1 A Dialogue System And A Method For Executing A Fully Mixed Initiative Dialogue (FMID) Interaction
Between A H_L‘Jwrr(}age@n%‘é‘Machine 5 FIELD OF INVENTION The pﬁ%%%’&tzm&%m};% relates broadly
to a dialogue sys%em%r a fully mixed initiative dialogue (FMID) interaction between & human and a
machine, to a method for executing a fully mixed initiative dialogue (FMID) interaction between a
human 10 and a machine and to a computer readable data storage medium having stored thereon
computer code means for instructing a computer processor to execute a method for executing a fully
gixed ri]nitiatibvli (?aalega@ts@vémmextm%:ah@ma%e@wma?m@t@mﬁ#am _tiiél?ﬁ@'ﬁG RdO# '|\:1D

peech enabled user inter r ically use compyti vices ranging from hand he
devices to servers handlinép@g[g)n%%5%%%%%5#%%%%%lf%%@g\g%%*sﬁ.ﬁ%em technology progress in
speech recognition and improvement in user interface designs, speech enabled applications are being
used in human computer interaction. Speech based interface has-thus expanded the range of use of
computerssysigEr® Smmnepnigeton of speech based user interfaces is speech enabled call center 25
and customer care solutions. A user can call a particular number provided by a service provider to find
information such as flight schedules, Iandimark Iocdati(%ns %nq traffic cond\igon%iﬁy builgiing the terms
and possible user qUEHBEII AR REFoIRAIRR FREY PR RS FHRIEN &stelY i€ stem can then
recognize theiséiaymdiaipers RN dyaagiat PRIVESVIE dSHRMBIEShTaRRBatd BRtPeEognition results,
the system priaviges @ty sefidiyvitixticnitievantaniguen D askeckdion dreperéormsunaarsactions
requestef Ingugler frHsRISAe OesAIS withthrBystan hdull pasticrardaskssafficiently and
smoothly, the SySism.omicall Bravides. anpaRtale A AmaL(pUnaHoN. oL quidss A jeads the user o
follow some steps as a dialogue process between th  user and the system proceeds. The process of
exchanging ifT5tHestEh BERPEEh hitvameh tatye daleess AN RIRMSHARGYESE & called dialogue
and the procesgrehdaesigmagsngtware that is able to carry out human-machine dialogue is called
dialogue design. Typically, directed dialogue is used in which conversations are conducted in a 5 rigid,
computefgoriented manner. Users follow computer prompts step by step to input required items in a
pre-programr&e&g&g&&gsontraa to directed dialogue, Mixed Initiative Dialogue (MID) has been
proposed. In Process, a user has the flexibility to choose e.g. the order and/or the amount of
information the user wants to convey, according to the user's language use preferences and
experience of the intpefaresrabtel teebietafroescictamitaiy MED provitedingrmeriessssngiiavay Of
language comyp sl iR faathiaphisRatiithliaaseiane rhfadmircmasingly used in
speech %abl%%h%§%rglyn6?cg?§§%%n speech recognition and improvement in user interface designs,

speech enabled applications are being used in human computer interaction. Speech

based interface has thus expanded the range of use of computer systems.

' [

One appiication of speech based user interfaces is speech enabled call center
25 ° and customer _caré solutions. A user can call a particular number provided by a service
- provider to find information such as fiight scheduies, landmark locations and ftraffic
conditions. By building the terms and possible user gueries of service domains info a
speach recognition system, the system can then recognize these terms and sentences
regarding services of the domains, Based on recognition results, the system provides
30  users with the relevant information asked for, or performs transactions requested. in
| order for users {o cooperate with the system fo fulfii particular tasks efficiently and
smoothly, the system typically provides appropriate prompt information or guides and
leads the user fo follow some steps as a dialogue process between the user and the

system proceeds. The process of exchanging information between humans and



Apart from typical characteristics such as a high recognition rate and robust 15 performance of a

speech recognition engine, dialogue design is also a consideration for speech based applications.
WO 6009!01%4 ; -~ PCTISG20087000394

There are a number of tactors that are taken into account when designing a’speech enabled user

interface. Typically, to build a speech enabled interface for an application, domain content and

operational information are compiled in the forms of grammar that describe the sublanguage used by

humans to operate the 20 computer system. The purpose of the grammar is to narrow down the scope
of the recognitigariRskenra.ghat thad esQUAHIoR eaginaGARAChIRVe. Bighet rgcaanitiag rate.
Separatel. 2 Bt OhdlaS Sl AR inuRIcA AeSIOe oclal ding g igeoon on engine o
perform alspeech recognition process using the grammars“when receiving user Glterances. It will be
appreciated that dialogue design should be able to 25 handle not only dialogue logic, but also
abnormal user behalipigedysdichctes IgéaiPgpriscisagun ofddntanye aeites, aitnedtcetions etc. Typically,
to look forsa degigrdhpliensrseed HephdicYslieMAGES colifkenbustidnief apesprOlOiypas are
implemented {Qg, ;i3a0ilNIGStS ALQFSPRRIMER!IBRYE UBEESnTLUS {5 tYRIGRHY SR cORRILRING. Therefore,
it will be apprefr(‘:i{%%—:‘d Hgaa}t ddal@%irgesggn |srnot a dtr*wal‘\;1 k and deslgn %nth?nénegp and tools, 30
especially for rapldv %Ieve?g,p?n NT And test, Are needed to allBViate the eifons ttoecsﬂ)) But such
activities. 1Rt Fi0835c2f AP AEIFARRAPTAN B ARATIRG BEiCAL NS dRADYERIS IR RORYEYs relatively
difficult. A devesiopdngypital yserscdsaaennsidesiarpivraliyd eikdetailszoff the iBedmmdueiprocess.
Further, #e deyvelgpesiyRicaldy ReBdsdAReNsidRFDaskikiewifeserhinpgts frmdsmaisand then plan in
advance, e.0. Jg, 08 iGRE0%aN S AEHADS 48 ORIAKSE WHB e NBLAB ARG BLLR, SWoreover,
application domains and contents provided by services are typically chianging #requent y. These
changes give FER'E8 EFRL AR Yrammars and dialogue logic. Thus, maintenance work for speech
enabled applications is another consideration. Automatic or semi-automatic processes can be
significantly useful fapsHefmraityscantaracehstitd such Ms BomgrdedbwifaiomatiadGebesation of
Mixed-Initiative Riglague Py ienash FrampMiek éaem@@téegbéi%eggnhy AeSeRR iRk wo speech 03,
MIT Laboratory or, CompuisyGishcenaraaration(or Nallonal Rescarch Inilatives, number of
approaches ar m‘irocffuc_eé@g Create a delaﬁogue_s stem and provide a |aﬁogue .aL%COmanagement and
response plartfifity WFLRIEY AFRERCAGEFRE0IESE Béﬂﬁ%ecﬁmﬁﬁ'ﬁ"tl‘fépé'lﬁ? MPTEUI TR Y action with a
user. Howeveinterfecp desed zhpiizdtionr gamaie gintenseistapetpiinesl bépsedton aaremnidisdlues and the
paper does natdleseshe ganaantysingaiitiense.nkasaneassdor duaenhdw aspeaskas during a
speech. 29In Lagg:seale-apiware iniearatinn ipasheke iandrageiand fmutimpdal dialog systems',
published by Gegd ?{;Ioﬂlt'an Natuggltll;t?é] ga%e Engineering 10 §3/4) 283-305. ¢ 2&%)4 Cambridge

University Press gnermanslsegoear% ente ?g?%rﬂﬁ’gi%l ntéﬁf@%"r‘?c%,“g?ﬁérh%&?B ?o?a}g'rge-scale

software integtSRAIHataREMe ForfiaRe re SRZURGN Bf WaRBIYS dpsianad |4piginate-iisd Hfultimodal dialog
systems is intrechgoiidr Ehgrepprosatimnalieseerhas2Bdistribwredscosingdhe gtamodel thabenables flexible
re-use and exienRsing odexitdnRgssetvalesRashiREEHONR \@iiotie BapsT derk Rtanalyze the use of

grammaus; produced, by 2. SRERKAE WNg.R S0ees4S RUPlcALan no., 20QR/00P934 1, 'describes a

method which focuses on (:reatln%HegH rammar forya!;)hanumerlc concepts from inputs like regular

expression. TRE §raRMAS & pgts Gians e d B e (85 RE? ARRPDIETED MR ation. The field
of grammars ¥SEERRIBFEIRICEITHE Far/DR7Tare PATIRERET 2RI SaNsenRreAfas usARjifolagsing on
generating gransars fioraligpiiassermeTtescanggetsly vimehdsnauspecifithéostoraf iexpifession used in
language. It villhe-arpresiaiatdattisformof GeReLAlUN£a8Rh environments and tools, _
‘30  especially for rapid developmeant and test, are needed to alleviate the efforts to carry out
such achivities.

It has been appreciated that developing complicated dialogue systems is
relatively difficult. A developer typically needs to consider a piurality of details of the



4 best be only regarded as a process of converting alpha-numeric expressions into grammars.
Furthermore, this document does not provide any teaching on dialogue generation based on
generated grafrf&t¥?8ti$ publication no. 2005/0085192 describes a syStERF#81EE8Maticting a user
dialog via a speech based user interface. The system includes an auditory prompt module for
generating a sequence of goal-directed auditory prompts based upon predetermined user-oriented
tasks. However, the system does not analyse the3ause of grammars produced by a user during a

speech. 10 . Hence, there.exists a n for a di for I i nitiative dialogue
(FMID) interagit?grc\’ !ﬁe?\g\?ggﬁ'a%ﬁﬁgn%aengf \getr%éa?ﬁ? %%%]u %%?et %ﬂ%‘o%ééégcﬁﬁ%gfaé%ﬂs mixed initiative
dialogue (FMIBPFIRTEYATEI 68?\&7?@@[&’}1[]ﬁﬁ%(ﬁ’brtﬁoeagrﬁﬁ‘&ﬁrrﬁiécmg'lgs@@ﬁ‘fgoﬁﬂH’rg%aﬁ?'feast one of the
above problemit th8 @R ENtnaESordance with a first aspect of the present invention, there is

provided a 20 method for executing a fully mixed initiative dialogue (FMID) interaction between a
human and a Machijgtye MeiesiGo BIRR AR tHEIHE B RIRERIPL d-rammRS H&klNg out parameters

for the interactriT%Q' feceiving a vaice wggu;g" gg]a!\)l/glg tboet%gar\]me@ar to d namic: IIX,EﬁIerlve one or more
semantic com |_n§f?§ns aged on'the paara?me?ers; obtainin ge‘rrfgrjﬁri% Content _y'pg?f'c?rming voice
recognition ofP®fe UBIedABIIRaaRS W5k & 8pRRe  tHerRef 2aRt Eatopiént it RIIRNSG I Bne or more
semantic confpitsatatner semikfigomatih pobrasepsLrthdecagniprsdidesitlingr drevilwstiesetbere are any
unfulfilled semagtic combinations; and if there are any unfulfilled semantic combinations, dynamically
generati%; a new grammar based on the unfulfilled semantic combinations 30and the originally
retrieved grammar, and appl%i{sl}% said new_grammar for a new,speec,h interaction. Said
dynamically generalfhd MRV B pHEE PR TGHIRG SRR MEPTUTHE R RIRE8 rRYRET Teieved grammar
based on fulfiféay SepntgnticreblintrA i d8senRt&hPhtingE Sy rpRRFaCRe MY flarPirferoriginally retrieved
grammar basedranutlfiedrsemaotimetionbiatitintoosbBétearch Initatives, a number of

approaches are introduced to create a dialogue system and provide a dialogue

15  management and response planning sirategy that is adaptable to on-line content,
thereby improving interaction with a user. However, the parsed data is organized inio
subcategories based on numeric values and the paper does not describe any analysing
of the use of grammars produced by a speaker during a speech.

