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A D al ogue System And A Met hod For Executing A Fully
Mxed Initiative D alogue (FMD) Interaction Between A
wdtoomousdsyd A Machi ne FlI ELD OF | NVENTI ON The pregesi2008/000394

invention relates broadly to a dial ogue systemfor a

fully mxed initiative dialogue (FMD) interaction
bet ween a human and a machine, to a nethod for
executing a fully mxed initiative dial ogue (FM D)

i nteraction between a human and a machine and to a .

A RiglnaveSystasm Aall AMgthod Rardixeguting & THHyHixed nitiativedgialogue
thereon ¢AMIDYiRflerstidn BEWESN AHurh&s AhH A MB6hiRe CONMPUL er
processor to execute a nethod for executing a fully
m xed initiative dialogue (FMD) interaction between a
human and a machi ne. BACKGROUND Speech enabl ed user
i nterf typically used on conputing devices

F'gi"g)néf:ﬁrg\c’g&gﬂéﬁand hel d devices to servers handling
sophisticated queri es and transactions VWth

RRaNe PROTER o epan Bkt give ol iy gines
initiatmi diamguemEMw))emtmaat@nmdeema thwrream arehg otashine, to a method

for egec“:ﬂt‘%ﬁt r§ RES (?rptlgﬁgetﬂ?lbglsg )giél?ﬁ:gis H?e&éti&ii%ﬁ / SSwean geiq.iman

use O caton
anch rspeieoeh aimasteda LeBYPUtaTt reaﬂatclesdate sterege hmedteml leavinga blored
t |
R, Sl £} ke o R 205yt Boc B 6 o »

’ methoﬁcht ﬁ*@uﬁag iaoflly pixedhinitefiye HialegueedhiM! ,mtiar@ﬁmmtween a

hurh®% 8hd RsaciHt traffic conditions. By building the
ternms and possi bl e user queries of service donains

into a speech recognition system the system can then

recogni ze these terns and sentences regardi ng services

of the domai ns. Based on recognition results, the
BA§W§% H ovi des users with the relevant infornmation

asked for or performs transactions requested. In

r 0_.C erate with the systemtq ful fil .

b oG BPAISS ke PR Eiea T GPAALY RGP eyisapnaing

frorh yipnd: htib Yepices/fotkesveng paraling adphigbicater quendsoanaetansactions. With

teci%'iutiﬁgg gpurgg gssoigi:ds %Ib? éi? [i?rhgné %e;l:rg%rgé)r?‘? & RS 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 applit_:ation of speech based user interfaces is speech enabied call center

" and customer care solutions. A user can call a particular number provided by a service
- provider to find information such as flight scheduies, landmark locations and traffic

conditions. By building the terms and possible user queries of service domains into a
speech recognition system, the system can then recognize these terms and sentences
regarding services of the domains. Based on recognition results, the system provides
users with the relevant information asked for, or performs transactions requested.' in
order for users to cooperate with the system to fulfil particular tasks efficiently and
smoothly, the system typically provides appropriate prompt information or guides and
leads the user to follow some steps as a dialogue process between the user and the
system proceeds. The process of exchanging information between humans and
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system proceeds. The process of exchanging information
bet ween humans andnachi nes t hrough human | anguage is
wocwbd/edsli al ogue and the process of designi ng reaf9oyaEsz00394
that is able to carry out human-nachi ne dial ogue is
cal |l ed di al ogue design. Typically, directed dial ogue
is used in which conversations are conducted in a
rigid, conputer-oriented nmamner. Users foll ow conputer
ronpts ste step to input required itens in a
mag'i"@gsg%wnﬁ%g% Jafihags s Bl Uoo4s S0H et PiRpeSs of designing
soffWaré thatiie.abM t¥ edrry BittHuaidnvRaddirdl @@gue MchledWBSofRedesign.
proposed. In a MD process, a user has the flexibility
to choose e.g. the order and/or the anount of
i nf'typmw afiretfed disleguenBnisedtin whishvedhvesatianstirs CohaudidtEin a
s.lan e _use ef e s_an ertl ence, of tr}e. (
igh, EmRer e e Vs TR ompUisn YOI R0y aisE 1§ e
reqmm!ds iterms unad prexprogfanhraed) wedpes. drormmtrasd:amdmectbdtd\alegue Mixed
crieasl n .
Inltgﬁvrgaﬁi%l %UQ g{]&ﬁ *Ha@ %F@g%ﬁég%[ ef‘rﬁ P arMéJ:%ss A%gg Ihﬁ RE)Xblllty
to @fngs@ alg dmﬁapm @nﬂ@t ithss amaugrht Qisnfarrmtg)h thecusgmwamsrto convey,
[
S e R D PR ol s AR el o ) efie. 1w
be ﬂﬁé@éﬁtqﬂab“@a '\an PW%’@?’F chghore Hgtusalaway é’f rangyage gfommunication
betivB&r AlumahdndmBchifk eahd HeerdieC MMD! |sV\'fﬂ€|réa9|ﬁ§IS/ gﬁHe@ gm aspeech
speech enabl ed user interface. Typically, t0o buil
enapirdasgr BIPABPRY i nterface for an application, donaln
content and operational information are conpil ed i n
the, for of gra r at describe the subl anguag
o APy o RS, DR e SR et DR oo B A Rad robust
perfoahipicecof of sgebeh GHcAGIEdN ergined dmrgrua\ued@m ibe a%’éﬁﬂ&er@f ion for

one ORGP S RN A0 3 Pl A SS9 B By S Secoun
whegi eesignirg &lispbetuenabixdt veer interfacky Pymedily ytodﬂﬂd g!’lﬁéef:ki) enabled
mterfgéé IgollJ %[’1 %ﬁhéaﬂgn ra%%)a(ﬂphéﬂtg a%g% rﬁaﬁn_ér?al %\é@%ﬂ?@%rﬁs%wgd in

SS uSI ng
thedgnms thgremm disat describiel 1he b?@lbapgmmu eed byt herbanti @l epuate the

co g SR B 119 BS990 Sl P9 of o
feCM@@HaS‘@LRO het thengregnifiearangine aanmasbigve @chipbgigeeeanition rate.
Sepbygbigalal Yiect Oof! Qﬁlﬁgﬁé’rsd?twg?es'lél rﬂ){ﬂl&ﬂ? SR8 Cor Us&fucting the

uirenments, différent user erface prototypes are
re°?9P3|°@rPé\9tr@d°fR?ﬁ°G§ &btrepety retcesfa@oraerroe@% wsing - thegramipags when
recéislﬁ Siserlitteparices Ly WilCBd byprbdisid G HidIddi@: debAr $Holliebe Al to

han\Me not k<)3nly dialogue logic, but also abnormal user behaviours such as bad speech,
out of domain queries, timeout actions etc. Typically, to ook for a design that can meet
user requirements, different user interface prototypes are |mplemented for usability tests
across a plurality of users. This is typically time consuming. Therefore, it will be
appreciated that dialogue design is not a trivial task and design environments and tools,
especially for rapid development and test, are needed to alleviate the efforts to carry out

such activities.

It has been appreciated that developing compiicated dialogue systems is
relatively difficult. A developer typically needs to consider a plurality of details of the
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appreci ated that dialogue design is not a trivial task
and design environnents and tools, especially for
wo Ap/eisgavel opment and test, are needed to al Ipgviai2608/000394
the efforts to carry out such activities. It has been
appreci ated that devel opi ng conplicated dial ogue
systens is relatively difficult. A developer typically
needs to consider a pluralidy of details of
t hedi al ogue process. Further, the devel oper typicall
dialpguedBrosesse Gghefe thepdaysiopertygicalie pesds torgensiger P@mbégé%fgrent
lnp@ﬂoﬁwh.%@rs[%rﬁlnchémp@tqmgnc@ %. vd %r@@é&n?% diond fb%e taken
actions to be taken with the various difterent inputs.
with\ipe aBRicus, difEgsptinets on dommi ns and contents provided by
services are typically changing frequent ly. These
chan es ive rise to changes in an i al
oISl Bt AT CREEE DR ATces &1 BPicall
chafging lﬁ@anemws Theseattines giensselir efidnges in\gtamirRars Candr dialogue

aut o esses can be significantl
ogiE P Bl b o BB S b pRct PP, SHPTERPhE AP (s Deration.
Autéseatir art sepmi-antondtix erlodensds edn b sighifitaiy eisSysioe e Mmeiotanance
Web Content' published by Joseph et al in Euro speech

WorbS M T Laboratory for Conputer Science, Corporation
for National Research Initiatives, a nunber of

apﬁﬁ %3 ﬁx'é%&h&fétfe%'&%qatkﬂ df rl\fﬁ%c?ln ameaibﬁ%gﬁe @ﬁééﬁ'@from

rovi ogue nmanagenment and re
Welpl%ﬂmerﬂg publishee gy ﬂcrs@phuest aldipEam epeechofs| Mk Laboratory for

Corft érerﬁueﬁcaer@&aoraw QY "MhtoRLICTRRASEAISR IMitlatived, US Shumber of

wever , arsed data is organlzed into
appsqaAshes eag%r'mé usad 8 gRatsuAedialooval sretemhfidt Revigaperdialogue

marktRRmenPland e@spdriae @%n?%ﬂfé@?%@ﬂ‘ ist E@adﬂé&ﬂe Qb GH-HETBGritent,
produced by a speaker durin eech. In 'Large-scale

S
ther§8¥ {MRfP¥ng r‘ﬁt%r@F%ﬂ“i Wit f ises p%R\é‘ﬁV aW@ﬁ@%eda‘i‘?éa Is"organized into
subBatb§drigadsaked ba n0gefiy #leesand m@hiapsh@ccbsbwt gescibe tin@hndlysing

ftI\Iatur I La%%us\Pge En kneerl 3/4): 283-305. ¢ 2004

of the s é’éaé“ i ?‘&1"?‘3 P ELEa 2 BEEAr ch Center for
Artificial Intelli gence a frarrevvork for large-scale

| E?f f/ a arrge-'gcr:]a:jleg f\‘}qr Imt rg{“lonr ‘%§U|8E"§ﬁj g';TDatggleanrger%f r%géal %naiog

systeyst, pubiished mmmmwm Nitmeal a.ppgtmrEngeHeemg th(3): 283—305 c

ZOOQ'CﬂrﬁBngggﬂmfeQ Q-r?gg%t dréprggth Rtegégrct?Egmefaﬁarf/\nﬁ’?élap|n(?elhgence a

re-use 8|on X1 st
framework for large-scale software integration that results from the realization of various

natural language and multimodal dialog systems is introduced. The approach relies on a
distributed component model that enables flexible re-use and extension of existing
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
grammar for aiphanumeric concepts from inputs like regular expression. The grammar
is parsed and generated by rules together with prefix optimization. The field of
grammars is therefore significantly narrow. In particular, this document is only focusing
on generating grammars from alpha-numeric concepts, which is a specific form of

expression used in language. It will be appreciated that this form of generation can at
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sof tware nodul es. However, the paper does not anal yze
the use of grammars produced by a speaker during a
wWOos0e®ei8434US publicati on no. 2006/ 0069547 ' des@UTIEER0@8/000394
met hod whi ch focuses on creating grammr for
al phanumeric concepts frominputs |ike regul ar
expression. The granmar i s parsed and generated by
rules together with prefix gpptimnzation. The field of
rammars is therefore significantly narrow In
besgam ioply eagardedli @35 @oRiPRe$R of sobYAriNg alphainngiess expressions into

gra‘&ﬁﬁ‘@r&af:br’ﬂ%rﬁbl%mfﬁésdcfcﬁﬂ%laﬁ@&anBtUBPd'vld% srwweea%ﬁg cvw'dfé'ibgue
speci f formof expression used in | anguage.

