm

The CVMs eII ication is instantiated when CYMis installed on a given
pl at f OPPR 1°"m%n ’ﬁ?@ﬁ%l@é) $eqe§atm§laé‘lsb? s that e bapssrite faunemthene pI at form

will hcaﬂ-&ﬁ( Wehehdnd S1id of Qﬁi:‘)ﬁclk'fﬁﬁ%oﬂpw Tafidn \%'en tpgst c%n?lﬁn appl i cation

pIurall y of preferred unctionalities. For exanple
i nst anuidargsodby thewhginesypod €iv) specifiiag tie\ivaimet(s) fpy ohiclea applicatios trdlylbe

interface |ondvelopers will have to inplenment to install
their ?}?ﬁgmo‘pﬁ%@%ﬁ)}ﬂ cﬁi" iYons on the CVM platform The CVMshel |

rovi des a | ' ation

p WHeHRhinc@IRSFahries, WY A EHGEaithy OHEB AR be

devel opers can downl o their  app |cat|o s onto ocal ly or
r enot epgpulated bylthetcab back ﬁmcﬁhﬂvsindlcbmmands presided byitint appliagtéont Bath ahleanvs a

user to run applicatiaons t he Iatformvacormandllne @J and/or and
speech™&% aRRliradon l‘—sdPﬁt% mt“i’%‘dé?ﬂ&%tﬁém '&%?’Ppﬁ"i%’éfé ‘&ﬂfp{l%ﬂ/ semmands  net hods
t o i nshandidagk ﬁﬁﬁﬂ@ﬁ@%fssto%@%dé}ﬁo tHa Bﬁsgl‘fsreo §hlop@nager
(which, in turn, wll instantiate rea Po nager and ng| ne Manager
modul e@enticzamthuaclRemnmm Weriasgati intﬁfateé anﬁbdayn tha seéamdtapplication Chadsies ar e
provided to e |n ance f all these classes. The CVMshell provides
functi S?fgméi’fi( S‘?nn‘é"c P ei‘ﬁ@ layngl, command(skofa preyigusapphigatiglopul at i ng i t

with all CoRLDREAT ?&nﬁe?ﬁnﬁ%ggghts a mfrv Jf‘?ns[%l?&ﬂ fﬁﬂtg%g.sﬁlé mtéﬁa&i&ggbﬁ“t her,

t he C\/Mshe creates a co € connmen str

enpt 'y wdimrsamonaaﬂpbhmﬂohﬂnMow @ebif&hl&j kl@DMAIQviMferﬂﬂ?r 1&bﬁnﬁﬁﬂ§ﬂf@d@ﬁbd’segl stry
is eve uaIIy popul ated by the |list of commands to aunch a _given

appl i cHwt ¥g mads aggsssiblgdo 919.@1“@8?%%‘6%.%%@%? ymplementcthe fpllowirg appl i cati on.

ci'ass. SrehpS: B R D AP e Mo TNAAS abfCar PR oS shelieana ¢ ani
Managegraasndrs, darpnegsmodels, agritieh agigs deiﬁ;!SutTah& oﬁi}fh{ﬁb‘l@béssinlglsbdzo@ﬁctaﬁ@ﬁ, al |
t he obéscts will be instantiated. The CVNshel l urther conprises static

met hodSVhigfagre passad fo iariask manegerk é@)@ofpb}aéleg §omlméd rqgisixien (thatrprensedde”
Sree\e/: gpg Iﬁ?%‘t) p%é&{%(ﬁg%lp% F%}i | ons géﬁ d tﬁ‘?gsts? \&Blf’?{ge%i ﬂgfflef&*a{]ié gpf ace
pr ef er aialog state exit condition(s) (which are used in the DMA); (iv) storing and retrieving

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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-21 WD 03/003193 PCT/ US02/ 20510 provides nmethods for: (i) specifying an
application nane and a class that inplenents the application nane; (ii)
gener at i ngoa3looab3 of conmmands that can be used to | aunch tehe/usappisicati on;
(iii) generating a list of call back functions to |aunch when these
commands are understood by the engines; and (iv) specifying the manner(s)
by whi ch anDafpllnforiration Flywbe | aunched (GJ, command |ine, etc.) Wien the
install pro La%funs, t he command registry of the CVMshell will be

popul at ed b3 £ Frllodng dessrkessthe mforion Algwiinsife e Mroonageaduseyinpitds

appl i catdqoma G dnti ﬁ%%p Leal § Qs ] d the command

regi st ryIJ W ?ﬁﬁge&é%lgﬂngdn?)éggw 'E%évﬁgeodnqr%ﬂdég {hgalgﬁ%ggﬁld%@%% ‘ﬁﬁg‘;@f‘l’ VoS, It
i s to be listdépsfond ihteatal thssevdefapdibychd DV defites QRE tiRir mg@. i denti cal

| aunch commands, the_install interface will warn the secon ap;l i cation

that the corlfRRGYNetfieationdivent|Glass, dnpyt gatifieption guents aseneateddysthe 50 a

previ ogs, 1 L PVAF further inplenments a plurality of nethods
for to en%?f%ﬁ%ﬁ?@ﬁdm th conversational Applications. Mre

speci f Coairhynd Regis@yWager ef erabl y i npl enments nethods that are nmade
accessible to applications and that are used to inplenent the follow ng
functions: tiGommandRegistyGlassyiCrpesa iahledastorommsics pnd theintasseiapadopert i es
such a RIReY; | anguage nodel s, algorithmstrings for input and out put
pr ocesgﬁnr‘lbgagpem@?%ati on (which are passed to the Task manager); (ii)
popul at i ng < @egabELtiondl 18 Css{ Th@dtesdd tabld $6 Stotd DMA EndPMereddeas conpri se the
cal I back functions and the associ ated queries; (iii) specifying dialog
stat e applicatienstnbidilegs)theyie atanagisgused in the DMA); (iv) storing and

trievi i inth . in,..th d hel
[ Undo, F epaapuERBekE Iass et e h upen iien DL aRHGPRER B aAR Peton)
and t hBadl DMIANGnris8y Ainpuf flRbie EREINin RAkh ifgiRBFGE hbRficdi®ndhrelsRfedll SCretion

of the application devel oper); and (v) accessing DMAs histories to help in
cont extUpergaskeipt phan inpwt redidiicatiangvenhizoro dis parest thealdM Aaw(ll insert therispuit npl enent
a plural,i .0of nethodsg that allow.i.ntecrgction with the DVAE. In a

prefer P(étgtlcéﬂ?fb ﬁYeﬁ.& H.&? ﬁ{eﬁgp%lﬂ&?uee?ggéfé%s‘:?‘ilﬁ@n Saglﬂﬂt iﬂ?’,ﬂd‘i}}l@?nd@v@?@ﬂer s to

| M| enBiakessiig tRe e IHPUEN TIAS Bo@ficafBh Bcilé RRASIVS, ihhabp UB® @%éﬁ‘ﬁ)n unfif'all

communi cate wWith the application. For exanple, “in one errgo I ment,

conver BMAsohmie beappétifeatdfeisusenjyipeheent. appr opri at e met hods to perform
context resolution. In _such an _enbodi nent, the DMAF does not inpose any
specific prbtl‘gc{é&er I&e‘(‘)‘ﬁi reg NLdp tﬁ,(ﬁqp}igmceyﬁl@e, Pdthersiata assaseded t he

ar guneRif L BfocER! hod and the return type. For exanple, in a

- Query Class: stores the results of context resolution.