20 in ‘Large-scale software integration for spokén janguage and multimodai dialog
éysterns’, published by Gerd et al in Natural Language Engineering 10 (3/4): 283-305. ¢
2004 Cambridge University Press, German Research Center for Artificial intelligence, a
framework for large-scale software integration that resuits from the realization of various
natural language and multimodal dialog systems is infroduced. The approach relies on a

25  distributed component mode! that enables fiexible re-use and exiension of exisfing
software modules, However, the paper does not analyze the use of grammars produced
by a speéker during a speech.

US publication no. 2006/0069547 'describes a method which focuses on creating

30 grammar for alphanumeric conceapts from inputs like regular expression. The grammar
is parsed and generated by ruies together with prefix optimization. The field of
grammars is thersefore significantly narrow. In particular, this document is onty focusing

on generating grammars from alpha-numeric concepts, which is a specific form of
expression used in language. 1t will be appreciated that this form of gensration can at



The method may further comprise generating a dialogue for the new speech interaction usin‘g}”the new
grammar. The method may further comprise constructing a Finite Sl;@ﬁ %E%EQB”&QZSM)

. : L : S 0 :
architecture b3Y B #Hd'semantic combinations for generating one or more new states if there are
any unfulfilled semantic combinations and for showing state transitions once semantic combinations
are fulfilled. The method may further comprise forming a slot filling table using the derived one or
more semantic combinations. Said analysing 4he grammar may comprise converting the grammar

into a logical expression, ., 5ald Sonyssing.the:Aammag inig-a logical xpressian may be based on
an algorithm comprising the stegs of: for th%%{r?ar%mar G com rlsmg items Gl, G%E etting a slot filling

logical expres@BATA M ATENE) L& FPCBRELEIBH ARY P8I NS RNE=0817C R AGM: if Gi(s)
are-in.SeectivaeDeratipitienssd ik $EEEEREIFATMATSE pj is an optional item, then replace Gi in L. with
(1401), where | is an empty variable; if Gi assigns a slot name s; replace,Gi in L with (shGi). if Gi is a
Sublg,ramrﬁars, recug%i#%am&ﬂﬁa!%@ms&% iée@c#%@iaaéymaﬁe GirifLktingith dser forming L by
applying the See xh(y+z) = xty+x,hz, x+x = X = X, X+Y X, Xarr e_qne ar mantic
combinations r%%{%gauga%l%eggrﬁggﬁﬂyi%sg roﬂ)%éfatg%k.ﬁe é?ﬁ%g@cgfﬁjgﬁceawi%%&%ﬁ&ﬁﬁ aspect of the

present inventBPA4RCPE 98N5r8NHE SUSERIY Gb SRS RYRFRS SRR MIRBEMARSES & PaTRSue (FMID)
interaction betvatemiasdursarrdented msichibewtver syistesystsomerasimptaapeirsentae passef module for

retrieving a graramas-seting.atibpalasnaterg wedheinteraction, the grammar parser module analysing
the grammmar to dynamically derive one or more semantic slot combinations based on the parameters;
a browser module for receiving a voice input; a recognition server for gbtaining semantic content by
performing voice recogitiondn ?ﬁ'(?t%alc%g?ﬁptﬁr; A RPRRAS ST fgotraﬁw}cﬁéi'r DarEL MR dTle assigns the
- semantic cont@isieaydulfiMitiy ineariebRiyPE s ENTINRE CBIMbIASASE andThdsifa@i®may further

comprise the grasumney pansembaidinliafios detidirgMidihettheien draveesy anfulfidedrseaantic slot
combinations; agdagramnmALIsIeEliandmadHe wherkinibihgemare any unfulfilled semantic
combinati%ns, the grammar generation module dynamically generates a new graminar baséd on the

unfulfilled’

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
20 method for executing a fully mixed iniiative dialogue (FMID) inieraction between a
human and a machine, the method 60rnprising retrieving a predeﬁhed grammar setting
out parameters for the interaction; receiving & voice input, analysing the gram?nar io
dynamically derive one or more semantic combinations based on the parameters;
6btaining semantic content by performing voice recognition on the voice input; and

25  assigning the semantic content as fulfilling the one or more semantic combinations.

The method may further comprise deciding on whether there are any uniulfilled
semantic combinations; and i there are any unfuiﬁl}ed semantic combinations,
dynamicaliy generating a new grammar based on the unfulfilled semantic combinations

30  and the originally retrieved grammar, and appiying saic new grammar for a new speech

interaction.

Said dynamically generating may comprise removing grammar items from the
originally retrieved grammar based on fulfiled semantic combinations, instartiating



6 semantic combinations and the originally retrievied grammar and applies said new-grammar for a
new speech igtgraciionems RAIGHYYRAGNSE FaenRsatigaMay: XY ish themearemangeneration
module remogirhgo%%rpn@%rgct}%ms from the originally retrieved grammar based on fulfilled semantic
combinations,? e grammar generation module instantiating grammar items from the originally
retrieved grammar based on fulfilled semantic combinations or both. The system may further
comprise a dialogu€gemetatib mapdtier forrgerrer gtirgratuitle giroetfre trewnspeserdnteraction using
the new grammats:tion A S¥stemgaanidrther comprise a Finite State Machine (FSM) constructor for
constructing a FSM architecture based on the semantic combinations for generating one or more new
states if there are a% unfulfilled semantic compinations and for showétgestate transitions once

semantic combinatidng BXEMRAMRY frtherr FEBASR FERTy Fiiten 8 d8m pirds tiesgientheiP parser module
forming a slotHitiivigetatsl eagsig the sernbd onPorivord savpmddconbnationsew-siaBaid analysing
the grammar m@ay:€ QRS QANMIBASERAGI D BESRINaRsh eDRGHINGH NS4S aaHBRsB ha logical

=xpression Trégrgg%g%%#%%% mogule may convert the.grammar into a logical expression based on
an algorithm comprising the steps of: for the grarnmar’ G comprising items GleG2, setting a slot filling

logical expression L empty; Si(s) are in Concatenation And relations, let L=(G1°G2...hGn); if Gi(a)
are in Selective Or rEhgtioeoterey. FEEt 6PNPIFE ITHIYsaas B Fion dade msitacthea dptived Gi in L with
(14-3IL whereshiscamenglysariy abieindisiassigns a slot name s, replace Si in L with (s,G1).. if Giis a
sub-grammar, recursively call this algorithm; Gi is a terminal,. replace Gi in L with I;- forming L by

applyihg the rulw. xh(y-]-z) =:xscri-ez, X+x = XX=CxAl= X, xty = _
PPIyIng ré(%/m‘ ar?a#ysing tli':e grammar may comprise conerhng the grammar inic 2 logical

expression.

Said converting the grammar into a logical expression may be based on an algorithm
comprising the steps of:

for the grammar 3 comprising kems:G1, B2, ..., Gn,

sefiing & siot filiing logical expression L empty; .

i Gi(s) are in Concatenation And relafions, iet L=(@14G2*...AGny;
i Gi(s) are in Selective Or reistions, let L={G1+G2+...+3n); _
i Gi is an opiional Hem, then replace Gi in L with (HG), where | is an empty

variable; R ' ' o

| if Gi assigns 2 sliot name -é,’ ;gpiacef{_ai in L with (s"Gi}.
FGikba sub.grammér, recursivaly call this algorithm;
I Gt is 2 terminal, repiace Giin L with t;, ' L

- forming L by applying the fules XMy+2) = Xfy+xhz, XX =X, X = X, XM = X, Xty =
The ane or more semantic combinafions may be usabie for carrying out 2 task.

in accordance with a second aspect of the present in#enﬁon. thare is provided a
diaiogue system for a fully mixed iniiiative dialogue (FMID) interaction between a human
and & m_achine,' the system comprising a grammar parsar module for retrieving a
grammar setﬁng' out parameters for the interaction, the grammar parser module
anaiysing the grammar fo dynamically derive one or mors samantic siot combinations
based on the paramstsrs; a browssr miodule for receiving & voice inpui;, 2 recognition
servar for obiaining semantic content by performing voice recognition on the voice inpuf;
and wherein the grammar parser module zssigns the semantic content 2s fulfiling the
one of more semantic combinations. |

The system may further comprise the grammar parser module for deciding
whether there are any unfulfilied semaniic siot combinations; and a gramrmar generation
module; whergin if there are any unfulfiled semanfic combinations, the grammar

generation module dynamically generates 2 new grammar based on the unfuffilied



The one or more semantic combinations may besusable for carrying out a task. In +accordance
with a third aspeshfif thefiratent indenhtioordinette isipravad agameoamadespisiedale daka storage
medium having.siared thereon.compitsreade means for instructing a computer processor to execute
a method for executing a fully mixed initiative dialogue (FMID) interaction between a human and a
machine, the method comprising retrieving a predefined grammar setting out parameters for the
interaction; receivingg ViiEs it EHETTEEgTRE GPEMRTITAT e dYREMTE I alefive Badusr more semantic
combinationsrbasethoprihenpatametiess; catainivigaie mariticedogtentby pardarmingmeice recognition on
the voice 'np%rﬁmr%&‘ﬂﬂl%r@eﬁ@ %H%PBBF@FE’:%% fHJ&UJEG :F@%r@%ﬁn%rﬁ%ﬁzaﬁ%ﬂgt'c

comblnatlons 7 BRIEF. D RIP ra{}_l}IWOF 'IéIS-L % d Sen. " r[ﬁl odiments of the invention will
be better unde?gf Edoa?f?ia |y ap aren o 6né'o nary‘sT< fi i ﬂ% following written
description, by way of example only, and in conjunction with the drawings, in WhICh. Figure lis a

schematic block didjrampsidurstraingfian architectniziobasthategtiorsystima for aanexgingple embodiment.
10 Flgure@atmhgmgg@gk diagran, mr;glgksgag@@%@plc grammar and dialogue generation

in the example embodiment. Figure 3 is an example of a predefined grammar used for an air
ticket booking 15 system in the example embodiment. ure 4 is an example of a generated new

grammar 400 in the' 8RR gﬁfbﬁ‘&ﬁ?fe?ﬁmﬁb?fg"\fé’ﬁ%s BTABdTHOW aragydRPilfestrating an
example call fowtncirgexivpicuirod ipaest oFithere=tranic sohbinaitieslowekareB@0ikustrating how
states and tragsiian 4@ ehmrmi@@l@/ﬁemﬁa@smwmﬁ;émy@aﬁ%m%ﬂ@rm;ﬁgample

embodiment. gc% Fnsl ( OZCL%%%M%%&J&%EE@&%&%L&JSUG‘“”9 a method for executing a fully
ialo

mixed initiative gue (FMID) interaction between a human and a machine in an example

embodiment. 30Figure 8 is a schematic diagram of a computer system for implementing an
The system may further comprise the grammar parser module forming a siot

 filling table using the derived one or mare semantic combinations.

Said anazlysing the grammar may comprise the grammar parser module
converting the grammar info a logical expression.

