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(57) Abstract

A system (100, 200) for tokenization and named entity recognition of ideographic language is disclosed. In the system, a word lattice
is generated for 2 string of ideographic characters using finite state grammars (150) and a system lexicon (240). Segmented text is generated
by determining word boundaries in the string of ideographic characters using the word lattice dependent upon a contextual Ianguage model
(152A) and one or more entity language models (152B). One or more named entities is recognized in the string of ideographic characters
using the word lattice dependent upon the contextual tanguage model (152A) and the one or more entity language models (i52B). The
contextual language maodel (152A) and the one or more entity language models (152B) are each class-based language models. The lexicon
(240) includes single ideographic characters, words , and predetermined features of the characters and words,




by determ ning word boundaries in the string of i deographs Ocbar 2003er s
using the word |l attice dependent upon a contextual |anguage nodel (152A)
and one or nore entity | anguage nodels (152B). One or nore naned entities
i S recogni »ewlovaaisBhe string of ideographic characters u®cegchdmoeord
| atti ce dependent upon the contextual |anguage nodel (152A) and the one or
nore entity | anguage nodels (152B). Th§ cont extual | anguage nodel (152A)
and the one or nore entity | anguage nodels (152B) are each cl ass-based

| anguage modebpeteffor €3S ThRAGEaHOR HE N th o8 Had R AGaChr act o7 5.

o
words , and predeterm ned features OP t he cﬁar acters 8 Cctober
2003 WD 00/62193 PCT/ S(&9/00029 1 System for Chi nese Tokeni zati on and

Naned Enti it OF THE | NVENTI ON The present invention

rel ates toﬁ%ﬁ’@%ﬁ?ﬁ%ﬁﬂﬁbﬁ | anguage processing, and in particular 5
t 0 syst emsTHeqiresemtkavenziomgiasdo tedihotrianganaiphageibickdi®s ahdlindattRylar COr pus
of an Jdeographi nguage. , BACKGROUND Natuyral |anguage processing is an
ar ea ofé te@%ﬁg%bsg@r @ﬁ@?‘f‘gﬁﬁq IFOLNAIRE Ramed LRLities N # dext f?l?r@'tl @ |n particul ar,
si gni fi carilecgedphicilagubgs been undertaken in respect of the English

| anguage with positive results. However, little activity has been reported
for ideographic |anguages such as Chinese. In an ideographic | anguage, a
word is ”Bﬂﬁcgﬁrlg@ N nore ideograns, where each ideogramis a synbol

representing g such as an object or idea without expressing its
sound(s). N&urkhlanguagk pokessinl énamzdremgofitebhagio gy tperibmoigurtesresditdh as Chi nese

and regogni zing .naned . entities (i..e. roper, nanes) is re dif.ficult that
ot helEngretse B RamGya® Flepiass st tise BePBa0uRateE B earbrit rifaish Engl 1 s
there are lasguagemilapositiveaesute e Howevedditil®adtivith @sebdef ¥dported RF ide¥@aFHIC, a
sent ence ils of ten a}hé:s\%g%i %uo s string of ideograns, where_one or nore 20

i deogr ans ‘AERF2EGSHT e g ?O%%Qﬁé@%%%&?rdwaégﬂfogﬁm y, the
uni f or m t yidedgrarfid) @hatcath iFbddrad$s 4 §ynibdrephiseiREE sWhbrhind Gud)S R Ghjdaas not

i ndi cate proper, names. In,the FEnglish | anguage, capitalization indicates
proper na ?waté’ﬁ’ﬁ?sﬁ’égiltééﬂmp@s{ure of proper names in English provides
i nportgnt information on the |location and boundary of proper nanes in a

text corpus. 25 Therefore, a need clearly exists for a systemfor
t okeni zat i B¢ taskPt fekepigingridgogpaphic languages such as Chinese and recognizing named

entities (i.e., proper names) is more difficult that of the English language for a number of
reasons. Firstly, uniike English, there are no boundaries between words in Chinese text.
For example, a sentence is often a contiguous string of ideograms, where one or more

20  ideograms may form a word, without spaces between “words”. Secondly, the uniformity
of character strings in the Chinese writing system does not indicate proper names. In the
English language, capitalization indicates proper names. The capitalized feature of
proper names in English provides important information on the location and boundary of
proper names in a text corpus.