- Query Hashtable Class: A hashtable in which queries are inserted. This is 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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preferred enbodi nent, a contextResol ver nethod accepts an NLResult object
and returns a Query object. -22 WO 03/003193 PCT/ US02/ 20510 DMVA

| nf or mat i wio 0BloosyoThe foll owi ng describes the information frcawsozsisde t he
DVA once a user input is captured and transnmitted to the rDVA. Before
describing the information flow, the followwng is alist of preferred

i nt er nahrtichlas Fegs. A& dbhshyte theflBVBS tdbrnaeion anthid the DMUSAdalescribef oW
Notifichat'o é\jﬂﬁ t Cl ass: Input. notification events are created by the 1/0
managet anT)Mr‘LS M%thﬂqse@d%%hd@gwgwy C@ﬁ@?nt&fom@ﬁeﬁﬁmgm@ stry

d . | | back
Funct i Srars sl dicrBpiert ol i BoL Lo e e BBy 3y BIBHnE "oumana

r ef er enlgerithm fisihpt desatibesrinisthb DMAl mgmgesthy oatpat reBuRgE Bﬂthe'caﬂltﬂi@ldt Queue
Cl ass: Creat es aggueUﬁ in which input notification events are inserted.

Each aBMKIeRRIe RHctiopTetugisdhe deary back to thedMed i nput event

notificatio at o ent from
its parent, Rt? %egq%mvpfoeﬁg ?%ggfrg?rt(ﬂghlpﬁgﬁke GPS% IPEFI caPL% %érllgnea?%prﬁhcf1 (ﬁl\é t he

i nput  gsieg theappmiptiatetconmiinddisg k. g5,Eptdrator G (step 100)enWiA ahefplicatipi BCesSi ng

t he us s |n ut. This ngtifjcation curs recurswely n a top down fashion
unti | Q{Meﬁg Wé‘tap?qséﬂ?g’f: cfs3ted feptheiapplidation éstep 1({)1)NI6§J Resul t

G ass: eglﬁﬁ&faﬂwverag%gsf@e ﬁﬁﬂ&lﬁ&gﬁ:&( lcHSs 2 ?d&f @Eo&?i %v?l‘fﬁ ated wth

a NLU process. - ass: stores e resu S of con reso ution. -

Query glawmtablbyearﬂmanoh thasdragbthe ma]nﬂhlo:gassmﬁﬂtecwqthm@e app‘lslezittoeld This is a

hasht abl e ke ed%‘g DVMAs. To each DMA (key) is associated the query

(val ue?u’ﬁtﬁlf’ét epp P’é SFTRFHEE Bhvhigh a?é@ﬂ*"ﬂ'c“i"bﬁ pragipgmed sothenAMAepr esent s

the re t S ates a
ok Tl QARG IHOThITMER of ot EDMA R e Reafod 5 Tinalt A°0pBRE

Long TAmnrapplication will kdgterGyials the rDMAtt@sbtamSinaﬂjMAmanhleQBr weaDMApert ai ni ng
to a particular task are store - Transaction Hi storlyt (TRH) d ass:
1S

O eat edsEnegsgEsetsdby ihe éppltqaaﬂ%és&fm W) obhieddM Agmaintains a hist of Al registered

aDMAs, which registration allows an application to receive dialog management services from

the tDMA. 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 I/O manager will send a corresponding user input notification event to
the rDMA (step 104). The rtDMA 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 rDMA.
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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application is initialized, the systemw wait for a user input “event,
e.g., theaDMAgohinfedmdhe applisatian afdke ¢rsarerroB3pn bolassigred differentrspydritievent i s

i ved, (af firmati It in st 03), the 1/0 il d
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hi st or yid d#dr&R edBPlec8Ndy hteRardifhS 6F in &6t Hah@itlg QLT TIRAL k) vEUpPlicatiBh © t he
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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I nput queue of all registered children (109). In other words, in one
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r epeat ehintdineahby the aiMAauchacatorhmeasd weairhéd by NLUT trafcaddMistons tanes have
received t he inpé notification event (step 110). -24 WO 03/003193
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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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subsequent results to the application until a query is returned for the
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enbodi ment,” the tinme out can be extende reques
ext ensparentf(affinmatiee 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 aDMA 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 aDMA 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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el n;ler:ic’] state in the dialog begins, the subset of events 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 /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 /O
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Ly

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 I/O management) preferably allows new
modalities to be readily incorporated into the framework; and

7. Distributable: CAF components (e.g., I/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.
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User i ngotdingtbadni dniteslihér@tiof #ticcproseint Mirbnt{Hn0 US mjti-nddhUV® niddhager cofdplisesPen,

etc.) do not hypi cal | re%ui re arbitration because the field to which the
user i ApeRtral YO manag apdigpiwnelity ¢frliQpgentsz201R20 (a1 “mydelivagems athatt i on and