The grammar parser module may convert the grammar into a logical expression based on

an algorithm comprising the steps of:
for the grarnmar & comprising ilems G, c;z
settmc: a siot ﬁlﬁng iopical expression L empty"
K Gl(s} are in Conr:atenatron And relaftions, Ie‘t L=(G1rE20,. "Gn)
- i Gils) arein Selective Or redations, jet L—(G1 +G2+ HEn)
i Gl an optranal ltam, ﬁ?en replace Giin L with (i*Gi) where lis an empty.
varable; :
if Gi asszgns a siot name §, rapkace Gl in L with (s"Gl). .
. ¥ i is & sub-grammar, rewrs:\{eky call thiz aigorith;
 Gi Is & tamminal, replace Giin L with &
‘forming L by applying the rules xMy+z) = shyssiz, xox = ¥, x"x =¥, ¥ =‘_x, by =
yex, XY=y ' : ,

The one or more semantic combinaiions may be usabie for camying out a task,

in .actordance W|th z third aspect of the present invention, there is prowded &
computer readable data storage mediurn having stored thereon computer code means
for insfructing & computer processor {0 execuie a method for execuling a fully mixed
initiative dialogue (FMID) interaction beiween a human and a machine, the method
comprising refrieving a predefined grammar setfing out paramsaters for the interaction;
receiving 2 voice input, analysing the grammar to dynamically derive one or more
semaniic combinations based on the paramsters, obtaining semantic content by
parforming voice recognition on the voics input, and assigning the semantiz content as

fuifilling the one or more semanific combinations.



example embodiment. 8 DETAILED DESCRIPTION Example embodiments described herein

can provide as sztﬁeog)r) %Q94a method for automatic sub-grammar and diaxl%%é%ﬁ%%: Or!%;jg)n. The
example embodiments can be 5 used for MID systems. Some portions of the description which

follows are explicitly or implicitly presented in terms of algorithms and functional or symbolic

representations of operations on data within a computer memory. These algorithmic descriptions and
10 functional or symbolic representations are the means used by those skilled in the data processing
arts to convey most effectively the substance of their work to others skilled in the art. An algorithm is

here, and gengﬁg\@ Egg&%@gﬂ?‘ﬁ B(;. ﬁglﬁﬁg&ﬁﬁ@gt sequence of steps leading to a desired result.

The steps are those requiring physical manipulations of physical quantities, such as electrical,
magnetic or optical signals capable of being 15stored, transferred, combined, compared, and
otherwise manipulatEgibodimgnte o thp devfintity witheibsitrinyidersined arcappaileaphIaTthe following, it
will be appreciateddhatdiarnarg aut ithenpraserirs gecifttation, digaussapsptibhzing wayms such as
“scanning”, "Calgiiainghy detEHNRE o FARR G draBRie HiRgicn initializing”, 20 "outputting”, or the
like, refer to the action and processes of a computer system, or similar electronic device, that
manipulates and transforms data represented as physical quantities within the the computer system
into other data simil&P8}ie prEse ftaeMdpMpeicireigah et Aentertipufdrsyaigreor other
information steraige) transwaswiesropadisgity devices 25 The present specification also discloses
apparatuspfor performing the operations of the methods. Such apparatus may be specially constructed
for the required purpgges, SrMAL FAMANSE ROSRBFAPIIPASE-SATRVISHRY gleLaeyice selectively
activated or reconfigured by a computer program stored in the computer. The algorithms and 30
displays presétREd e?%r?ﬁ'% %nﬁ%}hﬁ?%arrgﬁﬁﬁpeag?&e% any particular computer or other apparatus.
Various general purpose machines may be used with programs in accordance with the teachings
herein. Alternatively Ftix@ecOnstnictiongdd niarerspatiadi zesrapparatl Stapeifdsketbeckeguired method
steps maysbe gRpARTiNS e stEHEsHe&fa conventional general purpose computer will appear from
the description below. 9 In addition, the present specification also implicitly discloses a computer
program, in that it would be apparent to the person skilled in the art that the individual steps of the
method described h&FFErtal 158 (RIETRE SHretOB)Caiithaft SRR FEE LoMpURE PiEgram is not
intended to beslitatdihent.any particular programming language and implementation thereof. It will be
appreciated that a variety of programming languages and coding thereof may be used to implement
the teachiggs of the gigglosure £antaingd RsleiadiiprefSiadhe SODRMISE RINoIAIN i Aot intended to
be limited to any. g'a[élggigor OQrE{'Ol flow. There are many other variants of the computer program, which
10can use différent control Hows without departing from the spirit or scope of the invention.
Furthermore, one or more of the steps of the computer program may be performed in parallel rather
than sequentially. Sdrigvee Eomptdepetigfamchaaytde Bictetiranhansietrnpoteiraesiiiabieemedium. The
computer readghlenibagligenrais baekidsh a received grammar in an example embodiment.

25
Figure 7 is a schematic flow chart for iliustrating a method for executing a fully
mixed inifiative dialogue (FMID) interaction between a human and a machine in an
example embodiment.
30 Figure 8 is a schematic diagram of a computer system for implementing an

example embodiment.



15 storage devices such as magnetic or optical disks, memory chips, or other storage devices suitable
for inte_rfacin i%e%/&%nﬁral purpose computer. The computer readgblq,g}%qg lm@%‘plso include a
hard-wired m&dium Such as exemplified in the Internet system, or wireless medium such as
exemplified in the GSM mobile telephone system. The computer program when loaded and executed
on such a general-purpose computer 20effectively results in an apparatus that implements the steps of
the preferred method. The invention may als® be implemented as hardware modules. More
particular, in therAargwanessasai@nnodule is a functional hardware unit designed for use with other
components or modules. For example, a module may be implemented using 25 discrete electronic
components, or it can form a portion of an entire electronic circuit such as an Application Specific
Integrated Circuit (Eé?@?fel\?ﬁ'?%%?ﬁ?g%tﬁees? rf)bdegsi f|fpe§ag>8'écﬂ"%18§és§<rﬂlgr£ﬁ ?ﬁ%ﬁgﬁ%\;ill appreciate
that the systeswtenaiialseISEaRTIE AEhHRIP IS LEORRMLITI? FPRERRVENEHOPEER8rEmodules.
30Figuresl isusearibematiydtoek diagram illustrating an architecture of a dialogue system in an
example embodiment. A user interacts with the dialogue system (see numeral 102) through a Voice

Browser module 104 that in turn call \é\/gp ervermpdule 10610 abtain.vaicentekace pages for
interpretation. The %??r%rg?a'tfgﬁ 6)?/ t?;‘g 10 \%%ce Bro'wser module8 10 masy comr,llBriseécalling of a

Recognition SERRSSHolulETH8 YorIRXByRiisATaMRS SRY o7 T ?&cpé%% SR P mddule 110 for
prompt generetoHeng s \tash Sihirer rAoTRIET OB EaRN-dYiahi e Bifefas Rityded(e.g. using 5
VXML satiptsraiededosneyaisdlibyepediag Aiddiotog e Maaagesembyl tiesd 5Rlendnai@ ietamar Manager

module 114. B?o%&%s%??éﬂm% esahgdime ke Ridosusilrnaganosuie dhe-sompdses a Dialogue
Generation module 116, The Grammar g{l;nnae?ﬁﬁr modul.e]d 4@8??&§%§(ﬁ%¥\?%@@ parser module

118 and a gré?ﬁrﬂ%rpg"eﬁ%?raﬁtlgnisrngaeuI%n & DRISgue Manager mo 12 calls a Prompt
Manager modiiriepp Eaginte Adre BisAilts TR HERRIS G AInSRLRAYISRY PIYS 93| S EBYRARNTSF Manager
module 114 caflishesDittivpaijeM anciges siertiise. IPaprstjsrovieiigaioyanats saopdsief 68Fain words.

Further, {ge Vigire: Brawssem eshiiimid4sameeall aRaregnitommpgkege Creator module 126 for newly
generated grammars and build new recognition packages that are sent to the Recognition Server

module 108. 15 Figure 2 is a schematic block diagram for illystratin namic mmar and
dialogue generatiort} %?esﬁ?&?ﬁﬂ\%séﬁga&mﬁ%ﬁ% ﬁ%’% Ty tl#ramaﬁ"gg?r@é’ﬁr{?‘tﬁe [r%aemmar

He & ample em
generation mebRIRsisteg thph HTRLGRNE RGBT Eoarigrayr ShaTHES e LR RIJETE SHEB 2ind receives
existing .gramsaafsi)? tocgenetiade grasemarsn(See nepiaeiral’ 20 "287Erabnge usSeitidhsinbie dialogue
generatigh mageigloguegereraler i ddien Riloguefasneralanhboisadatie grammar parser
module 118 6 generate ot 1ng compinglian.ehies anssalsa Fol.Sials Masiiag (S
constructor 206 16 bund States and transition arcs. Further, the FSM constructor 39 )6 receives grammar
generator outpYREiIOeH ‘%{Wp%é?ﬁwéﬁ“b‘?%iﬁgﬁ"g%B‘fgtgtg%ggtioﬁ%aﬂ ehatate draldgue code and

25grammars abysinzlerciapiites within the computer system or other information storage.
transmission or display devices.
25 _

The present specification also discloses apparatus for performing the operations
of the methods. Such apparatus may be specially constructed for the required purposes,
or may comprise a general purpose computer or other device selectively activated or
reconfigurad by a computer program stored in the computer. The algorithms and

30 displays presen%ed harein are not inherently related to any particutar computer or other
apparatus. Various general purpose machines may be used with programs in
accordance with the teachings herein. Alternatively, the construction of more specialized
apparatus to perform the required method steps may be appropriate. The structure of a
conventional general purpese computer will appear from the descriptlion helow.