bge%rFth”H’@S%‘i)B'P 8%”95?%9 ofatahi s form of generation can

atbest be only regarded as a process of converting

e U8 el o ACORTIoBR TR, Berrs & St Tl Spnauctng a user

d:awga\h@w@@enefaaé% gg%?mwﬁo : :cL@n TRNEYsne Gn e Sudlfdﬁl prompt
S

moBiR b Per B 4 SRR G 007 S SEaH AR, RLTHD Bape Upon pre-

detemieed axser-or'éhtedsgaskaerﬁmwmdeudms systeaudiob® myt @Ehalyss the use of

f | - di d
ore e B e DT L U e R ot P med

user-oriented tasks. However, the system does not

anajjyse. ttib%el&%tsofa AR S Sdtgfoggélcsgg ?»y fo? augﬁglrgl%& Whiative

a speech nce, there exists
d'awgff Vit lfﬁerﬁQIanybfPﬁNﬁéfd 4 mumaat anck 8dm0b'gaear(d:m Method for

exécmn?d Q%Hyorﬂlxggtlr‘ﬂﬁéﬂe Eﬂliié’gﬂﬁn(FM§ ﬁt&?&@n[}%t\f?%%ue r?ﬁﬁﬁg%d a

for 'executing a fully mxed |n| lati1ve
machipe gt sekiio B%rﬁé%ﬁ lggsh oRe A thpabeverriePiPMe t hat seek to
address at | east one of the above problenms. SUMVARY In
accordance with a first aspect of the present
invention, there is provided a nethod for executing a
SUMMARYNi xed initiative dialogue (FMD) interaction
between a human and a machine, the nethod conprising
retrieving a predefined granmar setting out paraneters
f or int éveoidaher aith izofirst espzet vi thg prev@it deventigrutthere is provided a

] ' |
T e v e i e
huroén anmangﬁmmaml metbom:empnshryg edvevongn pepdeinegiegrammar setting
out' GFQAGEH RP 1A ik dtHtRl FelvitgUs 'voﬂgqnput, analysing the grammar to

dynamically derive one or more semantic combinations based on the parameters:

obtaining semantic content by performing voice recognition on the voice input; and

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

The method may further comprise deciding on whether there are any unfulfilied
semantic combinations; and if there are any unfulfilled semantic combinations,
dynamically generating a new grammar based on the unfulfilled semantic combinations
and the originally retrieved grammar, and applying said new grammar for a new speech

interaction.

Said dynamically generating may comprise removing grammar items from the

originally retrieved grammar based on fulfilled semantic combinations, instantiating
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assigning the semantic content as fulfilling the one

or nore semantic conbinations. The nethod may further
weEmnodss® deci di ng on whet her there are any unfaal/$adobsaahozos

semantic conbinations; and if there are any

unful filled semantic conbi nations, dynam cally

generating a new grammar based on the unfulfilled

semanti c comnbi nati ons and tfe originally retrieved

grammar, and applying said new grammar for a new

grag‘ﬁ@éc'F?msntf’@F‘aé’iq (S’HQ'"% d"-‘tﬂ?‘f%’rngtaé‘ﬂmﬁf GasRt 8D Mll%ysemantuc
conﬁ&ﬁ‘ﬁ!kh§6r Bggwmovi ng grammar itens fromthe originally

retrieved grammar based on fulfilled semantic

conbi nations, instantiatinggranmar itens fromthe

or I'gwmhle{hybd rrﬁéy’ fuethed campramgenaat andidioddd for @k new speech
i nations or both. The nethod may further

'nteé%ﬁtr‘ﬁ? pggg &&P&M’FW&‘ 3% di al ogue for the new speech

|nteract| on using the new granmar. The net hod may

f E h

(Pl el el Sl sl Frteco s HRFAR (Fom
arcifitectuge basedtdnrige eermantic copthinations &I geeaiirg ¢recorenaie @earsyates
if thléﬂ-‘lc %’J fdn& uﬁﬂ.ll S@@Q%bﬁl&%'%l%%h?gﬁd @Sghg\ﬂlﬁg§%?%\4rr£e¥%itions once

ansi |ons once semant c conbi nat
sammmmpom@dmwmh@nn@ﬁﬂga may further conprise forming a
slot filling table using the derived one or nore
semanti c conbi nations. Said anal ysing the granmmar X
conpi& Bethed mmayr urthey eaverrigedaTRing ianslet %l“ngo@g@ausmg the derived

oneforMhdte SbAbntic dofRi@o®d. NMOre semantic conbi nations may
be usable for carrying out a task. In accordance with

a second aspect of the present invention, there is

pr o8diél ehkiysirl Ak @@aremaY sk Bbhplisedcdnvbrtivig me@ﬂmmar into a logical
initiative dialogue (FMD) interaction between a human

SXPLF'°]: machi ne, the system conprising a granmar parser
m)dul e for retrieving a grammar setting out paramsters
fort he |nteract| 0

anal PR TTReS S aAbE PR B R eu P o 10 b it 2 tesk

nore semantic sl ot corrbl nati ons based on the

Pﬁgﬁ{g;%&og‘&?ngg%ﬁ%@%cﬁkd RO B FHR prE &R InVERBnAt4R € Provided a
dialogue system for a fully mixed initiative dialogue (FMID) interaction between a human
and a machine,A the system comprising a grammar parser module for retrieving a
grammar sefting out parameters for the interaction, the grammar parser module
analysing the grammar 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 obtaining semantic content by performing voice recognition on the voice input;
and wherein the grammar parser module assigns the semantic content as fulfilling the

one or more semantic combinations.

The system may further comprise the grammar parser module for deciding
whether there are any unfulfilied semantic slot combinations; and a grammar generation
module; wherein if there are any unfulfiled semantic combinations, the grammar
generation module dynamically generates a new grammar based on the unfulfilied
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server for obtaining semantic content by perform ng

voi ce recognition on the voice input; and wherein the
wagroasypmus4par ser nodul e assigns the semanti ¢ caUEst2008000394

fulfilling the one or nore semantic conbi nations. The

system may further conprise the grammar parser nodul e

for deciding whether there are any unful filled

semanti c sl ot conbi nations;sgand a gramrar generati on

nodul e; wherein if there are any unfulfilled semantic
serpaiip | SPmRIRASNS (ang @Pa?ﬁw}a"gerﬁ@wea?q SrAmpau@ed applies said new

grafiyisR for Geddwy stRBe Intdrastion. new gr ammar based on the
unful fill edsemanti c conbi nations and the originally

retrieved granmmar and applies said new grammar for a
nemawaﬁﬁbmid&ﬂ}ergéﬁéramfg nfagl corayrivanineagrahng Ngdnatdtisd module

ror g AR CTEY (TE EE PRGNl PyoToct SISVER GreRndl flfled

sentadie ccootbirfatibrs, Ithe@ramm’amgemeratmmbmbamle dnstantiakisg gram’mrr items

v ) R Sk B BSh) R 6

serrantl c conbi nati ons or both The system may further
r
i ol ooy atef e GESE BB o Qb el m BRI op ki afho =
d'algamthe MEMEspeeeh @tﬂrmynpamg ther neyoaeminas. a F| nite
State Machine (FSM constructor for constructing a FSM
architecture based on the semanti c conbi nations for

gendleatysiR a1y fatharspmpriesa Stinjtecstater Maghine (REND eamgtructor for

condfifidting lal M aFchitBElre baSEUTHY fHaldeRbmtie BéSmbiR&tiohd §8M JdBerating one
state transitions once semantic conbinations are

or ey ététeSTﬁg‘eé’%lgﬁee?ﬁynLﬁkf/“'ﬁ'l?FtW”E% ﬁB’F’P@ét'QW%@"Grfahﬁ%ﬂW
staeataf SifioEsHeb @efantit dtenbinatibes arkiflifilgay tabl e using the
derived one or nore semantic conbinations. Said
anal ysing the grammar nay conprise the granmar parser

nodiHeesyseany endyi fugtheheorgprisenthe gramman paRgr @®dule forming a slot
onpi nati ons may

| fll'@égﬂgggpgw ‘i-lre"(’,%???ﬁ ﬂr&n%rﬁtseg‘apgaﬁqmq'ﬂéggaor dance with

a third aspect of the present invention, there is

ST AT SR RSB PR W o

- converyng thetdrammar it leoisel expassiosor to execute a net hod

for executing a fully m xed

The one or more semantic combinations may be usable for carrying out a task.

In .accordance with a third aspect of the present invention, there is provided 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 mixed

-initiative dialogue (FMID) interaction between a human and a machine, the method

comprising retrieving a predefined grammar setting out parameters for the interaction;
receiving a voice input; analysing the grammar to dynamically derive one or more
semantic combinations based on the parameters; obtaining semantic content by
performing voice recognition on the voice input; and assigning the semantic content as
fulfilling the one or more semantic combinations.
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initiative dialogue (FMD) interaction between a human

and a machi ne, the nethod conprising retrieving a
woptoegle®inaed granmmar setting out parameters forpdss2008/000394

interaction; receiving a voice input; analysing the

grammar to dynam cally derive one or nore semantic

conbi nati ons based on the paraneters; obtaining

semantic content by perforn¥ng voice recognition on

the voice input; and assigning the semantic content as

fulfilling the one or nore semantic conbi nati ons. BRI EF
BRIESCRSORIOTION OFFHERAWAWERGgTbodi nent s of the

invention will be better understood and readily

apparent to one of ordinary skill in the art fromthe

f OI Eﬁw'od@nemé bt ©8 ishasgibh pill bé belttgr Wer@tfooemapbed@rﬂipparent

i on S

to §RF oF Br@BR AR £ Bk Parm i TP MPGS b HESRtion. B Wy of
exampleidniyc tind ¢ odnjanctipa mdthitbe slyawlags iimwaithexanpl e

enbodi nent. Figure 2 is a schematic bl ock diagram for

illustrating dynam c granmar and di al ogue generation

in Flgeree'kéamlseh@rmmoblm@iagrﬁhgﬂmstra@ng @na@nchateators of afdiatogue

aed ged for an air ticket booking

sys?{/@?ﬁ%ln tF%a exan'p e enbodi nent. Figure 4 is an

exanpl e of a generated new grammar 400 in the exanple

embpd,edtis FEdHehftie Blocckadé?rré rl iffushdafiVy gyﬁéiﬁl@rﬁrammar and
illusStrating an exaw% e cal [ ow I n an ‘exanpl e

diajogHe gersaion Ikthaup@mpls @mbedimaRtnat i ¢ f1 owchart 600
illustrating how states and transition are dynam cally
gengrated based on a_received gramar in an exa

Bfiroh{s STPERRS 31 PSS ERA BATOS) VY (ehah S IGKS! booking

sydtérh itsthe akarAple @nitetifeat.f or executing a fully m xed
initiative dialogue (FMD) interaction between a hunman

and a machine in an exanple enbodinent. Figure 8 is a
schEiatel ¢ idi argeasmpié & & aygmetated Sigat gramingr 400 in the example

' nting an exanpl e enbodi nent . DETAI LED
emb@bﬁ{ﬁﬂ ON

Figure 5 is a schematic flow diagram illustrating an example call flow in an

example embodiment.