LN Y
| I'r espyOtdgests afe shbenodidlubtiativelputpdeesm@ithdt ARkt 3N6d0 W (Pibhagér mAgCess To
Under | yi ng Engi nes: For nodalities in which user input (as well as
comprise more than two I/O agents. The central I/O manager 200 acts as an intermediary
between 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
GUIL, DOM for a browser, telephony API for telephone speech, etc.) to communicate with the
respective device driver 201b, 202b. Each device 201c, 202¢ comprises an associated I/O
agent 201, 202 that registers with and communicates with the central I/O manager 200 using a
common messaging protocol. The central I/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 /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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out put generation) requires access to engines (such as speech recognition,
pen recognition, TTS, etc.), a nechanismfor sending user input (or output
event s) twotldmomappropri ate engi ne(s) 1is needed; 5. Synchramiusar/asmo
Preferably, a nmechanismis provided to allows the use of nmultiple
nodalities in a conplenentary fashion. By way of exanple, a user nmay nove

the MIUuaSs bRaldgoik BSIQNIARADHapELssSGAERY B didh EQer{t).i éﬁlﬁﬂn@@i&%ﬁ%ﬂégﬁ abﬁgﬂgc?i’ gin

i nput events passing through“the CAF need to be tine
st anped) additiorr lodPttagm suatyasdR addriessed or 6theFaddeesséstiot sdckets Af BdMeaizeosdi ng t 0

t he pr ng  ifventio onpri ses, an ensi bl e mewor k. Thus, CAF (an
parti cﬁﬁgreﬁcy ﬁ‘?@eﬁ’rﬁﬁﬁ’é‘gﬁﬁ SeBE@f e ggﬁ'ﬁ/m f“F SQHéraLg marggen 400 comprige pe
readi | Yedtina@oPaidads8 de.bh Fodul®r hOMRYOr k; and 7. Distributable: CAF
conponent s %e. g., manager) can be distributed. Thus, the I/O nmanager

shoul d be c&pderpllypd coramdh imtgrehange protoenl axcemploydchiat cammnaioatord baweatar i ous
as sendi ng out put

d f ' d [ t Ks, |1
cvent < Megnodihy igeBahdane sBusb0 rraber ol Sy ieh ofns Seshonaselly smemtosoz) 20510
Cener abteferaily Mdhdrhit: PRI cud UPd 8RO F L pRASA fHalen EQerﬁﬂ éﬁr}@%%{%@& of the

present invention acts on user inputs to abstract t endent |y of

t he i npdernasioal such asstgeant logation, ets.)t (isBventrsthatduive begnuwrappethings €AF f urt her

processgi t F F or er \F _.conponents .(or, other applications
t hat Vpoﬁ%?%%oégs%%%%& t@ﬁxﬁta&@ggw u%@}‘%ﬁﬁIQW%UPI @9@ nt can be
t aggedaddycibled iohBitibnt SucHeSisHBanh B2afid Wic§ Of the processing to performon
the event (e.g., should the event be disanbiguated or not, etc.). In

addi tion, the EachlUtbagegt201c 202 registas withahstantrat /Ouhgagera0OnDurfngom t he CAF

DVAF, ot her F co ents, qQr other applicationg that nay not be rel ated
Lo a CREmmRGaion, an YL aetht senring ap it evemb q the et mRager OB AR Inforety

commangie celid1 1AY Matdien6s 46 BerKER kB NpABE BhoiBREEndl [d o ent

channel s (device, nodality etc.), n sends ract
event sextoact data oatpdithgmpat greahafvethsr, afrl/Q. agéni deteiging ah @atpat &xeat &4 and net hod

o P UL Mo L e 0TRSO BeSaLng 0,80 Symad ol of he
reneseied0urad autfskie ot SBRTLS Wk RO AR )
under sVOauantaget sehdsinpht/ 10tifigathdrsevent thrlooginrDMIA hikdarchlyrfed drbirapion. pP&eer,and
that aannvbtaigérrlrt%(;;l.lzli Ispe:%:/i tﬂ% ?}?egi%gug&%put is to be placed in history in which case the
central I/O manager 200 can either inform an associated IDMA with a special message or
directly contact the DMA responsible for the application. Further, for focus updates, the
central I/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 I/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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conprise nore than two 1/0 agents. The central 1/0 manager 200 acts as an
I nternmedi ary between the various nodality 1/0 agents 201, 202, and the
CAF. EachwD@3agmpt 201, 202 inplenents both an interfacePca/ushp2sent r al
1/0 manager 200 and an interface of the specifie - dewiee-it i-s-supporting.
Each VO agent handles a particular nodality and is responsible for

gat her cogmemization proarolsiue desuided irythe aBoveedtfingd Ihtainatibifal AREREHLOH No.

unders ) specifically, each |/0O agent 201, 202 conprises an
i nt er f ﬁ&%@%ﬁérﬁa& he amplgmented fe proiecammiycation and cegistratien betweemn
i nterfagg gﬁ]ﬁ‘?‘gtreza% cAtfnd-» Accessibility APl for GJ, DOMfor a browser,

t el ephony API ephone speech, etc.) to communicate with the

respective ¥erbesembdditaent?0fin /OQRbnt acoartingay ieepréRitinveRis BHBY | ses an
associated 1/0 %gent 201, 202 that registers with_and comuni cates wth
the cefpplsmentedhhergim fior instance.diigd 18 2 bleskireram oS an U hagsnbacsowling P cent r al

1/0 ma : : ' | | r (of0) nents, thus
shi el dr neot Ren e op e Piep SO e Bl chibod b o1 SO MR B bl
each mimpleineytedgsing ekistingiprabisers tiadt egpost AIDON (dofursan dbjeet theddls(atiRaat es (i f
t hey ap e vali I&.bl e)..tao the central 1/0 Manager 200. Al other events that
may be!¥&ht) Biedace, Rred)@M projasel iskgown én the ar(Bip:4Wvor-wSiars@OMAe Arodal ity
agent, ' ' P]g% IR base C [ 20510 This
IS ana %g%%ég%{rgo%gledrllﬁﬁﬁgg t}aliags assb(?(sz?dzr?g g&é%g%@%\?gﬁh@%ﬁﬁ%? mechani sns
may beimsleniented herdihi ihidiseldsed InDUiSa@sovisiorealh Patent Applitdties Sethl Mo. ot her

addr es g/tsz fSéﬁ\S?Ckets of the devices or URlI etc. Further, out But_events
sent b§ AbUEniledDegsanber i 2000, whishinermpmenly gssignsdiand decosporated hergint hyon
address.pfn®. . a focus or a ID tag). Preferably, a comon interchange
protocol 1s enployed for conmunication between the nodality agents and the

central 1/ OMoegieifically throhple bn HO mavmgeriaterfaoei203 ind BORNIntdreace ROLTaar abl y
transmt: (i) Focus Updates; (ii) Input Notification Events (and associ ated
i nf or nHP; B#Nagen R09 reeereas L) gy anircassocigied o aregistered brpweerfd shatmets apan ¥#Cpeen

wr apped, J i rk t 0 h .S stack: . and (iv)
Qut put 9@? i ?‘?%’2‘5 il%%a g%%opg EI? z;%r(li agg ?gog;ﬁ % é@?tg%§@% cgrﬂ@ﬁmgssth%t ream

| ocat i gpdatethe stateadiprédeh@genbs e browdd2 205 9TEik apsroddh frovides &eafvamtage in0
manager 200. During comrunication, an 1/0 agent sending an input event to