In a spoken language dialogue system, grammars provide a constraint of language use at a particular
dialogue poing, If eaks something beyond the scope a gramm ifi system cannot
understand Wﬁ’ét%*{%%%éfhas spoken 30 about. Grammar use also pro%ﬁ@ﬁé@%ﬁ‘%% of a user
interface for different users. Users may speak in different ways with different vocabulary and different
orders to convey a same meaning. Besides the constraints, grammars are designed to deal with
situations such as variations and flexibilities. 11 ® Thus, grammars can define the vocabulary for
recognition points during speech interaction. Grammars can also define a language model for

recognition points dyring,speech inferaction, Grammats. can Agsist a:gialagus SysiggLlo achieve high
recognition rates for practical usz{a{ge. Further, at different %m%gnitl%g %gints, different %rammars may
u

Sbe used.  PEIGER: 5 {034 &4 512 BPABILBSNR &G YA 3d PSSV ERet booking
system in the sixemnepibeemisbelindestitiCiipmTary Brcrdchireafirst MSRASTPUIR ey rafimar 300, words
with capital letigrpuist phhgrari\is TtDiNadedst ibgiaiemar snwpieticoteandiratthiegcamigs are also
grammars de%%@@iﬂgeﬁkgﬁg%ﬁstmw langhiage. J5preXRARIR: 'efeRiat WNeFabalkiey the definition of
sub-grammar G Lt e ShbiRtammars 2. delined n s sl A d Gan g sxpletl called by
other gramma?g.ggfﬁ?bo s_?o oanng FRe column atter the sub- " gram%nars, are variables assigned
with the returFRARIES Breie MasegramimremRYrcXarTL/sJs ISR QU thaBrammar, items
within round bratikets engird!(fiop. dieepp atatematitings, vaires ehtiirgcoondatansdien. avitttrelations. This

means that thesHeRsmee=roneHe Raiedindor i senignoeshileps sisbinpsounsenbsapiets e.g. "[...rare
alternatives, representing "selective or" relations. This means only one of the items in the 20 square
brackets are used. Iltems following a questionfr%ark are oqpti(gnal items. For examn[:‘)Ie, t')'g(l'd like to)".
The symbol pairs intHEEAGIE bPICKSISTF Lot on$a-™ ars semantc SI8PRame and values. The
value at the rigeifamane ipleraliel Gaine basseguatialy tRech A EHIREETREBIHLTFYRADACH the grammar
items responsibledgraasgigningaduble ertsiarpaitieutarsidey aerdakied nedtrappenriinies instance such
as in a regeiveghsRokaN RRSaMenEe iR RhISHSASEIGNeELAB-PIBREE, Valiher stdfkgBe example
embodiment, g, dramNaL PSRRI W SLEIaERL dRsine iDL Al diglooue
generation. By gqmg_ﬂwrou R fﬂe grammars and sub-grammars recursively, the grammar parser
module 118 (%ﬂ'@ﬁ%ﬁ%&é@&WdW%m%ﬁ' iSHY o FHRA® e tﬁ‘etE%?Pé%rBBtnding semantic
slot filling comistertioprsyirelepsriopdierassiit $ilingTatiled TbgyRRMmmebiiRephersatMeerts (Figure 2) first
converts granTRaesripLIeh gt whérn (e pidtexdiegieabe xpre ssiensravithrvesadolesuses slot names and

then deriygs the siotjlingranls-phihed agicRERIUAS HeRRpd & the pRUBRASAGISMNMAr G has top
level items 31, 32, ..., Gn. Each item can be a sub-grammar or a terminal. A terminal in grammar is

defined as an item that cannot be further expanded or instantiated. A grammar parsing algorithm can

be recursively descriBaMEHGNINRY: #so PSEREBERIRR GISGIENPEK §6n VuRisEcuiar

in the hardware sense, a module is a functional hardware unit designed for use with
other components or modules. For example, a module may be implemented using

25 discrete electronic components, or it can form a poriion of an eniire electronic circuit
such as an Application Specific integrated Circuit (ASIC). Numarbus other possibilities
exist. Those skilled in the art will appreciate that the system can aiso be implemented
as a combination of hardware and software modules.

30 Figure 1 is a schematic block diagram iliustrating an architecture of a dialogue
system in an exampie embodiment. A user interacts with the dialogue system (see
numeral 102) through a Voice Browser module 104 that in turn calls a Web Server
module 1086 to obtain voice interface pages for interpretation. The interpretation by the



2. If Gi(s) are in Concatenation And relations (in the example grammar 300 in Figure 3, Gi(s) are in

round bracketg), letd.(G314G2"..."Gn). 3. If Gi(s) are in Selective Or relgfipas.f iR dhs.gxample
grammar 300 in Figure 3, 10Gi(s) are in square brackets), let L=(G1+32+...-i-Gn). 4. If Giis an

optional item, then replace Gi in L with (I+Gi), where | is an empty variable. 5If Gi assigns a slot name
s, replace Gi in L with (s"Gi). 6. If Gi is a sub-grammar, recursively call this algorithm. If Gi is a
terminal, replace 15Gi in L with I. 7. Simplify L by Bpplying the following rules xA(y+z) = X"y+x"z, x+x =
X, XAX = X, et FobeBréwabt oMY TY4Vhay comprideQlafikg BiRIR:ahaRBRE 206 FrepuEigare is analysed

and converteq ipolg ioc | 20expressigns.E = acli &+ ' +(f ity.Ato city)) A (I+ date) A
(I + airline)) (eacﬁo% 26}‘ %glh?naerp c,iaj%'[% t&?lpgr?]cg_%%?}% Eé&%%;]ﬂ Qé{igrr%%%%%%@a%h _City Ato _ cits)ez

(action A airline A from _city A to _city) (action A from _city A to _ city) +(action A airline A date) +
(action A date) + (adtierVYetaifianesy meustionPs carT ieyaamighly sesnerritc SrRANIRING SowiBhations can be
generatedsfor ¥iRausletdiiingraleabynaan vartiagien alysingde sxamplengranemar 36@ ia Figure 3. 25

The equation ghaye.isypily lusfsative: khe, aperatarpareniBiiaeie thossdegnaiematical logic. Slot
name X relatlrl}Lc?) to optignal nggammar |te]ms agi re%resented% igsquékﬁ-%é‘?l;l meansg.an empty variable,
' fill

following the FURSHat B t2RPTE5IE PSRN STowa an examplary slotfiling table gersrated by the

grammar parsepdiBdiiit saseiReimb S SItaN AAEYERAMS ' 6F I1ARtaAtRIABI Yo PREFEEC

module 120. The Dialogue Manager module 112 calls 2 Prompt Manager module 122 to
10 create prompts for newly generated scripts. The Grammar Manager module 114 calls a
Dictionary Manager module 124 fo provide pronunciations for certain words. Further, the
Voice Browser module 104 can call 2 Recognifion Package Creator module 128 for
newly generated grammars and build new recognition packages that are sent 1o the
" Recognition Server moduie 108.
15
Figure 2 is a schematic block diagram‘ for iltusirating dynamic grammar and
dialogue generation in the example embodiment. in the example embodiment, the
grammar generation module or grammar generator 120 calls the grammar parser
module 118 and receives existing.grammars 202 to generate grammars (se2 numeral
20  204) to be used by the dialogue'generation module dialogue generator 116. The
 Dialogue Generator 116 calls the grarmmar parser module 118 to generate siot filling
combination tables and calls & Finite State Machine (FSM) constructor 208 to build
states and transi§ion arcs. Further, the FSM constructor 206 receives grammar generator
outputs 204 and ;)redeﬁned dialogue temp[ate codes 208 to generate dialogue code and
25  grammars at numeral 210.

In a spoken language dialogue system, grammars provide a constraint of
language use at a particular dialogue point. f a user speaks something beyond the
scope a grammar specifies, the system cannot understand what the user has spoken

30 about. Grammar use also provides flexibility of a user interface for different users. Users
may speak in different ways with different vocabulary and different orders to convey a
same meaning. Besides the constraints, grammars are designed to deal with situations
such as variations and flexibilities.



WO 2009/048434PCT/SG2008/000394 13 action,airline, date,from_city, to_city Book a ticket for a trip
from Singapore tQ Hong43§ong with SIA on next Monday. 2 action,date, EI?WS&'%/EQ 8Lty Book a ticket

for a trip from‘g?nzé)ggﬁ%‘re to Hong Kong on next Monday. 3 action,airline, from _city, %_city Book a

ticket for a trip from Singapore to Hong Kong with SIA. 4 action,from_city,

11

Thus, grammars can define the vocabulary for recognition points during speech
interaction. Grammars can also define a language model for recognition points during
speech interaction. Grammars can assist a dialogue system to achieve high recognition
rates for practical usage. Further, at different recognition points, different grammars may

5 beused ’

Figure 3 is an example of a predsfined grammar 300 used for an air ticket
booking system in the example embodiment.

10 Grammars are defined recursively. in the grammar 300, words with capital lefters
{such as ACTION) are sub-grammars which mean that these words are also grammars
describing structures in the languagz. For example, refer to numeral 302 for the
definition of sub-grammar ACTION. The sub-grammars are -defined in the system and
can be explicilly called by other grammars. Symbols foliowing the column after the sub-

15 grammars are variables assigned with the return values of the sub-grammars. For
example, see ‘return {guery)”. in the grammar, ftems within round brackets e.g. (...} are
concatenations, representing “concatenafion and’ relations. This means that the items
are concatenated to form sentences. Hems within square brackets e.g. “[...J"are
alternatives, representing “sefective or’ relations. This means only ong of the items in the

20  sguare brackets are used Hems following a question mark are optional items. For
example, “7(I'd like to)". The symbol pairs in the angle brackets e.g. "<action $a>" are
semantic siot names and vaiues. The value at the right hand place e.g. $a is assignad to
the variable at the left e.g. action. if the grammar items responsibie for assigning a value
to a particular slot variable do not appear in an instance such as in 2 received spoken

25  sentence, the variable is assigned an ampty value, '

in the example embodiment, the grammar parser module 118 (Figure 2) is
designed for automatic dialogue generation. By going through the grammars and sub-
grammars recursively, the grammar parser module 118 (Figure 2} analyzes grammar
30 item relations and finds out the corresponding semantic slot filling combinations, to
generate a siot filling table. The grammar parser moduie 118 (Figure 2) first converts
grammars (such as 300 in Figure 3) info logical expressions with variables as siot names

and then derives the siot filling table from the logical expressions.



to_city Book a ticket from a trip from Singapore to Hong Kong. 5 action, airline, date Book a ticket on

next Monday Qf Sl ? ion, date Book a ticket on next Monday. 7 act'kg) &lxr#)lag l(}&% a ticket of SIA.
. ) o I / 0 .

8 Action Bookv'/aotlzct?ér @%ble 1  The various slot filling combinations t‘fng the above equation form

directly the second column (i.e. "Slot Names") of Table 1. There are eight scenarios for the slotsto 5 -

be filled and each has an example instantiation sentence (see third column) that fills the slots with

values. That means that a speech recognition en@ée has at least eight outcomes by applying this

grammar when inteigfing WithnHerts ala:BRTEe aEROIRT 2ad eachPuigameratainsa different
amount of inforg1ation carrieq in th? il(gts. Based on the .o%t mes the diak ue system in the example
SU erminai. 3 gf q/ =

embodiment carf%agk%aagrc?smns on _18"5‘%%)(‘{’ gtreaﬂj ’E%a[)’é en ira]éoar!alet?% iile:) %s . If all the slots
are filled, the Uiy A% 8)RE MR cARFRtRAIR o ftofREHEX PEEEGR fI9A8 e TR BRetPHENEEUch as
processing logksaspdfas folawing booking orders, database access, etc. On the other hand, if the slots

are only gartially filled, the dialogue system figures out ways to enable the user to fill the remaining

slots before movingdg &Q@dﬂﬁéﬁé&a@g%x&%&%@m&n the Number 1 scenario

2. - [ Gi{s) are in Concatenation And relations ( in the example grammar 300 in
Figure 3, Gi(s) are in round brackets), iet L=(G1G24...4Gn},
o3 If Gi{s) are in Selective Or relations ( in the example grammar 300 In Figure 3,

10 Gi(s) are in square brackets), let L=(G1+G2+...+Gn}. _

4. if Gi is an optional item, then replace Gi in L with (I+Gi), where | is an empty

variable,

5 If Gi assigns a siot name s, replace Giin L with (s*Gi).

8. If Giis a sub-grammar, recursiveisr call this algorithm. if Gi is a terminal, replace
15 GiinL with |.

7. Simplify | by applying the following ruies x"(y+2z) = xMy+x"z, x+x = X, XM = %, xM
= X, X+y = y+X, Xhy=yhx, '

For example, grammar 300 from Figure 3 is analyséd and converted in logical
20  expressions:
E = action +{(action n (I -l;( from _city ato _citvy) n(] + date} n {1 + airline))
= (action A airline » date ~ from _city nto _city) +{action » date 1 from _city Alo _city)
+{action  airline A from _city nto _city)+{action n from_city Ato _city)

+{action n airline A date) + (action A date) + (action » airline) + (action)

Thus, eight semantic slot filling combinations can be generated for the siot filiing
table by converting/analysing the example grammar 300 in Figure 3.
25
_ The equation above is only iliustrative. The operators are similar to those in
mathematical logic. Siot name x relating to optional grammar items are represented as
{+x and | means an empty variable, foliowing the rule that /*x=x. Table 1 below shows an

exemplary siot filing table generated by the grammar parser module 118.