Figure 6 is a schematic flowchart 600 illustrating how states and transition are

dynamically generated based on a received grammar in an example embodiment.

Figure 7 is a schematic flow chart for illustrating a method for executing a fully
mixed initiative dialogue (FMID) interaction between a human and a machine in an

example embodiment.

Figure 8 is a schematic diagram of a computer system for implementing an

example embodiment.
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Exanpl e enbodi nents descri bed herein can provide a
system and a nethod for automatic sub-granmar and
wahosd/egu® gener ation. The exanpl e enbodi ment s mEMSEX008/000394
used for MD systens. Sone portions of the description
which follows are explicitly or inplicitly presented
internms of algorithnms and functional or synbolic
representations of operati@ds on data within a
co ter ... These al gorithm c descriptions and
DETM% §ﬁ§%{-éﬂmol ic representations are the neans
used by those skilled in the data processing arts to
effectivel tance of their rk..t
o HPLPL R TG GhEerlet PO Ber, BB AER A PSerLpnst S fiod for
autcgﬁ&ter albl-gramean Gad witglogue benesatiorl The axamptecarmbsedimerts can be
Ieadl Nng to a desired result. The steps are

”Seaﬁ%i\@'gpéfaﬁ I'i ng physi cal mani pul ati ons of physi cal
quantities, such as electrical, magneti c or optical

I hel
s %@1{1 ﬁ%ﬂ? Sf ‘t’l'ga %ﬁ)tléﬁg&@glg eﬁo{lrdglfﬁs ‘?f &glcmy olr lmgllcmy
presqmm fi ctarrmy qft alge@th@ﬁhénw famctioanld oassyzﬁrwat digpresergations  of
opet{ilﬁmé Yl Q¥ NRithinh ta %rlntautgfa nfRSre CrRdRd algBAthmid Hosts ﬁ&Hs and

resent sp eci fication, discussions ut|I|Z|n
fungigasl <§§Y"‘§§%ﬁﬂﬁpfﬁ§ema“@3§| ¥gIthe Megns userbpk t*‘rﬂsmsttgged in the data

procé's@i?ib %ﬁb It‘dﬂccmveﬁ ﬁﬂ)%f éﬁécﬁ\ﬁély thel dabétaAdd &itREr work to others skilled in
tting”, e-refer to the a%tlon

the gRoAR SERET s 1%, @aetgspe@t%tceﬂ?e'ﬁd loioha S-erBEERbrence

of stk iigeRiing! tb at delied fb@hl@ﬂ% stipd dré eRsé Qfdmlndaihﬁsmal mampulatlons
ica

resented as phys uantities w.th

of R SnEips: BYER o1 SOy MRAPEcC i) Joral pasdBln, o peing
stored, tRsRined) cambamdd, torapared tdndrotiidreise ommigubatecsy st em or

ot her information storage, transm ssion or display

devi ces. The present specificati-on al so discloses

ap pamledsuspetifically staten othenyiseh end pe epparenigropf thelglowing, it will be
app, ocﬁét?tﬂtzwa} @Pﬂbhé@gﬁé ?Fe!ént%)écuﬁ@aﬂ&p e&éc%gél%{%sgﬁgélg% 'ké‘?‘r'h@@uch as
“scanningdse’ qatmtatm@r odetgmemg'devurema%r@ ectgeperafingct i Witaézjng ,
ou%ﬁt’uﬁg’c%fth%tﬁkg dehy 8 tﬁ@ Eﬁhgrﬁ En@rp%%gégsséfoé %Qm'pUteF Restem, or

he 'al or|t ns and ISp ays presente her ei n
srm&areeiemon1er¢yw@,ntwayma@pwﬁ@e ang teangfopBy dataupriesemerhag eysical .

quahtiticdt Bfkin %Qathétéb?npu\t@réﬁté?n GRDEstAdr Bata PQFRariBFdprdtRhted as
may be used with progranms in

_ physical quantities within "the ~“computer system or other information storage,

transmission or display devices.

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
reconfigured by a computer program stored in the computer. The algorithms and
displays presented herein are not inherently related to any particular 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 purpose computer will appear from the description below.
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accordance with the teachings herein. Alternatively,

the construction of nore specialized apparatus to
wopmnd/emsst he required nethod steps may be apprraaysGhes/000394

The structure of a conventional general purpose

computer will appear fromthe description belowIn

addition, the present specification also inplicitly

di scl oses a conputer progragm in that- it would be

apparent to the person skilled in the art that the

i ndi vi dual steps of the nethod described herein may be

putini BatSH T Bet p@éeﬁoﬁ'ﬁé&@éh&ﬂ%o Trh@lncﬂ@”ﬁlébl@ée@r@%ﬁlﬁuter
to be mted to a

i S not inten
PF°B?6@H%HW Hdvqugﬂ e ZgRarghidoithn pgrﬁgrhlsgifc?cg {f,??t_ the,individual
steifd bf theemetppd elesaited Hdnelh rﬂay\lbé ipet Wntao bffeut agrmmuﬂg code. The

I d he [
oo 88 A0 LA 6L e et huese
andVimglementatidrh éhereafp ut evill reogp@atiated nibat ianvanede tbft prop@mming
Ian%*alrgg% ggd Egdlﬁn%ep?aof H}g%leeuseg ?oer(Pémérlt e te\%-ﬁ’%&% &' ﬁe g@agsure

Varfam rogram
corthifidccharain. borgavet, the owepumrt mggnarrd!ep'@t tntergieﬂrtmbetlhﬁted tO any

parﬁajlgri Jo}pfr’%l fiow? H‘fwe@c r%hrﬁﬁrygtﬁgrt bé?fénts':&rthg' %Bmgafér BFHH?arQrwhlch

he steps o uter program
carp@efchﬁem@m cpntrqiapws withouyt éemnq frem ﬂ'iﬁe‘im'é@t rsfanneyof theuiayengion.
conputer program nmay be stored on any conputer
readabl e nedium The conputer readabl e nmedi um may
i ncfurthermsersr e Aeicte of dDersters RhdifetPEPYter 0‘1‘5?9'@&1 may be

perfin$ké in ;’JH?B’QJI YatRér tﬁ§n s&!’ueﬁﬁé’ll?rsﬁdhoé B&Bp eV progfans Ha %E's@ored
for interfacin general purpose Conlg'ut er

on EpEATALL ?fe%?@ggw@ WE@!P m PRy CUNREE FRACAE mefidmy "Wr'@a'ude
stofaRei deces! Cshcl&lsasemegﬂri]étllcfdreébtlbﬂ dibes, |nﬁéﬁd$r9 aim;&y&ir &ﬂﬂlercu‘torage
such, as exe
o S L AR s R RStA BHPBPS GrieinGhe FOAGE Srgeble
me&M&Ctﬂh@Cﬁlmmwﬁblahgmmrai rrpdluposmrcame:aphfied in the Internet
ts.n t
or b E B8 9 B RRRE P o R R oo
Thabcmptber progreenerenddages dnaretacuted om dudhes gemdvalepurpose computer
or i RAlin B RGETBALTE oo DL Bt oo
conponents or nodul es. For exanple, a nodule may be

i WerﬁéTﬁ?érﬁ.@n tﬂﬁéms@ be Gﬁ;ﬁ&rﬁerﬁlz@%& hQRiware MIFBRIBE Nipore Bhrticular,

it can forma tion of an entire electronic circuit
in t@amrcéo@r%ﬁem&ﬁm B’Q@P'Gns gplepstiongl Naigwy e atnigdesianedfer use with

othbASriponePeTBY HésiuRE hetor PSRRI, ld frloB&leebyp be ifipRFfented using
skilled in the art will appreciate that the system ca

dlsgpgoelgcgrqnwpq:cgﬂgqﬂe@ﬁ or it can form a portion of an entire”electronic crllrcwt
such as an Application Specific Integrated Circuit (ASIC). Numerous 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.

Figure 1 is a schematic block 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 moduie 104 that in turn calls a Web Server
module 106 to obtain voice interface pages for interpretation. The interpretation by the
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as a conbi nati on of hardware and software nodul es.