t he cetht edistinghaguserp(paovided that heyraretah leastdMOMal.evel D comphayd) cad® t hat t he
[ t i i 1 eci f.vi h t t t t of
the i el 6 ThERoFRE 2R SR e S RRF ok g e i e B 1, °

device driver 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 I/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 I/O agent comprises a GUI modality agent, the I/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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request engi ne support, specifying how the output data should be provided.
Further, an UO agent can request arbitration for an input event (as is the
case w t hwompamadlp3 so that the central |1/0O manager sends PICTLS02/20510
notification events through rDVA hierarchy for arbitration. Further, an
|/ O agent can specify that the input/output is to be placed in history in

whi ch case t heAssomirg tht 0 f3enteoagerised thultirmodhl Brewsérhe biovader apdasiyat ed
e .or directly contact the DVA responsible for

rDMA with a s cibl, ssaq t ]
the apﬁﬁ“éé&af%ﬁ?a gihﬂ%_ nepeniedes 3 meddle g ysesshe PRM interface 40 lien fatsagein 200
sends gvenRefiddher) bl GRYRCe hifhut Ml WABH R BN AR 1A BRI dr h

y, a

appropriate DVA. Prefera events sent to the centra nmanager 200
are ti MulSztabbrosser, hEAF Byt uoited whémthe bedwieedo@\Rn bisppobtdreelov | pl e

nodal ::)%lj&FS ggm e achieyed. The central 1/0 manager 200 conmuni cates with
the r %nd" ¢ odraeH e mylimadal VQmanager 15 gasratively pomagctad new

modal i H¥wRes SH ggﬁidagr . t e Jtten for
that nodali %g?é}gﬁgﬁlﬁje%&?{e%c?%? ‘g?erl tse #ntu\}/ltvl1 ?‘%ﬂ{’]‘ﬁgg&@‘eﬁﬁ%‘g@% put
manageempleyed, e multivaoddll/Qugenager canbdeperaivaly cnnetitat toitheliratti-aodalss a

net wor k. \VWen distri d, rous protocols can be used to support
comun? é‘t%é%“’ér@“f\e?gﬁ&ﬁ?%ﬁewgf@ﬁ ‘Sé%%ﬂe@,tedénﬁr telgphony anndicftonst aick may be
i mpl en}%q%,q; ' : | ' @S:Oq] Protocol ), UDDI

(Uni vers Igrliglg??lgﬂ/?n%eg@(%@gé%ﬁgﬁge nt@é&lg |0§§§PI\V\BDL (Web Servi ces
Descri pti on L&ugtherge)V,oieXM] [Qekbrotvidr:can bevbuityIraam g/canadtisndl VdiegxMranpl e) .
Further, the -31 WD 03/003193 PCT/ US02/ 20510 . conmuni cati on protocols as
descr i BOYSPPY f@loiseg e same consnt efl{@ mensgcs wdereABp masager provigss the

PCT/ USBRNZ922: 52 i dfMbSIBRA Oick MR ShghG i BTHILEAIhpn and regi strat on

bet ween renote applications. Various nts of an 1/ 0O agent

accor di ng t I ig tecbepmesstuioditinat el émbbodimyntl discissgd sboveusitg besveders can®e
i nstance, Fi g{ 9 i.s a black di_agir amof an 1/0O agent according to an
enbodi Haemefted declypiecdydmperatiKely.gising ssript§er @nikareofor Fig. o,

PR | B ¥
(docuntotitaplol, pbfiRIE I htalty Afe Githe AN PEOMIS SR BB a0l | s
known tomplied vaith the Thvaceéssibility@la3sed// EMids (sés, egr,ef erred enbodi ment of a

modul ar DOM based nul ti-nmpdal browser which may be inplenmented herein in
di scl oBiéri//jaxa.syngonppradnetsgicdidopaiaadtacegsp ) thahere relidaomal intas art. 648 fsthe 085,

I)iyl e(rje eggg@gdeM iﬁ%?&w,%é JCaQ’a h%cgsgw l[.%ih?iseg ﬁ&ﬂ%&e I%ro]gidieg gl%rpBR ra"sistis lc{,eher ein
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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More specifically, through an 1/0 manager interface 203 and DOM i nterface
204, an 1/0O manager 200 receives I/ O events associated to a registered
browser 286 whetivacts as an 1/0 agent. The 1/ 0O manager 2@QTaso2/mde fy and
produce outputs through DOM comands that update the state and
presentation of the browser 205. This approach provides an advantage in

t hat efthkaridnplisetionser s (provided that they are at | east DOM Level 2

i ant i pl _..The b 205 al i des. a_hi gh
Covel |t or ftaBatfee ABsrEBRE LEE o PLempoBiieRS ok froabrdis argls " O
cor r es pRAMIEOtiRARE BNEF AporiBx of THRTeRTRYERI meORnRYs BEahdaHAdifers hi gher

| evel of abstraction, including the capability to readily preprocess the
i nput a¥AMpiet gansider Foics)os foneersational Rastab suphsas thepartall deseribed thS datent evel  of

speech ,r [t 0 n I a to .t R r. events at i gher
over APPGERh SeRR 0 dostaRnaRg oh nutt g £l BRR Ao s e £ o

pr oduc@er Bioviihg ObRVersd@NoRll BYowdBStdnd@ MiiRmed i BIo88st $PDeR%AFP NS didior
text-to-display or pronpt is provided instead of actually painting the

scr eencoerpiRrphpoital fapensdipg to an embodimgnt efithe prssent inyentiereistillestigtedsn  Assumi ng

t he t~copprises a GJ dal it nt, t YQ,agent  preferably

i ntaFRE 10 G PBier BPiafts et idieh b oPRER oty o B E PP EE 1 2t o
tabl e ol /0886 B01CHPRRNTUF BOBwHiBLindRAbi CAF BMpoRaits sic 4@l ster with
the CAF. For each conponent in the registration table, the GUJ agent

pr ef er HBMA angltesk hanaged expirkil brawser 3k rand s plurdity afepplicationes cadvent s needed.