Number | Slot Names Example of Instantfiation Sentence




15 in Table 1, experienced users can talk to the dialogue system with longer sentences conveying all
the information required to fulfil the booking task. In the Number 8 scenario in Table 1 new users may
only speak in YHRaHces o convey information bit by bit. In such B Gaﬂri’fiﬂrj%er of rounds of
human-machine interaction are performed in order to fulfil the booking task. 20 14 Thus, the
grammar parser module 118 (Figure 2) can automatically extract semantic slot combinations of a
grammar. The slot combinations are defined to mefan the reIations of semantic slots expressed in the
grammar. Furtherthe-grammar Parser adule-118-{Heur e-2 tfilhpa-erders of the
grammar (e.g} In the tap otevel 5 ramgr?nar ?88 Bﬁr@% tngnf(?en;/egé] gea?ﬁree:t \?VI °"Fi’a"‘t ?‘iﬁsger utterance or
fulfilled by different uttef&iftes. mﬁF‘H@refﬁrESfﬁ‘ QY g of the example embodiiment, a user has
the flexibility to speak ¢&gilicated utterdnces carrying all the information required at a jparticular 10
interaction pojirt such ighe SysteaacarBaRVLeIokEDTer RaKp Haa&iydheiR WerK, K&pgn the completion
of smooth recognition. Ifrgws:ﬁ)r iggteﬁanc dﬁ Mmete and there are strII sIots to beffilled, the
system can conduct_e)' : JUE SESS mation, or to fill
the remaining Zlots Withaaﬁ%ropria?ér% e%mffﬁn'%eé %’&&Ht&iéf%%t}?ﬂmé%i“ '5‘.%'\9 ﬂ’i’g dialogue
sessions comprise genéitictgtarmiars Mhthése sessions.  The grammar generation module 120
(Figure 2) is provided fcecieitye &obr-gianimaris aamarlrngntodh@prrogressgaﬁdhaetdiaia@ide between the

r

user and the system. 2Q, I%Xyanalyzrng thex g,l@t filling orders provided by the user, the grammar

generation m}rlu!e 1’)(\ (I:lrulrn ’)\ Horl\/nc naw. arammare / nlfhor rnmn\llng 'I'hn arammar itemS

IT
dedicated to the filled <Ioctt' r‘rar'etn rgéi% ogiiteér'r{fsetfoor‘erﬁec %nd?ﬂl?rlment of some slots and

expectations of the unfuifid @its. This|BAHRGGIERS FoRREMEBRRRY.-for carrying out smobth dialogue to
fulfil the emptyfunfulfilleecstotsair®ie  TH @gﬁaﬁﬁuait gisiération module 120 (Figure 2) receives
grammars anfgftted st DRBEERES andvat egbokréq,gg&rrirridr generatiormmuodute-126-(Figure 2) produces
new grammars«{see-204-n-Figure-2)-for-theree naining slots.
There are two approaches to generate new grammars One approach is to remove 30 the grammar
items responsible for collecting the values of slots already filled. For example, if the grammar item
ACTION has been d$eigacela e ditirgf tbobkéfitne ftemmshs GTIGNauaiverfvovatiedyotieer approach is to
instantiate thesgfsHaBARKCMS Yo (e values alithe shie waasghestheyarmefilledideoiinstantiating a

grammar Semd Bl Sy S ANLAIR SO HEATARAY U5idRok FEL0 LA RBRARTHK returs the

value that it has 15 been asergﬂee with. This ag roach for |nstant|at|n takes ace dQ‘/namicaIIy during

runtime becadSESHaR, RIS of TRE DRALE AR I EEEE S FRE 30 PIRES S ittt r&ilts are produced.
it will be appreEiEREESRACERYBRANTAETIERS ERSR GrIBTRCHNEYIyaees 3) Avarieddoraitaegtly locating the

grammar itemsach outcome contains a different amount of information carried in the siots. Based on

the outcomes, the dialogue system in the exampie embodiment can make decisions on

10 a next step to be taken in order to fulfii a task. If all the siots are filled, the dialogue
system can move onto the next stage to do the requireci work, such as processing logic
e.g. for placing booking orders, database access, etc. On the other hand, if the slots are
only partially filled, the dialogue system figures out ways to enable the user to fill the
remaining siots before moving to the next stage. For example, in the Number 1 scenario

15 in Tabie 1, experienced users can talk to the diaiogue system with longer sentences
conveying all the information required to fulfil the booking task. In the Number 8
scenatio in Table 1, new users may oniy'speak in short sentences to convey information
bit by bit. In such cases, & number of rounds of human-machine interaction are
performed in order to fulfil the booking task.

20



5 Suppose grammar G has top level items G1, G2,Gn. Each item can be a sub-grammar or a terminal.
Among its slots, S1.Sk are filled at a recognition point. The grammar gepg{ﬁ%gguﬂggﬂghm can be
nalan

described as % dz\‘,’\}’é’{efff& each Gi, do the following: 102.If Gi'is a termi assigns a value to a

slot Sj, then make Gi an optional item, remove the slot assigning action. 3.If Gi is a terminal and does
not assign a value to a slot Sj, no action is taken. For example, since a terminal can be defined to have
one definite value only, if a value is not assigned,'do further action needs to be taken. 154,If Gi is a

sub-grammar and aggigng,a YAIMGLP Baslot SlodienTiake daian) optionakliamaRempyg the slot
assigning -action and |qstantl%te Eul WI the-valuesrmee ?olflkc)::?grl;g’mmar retu[r:p . Tdotén%te%ntlate a grammar
re u

. & C_SIOL compbinaiions O a.gramimar, . nations are gefine! 3]
G with a valu&® A the 0|5t|ona| grammar items which do no M e Vafie are femoved and only the

items retumintjeHealians eemantt. U5 FresTTeed BubSPRRMAr AR Hode SRS EYalue to a slot
which is one ofdsjjsadarSigety Ladldthiscprecaediling driguref dhis gemesarrtsieinfra pererited new

grammar 4004p.thgaexempladgrabydimentd BiroeiRraialddiceaiamaianmeg iy attsoutput of the
grammar 25¢g §£"E}QQ§,‘ module 120 (Figure 2). In this example, only the slot "action" is filled with a

value "book". The generated grammar is based on the grammar 300 shown in Figure 3. The newly
generated grammar 400 has four semantic slots only (see numeral 402). However, the size of the
generated grammarTagefssnigGeY R syetsm phtesienrmrieRngrdiMATAr2366 dIR6 WS fiPfdtre 3) because
some operatianshave-besitasplite-insamaugimptyhestiis-tiaibth e:gerdrated grémtrar 400 may give

rise to by, gephiasingthefernatting AEHREFARBMALIEENR a next stage to do the work, upon
the completion of smootnh recognition. If a user utterance is not complete and there are
still slots io be filled, the system can conduct extra dialogue sessions with the user to
eoliect the remaining information, or to fill the remaining slots with appropriate values.

15 in the example embodiment, preparing dialogue sessions comprise generating
grammears for these sessions.

The grammar generation module 120 (Figure 2) is provided fo derive sub-
grammars according to the progress of the dialogue between the user and the system.
20 By analyzing the slot filling orders provided by the user, the grammar generation rnodule
120 (Figure 2) derives new grammars by either removing the grammar ifems dedicated
to the filled slots or rephrasing the iterns to reflect the fulfiiment of some slots and
expectations of the unfulfiled siots. This can provide convenience for carrying out
: smooth dialogue to fulfii the empty/unfulfilled siots.
25
The grammar generation module 120 (Figure 2) receives grammars and filled
slot names and values. The grammar generation modute 120 (Figure 2) produces new
grammars {see 204 in Figure 2) for the recognition task to coliect values of the remaining
slots. There are {wo approaches o generate new grammars. One approach is 1o remove
30 the grammar items responsible for collecting the values .of siois already filled. For
exampize, i the grammar item ACTION has been assigned a value of *book”, the items
ACTION are removed. Another approach is to instantiate the grammar items with the
values of the slots whergver they are filied, For instantiating a grammar item, the item is
maintained in the grammar (ié. not removed) and constantly returns the value that it has



16 For example, in grammar 300 of Figure 3, the first line of the grammar 300, 19. ( ?'d like to)
ACTION:a ?(from CITY:fc to CITY:tc) ?(?on DATE:d) ?(?[of with] AIRLINE:I%(} has three optional items
that are mean‘fvszg??ﬂ(géf‘?’éﬁty, date and airline information. The optional it 3?%8P353F%43ented by
?(from CITY:fc to CITY:tc), ?("?on 5 DATE:d) and ?(?[of with] AIRLINE:!). These three pieces of
information can be collected by "combinatorial” optional ways in the order specified by the grammar
300. That is, none or one or two or all three of thetthree optional pieces of information can be collected

simultaneousiy. o el AOMEFIgNES WP IEEAGTION paLominaaaRdaRo be

instantiated. Therefore, even if a userfd es not mention the three optional 10 jtems, the grammar
does not conH BT AERHES(E B A1 R ETH O T EHITEn FEcR Exvty BT tEsult in the
erroneous acGEHREPRESF ErifipiReRERTEES (eatithh @TasEd eSO ECah\RITPg e TS, grammar 300
of Figure 3 is waithoQuorthetipihetifphd gharthegenerated grammar 400, the item ACTION has already
15 been igstantiated. Thus, the sub-grammar of the generated grammar 400 is meant to collect
remaining informatiQn (ie. city irling infqrmation) .In this-ca e or twq or all three pieces
of the remainin inf%#régé()tlsgnéﬁéégﬁé?e %gTdFe%:ktﬂe%%\l’r%&?@r?e%)ﬂs yg.?lﬁ'bt %r%\%%gr?crilsgﬁg%naﬁﬁﬁe three
remaining iteriS B OHR RTINS ESHE: Sthernie™ 8 MlisE Y ammRan iRaRere introduced.
For example, BHRIHWE3S groeeatiPGigsitma e ke tethebfiradifsdowsthe generated grammar 400.