Figure 1 is a schematic block diagramillustrating an
woaxehiossenat ure of a dial ogue systemin an exanmca/sSG2008/000394

enbodi ment. A user interacts with the dial ogue system
(see nuneral 102) through a Voice Browser nodule 104
that in turn calls a Wb Server nodule 106 to obtain
voi ce interface pages for iqgerpretation. The
interpretation by theVoi ce Browser nodul e 104 may

VoienRfawssemedyle i1y may campeseoeaingi da @@pg@ﬂom%@wrénqw 108 for
recéé?ﬁt:d’nqgélg ré'nH Iz0exd REpReaNSeRed AHUIEA 1 @ﬂﬁ%&%@ﬁ&%tlons
nodul e 110 for pronpt generations. he Web Server
nodul e 106 can dynam cally generate d| al ogue (e.g.

usm& WeMLsewed moaunencbec%ama@hahcbw g&rhdrate WidtoieA (HgUBsing

112 and a & dul e
VXU Bt A e B AP AN (h D PR BT RA e Ee 2

GrahimarCiaRddes eﬁocﬁneDh ®.aguhe @aamp&t embocmméntl ¢hel DalogliBeManager

mORUBIG. TR 2RI oaHA SRR ONE uBu e LaT o dienager

modulal ugueorhﬁrsagea“ grmnh:bre par]sar madduﬁe a1Praowpd dvimangergeneration

moé‘@?l’f% ﬁzﬁélgg;@%a‘fg na ee|r112 %‘S"ﬂﬁrﬂ&%ﬁ ?e?g‘uodule122 0

creﬂeqirmmptarfgr rremmagmerate@i atr@tazmet@aman@ager module 114 calls a
chgér%%nlgh érg'P)% fglr 456 osr‘a lﬂl‘gﬁl.&élatlgﬁg foP E&rta rdyoﬁ:&ﬁ'ner the

ecogni t1 on Pac
Voice Eaewser erﬂ!HlQa1Q42@am mal! reeRegoandionr Qkag@ﬁamr @oavm 126 for

nevf:]zvée Cg'eﬁer@few JrampN bhe rﬂauﬁ)@ﬁgﬁgl%éo‘#: ﬂ&ag“'&nfhaf ard B&ht to the

nition Server nodul e lgure 2 1s a schemati c

| Re?ﬂgﬁtﬁ'R" See/gF Bef¥ler1081 | ustrating dynamic granmar and

di al ogue generation in the exan‘pl e enbodinent. In the

exanpl e enbodi nent, the gra generati on nodul e or

gr iR féhér sa"chSF”a)fl‘?@‘%ﬁlq'@r?'ﬁ‘efo{;r"ﬁﬁﬁﬁtl'“gpgw?&‘c m%r and
dialbdfe YferafEEiiry @5 %Xérﬁblb NEMIBEAABRYT Sn 20 dx@mﬁl%nérlhabcﬁment the

rammars (see n raI %ﬂ%to be ussg 1%"” e di an
gra r e '°Hd89| oqraﬂl“s F REEFAP0 49 Blls ee gﬁ'ﬁm gd’@’ser
motifiaeln atapt réddvesadlisting fgmrgnhamTNZ agsrerategchmhearkl(8e¢ aumeral
ate slot, fill

20478 oY Wichiplele BIRUE Bl AR Gerpl g . e

- Diafigat é3eneraiort tHnsallsitbe gearomar Eamsehmoduleh‘GBRSMenerate siot filling

conglﬁlgg%b ;&g@gé gs A CEENRS S tgeegfénﬂ);g@sﬂH&BPtzés 20%uild

: al ogue tenp e co enerate
staigs ah@ggesimcaﬁgrther the FSM constructor 206 receives grammar generator

outputs 204 and predefined dialogue template codes 208 to generate dialogue code and

grammars at numeral 210.

In a spoken language dialogue system, grammars provide a constraint of
language use at a particular dialogue point. If a user speaks something beyond the
scope a grammar specifies, the system cannot understand what the user has spoken
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.
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grammars at nuneral 210. In a spoken | anguage di al ogue

system granmars provide a constraint of |anguage use
woadooso43as4t i cul ar di al ogue point. If a user spaak$sG2008/000394

sonet hi ng beyond the scope a granmar specifies, the

system cannot understand what the user has spoken

about. Granmar use also provides flexibility of a user

interface for different usefs. Users may speak in

dlfferent ways with different vocabul ary and different

or dEhUS, SERNYDRS OFN delinmihernogabylegry feiersregnitionheoints during speech
inte<r QAR é?d?ﬁrﬁarsgcfaﬂw deffhe %@h%&eﬁi:oﬁgl fgg?%cogﬁlﬁcgh %ﬂnts during

situations such as variationsS and fl exi
SPegrh ieIPstQna FraBMARE AN AEST bR SiARcaP PYSSM toacbighe hioh fiecognition

ratétOfoNpractbidl LskheSPRERR dt difRFE FdcRBnitih PORR! SiffSr@Rt Grhffhars may
defj ne a | anguage nodel for recognition points during

e ?Fé’)ech interaction. Grammars can assi st a dial ogue
systemto achi eve high recognition rates for practi cal

us Further, at different nitiaQ , .

i £ PBVES A APl SoReRgiont RS S9of e ok aa i ket
boakingssypteatieithe@dngicaembadirdétt. used for an air ticket

booki ng systemin the exanple enbodinent. Gamars are

defined recursively. In the grammar 300, words wth

c athaaThmaretarQad@’in(es teshirsheyAGTIhENraramer 800 woprdsnmittr sapital letters

(su%‘}gbg CTRS) Laad,pt r%ar‘@%?ﬁﬁhe S0 At el gre aI?o grammars

scrlblng struc ures in an guage.
descebing stecvigse inathe3 angpiage. t fas @a‘mnﬁt fefer tpf nsmb:agrwﬁnimr the

deffifabh gN suB—Ja?an%HQ' /%'ﬁ 2 ‘?h%&?o—?r%frln?a@g aﬁ‘é‘défﬂ%diy ﬁi ers@?ﬁj and

can be exp [icitl grammar s
cary g pRlFiy C@'Ieé QYd?tfdﬁﬁQf%[’f"ﬂ“éfS Biabalsfeflomingetihng calugn after the sub-

gramdréltar@&aﬂ%ég R8ElgMéd. With ke B Ralids W Sh&fsublfammars. For
sub -grarmars For exanple, see "return (query)™. 1In

exampe. §Pa meIIM (quesirs Inipe Hr%ﬁ“rf‘%fuﬁ%f“%WﬁE'Ré?@dé?fngets(e9 *f.r)" are

conga@natione atspra'stehmrgs ,cohﬁﬁér%&@ﬂ tahag reliBRE at e alcaRd t the items
Thi.s neans hat  t he |é1errs are concat enat ed

are; GGl R ooy L SoTRRIRS VI VO ARG, HORES G 1. Tare

altehliatlveé aemeﬁrirt]leg teatectiesor” :‘aimroes €Thid mganmlyems M&l?eﬁitems in the
T one_of e

soupfi SRS arg 12 RS sBbwing BraSaetbn Suark 18, il gms. For

exampik “af'd libpttw)()nTaie syméob paifsoin tbx angiedaracke(d &. g <aktion $a>" are

serﬁépnc slo-trngrgéél Hn%oval&@ e H]ué Qtethgﬂgﬂ'nt%al?lﬁ %QES €.g. %ags assigned to

t1ron
the vanable at the left e. g actlon If the grammar items responsible for assigning a value

to a par’ncular slot variable do not appear in an instance such as in a received spoken

sentence, the variable is assigned an empty 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
item relations and finds out the corresponding semantic slot filling combinations, to
generate a slot filling table. The grammar parser module 118 (Figure 2) first converts
grammars (such as 300 in Figure 3) into logical expressions with variables as slot names
and then derives the slot filling table from the logical expressions.
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semantic sl ot names and val ues. The value at the right
hand place e.g. $a is assigned to the variable at the
wdo ®bdos4m action. If the granmar itens responsimts@obs600394
assigning a value to a particular slot variable do not
appear in an instance such as in a received spoken
sentence, the variable is assigned an enpty value. In
the exanpl e enbodi nent, thexgranmar parser nodule 118
| ure 2) is designed for automatic dial ogue
s aranppardaingg temieygyiterns & 1gIGemmmar Gnahach item can be a

suﬁ%?ﬁﬁﬁmé Serfrfall 145 ter@lngs mﬁ?@m%aﬁ@@éﬁn@@% &h t@ﬁ%hffc%& be
ure%%ana zesqqgram’rar itemrelations and finds

f””?ﬁft EXRABURG OF TRy A HANMAE RAFYR Agorithy can be recursively

deseAbEY 433bliowds, to generate a slot filling table. The

granmar parser nodule 118 (Figure 2) first converts
granmars (such as 300 in Figure 3) into | ogical _
. ex[se skt fivgy logitdl exprcssibh esnﬁﬁy sl ot nahmasI and tlhen
der the s e ica .
2. exp é(g 8??3'”52&%'&8@3 ab?ré%ﬁﬂr E?ﬂ ?frbr%‘ Pl GEampmay 300 in

Figed 3, Gi(s), ar&in robiadt brackets), &ab=(G AGZSubeg)' ammr or a

o et SR TR Sl 0502988 e o

G'(Sjmwmqugalbsaqﬁgtshllgw(fﬁmﬁbam@e recursively described

4. 25 if et g %oﬁo&aﬁﬁ%m Singh réﬂ)l dd @9 ir 93{1& +C§E§ﬁ ?'I%‘ ah empty

are i n Concat at1ons
Va"eblﬁn t he exanpl e grammar 300 in Figure 3, G (s) are in

5 roupd ﬁs@ﬁgﬁfsﬁi namg’s, feplded drﬁ?ll—wnh (éA@i} - 11 G (s)

are in lective Or relations ( | he exarrple gr anmar
8. 30df fSh'SFa Hlor gammag regyrsiyely ca%t@ﬁeia?réhmr B & dg g Yermingl, replace
G,.#E(“%|+GZ+ . +Gn) 4. If G is an optional |tem t hen
reé G W th (I , Where | is an enp N
7 var '@BHI%L%WV@ tagéq'awg‘gaul@F St ViR §+szem>acé ¥x 3R XM
= x Lx+pi=tyrx(8y&G, 6 . If G is a sub-granmmar, recursively
call this algorithm If G is a termnal, replace G

inLwith . 7. Sinplify L by applying the follow ng
r ulFes exbrfplez yramnxdry300Lfrom Piguxe 3 ix ,anslyxed-and comiekted i logical

exp?(e-'é)éioﬁs:y X, xLy=yLx A'

E = action+((action n(I +(from _city nto _city)) A (I +date) n(I + airline))

= (action A airline A date A from _city Ato _city) +(action A date A from _city Ato _city)
+(action n airline A from _city nto _city) +(action A from _city nto _city)

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

Thus, eight semantic slot filing combinations can be generated for the slot filling

table by converting/analysing the example grammar 300 in Figure 3.

- The equation above is only illustrative. The operators are similar to those in
mathematical logic. Siot name x relating to optional grammar items are represented as
I+x and / means an empty variable, following the rule that /Ax=x. Table 1 below shows an

exemplary slot filling table generated by the grammar parser module 118.