25
Therefore, a need clearly exists for a system for tokenization and named-entity

recognition of ideographic language.

SUMMARY
30 Inaccordance with a first aspect of the invention, there is disclosed a method of
tokenization and named entity recognition of ideographic language. The method includes

the steps of: generating a word lattice for a string 'of ideographic characters using finite



recogni tion of ideographic | anguage. SUMMARY 30 In accordance with a first
aspect of the invention, there is disclosed a nmethod of tok&Ritehed ¥3and
naned entity recognition of ideographic |anguage. The nmethod includes the
steps of. generating a word lattice for2a string of ideographic characters
using finite 8 October 2003 2 state grammars and a system | exicon, the
finite st el 1. d, conpl.enentary extension of the
| exi con fgt%f%@?;e@%‘%%%ngs ?n{;%{‘lﬁl?’gﬁﬁ%ﬁétt%ﬁ%geecsh 2 ragtrr%% btewgaq%girplggﬁgi ncl udi ng

si ngl e i decgplapbiteryck@nsot effthe lewiobn for ceeatngriaatbeteatityihypethdsegtand 8 of t he

characters_and.words; .generatin egnent ed text, by deterpminin rd
boundar i eZexfcﬂnf’}\,‘\fgudglg’sgﬂr%?%'ae?ﬁmﬁhgce%@%ﬁtﬁﬁr words,And predeisrmpiae atﬂ"FFg C‘?f\ﬁ’red lattice
dependent chipsvterfardondray todidratingRegndfed oRdS|deRAFINGBEYV@H bbRideri&h key | anguage
nodel s, and, reéogni zing one or pore naned entities 1in the string of

i deogr aphfEing RhidSegraphic theranigrs s Re worldettipecdeperdsetithen e comerual IEERESt ext ual
| anguage pREElandBhe biRoR ALY TanBRAR nfddls! dnd BRGHRGSE AR IENSTe nhhef bR 2D V.
the method further includes’ the step of conbi meg(? the contextual |anguage
model andint the siyne obideomsanhiceheracizrs usngukajwonddeititesdepatisientouman ghetogatextualnguage

nodel and j . s may each be cl ass-based
| anguage %g%ggmgsg%ﬂg%%&%pt Ogy%ngl%ﬁﬁggﬁﬁpgeﬁéguage nodel and the one or

nore entity |anguage 15 nodel s incorporate |ocal and contextual |inguistic
i nforpation, respectivel f roduci. n rigritized rd and

cor reShondi ng E{?t;%éwﬁ%%‘&‘&%ﬁg; £ %3“&%@2 Sgii dismbiiig 1A O langee t ne
one or noh® n@ R magenl dag@iyiodids. epflentialUpRlag@ mstefirdi the
paradigm The |lattice-generati nI% step .may .in Iua the step of generating
one or noP® YITRFERELY Ia%@“‘iﬁ? mqdels mayepetbe [sigate iaqgéﬁﬂeé?ﬁdg]&rhe finite state
granmars may run on the predeterm ned features contained in the lexicon to
suggest possible entities, entity boundaries and entity categories. 25 In
accor dance wi t Rreferadpdhricontsrriat lapguage mofleliad thegne of mereeniiy lgfiggegcosed an
appar g us oHak i | ' I ey [ phic

| anguage, mtohegg%g‘?rggﬁlg&di?ﬂ%%gﬁxﬁ%ﬁ gsﬁts” %ﬁdagigﬁ’g?%ﬁt%lyg%\ﬁggﬁggg? tice for
a string bpfioiittred gospandeoutspoadingeategosy seguencemiTthe cottatteal dangnagemsodehehda
system | ex] he finite state characters peing a dynamc and

comp! enent e bR e B Sock BRE Bhonat LB B EERERPERTRR,

hypot heses, and the 30 | exicon including single ideographic characters,

words, and predetermned features af the ,
P q’ﬁe Eittlce—gencrat(lang step may(%ncluéle the step of generating one or more elements

20  of'the lattice using the lexicon.