Thus, in the examplesegabodimenbtedsliadgarithm is introduced and run to detect empty paths and to
rephrase;ghe grammas;ilens AEGISAYAIO0RLNEY JRgHRSmIRAS drspibiaiithe generated new

grammar 400{gh8¥v iQ s'I:ci} ure Arfmi‘s g&%{'ﬁhat comprises the approach for instantiating a grammar with
an assigned valle. 1he gramrmar %€ For ACTION are now optional and (at numeral 404) the

sub-grammarACTIHR! R AIFEIR 3P deeeiirb RETE N TsYaMA 8P tFie! GHeatR FREPT &R IBrFRC TION. 30In the
example embedinmntsiacspcechirahcdsiod dhtned trereystem dxinitso/alesonlatizasiaciSMy, in which a state
can be regardadigithicrasahEepaaii ieripainkasias.a functional block performing domain dependent

processing logic. A ale 0 & Ia:R SRAYRIEA NI BJAUDAE A3l dlng fals, Each enty of

the table contains at least two values, i.e. a slot combination and a transition link indicating where a

17 correspondfily ROV YS! 855198 AHE A SRR Rt T dieatBY T MR sHBhs are made
based on outdHPERLFHEFe dEGNHRTEER §i FEAB R 0ecsEing YalyR. AHbsorbiphatigramlégue generation
module 116 (Righy etdgpesfermeaniaske suich ars creatiad) Sihted fbe iecagriiiommp tistgaard establishing
transition linkg@rgeg states. The states Sdedicated to domain dependent processing logic and the

transitiong, of states for.such processing lagi n.be created manually. .. . Thus, inthe example
embodir%ént,% FS[\}Igc6rt\%ﬁlj'@6?‘3'8@?5%8%%%%?5%?%5\’/?3eadvt%ugg?r)g/acg)l‘é{tt éc%f)so?;qg é!rrct)%ess, Dialogue
processes ard FESHHER A s RIEEF ansitions of 10 the FSM in which states are associated inputting
points and transitions are associated accomplishments of inputs and expected inputs. Each inputting
point employs a graryuer cansirasiagprcetpiajisclarguage expiessions rnthsemmaniie content to be
captured. The.grunmar CaRLERERsIesNG, ofchnamisailvoeneratedyringiefialpgre process.
No-input 3tates may, be e Gred PR ee s TANRIIQNS for the, PUIPOSE.-Of i on is filed with a

vaiue “book”. The generated grammar is based on the grammar 300 shown in Figure 3.

The newly generated grammar 400 has four semantic slois only {see numeral
402). However, the size of the generated grammar 400 is bigger (as compared {o the
3¢ grammar 300 shown in Figure 3) because some operaiions have been applied to
remove empty paths that the generated grammar 400 may give rise to by rephrasing the
formatting of the grammar iterns.



15conducting domain specific data processing. The inventors have recognised that dialogue
generation ¢ ed statically or dynamically. Static dialogue 98PEL .%/iﬁ 13 ed on figuring
out all possigﬁg%%%{({%’gcenarios and building dialogue FSMs in advance. %%/r‘]amigc%isalogue 20
generation creates only the states the dialogue system is expected to transfer to. Therefore, the
transition steps are automatically resolved. The dynamic approach of the example embodiment can be
implemented with scripting development languagé&e.g. Voice Extensible Markup Language (VXML)

}[’Vithda web Server-aﬁ%hié%?ws,-'52_élraﬁ#aeaxez@mphﬁfﬁ@?@igﬁgﬂe&@%@%ﬁ%@@s@ﬂn _Work io?ta
op-down appgpach. A de an give a Jevel design sin ) ing Jogics and top
5? Cﬂr%phgre%%%ﬁg)ﬁﬁiggmog zg%gdb gjﬁe\{ %igﬁzgg sﬁ]t’lé’ih %ﬂ;%ﬁé t:ﬁﬁ Otfp%{ﬁ details of the

level grammar[ Cco . ) 1

design. At the' i Neﬁige%tﬁ?ﬁ)m@?/é%?%@frfbembf’ég ReAh G iRt e tedrih ZRE AR NSccording to
functionality antgrpatiamdter epiiesa Tiesslizio (rreesgrieshbfitdeom IURYacking Trispl&t@os.g. from a
database mndoilisis) pasanreiea i aireiNEs CTeate shaa ailipks dr earthaidereplatedawtber data sources if
applicable. o, ThiSo Relilpou SN SaYlon Hoduler LLBLFg e @l inRkpdrsdlcriag orammar parser
results as inputs and build dialogue st$ e tra%r}ggtl n su -netvlor.ks via aIJm the 18 FSM constructor

206 (Figure 2J°Th& o?d2robrtife B ifliSg Shote sl B RIRiRe £ e s AT Ar 581 SBites of transition

arcs of the coff¥iptietedrmecushrig sremmer a3t bR fofediagranT Ifhsikamhgrirakample call flow
in an examplexshbs timeinstartistghtinb@represcehisischdotamgtsesvios tiadrtke @ritind04 represents a

query sefyiceidrhs patiytakan-daRaNs RBribn aaiien yake@ivanandherusetidn 3D&qm user calls into
a dialogue Syﬁég%%‘ir.or%%% %ﬁﬂg%élﬂt)aé%eaeﬁ%ﬁ\_é'&% chQSpE’ta c%'%koe‘ﬂhﬁﬁ}é%r%mﬁe({&’m%“er Interaction

at 508 to accep on-such as action, airline, date, rrom_city, {o_city. At numeral 508, grammars
designed to h&iIRPRA mésareanga’a%wo?mﬁ&ﬂ PéE@dFﬁf?rdﬁ."ﬁ“brammar parser module (compare
118 of Figure 2) is called to generate a slot filling table for registering all possible slot filling
combinations. For eackhebiyrinie itatble genaewdsiaiensacieal e inpedfningsspeach 15 recognition

to accepyihe yalyesphfsmaimng sisibigemRie jonllinadhesompbinatianat sirtsdges not already
exist. Further, transition links are etsta lished f om tt&e eptrle of the aplc? to the states. For example, a
?ﬁyé grﬂe anc air n this

- en) {107). .
table entry indicating that the siots are afl 6a0s 10 a tranaiion 16 a fmal Sate wWhich is the target

state 510. FoM&aeieh &g Biresrotf iateTrinis wiavaatne crmimeFlster SYraRIREF Y dheration module
(compare 120tE20F isurec? Fithp itise teyenetategrasamares dabiérergettlisgrendmemainirig slots in
a fully mixed ipitigtve indRmctipamtae pivsess afiegicslotfllingasiate Karasonsang grammar
generatigy is ggpeated untl there ate NAewstates Fhal igydn this example, a booking is performed at

numeral 510 and the call flow terminates at numeral 512. Similarly, the process is carried out if the

user chooses the action 'query’ for path 504 instead of path 25502. Figure 6 is a schematic -
flowchart 600 illustrafitfy RJ0NE LABS'8FEBIERT6 P2 R HEN Ay et PRUDRSEMSh a received

grammar in aeneptapatie @mhodpivest. thgrdlowetitrnE @0rifig gtredesian ké salt genenated from the block
diagram example of Figure 2. 30
25 As described, the generaied new grammar 400 shown in Figure 4 is one that
comptises the approach for instantiating a grammar with an assigned value. The
grammar items for ACTION are now optional and (at numeral 404) the sub-grammar
ACTION returns the vaiue "book” to instantiate the grammar items for ACTION.

30 In the example embodiment, & speech enabled dialogus system can be
described as a FSM, in which a state can be regarded either as a recognition point or as

a functional biock performing domain dependent processing iogic. A state ina FSM is
associated with a grammar and 2 siot filling table. Each entry of the tabie coniains at
 least two values, ie. a siot combination and a transition fink indicating where a



Given a MID grammar G, the dialogue generation algorithm of a grammar generation module
(compare 120 of Figure 2% automatically builds a FSM incorporating the el and grammars
for carrying oﬁ’f?uﬁ?ﬁlgﬁ%%ég initiative dialogue (FMID). The algorithm is as 1o g\%\%’%%%i Create a FSM
F with a single state S performing recognition using G and associate S with G. 2. Call a grammar
parser module to generate a slot filling table for each Gi of Si. 53.For each entry E in the table

Check whether a state for accepting the slot combihation of E is already created. If yes, establish a

trans@t!on arc U&@s&ﬁ@_t_zﬁ@%t'é@tﬁaﬁ%rﬁ@!vshpﬂﬂsﬁﬁ{&%e(@oﬁgﬁﬁ{éfvéﬁﬁy GFarkRe8 eMNsHIaNE Sj and build a
transition arc gr%mmgdél%%gllo% rammar g‘gra%rarggg I odué% to blEI)Iz_ld a grammar for.Sj. The inputs 10
of the grammar generation module are the gramma?o i SNl the' ot names OFE'.' L.For each newly
created state 3{2RRfRSRGANA AP S IR B'RYR GnRPTRERS WRkEHAR AP YRRISI Referring to
Figure 6, numestesc02recpreitenteilie pal astrdterinoftepriterefintscet By staeraTanalysed by a grammar
parser madul@edibRsa0b aenanxespentefQdo 28 Hisiddie Senantis-sigdrosnbinstiensstiRat can be filled.

The circles e-Qro@QQin@Jthfceﬂz‘?ﬁ&Qk%ﬁ@%ﬁéﬁh&‘{m(:h unfulfilled slots are listed. The generation of the

states can be performed dynamically. For example, if a user fulfils the slot combinations shown at
numeral 606 ie. "action”, "from_city", "to_city" and "date" have been fulfilled, a new state 610 (and 20
corresponding genetatfol HTeerempPlgramtedimestin iRy seiftatees PP hraver 3oF Mievidahaining unfulfilled
slot "airline". $tateryransitonswe grasiss. Gldoghewdbeseansitidesdibae wssiate srarpdinredeipt of semantic
Zlfﬁti zommwaé@e PEREKS M Adese £q\é@§§q%ﬁ§%ﬁ-ir&}a&dﬂh@$oﬁ@@f§@i%ﬁﬁi§#&ﬁé mﬁ %&a&?&wndat nl;]mﬁral
as not been in thi [ | t ion can icated with the
different slot Z%E%ﬁgﬁggﬁrgs t E{%‘g%@ g%%%r&a%gg ! %UQ.F%E%W%%% Qc%%%agtflc% %)\)% chart 700 for

illustrating a nAEARBE 6P BRI FARIAY iR IARI STRETINS ANE EARRIYIrENEREEh Botween a human
and a machineapiug higrafsiaresn bats eredsfineiep Boamggivcaroprriel glulinmibs daining out parameters
for the 30 spegobsisteractipit isiseisiavad bat stepet08sinvamiceariishis feceiwesuridsstep 706, the

gramman ks anglyseshisvaaTlicatly sesivRagy more semantic combinations based on the
parameters. At step 708, semantic content from the voice input is obtained by performing voice

recognition on the voice input. At step 710, the semantic content is assigned as fulfilling the one or
more semantic combi§aiffyfrdors have recognised that dialogue generation can be performed

statically or dynamically. Static dialogue generafion is based on figuring out all possible
dialogue scenarios and building dialogue FSMs in advance, Dynamiic dialogue
20 generation creates only the states the dialogue system is expected to transfer to.
Therefore, the fransition steps are automatically resoiyed. The dynamic approach of the
example embodiment can bs implemented with scripting development language, e.g.

Voice Extensible Markup Language (VXML) with a web server architecture.

25 In the exampie embodiment, dialogue generation can work in a top-down
approach. A designer can give & high level design focusing on processing logics and top
ievel grarmmars {compare 300 of Figure 3) and the dialogue system is able to fill up the
detalls of the design. At the implementation ievel, coding templates can be implemented
manually according to fuhctiona!ity and parameter types. The dialogue system finds a

30  matching template e.g. from a database and fills in parameters as well as creates data
finks from the template to other data sources if applicable.