The appligation co e t devel oper, w i engnt the
access?%?\%m aniaﬁﬁofgﬁeraap@ﬁ@%\gﬁ%gdog@fg? ggT #@%og%t{gﬁ‘d of KUEINES 3rp_é’t he 1/0
agent OB &RSenth] Gl fbor faVRIndXAYEREtionaRrAEQARSICiARRIth e agent is
preferably |f£| enented as a nodul e that uses the DOMinterface to |listen

f or ceearsgsponds icatimh. t hen, in turn, notify the input manager when such
events occu i S _not

| h f th Mul ti - npdal , CAF
required whhlue P‘Pn{éatl B&BBC@%S ag’c‘i‘é‘gseﬁ & ey Ib?i’_g’t%at?‘r“b@;?%/\s ’(‘ﬁeﬁ; W&S’élt% Jietpet Witk an
embodi MRdkss 6 APofhll dpblieRdaImdy He BIRAL&EES pl‘)o?'lleQiﬁ'ﬁ{b%I' g)?ﬁ?ﬂse%fgc?: ﬁﬁﬂ%&ﬁ q%cﬁlé’? tween

i
| egacy nodality-specific browsers and a multi-nod e CAF is

enpl oy the applivation whier ntfamd throaginthepgenl) oare BRL ¢inerepieddiyythe gataway 8eD 6 t he
R IR LN NG Ty AL
Cr e Bptaio Y e s auth, g Trom o
manageapplications tshisscribethigyethe ps@y uste prefédrence 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 aDMA 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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DOM i nterface and the conventional VoiceXM. browser is the Voice agent. It
Is to be understood that the enbodi nents di scussed above using browsers can
be i npl ewenBedsidec! aratively, inperatively, using scriptecarvsazygoshybrid
conbi nation thereof. For exanple, consider an inperative case using Java,
wherein the applications or applets are conplied with the Java

accesspirtdl ptoyidsr aars eti;lizfe the portdlirBMA §92-aan(bpcg;sibly provide high level services

http://]j ) ) / f I d- t hat [l k i
1 e ar (SN RePorfd bR S i bt BRRES AP e Paed CRRS dayn Acaeasi i ity "
Uilities ppCkaaRr BheYdifR:t, .s,wnaferstbea&e%h %f,wc%uoﬁseaqé eeﬁs?xqin%a sb Shat ﬁﬁ%& and

query user interface objects Inside a Java application running In
JavaVi mustaxpgitiinseruct the bioyeesoffquoh b switcls (eog. bytgivang arfi exdicitntvitch $4 'fhlaer s"

tot ts. Th it tools that highlight h
{0 onaBihe OUFER BT i B RS AL B antaee Y POl aOM AR 5 AP

SUPPOT hsstidlbtbd abylicRiHinAOrcE OERARSRE PinsBUCHBAP FHF nilin S oiffand TRILRY! L1 NG

the user interface elenents, It Is possible to per rm the SANe
manag en@hculmwmmRngerds ga ko HisandeXKXe Xr tanct XKXMiteh aﬂnqamechadsnss m | ar

utilities | so be utilized t her. interfaces

acces s?sﬁ?qtr;ﬁé )an‘gﬁgf)‘ﬁg o themerhants F&Aﬁé’w" iffation 9’]98% W“@é‘ ﬁgwﬁ%?ﬂélcatmn
handwr jd dddgtibellaboye, X her interfaces or utilities that provide simlar
functionality or capability can be considered. Wen distributed, renote
control of Eveatixily] foosedDEby reaspmsvht portdl, wsanarskapphipatemeproeidedmays@iRle SOAP

affords an advant a L. n that ramcalls are nuc I kely to pass

t hr oug? AFFPERATY r%%s %ﬁ@‘%?&&ﬁ&@b?%co@%‘g@ranﬁﬁfu&“ﬁEFterBP‘E?S&E‘é)Fom?’ﬁat al | ows
renot e | an@f 3

e Sy B e b R S

enbodi nment shnhme)h&nplarylemtmdhmu the wacio (ansl ot ipossitsle mtuliHmodagoxal I or a

portion t feature chanj snms, descri bed her g] For mpl e,
Cons! qBn lmogflxe) e ShORES Gzt Cotival DBMER @Y Wﬁéiyﬁb? 0B By | bed U. S

Pat ent ;1 ARR rd 1 7 0, entitled
"A Conversgt | ?ﬁ %giﬁg) SFHg %ﬂab gr%él\q/’\ll aﬁéﬁa&ct){]a\i}éé)%gtﬁ tl ona grho?\l/\s/stﬁ(g% and

Mul ti négicabddrinald SaStriad NdDOeA0d,574A voi ce or conversational portal
according to.an enbaqdi nent, of t he present invention js |IIustrat ed in Fig.

10. The Voi k& gdeuadersipod that dhe sypfems ghd meiords deschedbarsingoey bethe port al
corm e R e A R o S0 S B OO
pl ur al a tymbihatigaahereaf. | [apartiatdn, 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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enpl oyi ng an associ ated aDVA 305, 308 and Browser 306, 309. A plurality of
engi nes 304, 307, 310 are enployed for providing conversational services
associ at edowsibsidbhe correspondi ng application. The port alPCrarsprises a
browser for each application that a user wants to interact with. Access to
a portal application may be based on a phone nunber (preferred nunber to
access invehttora phll sl dhangestand nfdi fidatidng dre dntedtict 16 b Mclided witkin the'dFipe
(intercepted by the %atemay 300 of the ISP or Wrel ess (conversational,
Mul ti - Bﬁglﬁh%‘fené?n Avdetined 5y dhe apperdesclaimsyi der. The user may interact with
the different applications offered by the portal based on, e.g., a list of
applications subscribed 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 | ocated at the site of the application

provi der rather than being provided by the portal on the portal site. Each
browser is either operatively connected to or enconpasses an aDVA 305, 308
when the application browsers 306, 309 support context nanagenent and free
flow mxed 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
1.0(http://ww. voi ceXM..org)). Accordingly, the recipient of a user input
can be determ ned with high probability based on the recogni zed text and
based on which granmmar scores high. Sonme heuristics should be used when
granmars overlap (e.g., which application had the current focus, etc.).
@J channels (and, in general, channels that do not require separate
processi ng because the focus is unanbi guous) also can be directly
arbitrated - - where the user clicks is where the focus nost probably is.
When the input is anbiguous, the -34 WO 03/003193 PCT/ US02/ 20510 portal
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, switches between applications are constrained
so that the user mnust explicitly instruct the browser of such a switch
(e.g. by giving an explicit switch to the other application conrands).
This command woul d be managed by the portal aDVA and its associated
application that recogni zes such instruction. For instance, such comand
can be a particular conmand or keyword: go to financeXXX, or travel XXX
site. This mechanismis essentially anal ogous to the nechanism for
entering dictation node within a given application
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as descri bed above. Eventually, for security reasons, the portal, user and
application provider may decide to accept or refuse sharing of user UO