Number | Siot Names Example of Instantiation Sentence
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For exanple, grammar 300 fromFigure 3 is anal ysed and
converted in | ogical expressions: E = action+((action
woR009/04843ar om _ city / to _ city)) A (I +date) BCI($G2608/000394
airline)) = > (action Aairline A date Afrom _ city A

to _city) +(action A date Afrom _ city Ato_ city)
+(action Aairline Afrom _ city Ato _ city) +(action
Afrom_ city Ato _ city) {action A airline A date)
+ (action A date)+(action A airline) +(action) Thus,

1 ei ght | aationnt i ¢ adling, | Bobk iartigketdaba tript fram Singaportedo Hong Kong
gener fo o SI| Qe fdi b L t by
conve?%alq%’g/ a?}rg ygﬁt}fig)%tnglékgrl?r‘% e'@gé‘% mar 300 in Figure
3 . Thle_efyuati on above is only illustrative. The

2 OPCT Al gktion AT € STdEke, §BobR altidketSorl & tifPfrd '%dag&‘e t0 t4ong Kong
Slot hanme X relating to optional grammr I'tens are
r epr esE ety do_gityx a8 nextMenfidyan enpty vari abl e,
fol oW dggnt e T3H; A P-4y

’ exenp adrﬁ;% sl ot a1l‘r+!”I$eI| %B‘t( ggiégéggrngﬁ*gff éoém %@g?ﬁ%égg\gﬁmqg;kong
par ser TRy 012, TaMie SIAThe various sl ot filling

4 CONMDI N&LANS fofrD By, N o8k &V Bkl Urn %m@oﬁéﬁn %iﬁ&abefé/ td Mong
second colum (i.e. ["Slot Nanes") of Table 1.7 There
are ej'gatiYscenari os |f8P9t he slots to be filled and

5 each NastioRaifiXe H2ke | IBask 8 Bitkelloh PRXIAAII GES[ASEE ThiTd
that fills t

columm) |Lues., That neans

oot

6 that RARIBREAE r ecoghiBoPbA ighRjiondendonday| east ei ght
7 out con@sioRYaidR®! Y1 NY BoBk & tiskaABABIA. When | nteracting

with users Lcul ar point and each outcone

8 cont ai M8 di f f er ent BRRVAGEKSSE i nf ornati on carried in
the slots. Based on the otgpeofres, the di al ogue system
in the exanpl e enbodi nent can nake deci sions on a next
step to be taken in order to fulfil a task. If all the
S Ihotr& adrieut isldt @fling fjcbmbdiaﬁd)r&gid@n &g@ taemr(ec aquamﬁw Gorftieectly the
t ext .stage,to do,t requi.red wor such . as
sechPF edEEh (i PGt NS o SpbE acheig SR 5o Hder the sios to
be filletl #lnd sectaba= as exahple ifStantibtioroddmench dsed, third cditransthet s the
re.o t fjl] ed h ' e t fiqures.
sio el Qoo ofte Hhodhs, el Bosneoff FrRMRBHLerRIRLIR ol BAC 20N
outedngsspyaplying this\dragmaowhéreinkerattingtvatheusefoat agpeatinolag poinhand
A ¥ ) .
cxch Y M B o Dl R K, U S on
the eyiso@ps.rie dialogursystamon ke PxaMple guibedinenbcarumake dedigions on

a nBRUEND b&tken!iR Jr&i& tDURCS t&k. If all the slots are filled, the dialogue

system can move onto the next stage to do the required 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 slots before moving to the next stage. For example, in the Number 1 scenario
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 short sentences to convey information
bit by bit. In such cases, a number of rounds of human-machine interaction are
performed in order to fulfil the booking task.
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scenario in Table 1, new users may only speak in short

sentences to convey information bit by bit. In such
wocasesissra nunber of rounds of human- nmachi ne i mcarsRos0394

are perfornmed in order to fulfil the booking

task. Thus, the grammar parser nodul e 118 (Figure 2)

can automatically extract semantic sl ot conbinations

of a grammar. The sl ot conbjgations are defined to

mean the relations of semantic slots expressed in the
gr afhvar thergrantiear, parser groduieat 19arigee Aogan @utopgatically extract

sertdrtig 4ok ¢ %bﬁlaﬁ&sl é?céabr%?‘nn%roﬁ'h% 5ok 'c&gbl%ﬁjcﬂssargfdeﬁﬁ@ to mean

grammar (e.g. he“top |evel granmar Fi gure
the S?Iatﬂﬂﬁ\ﬁéf@@a@ﬁ'q H@tls W[%F?ﬂ | the &F afnmﬁ'ér':&ﬁb%’ Eﬂe grammar parser

modiié fiid kﬁ%r@! ) Hisd fo%éfé@tsldﬁm? BrieRsSof tﬁéw@rraﬁi‘ne&rqe g' m tife f¥blbvel

system of _the exa nment, a user ha
gramfns 589 P Figues) §a@\aﬁwee PRy ISR PEER ST E%ﬂ"??, Py gifferent
utteddrdcethe information required at a particul ar.

I nteraction point such that the system can nove onto a

next stage to do the work, upon the conpletion of

s rrUU'tdrefbreC poNMID eysterh fof thelB(amplet érehsanimewtj & usarthas the fiexibility

ete.a ere are sSti

to GHER RIBUTFIES WiFeroR Fri 2t St Ut obBeps buiefie 4 dortouar
intepeodipn pompm@dhetbat thén systmammuyemnfma nextistage tordottibe fMotk, upon
theécgﬁﬁrpﬁﬁgﬁéﬁ%rg%?tﬁg&{oﬁn%ﬁ nf QQAQ&O@{ r%fc@ i ﬂbtugc?nplétg a%g Rhere are

repari ogue sessions
still catotp td be fitigsh dhensystem g:aammit@t eutra tihéwgee sessionsnwith thigeuser to
NG A R B I Qo TBAAI R tHe? Rrlallish LiSts With! sppRIpAXe AR,
Co %t deran/e llgl‘g‘gram’mrs accordi ng t"ng S pl)rC)aSPes?s of tez
di al ogue between the user and the system By anal yzing

t hanshOtexbmhpiki é?ﬂ)daﬁrﬁé{tsfr%bé’ﬂd@d&gloBNe 5B&sidHaeEomprid8 generating
grammar generation nodu igure 2) derives new

gragymaigier esg SeIIMEr r enovi ng the grammar itens
dedicated to the filled slots or rephrasing the itens
to reflect the fulfilnent o slgots and .
o e BEFOTR Sra o o0e 135 G, Rrpwided fo derive sub-
graﬁh@fv‘é d@colccﬂnﬁlg/ nihe eegrésy ofths Kigidye MatwenTbé IuseH a@ldopeeystem.
to fu empty/unfulfjlled slo The anmr
By IR 15 TN TIHEH FobisPhoviios P8 Bp 2 ordgl GRRRon opue
120f (Fiduesl 2 s Hartven apw gramoharsalbyuaither Tdneovipgathegrargeaeitenhs dedicated

to ﬂg Cﬂ_ﬂgg Q§ F%;g'n%sﬁlélheo rté%ﬂél? ef{é% tl%kﬁﬁm%lgcl {fZ%t?‘nggﬁgts and

ure recog n|
expeauatj@;g of thehanfulihed 1$lotsy ThIS can provnde convenience for carrying out

smooth dialogue to fulfil the empty/unfulfilled slots.

The grammar generation module 120 (Figure 2) receives grammars and filied
slot names and values. The grammar generation module 120 (Figure 2) produces new
grammars (see 204 in Figure 2) for the recognition task to colliect values of the remaining
slots. There are two approaches to generate new grammars. One approach is to remove
the grammar items responsible for collecting the values .of siots already filled. For
example, if 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 wherever they are filled. For instantiating a grammar item, the item is
maintained in the grammar (ié. not removed) and constantly returns the value that it has
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slots. There are two approaches to generate new
grammars. One approach is to renove the granmar itens

wo Beposssidl e for collecting the val ues of sl otrEcda20e8k00394
filled. For exanple, if the grammar item ACTI ON has
been assigned a val ue of "book", the itens ACTION are
renoved. Anot her approach is to instantiate the
granmar itens with the valugs of the slots wherever

- they are filled. For instantiating a grammar item the

-begnt apgigrednwitive Bhis eppragach Her gstantialing takes rriacer dynapenlly during

run@e. Hé@é\ﬁsteafﬁé Wiuéseéf%é‘ Siotdéte VA fy%térhﬁﬂed' éﬁehﬁr%h’@@ébmtlon results
assi gned wi hi s approach i nstanti at | n\g}ét akes

arep‘l"'ﬂ@‘é:eﬁyﬁél‘fﬁ E%|apvea'atepﬁaatrtaﬁtgr?mm9éearagrempﬁ@e PuBguer2) is
usdd¥8r &dridichly IBEARINGMhe/grafintlr Xemed af ter the recognition
results are produced. It will be appreciated that the
grammar parser nodule 118 (Figure 2) is used for
Ccaorh sepidsy g:ra:vﬁrabni Ghdshep gé\mmmsiaﬁmsz SUBpOEAct itemgh be a
as to eve
suly 3P g, EiRe! AFORe AR, - eS8l pracSRfN point
The gramniic ganerafior algatitirh can bedesgribet @s fgllost . The gr ammar

1 gen%% Ré %ogﬁ’é O?ﬁ;u)}_@%‘bg% described as fol lows: 1.

For' each llowng: 2. If G is a termnal
2. andif & isi aytegminahenidigssigns a veluetto 8js|ot Shdéimenmike @ arapptional item,

n@%ltp@%t ésgﬁ%&a%\/e the slot assigning action. 3. If

and does not assign a value to a slot
3. g, If o isacterroinal andtdere Aot Fesignes valys 1 a gipnBenaactionris taken. For

exéh%ie R cE et kan Bé‘\fl@ﬂr%aeco Bgld Bhd Genifib VSO BW if é(/%@e is not

value I's not assigned, no further action need$ t
assigfiednno furtherractipn P%edé"%%iﬁj‘ieammr and assigns a val ue

4. t 0 RGHsOd subl-graiitRn af@kssigas APalgPid P88l S|l tr@mméiarm\é«a optional
t he sl ot aSS|gn|n action and instantiate G wth

t he
iter) o RGOV (e SIPbGFS actien, @nd  instantiate; G withathe ‘éa'“es the sub-
gragfhn@d_ flfétéxrrﬁ VWiot |hsttant\é@é tuﬁgraﬁhlrrllartd‘;l@vnﬂpé ivalna| algfHansmionalt @ﬁﬁnmar
. | 0 not .return the value are. .remve
e WREN R T G YRR igeR 8l oG 1 ey etping the Value
areskebt gr ammar and does not assi gn a val ue to a slot

wh [ ]
i ofih g2 B Rl aph B e et b R B WA smp o

recurs:vletye:aé Yesploeess.