Thus, a dialogue generation module 116 (Figure 2) is provided 1o {ake grammar
parser results as inputs and build dialogue state transition sub-networks via caliing the



20 The above described example embodiments can provide an engineering architecture that can
be applied for ‘ggegcr}h{ﬁggmtlon application development packages. Tps (=S }38 Elbed example
embodiments can prowée technologies for 5 creating complicated spoken language alogue systems.
The above described example embodiments can make use of current industry standards including
Voice Extensible Markup Language (VoiceXML), Speech Synthesis Markup Language (SSML) and
Semantic Interpretation for Speech Recognition ($8SR). The above described example embodiments

can also signiﬁ@ﬂfﬂ&%&%@&sﬁﬁﬁqﬁ@d@ sievelopiag: conrlisplieiny Stemss 1@l yaing automatic

sub grammarsqe(neragqn %@g{qr %HEAQQD%%%@&% éé%sq aége% Qleneratlon Furthermore, the
example embodiments can make maintenance Work easler, e.g. by providing an automatic response

to data changes (such as changes in a predefined top level grammar before entering into a grammar
parser module) andfégogreb§ fsrevigirapalic digvw diatitarh ingeaidfadralcyamleves! eudditon, the above
describeds15 gxanpleleapabpehRn e s Gih (BT iderashtb aseshrligl cghieelavelopnpaint s0ad testing
platiorme which,£ag- 9w RSsIvRE! MiapiblaRERUE-RRCCH finlague ARRIGaUORS from the web.
Further, the above described example embodiments can provide a dialogue 20 design tool
implemented B&ed on the technologies of Java Server Page(JSP), Voice XML and Web Server. The
above described example embodiments can be used to design a complicated FMID system that may
not be easily achievadshy, husearstxipertsdidheualsgverd¢seniree Rxampl eadzodimerits can give rise to
higher praduckivityuE Wither, seprimaatahesstits shevsthaiddptaaheutisDenfdineiean be saved

using the abogﬁﬁg 95%0%%9 d@( m%%% oY que% I;gqurp%gr,ﬂ&eg dialogue design

modules. e met Ste the examp Ie embodiment can be implemented on a
computer syst&ff é@@?@@ﬁb?ﬂ?fffgaﬁﬁ%ﬁﬂw %qf?ﬂm’@ré’aff?ﬁg‘)?%enﬁﬁmgn% L4489 %oftware, such
as a computefpiagralirrbtsingpesiacuredwithlirghiRlentputesisipstoneBowsanlg ifstrdeieg the computer
system BOO taabindimistremeeth eatofithvectsar ple:ambadimenrtted for pefdramiogapeatar system 800

comprisqg a %e&aa&%%%&aﬁﬂgvm%meﬁlglﬁﬁﬂsa asa &ﬁ)@%@?ﬂ:%@&%ﬂl% 806 and a

plurality of out‘gu Qetylcg"%o u?rea %tsfpuﬁxer lbalggn in st%rre e bilsheo%rfT%\ uteErTnpdule 8021s
connected to a compu & Retwor via a SUIta e transcelver evice 0 enable access to e.g.

the Internet oFﬁW%&%rﬁ%§§m§@Eﬂ%§ L?ﬁf%l%’i’éé”ﬂf@?%’@rﬂ“fﬁﬁ‘ﬂf@fs\ﬁ%é‘”AfP?Q Network
(WAN). The cleadisiiter mausiide 8@l tHatewhinipetindiok statp Fd8e Sooe8181awlt Oreaierfdom Access
Memory (RAM)=82 a6l ddread Quiled/asrors (ReM)=822ndriconapute comsine18302also includes a

b I 8, and 1/O
e AR b e el am o

communicate 'Vléegﬁ“iﬂ ‘58}8‘& bus RyoEs ?rl%nne knownatnmfﬁg a%r led in the
relevant art. THREBIMCHTGASIIRFGFATES Bie AR SWOPRES (Dfhé lJ%'F’?)Ffﬁ@FE%rﬁﬁﬁfé‘f“g

is performed at numeral 510 and the call flow terminates at numeral 512. Similarly, the

process is carried out if the user chooses the action 'query for path 504 instead of path
25  BQ2.

Figure 5 is a schematic flowchart 800 iliustrating how states and fransition are
dynamically generated based on a received grammar in an examplie embodiment. The
flowchart 800 illustrates & result generaied from the block diagram example of Figure 2.

30

Given 2 MID grammar G, the dialogue generation algorithm of a grammar
generation module (compare 120 of Figure 2} automatically builds a FSM incorporating
the sub-dialogues and grammars for carrying out fully mixed initiative dialogue (FMID).

The algorithm is as follows:



20 system 800 encoded on a data storage medium such as a CD-ROM or flash memaory carrier and
read utilising a corresponding data storage medium drive of a data stor ' The application
program is regvo? azﬂ(glf',%ﬁ%?olled in its execution by the processor 818. in eﬁﬁ%@(ﬁ@og(%%ge of grpogram
data maybe accomplished using RAM 820. 25 It will be appreciated by a person skilled in the art
that numerous variations and/or modifications may be made to the present invention as shown in the
specific embodiments without departing from the $pirit or scope of the invention as broadly described.
The present embodiments are, therefore, to be considered in all respects to 30be illustrative and not

restrictive. 22 CLAIMS 1.A [EW d far executing a fylly mixed initiative dialogue (FWD) interaction
between a hlﬁhan_a%aaée.rﬁac k |ne9, tﬁ@] rﬁe%n&'}e c%%%l#siﬁ%%r%?w vfﬁ%o%ng?gd%%rﬁge gar'g?nmar setting out
parameters f@SHRETREMELGN: receiving t voice input; analysing the grammar to dynamically derive
one or more 8emarita egrabimatipassh asddiate teepaiaarratilingdbbis fngesk M content by

performing vaice regggggg@g_nqg gh@m@'@g@nput 10 and as_signin_g the.sem'antic content as fulfilling the
one or Mmore semanfic CORRIARYARA? 5 L IEMAMARGIAad Bhfiailid, bineraromprising

15deciding on Mether there are any unfulfilled semantic combi )
g created. if yes, establish aytransition arc rom g Inaél%gssﬁ %psdentry.

to the state an
(i) Ctherwise, create a new state Sj and bulld a transition arc from E.
(i) Call a grammar genération rmodule to build a grammar for 5. The inputs
10  of the grammar generation module are the grammar of Si and the slot names of E.
4, For each newly created state Si and its Grammar Gi, repeat steps 3 to 4 until

there are no new states.

Referring {o- Figure 6, numeral 602 represents the parameters of a predefined
15  grammar analysed by a grammar parser module. The square boxes e.g. 604, 606 jist the
semantic slot combinations that can be filled. The circles e.g. 808, 810 represem states -
in which unfulfilied siots are listed. The gensration of the states can be performed
dynamically. For example, if a user fulfils the slot combinations shown at numeral 606 ie.
“action”, “from_gity", “to_city" and “date” have been fulfilled, a new state 610 (and
20 correspondiﬁg generation of a new gramrﬁar to fill this new state) is formed for the
remaining unfulfilled siot “airline”. State transitions e.g. 612, 614 show the transition o
new states upon receipt of semantic slot combination orders from a user voice input, It
will be appreciated that the state shown at numeral 616 has not been expanded in this
figure illustration and the expansion can be complicated with the different siot
25  combinations that can be generated.

Figure 7 is a schematic flow chart 700 for illustrating a mathod for executing a
fully {ﬁixed initiative dialogue (FMID) interaction between a human and a machine in an
exampie embodiment. At step 702, a predefined grammar setting out parameters for the

30  speech interaction is refrieved. At step 704, & voice input is received. At step 706, the
grammar is analysed to dynamically derive one or more semantic combinations based
on the parameters. At step 708, semantic content from the voice input is obtained by
performing voice recognition on the voice input. At step 710, the semantic content is
assigned as fulfiling the one or more semantic combinations.



if there are any unfulfilled semantic combinations, dynamically generating a new grammar based on
the unfulfilled semat;;tig& mbinations and the originally retrieved gramrpg&,s%gg%s%taﬁying said new
, Wherei

WO 2009/04 . : n )
grammar for a new speech interaction. 20 - . 3.The method as claimed in c(alm erein said

dynamically generating comprises removing grammar items from the originally retrieved grammar
based on fulfilled semantic combinations, instantiating grammar Items from the originally retrieved
grammar based on fulfilled semantic combinationglor both. 25 4.The method as claimed in claims 2 or
3, further comprising generating a dialogue for the new speech interaction using the new grammar,

5.The method as claimed in any one of the precedi i s, further 30 cg %g' ing constructing a
Finite State Machin%gﬁ Beagc/: ﬁne%(ﬁ%rg)%ﬁgged ggé%%%ﬁs%éﬁ{ngan% }(-:borrﬁ)é%natfgns ?or g@%;rating one or

more hew stafsieftre At &7 GRfERMIE] S8 SPRRECOIFISFIAIRSh SERIEPRSP sABYGIRR Stite transitions
once semantigachagbindherebeve datfiiice @@mple @nbpdinATEtheR @soKidantetinalegiss dffe of the
precedingsclainsiifigrtbeprarmpEsiigranrpmiagearalogdilsysisatlerusingihaderivereenapr more semantic
combinations; . .4fndie METhad 2L RImaLAn AR e idherearmligy/slainesuhpiein said
SR e e e A R P ESHI e metnod o
Semantic Interpretation for Speech Recognition (SISR). The above described example
embodiments can also significantly reduce efforts for developing complicated systems,
10  e.g. by using automatic sub grammar generation and/or by using automatic sub dialogue
generation. Furthermore, the example embodiments can make maintenance work
easier, e.g. by providing an automatic response to data changes {(such as changes in a
predefined top level grammar before entering into a grammar parser module)} and e.g. by
providing an automatic change of dialogue flows. In addition, the above described
15  example embodiments can provide web based diaiogue deveiopment and testing
platforms which can allow a designer to rapidly create speech dialogue applications

from the web.

Further, the above described example embodiments can provide a dialogue-

20  design tool implemented based on the technologies of Java Server Page(JSP), Voice
XML and Web Server. The above described example embodiments can be used 1o
design a complicated FMID systemn that may not be easily achieved by human experts.

The above described example embodiments can give rise 1o higher productivity. Further,
experimental results show that up fo about 50% of fime can he saved using the above

25 described example smbodiments as compared fo computer aided dialogue design

modules,

The method and sysiem of the example embodiment can be imptemehted on

a computer system 800, schematicaily shown in Figure 8. It may be implemented as

30 software, such as a computer program being executed within the computer system
800, and instructing the computer system 800 to conduct the method of the example

embodiment,



into a logical expression is based on an algorithm comprising the steps of 10for the grammar G
comprising items G1, G2, Gn, setting a slot filling logical expression L erripty;.if Gi ein
Concatenatior‘ivgﬁ(a)%fgf%ns, let L=(G17G2"...1Gn); if Gi(s) are in Selecit)lve 8&%& ?S%s, let .
L=(G1+G2+...+GM; if Gi is an optional item, then replace Gi in L with (1401), where | is an
empty 15variable; if Gi assigns a slot names; replace Gi in L. with (sit. if Gi is a sub-grammar,
recursively call this algorithm; If Gl is a tenninai, &place Gi int. with |; forming L. by applying the rules

e(y+2) = ey+ez, Xt ramhtbrsysikhy soR oM X8 Y AdmIutieiaR IR 2s-haimesLissany one of the

preceding claims, wherein the or more sqlg%?nti combipatigns are usable for canying out a task.
25-10,A dialg'éjﬁ%e %%/gte%b%arrg%léﬁgapm%o Titratve. %iaal%iﬁhag ﬁ%ﬂ?ﬂ??ﬁé‘%‘é{%ﬁﬁ“ﬁ%ﬁe{n a human and

a machine, tHés8ytER% HIAPIASIAGST0- a grammar parser module for retrieving a grammar setting out

parameters for the interaction, the grammar parser module analysing the grammar to dynamically
derive Ong or more RRIMGMICLMPteIDRIBA 0BT Hasatbandhe parpietek3iagarowser module for
receiving a Valgg P Whneced PRORLIN 2Ry Gial OUaIDI0 S IIRIYIC GRAIRDL BY pdorming voice

recognition on the voice input; and .wherein the grammar Parser module assigns the semantic content
as fulfilling th énetwork systems such as Local Area Network (LAN]) or Wide Area Network (WAN).