(i ncom ngwotiseeapxe, output utterance) and context (shorcrarsn/zansdt | ong
term history) between supported applications as descri bed above. In the
exenpl ary enbodi nrent, the audio (and ot her possible nmulti-nodal or

mul ti - WHAIT B/€EhAIMEDESHe shi pped to each "active" browser (all or only
the one currently sharing the processing) using suitable conversational
transport protocols such as those described in U S. Serial No. 09/703,574.
It is to bejyu . S I i.n may be
i npl enment edli n&@@g@pgg@@%@%@gﬁ alﬁ%?fjwar éﬁ%g%@@ﬁn???%ggg thrségsée?:sal

pur posef:processors, a conbination thereof. In particular, the present

or

invention is preferab i npl enented as . an. appl.ication conprisin rogram

i nstructi onénSFaﬁgfm%%bM@BlPﬁ“éﬁ%%ﬂiaﬁﬂa’g’h“%{g%ﬂ’ﬁﬁ?f%@mgp@éa degi (F:)e ?e. g.,
ti i . devi

magnet pierdrt R0 Yred %ﬁ&tu@%%gﬁ%@ g%tﬁgMA ﬁ{dcml)elof? Aghr€ ?@gﬁﬁ%ﬁ{% rﬁ%\zﬁ%?, any —device

or machi ne conprising suit itecture. S under st ood
that, becassdimgphyethefrootidMegmstifitatientof 8 yis¢ranput @vpaine ah appiivdtigni DMVESS St eps

depicted in the. accqnpanying Figuyres are. preferably inplemented in
software, tPRe g)ﬁf e@ﬁgﬁﬁﬁwﬁk §)§}§Pé‘i’lll“£odul es and the logic flow of the
depi ct gol LEHBRISo Y ustr idiik edgRendi ng upon the manner in which the present
invention is progranmed. G ven the teachings herein, one of ordinary skill
in the rel atdbngmbly the agplibaticadDRA,@anapplicatiph atethddhe perfama contestiresolution

i mpl eneptations. or configurations of the present invention. Although
i |1 ust PhEESEMBRraPIRastatiatave been described herein with reference to the

acconpanyi n i Wi d.3: -k : em and
method is n%tcgﬁ’ﬁg?ngfgﬁ ak) Bh%ﬁlg}slg)lggxégﬁg@%@g%&ﬁ@k&}@%ﬂ@ﬁ%ﬁg?ﬂ % re?%us ot her
c hangesomprikestiti resudia toif drescomtext rebelutibi;ect ed therein by one skilled in the

art without departing fromthe scope_ or spirit of the -35 WO 03/003193
PCT/ US02/ 208eterminingely thg PMA inteslaes, 1fthe Application DM is swstently aetiverhasedyt ended

to be j pelal One i nvention as defined by the
appendlé‘gﬁléf{&?ﬁ%r&%l%%ﬂg@% ﬂ%‘%%@’?@ozl 20510 WHAT IS CLAIMED IS: 1. A
met hod for randgng)dydhedpplicationdD®IAQra calibkdmdtiopakioeiited wihhel gueRgift he

st eps
P the application DMA is determined to be currently active.

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 : instantiating a DVA (di al og nanager and arbitrator) interface
conprising a hierarchical tree structure conprising a root DMA and one or
nore applwoasioem19PMVAs; sending, by the root DVA, notifi ca&crarsombosao user

i nput event to an application DVA, obtaining, by the application DVA a
synbolic representation of the user input event; calling, by the

appl i cat i on5DVhe nethodpificlaiat i, shersir thedtep @f Betefminiighio MeappliéfRa DNAGS  Of
the synbolic representation; recejving, by the application DVA, a query
fromt ﬁ‘é’feé‘ﬂﬁ RFRVR Sprisghihester of peing @doito b]t@ggn pragoqod sq aternune tthe

HSIAR éis i b the
oV | e e et ry T ssor e Shy A ke RO SRl B dioh AR cat fon

DMA; and | aunching, by the application DVA, a call back function associ ated
with the qu ri if the application DVA is determned to be currently
active. 2. Fhéhnmethod afrlaima, whereinyarbitiatian isperformed betwiesr frigndi at i ng a DVA

interf i i I | | I with the root DVA to
obtain ncgtgp i ggﬁn&%@tsﬁtghgégrgggg?r%%hﬂg%hg&'cI aim2, wherein the

step of registering conprises registering an algorithmstring conprising a
set and ordgr_of engines required by the application for _ processing user
input. 4. T eTﬁ%’E"I‘?gH’dc?ff C@P‘&%mwil?r% £ &ten of Heng  bpttem-yprasbisationpIoteFol DIVA
interf rnge@nprises instantiating a main DVA to manage the main dial og of
an application and instantiating a plurality of child instances of the

mai n DVA t oarbitratigg, tsudach ipadeagspplitatidneDMapipl the Rilctapchical Frée, WonOSnQRA3AE3

PCT/ USOZ/_ZOqSéO 5. The nmethod of claim 11, wherein the step of determ ning
i f thel&p}fe €891 on DVA is currently active conprises the step of using a
botto [ j . ‘mpe if the query is a top-scoring
query%aﬂr@ﬁgqﬁl?%%?%edgé?%g(g%%dtﬂﬁgg%ﬁﬁg?}&appl ication DVAs. 6. The net hod
of cl ai m 5, atbhexiagbyahbrdot DMANbéts epeqicticsbsteived Wotagplic&ivh DR th&at | ons
based on security settings registered by the applications. 7. The met hod of
cl ai m &e chpdier phtheseotd? @rdegmnﬁgf létlwmrsémowaﬁmnmmaguw pr ot ocol

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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conprises: arbitrating, by each parent application DVA in the hierarchical
tree, between queries received fromapplication DVAs that are children of

t he paremwp oanadias bitrating, by the root DVA, between quercagsopewsived from
application DVAs that are children of the root DMA to determne if there
is an overall w nning query. 8. The nethod of claim?7, further conprising
the steps of: disregarding, by a parent DAM a child DVA that does not

provi de a quer)hlvvithi n a  predetermned.tinme periaod; and extending the

t

predet er mi ndé ?@‘eﬂ@ﬁiiocf&_laﬂ_}‘}dm fythep serarmising @thﬁpélfa maintgpime, bptheMAret hod
of cl a!irﬁkr?aqef%ﬁo'i’tet&l'xﬁﬂ{m{%sdoﬁﬂ)rfsﬂl? e%r?t?ﬁss‘c'}%i' ted SAR! Aidel S ngve‘ﬁEe root DA
t co P nni hg o gier §VeR

an arbitration resu risrng tthe overa d the
associ ated application DVA, and sendi ng, by each parent applicati on DVA,
notification_ of the arbitration result to each child application DVA 10.