Figure 4 is an example of a generated new grammar 400 in the example
embodiment. The generated new grammar 400 is at the output of the grammar
generation module 120 (Figure 2). In this example, only the siot “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 grammar 400 is bigger (as compared to the
grammar 300 shown in Figure 3) because some operations have been applied to
remove empty paths that the generated grammar 400 may give rise to by rephrasing the

formatting of the grammar items.
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enbodi nent. The generated new grammar 400 is at the

out put of the grammar generation nodule 120 (Figure
wW02)009/048434hi s exanpl e, only the slot "action" imcTsddoeshosos

with a value "book". The generated grammar is based on

the grammar 300 shown in Figure 3 . The newy

generated granmar- 400 has four semantic slots only

(see nuneral 402). However,1dg he size of the generated

grammar 400 is bigger éas conpared to the grammar 300

sho examplegiiy gramman S0 9&5'99@1% top Ershlineefdhe grammernedPo, e. (

2(f@ARL 118 ACTICNRY & ®&mt gIThat hs él"r&?fttc)t hﬁ(veﬁft?/(ﬁa)d 2(?[of with]

' mar 400 may give rise to rasin
AIRLNY el A

it DAY thyee (aplona! digmarthat @rﬁsmgg?t ta %é:lty| gate and airfine
lnfc@rhaﬁUmWthf?bh@ﬁal Fictier SreJrepreb&fted 'b‘S/S'i frbﬁnr@Tfoc t’ccl)"@lTY ‘tc), ?(?on

DA%# %grm (& %g) altip}YAkF%_ Nék 'g(?gsBAﬁfEe (;Beceg% Of\olrt?\\,@tgqﬂf can be collected

by NoRlel‘dllE)r!a) Jptiondilagayishin e @ﬁddrlwbél:lf ied fﬁ;ﬂihé tbaimrﬁéreB(DtEaThbt is,
t cit rline informtian

nonsoor B o 1w i &l B0 oF e ke Bijon st cof Whoriatig can be

coliEttEy sinmiitan&guBtyn rDArBnEr 300 0bf ’F(g?{r@B thietifen ACRIONNEE hdt optlonal

and, Naesrrg ngrgsgfnhe#e%c?ﬁ?rgf)oﬁ%:’é 8n| us P 9%%”@?%1@?\8@%@1 ﬁreg tional

itenhgy thﬁegrgnananmoesom cPhtatn emptynpates die. anealoe forvBCIIOMIi$ still

el D O OO P155500 0L o ) TR B e
usep does s spY amwtiaD) T, granymarciP0; ab irigureadits Meie t o be

instantiated. Therefore, even if a user does not
mention the three optional itens, the granmar _does not

corfPRthe hgithANgain ke generated gramieart490. ReTRONAG TIOMN has already

beenEifisthhtRitad. Tlﬁﬁ'ﬁt ﬂ‘ne%ﬂb‘iarﬁﬁé#’ bt tHengénQ?‘até‘d RINRAIS400 is meant to
acceglt ance of (ye]_utterances (1 i f the user does

collggjire agwnarwfpﬁnﬁg)p sl datf a'aﬁTa'r"nsom‘omatppgdm thigcase, one or
twozcgglldhrﬁ@’plédée o@‘tﬁéefen‘ibﬂih wth mlfd’rlmbgtﬁm %ﬁ?ﬂl@é %I%tateﬂrsﬁﬁllﬁ'neously in
e it as .al ready been ins
otniftiardsy Rt &g Bisemen st £ 8. A e PR PRl PRGBS e
Othenwisd, émpt;zojrhmmar rpaties Bren ghtroddcaidméior castample, AIRLINE Baheét an
n |rI tion I n th|s one or two or
ot o8 oF e R A PG P8 o rmat i on can be
coll ected sinultaneously in other words, not all t he

t hrﬁfasr SRL %&mplgte%qsodﬁﬁéht b, Qaeaa.tgﬁ% irﬂFodL%tedr S8Tun fo detect

O herw se s are |
emms pa@a ang keerephiase meEgra@rnaotterah dypng gergratianeahnew oraremars.
first line of the generated grammar 400.

As described, the generated new grammar 400 shown in Figure 4 is one that
comprises the approach for instantiating a grammar with an assigned vaiue. The
grammar items for ACTION are now optional and (at numeral 404) the sub-grammar
ACTION returns the value “book” to instantiate the grammar items for ACTION.

In the example embodiment, a speech enabled dialogue system can be
described as a FSM, in which a state can be regarded either as a'recognition point or as
a functional block performing domain dependent processing logic. A state in a FSM is
associated with a grammar and a slot filling table. Each entry of the table contains at
least two values, i.e. a slot combination and a transition link indicating where a
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Thus, in the exanpl e enbodi nent, an algorithmis
i ntroduced and run to detect enpty paths and to
WO BpHBas® t he granmar itens, during generati oreciSGEOU8/000394

grammars. As described, the generated new grammar 400
shown in Figure 4 is one that conprises the approach

for instantiating a granmar with an assi gned val ue.

The grammar itens for ACTI QY are now optional and (at
nunmer al 404) the sub-grammar ACTION returns the val ue

~ comaspending gfatenGansiare 4¢ ePemalieg Hmalpt(e) beniry indigtesoNransifions

arel RRdEXHBY aneﬁbl@gﬂngﬁﬂif tha r§9@ﬁil@>ne&?§i’r’i@%rcﬂr8&é§g#\§ logic. The

can be descri bed - as a stafe can
auGSHC JaiPaUY SEnerABAN HOTUe 8 SR DrPISOITHE Rk g¥o o Ceating
stafeg rfort iieediigﬁitidm suits 2A6 fetabiishihd pamiitbndRRE BN states. The states

C state assocl at ed
cedE G A an GohSTeD} PlofresiiagoBa g EXBRSBR S et e such
protedsing lagittar scratted esgiuaiyvo val ues, i.e. a sl ot
conbi nation and a transition |ink indicating wher e
acorresponding state transfers to upon filling the
sl othus) intthe exarhply ein’mdﬁbﬁn&sa FSM a:nesi;ttuctmézoaméigumd&) is provided

to é%?rg%gt {8 a@Uf&BFEE@ssTP Jl%? r8 %egaﬁaeg%s%ﬁat% transmons of

cessin I 'al'ogue genera
theiﬁﬁMi |lrewt1i£6 s(@?gerieeaszyupt@d ﬂimuﬁmgt izmrits as@i ¢r|anagortsr a;atasag:iated

accohplidindnty oerEe.gE”ériaO@xiﬁ’é&Jbt ?np%%‘% esdnafy uﬁ@g d int ei(?p{ogs a

transition anon tates e stat cate
grapiAai GeNelERing @sceniakie danguage |expiieesiantl ant semaatis icontepisto be

cad?@re&tﬁb%ﬁaiﬁﬁ‘i'ér §ézH3[5b ?ir Géﬁ%‘é'dﬂgiyﬁé?ﬁibéigcg%'ﬂe}%?eoc&ﬁﬁ%fﬁe dialogue
manual |y he exa nbodi nent, a

oropetye kP Sots BV ot dSEiep SDaWeRN A@RSHES: Sy (reopurpose of

coridb&ting M RiIrN$pRes SatalpradeagiHg Processes are described as
state transitions of the FSMin which states are

associated inputting points and transitions are
assTre aiventorC aveplrecignized Shatf dialtigue Sgebeehtion pe&tt 86 performed

st b S BeBP R Sie Lt BPG o possive
dialoguenrEcecarmsnedt buildinge ddqguar E8MsTive agivancear Dg@amibedialogue
ger%?agiﬁggédgﬁgsr %@gf;g{éaﬁoa&?lnlhg tgglpgitieatssgerqu[)e%etc%(ﬁ t téa dtransfer fo.
Theiﬁ@fpweé‘ie transition stepaard eutomht@cqiiw irepmb/edo’r'ha:ﬁmﬂm apgoach of the

ienibéiiiﬁi%h%bgn gét.ﬁi ema%%.wscr@ﬁ%ggvgemer figﬁ%gage eg.

reco ni sed t enerat |
V°l§€t 6@@%@? Nadfupdmamaeaa\/%ﬁi mtaiaivteboﬁea\raﬁ@mtgféiqr@r ation

is based on figuring out all possible

in the exampie embodiment, dialogue generation can work in a top-down

approach. A designer can give a high level design focusing on processing logics and top
level grammars (compare 300 of Figure 3) and the dialogue system is able to fill up the
details of the design. At the implementation ievel, coding templates can be implemented
manually according to functionality and parameter types. The dialogue system finds a
matching template e.g. from a database and fills in parameters as well as creates data
links from the template to other data sources if applicable.

Thus, a dialogue generation module 116 (Figure 2) is provided to take grammar

parser results as inputs and build dialogue state transition sub-networks via calling the
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di al ogue scenari os and buil ding dialogue FSMs in

advance. Dynam c di al ogue generation creates only the
wostoad/@s44he di al ogue system i s expected to tr a@eIVsEr20680000394

Therefore, the transition steps are automatically

resol ved. The dynam c approach of the exanple

enbodi nent can be i nplenented with scripting

developnent Ianguage e.g. {ice Extensible Mrkup

Language ( with a web server architecture. In the

FSM@ﬁﬁqrtect@n%Qﬁd Mg 2)-dThe Bse ofdhresiet fiRg eaereRe dRteTMmings the
statEQ Bndl t@%mqﬂans;&rﬁ@r& enpe cGﬁéirm.@:te‘ﬂQ—‘SM hi gh | evel
desi gn focusing on processing |logics and top | evel
granmmars (conpare 300 of Figure 3) and the dial ogue

Sy sHigurei 5 is1ll schbmafid |ﬂbwUd3a?rBﬁh maminlng #f exdheplélesil gBw in an |
[ odi n | ates ¢

At the inple ation_|eve be :
xafTRl SHERT BB mAVAPPS) SHECBPERSRG St © BPONRd POMer &y Lneth 504
repiesemnta®t query y@reise. The patrelaken desaraisaim thendtoravaad givemy the
useten‘pl ate e.g. froma database and fills in paranmeters

4s wel|l as creates data links fromthe tenplate to

ot her data sources if applicable. Thus, a dial ogue

gengraki ! 0

or Aot & st e o AaloblOMlsiertlodripabt P s b, The
dlalggm &vstafansrformmsgu Interectionrat SO0Gita acednt iinfgntauen?smh as action,
alrllﬁé’rﬁ%é' WORP i 89 ¢ gf A fnerhi SOEhSra%rﬁfrE d@élgﬁébetoﬂaﬂﬁle MIDs are

I ng process determ nes thé states and target
used tt%tpééorﬁ’f spaeah §§aopiHom e gragimartparses mquwc(p@apwsm 8 of Figure

2) f5l 848 B ig8n&afeChegst 'Ffﬁné'tQBfedfd?g ﬁ%l&éﬂ'ﬂb usif rp§§§|t519 ﬁ& filling
exanple call flowin an exanp odi nént

comyEtipR FOE EARS CANHBA 1S PHE RSB crapted PeGgng spesch

recd roaasrat&patmoés&erréfm&ﬁm Bites ﬁaﬁéwstb@kfenﬂmﬁjome%memauon
action val ue gl ven

of s{otg ‘F%esu not glrepayiexish§ H%@y‘é@fﬂ%‘i& ar.eeesﬁbbines?rfw fngentgies of
the 38b1& ke the s"t'ﬁtes.orrcalaiemalesy&étﬁmemy fisidEing geit thensietsaré iabfilled

eafhip arspf i F el SECHEE <P il Bite 856, P safh il Sreatea
stateldwhgm_&luigrécaré}amﬁlleel s‘MtE)s aagnammdgdnerqmen frasdules (m@aphare 120 of
PSSP 0P AT L B ol 6 TRRAR P o
mixed initiaiyé steractiog. ahe proosss ofl eg sl fillfrngl biategtransition and grammar

genBR¥FBA F%{eggé}éd ub@ rthé?@%he BEHEY sitﬁﬁé i i@bllnths %xé}ﬁ&(esé Bg&mg

IS Cre orm peec recon Ilon to
S DefiRTAS) i ESmSTal PEEN® el EReiolinelRS 26 paTeral B12. { Siriiniyg the

proddd8 i€ C4FRED Bt iPRe user chooses the action ‘query’ for path 504 instead of path
502.