The finite state grammars may run on the predetermined features contained in the

lexicon to suggest possible entities, entity boundaries and entity categories.

25 In accordance with a second aspect of the invention, there is disclosed an apparatus
for tokenization and named entity recognition of ideographic language, the apparatus
including: means for generating a word lattice for a string of ideographic characters using
finite state grammars and a system lexicon, the finite state characters being a dynamic and
complementary extension of the lexicon for creating named entity hypotheses, and the

30  lexicon including single ideographic characters, words, and predetermined features of the
characters and words; means for generating segmented text by determining word boundaries
in the string of ideographic characters using the word lattice dependent upon a contextual

language model and one or more entity language models; and means for recognizing one or



characters and words; nmeans for generating segnented text by determ ning
word boundaries in the string of ideographic characters us%/@gtth&%rd

| atti ce dependent upon a contextual |anguage nodel and one or nore entity
| anguage nodel s; and neans for recogni zdng one or 8 Cctober 2003 3 nore
naned entities in the string of ideographic characters using the word

| attice d : | .an e.or nore
entity 1 anianansiEn SR b PROLREEL TREBE SBRF b 0E aRRRagt 10 O
t here i s dpscihesedexdua tavguiipe mdalelandgieasnepr aducéntialnpnggamodsiput er readabl e
medi um havi ng a conputer programrecorded therein for tokenization and
named entity recognition of ideographic | anguage. The conputer program
product i ncl udésaccemiandelith Phag bspectBFaRsintMkiofleRas aldiRdsed M\eonthwat tice for
a stripg of ideographic characters using finite state grammars and a

syst en? | eI P %Ctg‘ﬁﬁpg & CQnpyte re%ﬁ?ﬂ%%hﬁﬁwoﬁp&%mﬂgﬁ%ﬁﬂomed

conpl enentygisin BFkEREIzbrnd hBSed Sxfite RBoFMontdre@bobABhib #MBthet O TROEdrhputer

hypot heses, and the | exicon including single ideographic é%aracters, wor ds,
and pr ed@teram pedudtanglydessomputehrogiaprmatane Fos sarriatingradiord dustigsord stirpgr am
means for Is : Ll rd in the
string of 0??3%%?@6%:?”@ ra?ﬁg{‘%gﬁ g&é%ggeréxmﬂﬁé%&\g? g§’ S@E{' )[@,Q%g“’ggéb%ﬂ%e%aﬁé upon a
cont ext uakhdrarigrabejeg adpmimican] @nplancnmpy extenstantof thedegeragfer creamgsipmach d

conput gr Rrogramreans [, recognizing.one. .or re.naned entities 15 in
Che o0fi nShaTHPRUTERL AR e (PR BRI Bl i D 8Metindent upon
t he cont eytadederminedifiamee ofithd €haradiels hﬁtewlol{ale, d@frn%)mf pl%ogﬁtnri) ﬁlgarﬂs mﬁ@?xmgﬁdel S.
BRI EF DESCRI PTI THE DRAW NGS A snmal || nunber e i ments of the
i nvent i OUSWH@WOE%‘WH%‘P@EH%?% BRungfrgs i &‘fé%‘ﬁc? degEraple ¢ HrHMitgs, in
whi ch:  Fi ghe vort Satfcdtepérde st peh 8 0béxtdal 1anghdbe BebdePAMIoBe dPQorcfcatfiyl Ng part of
a system for tokenjzation and nanmed-entity recognition of ideographic
| anguage ilHEEEEEFRASIFcENALOIRULET PIOBEHN TEPANS (T TRGPBNIZIHE Onhar MAPARmEGPRLItRS Fi g. 2
s a bkock, diaghavy ok aflide 1adi0d & temfor
t okeni zati on anggnarre%gg%?fty reé%%m tﬁ%ﬁglgflat{ugée%%rggdﬁﬂ?ﬁcﬁ of]glfrlleg%)g{%gﬁllxﬁ
accor danc dangbage nzode] arsitthe enetsodioneertiitofanguage modednt i on; Fig. 3 is a flow
di agram depi cting the entity-feature extraction processing of the nodul e
120 30 of Fig. 1; 8 Cctober 2003