The net hod &f- dhamsthed ofjslaina;ln fyrther eqraprising the siee o mypintpiaingaby thed®Aunct i on
' ' ' ar i | | back functi
CorD) SHETAS o RROR SOk B QIR O Bkl (L

associ at e alm 1" wherein the synbolic
representation conprises one of a speech recognition result, a natural

| anguage undgr%andi na result and a conbination thereof. -38 WO 03/003193
PCT/ US02/ 20410 The pethpd of glaim d o fusther comprising thg step@f mednipining byytheddMét ep of

nesoci eats ek et inal (RS AR ofSleih pURE IS b Udof BIEAT, 10, 07" °

associated w a user” I nput event. further
conprising the step of maintaining, by the DMA interface, a long term
hi story of events assqciated with an executed task. 14. The nethod of claim

1, further &omphe wethgdiofglagndpfustheneamprising the stepypf collabpratingbaieaenate, a
: . ’ . . . . di al Con.
1g?u§rh2b§rgact9 &%%Mc??&cﬂtpéﬁgnh%n a}?ﬂﬁfr‘%/ e@%&i T |és%%e(g#%é69 'gf aco: ?aggr Zte ??llgon

between an application and an application DVA to di sanbi guate an
associ at ed querﬁ. 16. The method of claim 15, further conprising the step
of di sambi gliét Thymsthgder glaimddnirdercosmprisingthe step ef disambigbating 4 @iegy t er m

hi stor Ylsiné 85t Nk QEn hi%{E)Qy,e}oggo {Ph 'ﬂ?s%rg)l,nfo&bsel{iﬁglty, 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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17. The method of claim1, further conprising the step of generating a
nmessage in an appropriate nodality, if a nessage nust be presented to a
user. 18.wohegoemabhod of claim 17, wherein the step of genecattisny2@inessage
in an appropriate nodality conprises converting, by a nodality-specific
1/0 agent, a nodality-independent output event to a nodality-specific

out put eveninstahﬁatiﬁ@’aaDNmI@didlogfmanlagirmldarbi\ﬂnameiuliteifﬁcetd@ﬁlpmid kack function

corrprl alHdI ctation node,. notifyi the root DVA to, send all input
events ’teBaI gal 56 strectpte seMBRANg 2gooAMAnd-png asmare application PMAsier

conpri sing tdingt S?tl‘i%froBﬁbMA‘%Bhﬁ@atfo“%f@uﬁ%ﬁ%t@%v?rgggg%'f\}gblgcgﬁgfﬁﬁfAt ©a

user input conmand . pr ogram st orage a machi ne,

tangi bl y enbbidlpunmbyttmramhaanondjl\/ﬂmmsymbdﬂmns execut abl e by the nmachine to
per for m net hod s for managi ng dialog of one or nore applications, the
met hodff‘é’f%‘ﬁ'éa‘é‘a}&f‘ggwf‘dmp‘égv 03/ 003193 PCT/ US02/ 20510 instantiating a

DMVA (di al Ogcﬁﬁﬁ?%rthé‘ﬁsﬁ)lﬁﬁﬁﬁntlbﬁfﬁpra}l abﬁ'ﬁ%ﬁBﬁﬁfeﬂ%‘aWB Pe&tmf&t LGERREALCA

tree structure conprising a root one or e appl ion
sendi ngf thogymbeia wptes@itdtionpot i fi cati on of a user input event to an

appl i cation DNA; bt ai ni pg,. by the a ication DVMA, . a nmbol i c

represent at feﬁﬁwlﬂ‘gg @eﬁeﬂg%tlﬁBéMéwéﬂﬁgrY@m?hﬁgpplwtlpﬂaew ﬁllnlﬂéeaﬂ‘leéh DMVA, an
appl i cgdhfise gg{eh@g{ﬂ{s%fﬁgergo(ﬁéﬂ&g&h%ﬁ resolution of the synbolic
representation; receiving, he application DVA a query fromthe
applicati ondetemaniaeignbyﬁle wmiyterﬁwnnﬁﬁle applichton BMA fisscupfentli actd@rbiased

resol utiqgn; determ njng, by the nterface, if the application DVA is
cur r enPP PCLETRIECHY thSﬁpl?li?é“%w’r"é’@el ved by the application DMA; and

| aunchi ng, - pindifite BHRhd GithicRfbr A, 3 bR MG e AR ARAR aq@ g, th the
query, if the appl catl is determned to be curren tirve.

The pr thgrappliction DMAdedeterniaéd tl ke ouri2itly adtiveei n t he |nstruct| ons for
instantiating a DVA interface conprise instructions for registering, by an
application, with the root DMA to obtain an application DVA handle. 23.

The programsteg étS& OlevitPbf R 21 %e?e'xrp htel?ﬁst ﬁ&ﬁsul%} {ngﬁfln; EHgn
instantiating a Interface conprise i’'ns rUC|0ns I'ns
mai n DVBMA inerfageobipeiseiistructions for registering, by an appllcatlon, w1th 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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di al og 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 program
st orage dwoios®oxzab3 cl ai m 21, wherein the instructions for aerdarsor/msng if
the application DVA is currently active conprise instructions for utilizing
a bottomup arbitration protocol to determne if the query is a

t op- scor i ngaspiteatingpivpihg rédt DMUE betdten fasERE Yadived fidhSiplRpRdd BMAQRaOVAS .
25. The program storage device of claim24, wherein the instructions for
usi ng & g aﬁfﬂwramgﬁ)watq deterpying i thsre isempversll winsingqueiyons f or :
arbitrating, by each parent application DVA in the hierarchical tree,

bet ween queries received fromapplication DVAs that are children of the

parent; - 4028\0TE3pR@RhDRoREE dLGO26LARK2S, Fitthdr cahbAgng Métrhbon fopt DVA,
bet ween queries received fromapplication DMAs that are children of the

root DVA t oS8eReF&ing btheroqtRMA, pr ahifrasipareguit ogmprising thgieveyall @8minghe pr ogr am

storag i i I r. nprising instruction for:
generats}lér%g%h(g{;/het Sé)%lragéglgpéﬁ)ﬁ?tfogrplg?‘bi (?ati on result conprising the overall

W nni ng  quesndingnbly t4vh pakso apicetiorfDM A, atifioftidaMAthendit&eod irgdlt td¥acgach
parent gpplication DVA, notification of the arbitration result to each
child sjsl 3nphcatom DA 27, The program storage device of claim 21, wherein
the instructions for launching the callback function conprise instructions
for using a command registry to determne the callback function associ ated

with the que?.yTh&SrografitstPrage devitss e Id Sxhicfetn Bk ifdtaictidrslfor WARHEAE t he
synbolic representation conprises one of a speech recognition result, a
nat ur atheicalbask danclien epmpHprIMsguqtions far using agommandiregistrote detesmingithe 29.  The

pr ogr agalﬁ)taagﬁ%gﬁgﬁagsm% w?t!hat%lén%%e}ry. further conprising instructions for

mai nt al ni ng, inter a short termhistory conprising events
associated with a user input event during a state of the dialog. 30. The
program storage device of claim21, further conprising instructions for

mai nt ai ni ng28-b¥he PregPNEStPTsLe Aeviewo! daimotg wherein tie symbgliofeprssentationassoci at ed

with a task, 31. The prqgram st.orage devic f claim 21, further
conpr | gqrﬁél%l%% éﬁe(rj %% g I&%ﬁchr r%gogmtlon 1%5139, a ng%uralcfang%age unders?an%mg result an%l a

combination thereof.