Figure 6 is a schematic flowchart 600 illustrating how states and transition are
dynamically generated based on a received grammar in an example embodiment. The
flowchart 600 illustrates a result generated from the block diagram example of Figure 2.

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 sub-dialogues and grammars for carrying out fully mixed initiative dialogue (FMID).

The algorithm is as follows:
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of slots does not already exist. Further, transition
links are established fromthe entries of the table to
wd tweo/edsatses. For exanple, a table entry indi catdmss2obso0394
‘the slots are all filled leads to a transition to a
final state which is the target state 510. For each
newly created state (when there are unfilled slots), a
granmar generation nodul e (gonpare 120 of Figure 2) is
applied to generate grammars that target filling the
remaining slots in a fully mxed initiative
1. 1 Nt Elegfel h M TH&uifr 8CSHsdle Qtat€- Y pefb@tind iréddghion leﬁ{geG and
transition and grammar generation is repeated until
asspfigies Wit Cno new states. That is, in this exanple, a
2. bootsalnggﬂaﬁmmrpéﬁséﬂmdd@b to\gerRirate a%ldl filiRgl tdblkefoc 8ddn Gil 9'BI.
ter';n nat es at nu %’éﬁ’emz Simlarly, the process IS
- carrr&ach gty F nthgt chooses the action 'query' for
pat(i) ﬁoﬂahe&B tvﬂ\althleeé oaite horEé]:Zeptlﬁggbé elob corabiaationhe risi already
art .6 i_l.lustrati ta s an ransition
SRR D T A s Rt At s
in @n exahpiveses nizath areew staleh®j eniddwitdhatrangdh arc from E.
illystr f [
exa(:[!‘g act,é:ﬂ %graﬁﬁftengréﬂgré ﬁ“t°§g'|$|tﬁ%g].}% E‘%&%@Sﬁoﬂ g?.gﬂh@%puts
of tioi aﬂaogrm ggaeremxt fnodule Brpathe gramroér i S anthtnarsiay samesvf on
i t I
ol SR Gerhed e S A G Do T Pt oy %
theweyp@gwmtes ully mixed initiative dial ogue (FMD).
The aI gorithmis as follows:1. Create a FSMF with a
sin state performng recognition using G and
ass fera'n@ te F\M% Ganu'@eratgp? reprgsenihiiiie RRIRPEIerTBla REededned

gragﬁ{é@ raﬂéiﬁse‘éi 8y D§rafrimdr ipBesef mBlGef THe ﬁl‘% KaxeOk. gSBO4 806 list the
or. eac

E h
TR EN N LT 2t

in @h.eieaﬁwfme@alad aré fiiste@s The fehbiatioh oft the dtatas tar bargerformed
fromEFtot e st thIS ntr

BRI R SRy BRSNS R S0 GomEaUs Tigw ot humeral 606 e
“actiorén Srdm_aity"aro_. f:ltyOnanE “date” | HavEabdenafutfiiedma rnege statea 61 @ (and

cor%?ﬁér;rl}fcgqg gene%tno% & 8'd amfrT?arr t?JﬂII t”gené Q{’gtc?s) %ffognmsgi for the

| enerati on rm are gr ammar
rentainengs Liftlfitrchelst “afrlirie”. Siiate fFansitioas k- m@\xﬁys‘dr gumethedtamsiion to

newstafdididoh Se iR BIREmShtic SIBP&AbinkiSR Srdbrd fom 4'0&dr!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 slot
combinations that can be generated. ’

Figure 7 is a schematic flow chart 700 for illustrating a method for executing a
fully rhixed initiative dialogue (FMID) interaction between a human and a machine in an
example embodiment. At step 702, a predefined grammar setting out parameters for the
speech interaction is retrieved. At step 704, a 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 fulfilling the one or more semantic combinations.
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: arc@upe&mrthgto can | he applied doy SPeRd) ¢
' padk@@@tl I'I'lhégabdﬂé debdribe@dexahple embbdimaats. cant piogide technologies for

there are no new states. Referring to Figure 6,

nunmeral 602 represents the paraneters of a predefined
wognasmmis4anal ysed by a grammar parser nodul e. POTESG2008/000394

square boxes e.g. 604, 606 list the semantic sl ot

conmbi nations that can be filled. The circles e.g. 608,

610 represent states in which unfulfilled slots are

| isted. The generation of tdge states can be perforned

dynam cal ly. For exanple, if a user fquiIs t he sl ot

conbinations shown at nuneral 606 ie. "action"

" f I8 _Ghbbve  destithedl E¥ampiBdemBadifient3aken beeRidé Ulauﬁ | éﬂgﬂ@ermg
new st-ate 610 (and caorrespondi ncg)ggeneratl on of a

iHeheRprPiicatiopn, gevelopment

h the t t
crealiromRie sisen (ko aRANs S/etiTer TOBABPHEBrtspeY Srample
embddi@ests fcam Mmakeugser ofvaurcant iinuetry standavids |inddadisg Mozei Brttetsible

w88, RO, Sl St B, TR o

Sermnamichetequetpliorciat Sgeesht Retdpaition f(BBRYNThe Bbove descrlbed example

B L e e
e.gelewesing mgoraatfcmub;grammedgq:nﬂratioatand/@r by u$iog aeto(rake BYb dlalogue
ger{e?étféﬁa%hhﬁﬂnﬁﬁet V‘ﬁ@”e?anhﬂ%%&t%' H\%ké nmélﬂtenance work

exanpl e Ient. At step 702, predefi ned granmar
easiast €.Bnky MQY'dlparaarﬁé\’(f@'ﬂ%ﬂCfré?Pqnﬁé tes é@é @hangﬂSéﬁ%t aofhanges in a

prebi&inel %(’gﬂgvel #an%%e?&é enﬁanH@irﬁ@a Fh%’fhar‘ p%réé?%dﬁ%@ andb.g. by

step rammar i s anal yse namni c
prowsmv@ gHtemgtic ﬁﬁ?@g%@ﬁ&*ﬁ ?%Jec%% Hﬁﬁdé’)f/?@nbg?eéb%‘f? fipgeribed
exa‘h@d]@@ﬁib@&nﬁ*ren@t car @Fbv?c%swes eEvRti Gialgné Q:Rivefdpﬁi’én‘t hhd testing
voice in obt |ned ﬁ%Ie!rformn

i
plaﬁ%rggg\ﬁplplggﬁn 8 O\t/ﬁe cilly crgate %%?IOQH% appiications
froman@aebc content is assi gned as fulfi I I ing the one or
nore semanti c conbi nati ons. The above descri bed exanpl e
enbodi nents can provi de an engi neering architecture
t hafurthan the ahppé idedcdibed exeegid emixodg'idritsi can gpplide at dielogue -

desgc_%of% Pﬁ‘gﬁ%en‘?@a‘: ggs%%sm ﬂ% e@iki)r%Yeg e@egfc‘[ %n%megsp Voice

s .can provide techn 0gl es Tor creat
XMtoarpiI V\I@at&‘mjva;paherauoaﬁgi@ag@eduexlamg)lﬁee@ysdlmnrsts Ceimebe used to

Oy @orqﬁl%g hasDeRER fafHR DL Ssil MR EREL by HEmEH experts
5 7ol

rrent ustr andar ds udi ng” Vol ce Exfensn

Thewabcwa ﬁeacwbg@ ag%melwn@@mws @@@W!ss}mhm@@r Bromtwm)p Further
experhHA0Rs(RMelv RBHup to about 50% of time can be saved using the above

described example embodiments as compared to computer aided dialogue design

modules.

The method and system of the example embodiment can be impleménted on
a computer system 800, schematically shown in Figure 8. It may be implemented as
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.
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Semantic Interpretation for Speech Recognition (SISR)
The above descri bed exanpl e enbodi nents can al so
wostgmdsizant |y reduce efforts for devel opi ng PCT/SG2008/000394

conplicated systens, e.g. by using automatic sub

grammar generation and/ or by using automatic sub

di al ogue generation. Furthernore, the exanple

enbodi ments can nake maintenance work easier, e.g. by
provi ding an automatic response to data chan (such

as Ueenierutensystein SABCORRHSED B qompélﬁergﬁedﬁieﬁg%eﬂmténodules

‘ sucRHseS ké\ﬂao'am 804t aHl HBIRE B A a n{e))f auntguﬁd&ncé%ysuch as a

providi'ng an aut gmati c change o ogue fl ows.
ms@aﬂ§9$GWdF¥W8”§Hgve descri bed exanple enbodlnents can
- provi de web based di al ogue devel opment and testlng

- platfornms which can |.ow a designer to ra dly cre .
L pknentaa gy i BPe f FoRac TRt oh eoRRNEr FaMare s 2 via 2
suitable ﬁbﬁacegeewvid@emeraheblenb@ésmt &.g¢ almah PitekHet| ©raother
e design too on t
netplp A GIE0 ST LreAEBNENOR S GBS e Rigyors AN
Wb Server The above descri bed. exarrpl e enbodi nents
can.be I| t Sys t
o pAaE e PSR R RS AR -
Rarmtmm Achess Beangry ¢RANM) E@0nantt 8 Read @nWeMemm/ {ROMI) gizér The

cor{x}ﬁﬁ?ru Ml'eté/qozogjé .H@&deseéﬂﬁfn%@rﬁf% hbts BQQWEH%%S for

out e can be saveq
exalmt% i/Dbetﬁer‘f@%e@@ﬂéo érebdigbler $08. ard él@npﬁr‘@éeﬁasd@ it k@yboard
gogl ded di al ogue design nodul es. The nethod and system
of the exanpl e enbodinent can be |nplenented on a
conput er system 800, schematically shown in Figure 8 .

't TRY chfpdrigtts B HeCEbmaSutSOfodBIce80S Hpltalyp cOmARIMREE Via an
program bei nqqzﬁexecut ed wthin the conputer s st em 800,

'“teé?ﬂi‘“?h@? BB AHE BRIt WS odhe @GCFO(”cFKH duthe wryant
art.et hod of the exanpl e enbodi nent. The conput er system

800 conprises a conputer nodul e 802, input nodul es

such as a keyboard 804 and nouse 806 and a plurality

of Thne ppplicaevmn cpeagramcfs Bpicallylissppiiad &0&he asst @ff thet esmputer

sysge B&Bhgn%é) \c;\igtPﬁr% sgorgge mgdl r%ngg&t %g écblﬂ-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 controlled in its
execution by the processor 818. Intermediate storage of program data maybe

accomplished using RAM 820.