BRIEF DESCRIPTION OF THE DRAWINGS

A small number of embodiments of the invention are described hereinafter with reference to

20 the drawings, in which:
Fig. 1 is a block diagram of a training module 100, forming part of a system for tokenization
and named-entity recognition of ideographic language in accordance with a first embodiment

of the invention;

25 Fig. 2 is a block diagram of a decoding module 200, forming pan of the system for
tokenization and named-entity recognition of ideographic fanguage in accordance with a first

embodiment of the invention;

Fig. 3 is a flow diagram depicting the entity-feature extraction processing of the module 120
30  of Fig. 1;



WO 00/ 62193 PCTI S&9/00029 4 Fig. 4 is a flow di agram des Ottobg 2008

wor d-cl ustering processing of the nodule 140 of Fig. 1; Fig. 5is a flow
di agram depi cting the lattice-construction processing of the nodule 220 5
of Fig. 2; WidhoePoss a flow diagram depicting the named- epLiLyog Hﬁgesti on
processing of step 522 of Fig. 5, 10 Fig. 7 is a flow diagram depicting
the statistical decoding processing of nodule 230 of Fig. 2; Fig. 8 is a
bl ock diagramillustrating a general - pudpose conputer, with which the

enbodi nent s;.0of, .t he inventign.can pe practiced; 15 Fig.. 9 is a bl ock diagram
i|lustrati f\Fég'é; lF|a?Pwodf‘agﬁ?%gwﬂﬁ’ﬁﬁg%wgwgﬁ‘fmnéH’WF&W of e podulg Mgrafr es can
be extractdlg 1Fig. 10 is a block diagram of a system | exicon including
naned entity features; 20 Fig. 11 is a diagramdepicting a word lattice
derived froma sentence containing ideographic characters; and Fig. 12 is

a diagram imguss&mbivr@agwﬂd@m@m%t\tlhé ia&ic@.%ommwndﬁo&&%@gﬁﬁ@ﬁ@&mghﬂﬂ back

25 pointers.. DETAI LED DESCRI PTI A net hod, an appar at a conputer
programSprcR{l‘ ¥ 2and a system for tokenization and named entity recognition
of i1deographic | anguage are described. -In the follow ng 30 description,

nunerous details are set forth including specific ideographic |anguages,
word cl ustfd® 62 flewriinemre depieting thhramadrantityf wegastiamproeessing ofiitéd SHefappar ent
to one skilgigd.in the art, however, that the present invention may be
practised withbut these specific details. In 8 Cctober 2003 WD 00/ 62193
PCT/ SG99/ 00029 5 other instances, well-known features are not described in

detai | o 38 L1 arﬂgw%asg?zﬂﬁ ﬁeﬁigﬁlg thd &Et?s%al idg%%ﬂ}gi porgdessing of module 230 of
Fig. 2,

Fig. 8 is a block diagram illustrating a general-purpose computer, with which the

embodiments of the invention can be practiced;

15
Fig. 9 is a block diagram illustrating a list of proper names from which named entity
features can be extracted;
Fig. 10 is a block diagram of a system lexicon including named entity features;

20

Fig. 11 is a diagram depicting a word lattice derived from a sentence containing

ideographic characters; and

Fig. 12 is a diagram illustrating the probabilities of words and corresponding back
25  pointers. |

DETAILED DESCRIPTION
A method, an apparatus, a computer program product and a system for tokenization and
named entity recognition of ideographic language are described. In the following

30 description, numerous details are set forth including specific ideographic languages, word
clustering techniques, and the like, for example. It will be apparent to one skilled in the

art, however, that the present invention may be practised without these specific details. In