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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mai ntai ning, by the DVA interface, a focus history that tracks active
application DMAs during a dialog session. 32. The program storage device
of cl ai m®b,o3fexdpher conprising instructions for coll aboratriusg2/bstmeen an
application and an application DVA to di sanbi guate an associ ated query.
-41 WD 03/003193 PCT/ US02/ 20510 33. The program storage device of claim
32, further conprising i nstructions for di sanbi guating a query using one of

a short ter ﬁtorér a lon ermgql ry, a focus history, and a
combi nat i on hjg %Stoﬁg VEQP }% Aaghsr comarising instraetinns ot er f ace,
COMD | it 0 ol ot B 50660 RS o RO CL rRRPRRRS! on o

determ ne an active appﬂécau on hf%or a gl veﬁ us vent

pl ur al and/a odmizipatidanctheieofi DMAs, wherein at | east one application DVA is
associated wth each application, for arbitrating among a plurality of
sub-dialogs within an application to determne a target application DVA

managi ng theyg, SAQDIQ'Aaﬂd?ﬂog?‘ﬁﬁH arBltbator) RerfRE cd h‘gﬁgﬁr\%ﬁemer ein the DMA

interface conprises ahlerar E’ﬁ(fjtree structure rein arbitration
i s perfornedrdpy DNGA fD]\Abltraltlagfaamag apiurglity of apriliwations tadptearaiig.an3btiveThe DIVA

mterfat%pg of claim 34, wherein the(ﬁl\Minterface is inplenented in a
mul ti - ARRAISAUGR 107 £ GFVEN Us® MAYEVERinGdt er f ace of claim 34, wherein the DVA

interface sj Bfu?a‘htﬁBF' Aﬂﬁ@a&ﬁﬁmvﬁ%o whet%@ fNedsPby %&gﬁ % ﬂ;{;gg%g A

interface of claim34, wherein each of the root

mai nt aivth&adh applicdtiony fortasbitritirig amengyepieratityeed si.1b¥diaog§ withinaepplicapioh to 38.

The DMA interface of claim wherein each of the root DMA and application
DVAs nHFtHTERG2 targst @PWtIP%QE\gAthW&}@ Hibeialeg éﬁﬁ?@’é&?df"blﬁh thegsrdRPi al og
sessi on. 39y;,dhe t%ﬁl\}lﬁtlﬁtre;ﬁ%etioﬂ{é)rﬁksaé Heniehiddl el St YIRLE Sy MeChani sm
for collaborating with an a atron to disanbrguate a user 1nput event.
40. Tharbiddéion ig warfomned bf tltel]aMA Bﬁerfach&siﬁgabbh@nrmpp%‘sﬂéhcormrl ses a
registration table to maintain a list of registered application DVAs, and
wherein the root DVA tracks which of the registered application DVAs is

currently agfi¥ge piiinterface of claim 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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WO 03/ 003193 PCT/ US02/ 20510 41. The DMVA interface of claim 34, wherein the
root DMA communi cates with an UO nanager, wherein the |I/O manager abstracts
user i npuwoeseetis3 i nt o nodal i ty-independent events for protdasst/mgiby t he
DVA interface, and wherein the 1/0 nanager converts abstract output events
into one or nore nodality-specific output events. 42. The DVA interface of
claim4l, wherein the 1/0 nanager conprises a central 1/0O nanager and a

nodal ity agent for each nodality supported by an_underlying platform 43.
The DMA i nt‘é - HaeDMA mtﬁfwwcl%éﬂewherﬁlﬁéh%@m PMAvemmre@éqs thmm cat es

%‘thah | nt eg%é{gg&g a| m e%%ﬁ%&%gﬁ%ﬁa %&gqﬁeﬁnﬁm cét e

with ae\teatslfomma@smgfogrthmDMA mtaqadenmdo&hmhehe:m\tﬁrﬁgéﬂ cORRErtsCAbGirNeS,
wherein the task nmanager conprjses a t hread pool manager for tracking

t hr ead%“ta‘étsedéli‘téﬂ%ﬂom’%mpﬁema ity-pacitisputpyig¥entsng an engi ne nanager for
communi cati g Md BMRMEERELr R 42 WhAanAh Fo dtiaed e NEEHLPHS Of
clai m 44, wherein the engine nmanager conmuni cates it resource nmanager,
wher ei mahdper arebomodalitprageg dor ciels hpdalitg Supparted by af andatyiesplatdoty, the tas k
manager. 46. The DVA interface of claim 34, further conprising a security
mechani smfor controlling informati on exchanges between applicati on DVAs
based on segqr j r r ' 47. The
DA, | ntor o Dio'REH phdifie kRIS Sherl B0 Gen el IO EnARR cfihifies

ar bi t r aith eachanbgalayragent hsing a dompphni XMLitasal mdBagihp erdddddli nt er f ace of claim
47, further conprising a mechanismfor switching the arbitration function
bet ween groups of friend applications. 49. The DVA interface of claim 46,

cortificati bn M TREFER T LA ARSr Bt P i hMAL b umicne o

cl ai m @ih awiskreanagédfor atiigzing die sranbrecbversemiondlicagihes, e'mwimlﬁsdasmf ormation
exchanges. 51. The DVA interface of claim 34, conprising. a uggabl e

ar bi t r BARAEST pBRLisEs B thregbpoot mangas forfraskmgdhreads assegisted withy(hrapalisatione

arb 1 BMAY aR 91 8fihe FOMRYel R SofMfuni ling WAR KohRbeibnal b TA St © and

stati s

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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53. The DVA interface of claim 34, wherein the DVA interface is enployed in
a voice portal. 54. The DVA interface of claimb53, wherein each

appl i cat iwo occongps ses an application browser that communipcatiess2/esih a nai n
application DVA. -44

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.

-44 -