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, to be considered in all respects to

be illustrative and not restrictive.
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suitabl e transcei ver device 814, to enable access to
e.g. the Internet or other network systens such as

wo-2absshsea Network (LAN) or Wde Area Networ kpc(iy¥ddhes/000394
The .conput er nodul e 802 in the exanple includes a

processor 818, a Random Access Menory (RAM 820 and a

Read Only Menory (ROM 822. The conputer nodul e 802

al so includes a nunber of Ilaput/ Qutput (1/0

interfaces, for exanple I/Ointerface 824 to the
CLAIMB| ay 808, and I/Ointerface 826 to the keyboard

804. The conponents of the conputer nodule 802

typi cal | comTunl cate via an inter connect ed bus

82
and'i n o MASMASIOKBERHINGR ft”H\é"}b?@ldéﬂ'Hatﬁ’l?l iglegye; (ﬁ'\/{"ﬂ)e'mefacﬂon
betWedrey Alihanbhd a FithmePhe GRithddcapigpigihgm i s typi cal ly

oo BlneSig s b diine? Seatiay o8 P p en e e P R
fl a:ebemagmwnceamuter and read utilising a
di T
ot O EBETRd0 SRR © PG B HiF BB asthegs ygpinatons
basad@ndlumparemlemisi n its execution by the processor 818.
I t
| S5 s LANE T BLARDE, S GEBRE on e i, s

andg person Skl I[led in the art that nunerous variations

andiQf n@%ditrflé C%Ha‘?lﬂé erf €2 lliﬁwa H;é d;me%?nﬁwore semantic

|nvent| own I n e specl |c e nts wthout
comRipAions-ng from the spi r|t or scope of the invention as
broadl y described. The present embodinents are,

therefore, to be considered in all respects to be
i | 1Zist r akheveethpdianelaimeddn Finim {1\ furtegr AOMBISNG A et hod

f ordeRumgdr metﬁerfthlérlaxérenaﬁyadmfumlebls@mahﬁc EhrabinatidRs:(4adl D)

i nteractjon between u a machi ne, the method
conpri si %rfge'iee"’lr? P@Y/F'?ftjfgedpﬁBM'? ﬁ%"ﬁb'ﬁ?%r setting out
paramet er s f aynarhigallyngerepating oan neweglemmalﬁgaaed/ 9h@Re unfulfilled

serg Rl B RINR AN MecsTIALY [iyed orsman, aRg ¥ et ve one

applying said new grammar for a new speech interaction.

3. The method as claimed in claim 2, wherein 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 fulfilied semantic combinations or both.

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 preceding claims, further

| comprising constructing a Finite State Machine (FSM) architecture based on the
* 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 fulfilied.
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based on the paraneters; obtaining semantic content by

perform ng voice recognition on the voice input; and
woamed/@skaag the semantic content as ful filling rATEa068/000394

or nore semantic conbinations. 2. The nethod as

claimed in claim1, further conprising deciding on

whet her there are any unfulfilled semantic

conbi nations; and if there zge any unfulfilled

semantic conblnatlons nam cal |y generating a new

gr fmar s Bwthed @%é‘qmﬁ%lﬂﬁ.anye@nes@ g ipFecedingi laifse figrther
con%’f@urfghﬁ)rﬂfdgglanglbi ¥illingt tdoRY @ding" SHEMREriveANdndPat Yﬁd?@ semantic

ai d. new grammar for a new speech interaction. . The

Cmﬂ%?ﬂﬁasas clained in claim?2, wherein said dynanlcally

generating conprlses renmoving grammar - itens fromthe-

b fi
Sentint | CETRBIGEY GHLTSd Ao e (AP PSP Mperen sai

and1ysmgl thér graomayicomphiyesr exinverting thegirammar inkes Rdicalnexpression.
fulfilled semantic conbi nations or both. 4. The nethod
as clainmed in clains 2 or 3, further conprising
gengr at i Thg raetiodilas glagméadin ameomecof thp eeadedingtataime wisetein the

one“cz?' rﬂ&etsgr%?ﬁ’tfc‘#og{bmés ard usFB-IQGFor'E% Qlﬂg offta fls@tl Med i n

one o rece her™ conpri si ng
constructing a F| nite St ate Machine (FSM architecture

basgd o Hikg §§'§?§Er‘ncfopﬁ Iy V@ Phatickiok P%@%FQEMW iRf&faction

or nore new States if are any un
betwaemahimar ahha ﬁach@ﬁsthaﬁuster@rcomawgmg state

tr a@gﬂamn%%a%esﬁ\oa@mrleﬁ.eomg@gﬁéwngn&rmgeo& %Fdn#étég & the

The method as clainmed i n any one of Frece in

'“teé?cé'Pﬂfsthef%?'PWé? peréﬁbmogplﬁgafﬁmswsﬁae zS@T‘@F' ﬂynawgca%y derive

ond &lthére Lé&rhﬁﬁtldél‘tﬂ cG@bInéﬁ@hsClﬂa%e@bn R arsRBRAY; | C
conbj nati ons met hod as clained in any one of

t he? rPE’E?dT‘?fﬂ"ec °éfq"r'§"’"\ﬂr?e\‘%?erf”€‘5| d anal ysing the
gr aamretoghtidnr s&resr doM\obEdining ddneangt agBitdnt i B OpeRforming voice

r. n
recog(;)rgho%aoln tﬁé( 90|§<—:T¢’ l%pl?t and

wherein the grammar parser module assigns the semantic content as fulfi Ihng the
one or more semantlc combinations.

10. The system as claimed in claim 9, further comprising

the grammar parser module for deciding whether there are any unfulfilled
semantic slot combinations; and '

a grammar generation module;

wherein if there are any unfulffilled semantic combinations, the grammar
generation module dynamically generates a new grammar based on the unfulfilled
semantic combinations and the originally retrieved grammar and applies said new

grammar for a new speech interaction.

11. The system as claimed in claim 10, wherein said dynamically generating
comprises the grammar generation module removing grammar items from the originally
retrieved grammar based on fulfiled semantic combinations, the grammar generation
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8 . The nethod as clainmed in any one of the preceding
cl aims, wherein the one or nore semantic conbi nations
woanev/asadal e for carrying out a task. 9 . A di @cagpe2008/000394
systemfor a fully mxed initiative dial ogue (FM D)
i nteraction between a human and a machi ne, the system
conprising a granmar parser nodule for retrieving a
granmar setting out paranetars for the interaction,
arser nodul e anal the grammar to

mo%%g%{%gmg?r{g ML IEﬁl]'léS gpmn%}eegrgiér:ﬂ?gmrp@equogrammar based on

fulfifeandainitatic osrabibatRd oPBothne paranmeters; a browser nodul e
for receiving a voice input; a recognition server for

obt ai ning semantic content by perform ng voice
r eciagni tThersystemt declziaiedan iclaimst 10 and1 Worheri donipkising a dialogue

oerf P ol Bhaeteins = Ao B et R LB ER RS 48 the

" newlgramsast em as cl aimed in cIa|n19, further conprising

the grammar parser nodul e for deciding whether there
are ‘any unfulfilled semantic slot conbinations; and a
gr ddmar Tgensystenm @s deitheldein ahyerosenofi thet preceding @lm:y further

n'lgﬁ@%lgé %tF: rgt%%t%% a'fé (?"@Kﬁ? bﬁr?sﬁﬂuefgﬁ fegrr gtgrgsst’rglglﬂﬁ]?fSM archltecture
basg g dheosermantic gambingfionsdar gmaimcor@mﬁn%atnﬁw ﬁ;éat%ﬁntﬂ theh@ are

anyQ.fn'ﬁ.gfr Ra!sedhahfid EbrRMIRSNS HHABG aRliAd Rlate arsd|dils rb‘?n@é semantic
rammar for_a neMIspeech interaction. 11. The system

afiens #redifilledcl ai m 10, wherein said dynanical ly
generating conprises the granmar generation nodul e
rermV|n r itens fromthe origi nallﬁ%{{letr eved

or Afhrmar TBESEH FUFRMIEed SRIBRE] ¢ EnBRREAITD FEms. hrther
con@ﬂaﬁ@me graneiznpasemmddlie forhda tsiod filling taicauBify the deAted one
inally retrieved gramar based on
°r"?%?F?T?'§'8°§E%HWﬁ? "conbi nations or both. 12. The
systemas clainmed in clainms 10 or 11, further

OB s tgha%] Od4fned i Sﬁ?éhé’” g)lﬂ%ceed nSrcna%%”,er LN Laid
al ogue e new speecn in i on~usi Yhe
analysing the grammar comprises the grammar parser moduie convertlng the grammar

into a logical expression.

16. The system as claimed in any one of the preceding claims, wherein the
one or more semantic combinations are usable for.carrying out a task.

17. 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 mixed initiative dialogue (FMID) interaction between a human and a
machine, the method comprising

retrieving a predefined grammar setting out parameters for the interaction;

receiving a voice input;

analysing the grammar to dynamically derive one or more semantic com'binations
based on the parameters;

obtaining semantic content by performing voice recognition on the voice input;
and



new granmar. 13. The system as clained in any one of
the preceding clains, further conprising a Finite
wdSioad/eushchi ne (FSM constructor for constructigmgscobsiid394
architecture based on the semantic conbinations for
generating one or nore new states if there are any
unful filled semantic conbi nati ons and for show ng
state transitions once sem@®ic conbi nations are
fulfilled. 14. The systemas clainmed in any one of the
pr 58E@NING ey %?g‘ar*'%r?%é‘?“tca?rpﬁuif@'inﬁgtfi%émﬁr Qhm@pre  semantic
configtiors.nodul e formng a slot filling table using the
derived one or nore semantic conbi nations. 15. The
system as clainmed in any one of the preceding clains,
wherei n said anal ysing the grammar conprises the
grammar parser nodul e converting the granmar into a
| ogi cal expression. 16. The systemas clained in any
one of the preceding clains, wherein the one or nore
semanti c conbi nati ons are usable for carrying out a
task. 17. A conputer readabl e data storage nedi um
havi ng stored thereon conputer code neans for
instructing a conputer processor to execute a nethod
for executing a fully mxed initiative dial ogue (FM D)
i nteraction between a human and a machi ne, the nethod
conprising retrieving a predefined granmar setting out
paraneters for the interaction; receiving a voice
I nput; analysing the grammar to dynam cally derive one
or nore semantic conbi nati ons based on the paraneters;
obt ai ni ng semantic content by perform ng voice
recognition on the voice input; andassigning the
semantic content as fulfilling the one or nore
semanti ¢ conbi nati ons.