The computer medule 802 in the example Includes a processor B18, a
10  Random Access Memory (RAM} B20 and a Read Only Memory (ROM) 822. The
computer moedule 802 also includes a number of Input/Qutput (/O) interfaces, for
example IO interface 824 fo the display 808, and /O interface 826 to the keyboard

B4,

15 The components of the computer module 802 fypically communicate via an
interconnected bus 828 and in a manner known 1o the person' skilied in the relevant
art. -

The application program is typically supplied to the user of the computer
20 system 800 encoded on a data storage medium such as a CD-ROM or flash
memory carrier and read utilising a corresponding data storage medium drive of a
data storage device 830. The application program is read and controlied in its
execution by the processor 818, iInfermediate storage of program data maybe
accomplished using RAM 820.
25
It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, o be considered in all respects o
30  be iliustrative and not restrictive.



one or more semantic comblnatlons 24 11.The system as claimed in claim i:@ﬂgaﬁ@fmmsmg

the grammar parser module for deciding whether there are any.unfulfilled sepsrelie sleseembinations;
-and a grammar generation module; wherein if there are any unfulfilled semantic combinations, the
grammar generation module dynamicalty generates a new grammar based on the unfulfilled ,
semantic combinations and the originally, retrievesl grammar and applies said new grammar for a new
speech interactign, 2. The system as claimed in claim 11, wherein said dynamically generating
comprises the grammar generation’-module removing grammar |tems from the originally retrieved

grammar based on fulfilled: semantlc com % natlpp %t XE% i%aamvrg} iﬁw% mrtgrognule Instantiating
grammar items from the or IH% PrRLTEVA ram ase emantic combinations or

both, 13.The sy&e&PPaa MaRRARTA BISHAS 18 BF S D’ﬁﬁ?“ff‘i‘eé’&'t’%0mprlsmg a dialogue generation module
for generatifig a dialotiievies #REARTRPS GEEAREPA HORPEEIRG TR eV Fgstifhar. 20 14, The system as
claimed in any one ofreteiiing & ®irg w8further comprising a- Finite State Machine (FSM).constructor.for
constructing a FSM amﬁmmemmmmmme mbmemmg@mﬁ?n@ one or more new
- states if there atasadyrtréiidesteemantic combinations and for showing state transitions once
Semant'c ' - ubtaming semantlc content by performing voice recognmon on the voice input -

¢ and o _ : _ .
" assigning the semantic content as fulfling the one or more semanti
combinations. ’ |

2. The method as claimed in claim 1, further comprising _ _
s - deciding on whether there are any unfuffilled semantic ebfr_ibina‘tions; and ‘ S 5

. | if there are any urfulfililed semartic combinations, o
dynamically generaﬂng a naWw grammar based on the unfulﬁfied o
semanhc combinations and the onginally retriéved grammar, and ,

applyang said new grammar for 2 new speech Interachon

20 .

‘ 3 The method ‘as claimed in claim 2. wherain said dynammaliy generatmg _
comprises removing grammar iiems from the originally refrieved grammar baseé en
fulfilled semantic combinations, mstan’csaﬁng gramimar items from the originally retrieved
grammar baset on fuIﬁlled semantic combmatlo_ns or both. ‘

25 :

4  The methud as cia:med in dlaims 2 or 3, further compnsmg generahng El
daalogue for the new spesch interaction usmg the new gmmmar

5.. The method as claimed in any one of the preceding 'biaims- further -
30 compnsmg construchng a Finite State Machine (FSM) architecture based on the
semantic combinations for generatmg one or more new states if there are any unfulfilled
semantic combinations and for showing state transitions once semantic combinations -
are fulfilied. '
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25combinations are fulfilled. 15. The system as clalmed in any one of clqi@lsfg@z%é,ﬂ@(ﬁggher
comprising the grammar parser module forming a slot filling table usmg the{g&q%gcgm%@{me
semantic combinations.’30 .- 16. The system as claimed in any one of claims' 10 to 15, wherein
said' analysing the-grammar comprises the grammar parser module converting the grammar into a
logical expression, 25  17. The system as claigged in claim 16, wherein the grammar parser module
converts the grammar into a Ioglca ression based on an algor ith rising the steps of: for the
grammar G comprlsnf’g |terﬁ§eoT ng gg}ﬁw %‘io‘f’ﬁlf%g 16 ea?f’éi%re@ﬁdn}i’%empty if Gi(s) are in
Concatenation APePTERst SIS TSt E-?E%l‘ﬂ‘ﬁﬁzﬁéb’ehléﬂ‘)g ithSi &5y |?P§é:l qRE S Siions, let

L=(G1+G2+.. +@m)b!rfa®n?5 an optional item, then replace Olin L with (1+01), where | is an empty. |

variable; 10if Gi assigns a slot name s, replace Olin L with (SAGi). . if Gi is a sub-grammar, recursively

call this algarithm; If Gi is aTtermétali asepiaed Giiy brevithie precéding ptrgTs, by!applgmdg the Sea xA(y+z)
XAy"'eZ X+X = &né&méﬁ%@amﬁﬁa%&mpﬂéb&dﬁ%%the grarnmar info & logical expressson :

‘B, - The method as ctaamed in claim 7, whersm the con\(erhng the grammar
mto a logicai expression is based on an slgorithm caompnsmg the steps of
10 : forthe grammar G comprising ftems G1, G2, .
‘ sethng a slot filling logical expression L empty
if Gi(s) are in Concatenation And relations, let L=(G1 "GZ“ G,
if Gi(s) are in Selective Or relations, let L—-{G‘l +G2+ AGn)
if Gi is an opfional item, then raplace Gi in L with (i“i‘Gl) where 1 is an empty
15 vanable,
if Gi assigns a slot name 8, rep!ace Gi in L with ("G}
i Gi is a sub-grammar, rewrstvely call this algorthm;
¥Giis a terminal, repiace Giin L with S .
‘ formmg L by applying the rutes x“{y+z) x"y+x*z ¥4x = X, x"x X, x“! =X, Y =
-20‘ yEX, XM=Y, :

9, The methnd as claimed m any one of the precedmg claims, wherem the '_
one or rnera semanttc combinations are usable for mnymg out a task.

25 | 10. A dislogue system for a fully mixed imhaﬁve dlalogue (FMID) intaraciion
between a human and a machine, the system mmpnsmg
a grammar parser moduie for retrieving @ grammar sefting out parameters for the
_ interaction, the grammar parser module analysing the grammar to dynamncaﬂy derive
one or more semantic siot oombmahons based on the paramsters;
30 ' a browser module for recaiving a voice input;
" a roecognition server for obtaining semantic content’ by performing voice
rec:ogn:tmn on the voice input; and _'
wherein the grammar parser module assigns the semanttc content &s fu!ﬁlimg the
one of rnore semantic combinations. :
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15 it The system as claimed in any one of clalms 10 to 17, wherein the one Op CIUE AR
combinations are usable for carrying out a task. 19. A computer readable %@1@5@@&%

having
stored thereon 20 computer code means for instructing a'.computer processor to execu %E% method for

executing a fully mixed initiative dlalogue (FMID) interaction_between a human and a machine, the
method comprising retrieving a predefined gramigar setting out parameters for the interaction;
receiving a voice input; 25analysing the grammar to-dynamically derive one or more semantic
combinations based on the parameters; obtalnlng semantic content by performing voice recognition on

the .voice input;-and a§5|gnﬁ@%ﬁ@m%ﬁ@&%féﬂ?'ﬁg?uﬁmﬁb% 8178 or more

a%mantlc 30
combinations. - . the grammar parser module for decidmg whether there are any u
' semartic slot combinations; and

8 a grarmmar generatson module;. .

- wherein if thers are any unfulfilled semanitic comb!nat!ons the grammar
‘generation module dynamically generates a new grammar based on the unfuifitied |
. ‘semartic combmateons and the originally, retieved grammar and applies said new
._'grammar for a new speech interaction.

10 :

-0, 12. Thesystem as ciaimed in claim 11, wherein said dynamaca!ly generating
campnses the grammar generation module removing grammar ltems from the originally
retneved grammar based on fulfilled semantic sombinations, the grammar generation

o module instantiating grammar iterns. from the originally ratneved grammar baseﬂ on

15 " fulfilled semantic comb:nat:ons or both. ‘

. ' 13 The system as claimed :n claims 11 or 12, further compnsmg @ dsatogue‘
generation module for gener‘atmg a d:atogue for the new speech interaction using the
new grammar, ‘ . ) | _ -

| ' ' '14 The sys’tem as daa‘ned in any one of ciaims 100 13, further comprising 8
Finite State Machina {FSM) constructor for consfucting a FSM architecture based on
the semanhc oombsnatuons for generaﬁng one Or more new states if there are any
unfutﬁliad semantlc combsnattons and for showing state fransitions once’ semant;c

25 combinations are fulfiled.

15.  The system as cla:med in any one of claims 10 to 14, furfner comprising

ﬂie‘ grammear parser module furmang a siot. ﬁiimg table using the derived one of mre
_semantic combinations.

. 30 - : . |

- 15 The system as ciaimed in any ong of claims 10 to 15 where;n said

analysing the grammar oompnses the grammar parser module converting the grammar
into a logical expresslon
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.25 , ‘
' 1'7.7 The system as claimed in claim 18, wherein the Qrammar parser module

converts the §rammar'imo a logical expression based on an algorithm comprising the
“steps of: '

for the grammar G compnsmg tems G1, sz
setting a slot fi fling fogical expression L ampty.
- if Gi{s) are in Concatenat:on And relations, iet L=(G1AG2M.. “Gn).
if Gi(s} are in Selective Or relations, let Lw(G1+Gz+ -+Gn); ' .
G an optlonal itam, then replace Gl in L with (=G, where {is an empty .
variable;
i Gi assagns a slot name §, raplaoe Gi in L with (s*Gi}. .
. fGisa sub—grammar rewrsweiy call this algorithm,
fGisa te:mma! reptace G in b owith [
-formmg L by applymg the rules xMy+2) = Xty+etz, x-t-x =X, x"x XN = x x+y =
y+x, XPy=yRK. '

i8. Tha system as claimed in any ons of clalrns 10t0 17, wharem the one or
more semantic combinations are usable for carryln_g out & task,

46, A computér readable data storage medium having stored thereon .

' computer code means for: instructing a computer processor to execute a method for

execufing a fully mixed initiative dlaiogue (FMID) imeraction beiween a human and &
machine, the method compnstng _ o
retrieving a predefined grammar satting out parameters for the mteractmn
. receiving & voice input;
. analysing the grammar to dynamscally denve one ormore semantlc oombmatlons

" pased on the parameters;

obtatmng samantic content by purforming voice recogmtson on the voice input,

assigning the ‘semantic content as fulfiling the onhe o'r mare semantic
combinmiof\s. ‘ ‘
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