In the foll owi ng description, conmponents of the system ar eg gembet T3 as
nodules. A 5 nodule, and in particular its functionality, can be
i npl emented in either hardware or software. In the software sense, a nodul e
IS a proceswpopsngs am or portion thereof, that usually pef&coliBza
particular function or related functions. In the hardware sense, a nodule
I's a functional hardware unit designed for use with other conponents or
nodul es. For exanple, a nodul e may be ?nplenented usi ng discrete
el ect roni C ogRNAKARRL swelmnown féﬁuﬁeﬁeme{apsalbem 44l é%f s t%%%ckgﬁ % ectronic
circuit such as_an Application Speci f I nt egr at ed rcu
Numer ous oPWéff‘ntHW%tF%I Ities exist. Those skilled in the art wll
appreciate that the systemcan al so be inplenmented as a conbi nati on of
hardware and software nodul es. 15 The enbodi nents of the invention build
di fferent &rtefellowvisgpdesdiiftions eompopentpefithnsyses: ar¢ B%ed):ribnd msamﬁdleenm ties. The
gramars a ed it |nd nanes in a
body of§te{.ﬁ%dm% ﬁgﬁﬁ’gmgﬁaﬂﬁ%ﬁ&éﬁn@ﬁ% chBe 1de! @nsqﬂé‘i? Thpdels are
built to desfiwage. shﬂhesoﬁvmre sease s modhbmsamnéss:@m@hm c&l]:gttﬁ:g&hdmffedhﬁt are
built to evahg the rob of what gﬁ_]e of p{hhg]er ane is found. These
two kinds Of*2 Fthoé’oortrf‘)latg nEHns PGP e whol e
sent ence, whdule is mﬁmbmim Indrd v Linit Gesighed 62 TSt oMhtCepoldms 6Ntheditd: The
t okeni zati gn_and Eaarred ent|t§ reco n|t on sy.stem ments character strings
n

of i deogr SPHPRTPEnf Megule may elm@ﬁ “SI% garfe ef?& SR CUMPORRRISORE | i ke)

sent enees ca Brapdrtda of el mt&eekaﬂﬁﬂs@ucimlsmazaﬁ ?Bhéaﬁoﬁ Bfediocess of
determ ni n t he gundaéﬁla of neani n ful _units of a sentence(s) in a given

cont ext fo tegfate I%{H‘B?faﬁ%ot ¢rpopsifilitieseopisk  Thage skillgdsinghp asan be

thought of waBagbr&PAEBAL BE s%ﬂéaecﬁyaﬁoed@lﬁlbﬁﬂwhe@ B b EoRSinAR oF BhrBGH208S
named entities in a given body of text. The segnentor deconposes a.string
of ideogr ae gRdilEtt ers into a word lattice according to system
dictionary entries. The 30 entity recogni tion portion of the systemfiords
possible entities within the lattice fy applying finite state granmars
(FSGs) 1# 0 Theembadimerts of tha dnvantéon tmild diffegent grammiass for diffegenOpropbaran2903 WO

00/ 62193 P 99 lied t
the Iatti Vo prngt ddies, TREaAlsert 681l REAERS W A 0ReBRE, 00, 1 o
of newy sprpgestages imarbelyenftiext. &g do 69 perpenmenedagmap bty btatigicaigeodels. g. |
Chi nese) t et bufiPiofdfive SRS daﬁl%g Rﬁ?coﬁ%%gﬁafgrﬁggéimodels are built to

evaluate the problem of what type of proper name is found. These two kinds of models

20  are combined to evaluate the score for the whole sentence, where the body of text is

processed sentence-by-sentence.

The tokenization and named-entity recognition system segments character strings of
ideographic language (e.g., Chinese, Korean, Japanese, and the like) sentences into word

25  form sentences. Tokenization is the process of determining the boundaries of meaningful
units of a sentence(s) in a given context for an ideographic language. In this sense, the
system can be thought of as a segmentor. The system then identifies and categorizes
named entities in a given body of text. The segmentor decomposes a string of |
ideographic characters into a word lattice according to system dictionary entries. The

30 entity recognition portion of the system finds possible entities within the lattice by
applying finite state grammars (FSGs) to the lattice structure. Finally, statistical



5 word list that contains all ideographic characters and SoBoB&CRRE hanes
as seeds, the systemis used to performtokenization and nane recognition.
I n one sense the system acts as a segnentor that sinply determ nes word
boundar i es wdéps2f¥st em al so acts as a name recogni zer t @cgREeddEIRE
boundaries and categories of nanes in text. A nane can consist of one or
nore words. Because there are no capitalized features of names in 10

i deographi c | anguages, e.g. Chinese, ti%e process of deternining boundaries

of nanes i f L1 tem

oper at es a@n@%{@ré&ﬂt%gy?o&ﬁsshgﬁgﬂgﬁ @&{OEH?' Bﬂ e@@ﬁ%@g%&gpﬁog@ﬂi@i a
segnent or madﬂegmmetm%whmmSugstatﬁrdrrgrrmé)cntlmd name corpus into
word-string format. A single text corpus can be wused, which preferably is
a collection of materials fromnewspapers, nagazi nes, 15 books, etc.

Initially, Givheamxdacbgfx[ilﬁmllan@mgle (arg,i(tl:;inm)detts:oqzue, qategored seme carpuk andlaongest

matchl cal, decoder to lattices, produced by
o att e wer s B Al b ateit Pt Bia PRE IR b Mt R T} "Cor pus
consi st i NOsyfeml ib Bded t@f:erfdmrml&n(zaﬁ(ﬁn dridamjne ramgmamrmnlcme smspa{essgnexﬁ nane
nodel can be built fro (%?‘Hlfé narre an _organi zation

name nodel AT HFEEPUNP L ?tts et?@“’b‘isd”éﬂ{ %‘i dﬁﬂes élr}PE 31556?‘55@0 S S0 an.

Then, Wor OparedtecigizeLrolicerie bOurAMeNAd RhtegdHed 6F ndthed IWBRET Ahgde aad t he
r el evant StatIStICS are cal culated for the text corfgus and - different nane

corpus. ( 29onpigfnfeneeF gore wrsde rResause dhees ugpe copifalized faatures of AMEE fib cont ext ual
and najg g@%rﬁahic ARSI &. geﬂ:li{nes@rtﬁe brédsd of dedsriniNAs BshnkiadURaamenslel s for

t he cont extual and entrty 25 nodels. Apply feature extraction to extract
f eat ures odifficuls. Tbe tﬁkei!léfé@ﬂlaﬁd f3ae W&@MIOHAY“&W@H%@S%%PWFS probability

data der i Vg g R dcbded b3l (SR At 2) bs £ kDO aREreniablt HEAAARIEA OF

formul as f estimating the probabl | es Of word sequences.
cont ext ual astiing texit axgd meqospvémors\fomyémng farsat) o alngletexy cerppy @ﬁmbphe traini ng

R e i i S S S TR

cor pus 1&ont aibnoksgette ktitidliyotie comgontyed pad entity mg@lz arearo} pieseok and adpugestEnt ity

nodel s are derived fr nd entity
model 5 onpl oyt EiepaRi B AR H¥'e SicaloeckRhR BBy BroBBON IR 00 €105
PCTI SC599100029ns?mclest Ezditenmg mchiel qoreesadnids fot anemuqfcom:s dommg ntkgs of The

contextual arﬁgmgsn {en% e{esi Isor examgle a person’s name model can be built from a person’s

name corpus. Likewise, an organization name model can be built from an
.20 organization name corpus, and so on. Then, word n-grams (e.g., uni-gram and bi-
gram) are generated and the relevant statistics are calculated for the text corpus and
different name corpus.
(2) Apply word-clustering to create word classes for the contextual and name models,

respectively, and build class-based language models for the contextual and entity

25 models. Apply feature extraction to extract features of the words used in the names.
A language model is probability data derived from a training corpus; it can also be
the mechanism or formulas for estimating the probabiiities of word sequences. The
contextual and entity models are probability data derived from the training corpus and
the mechanism of estimating the probabilities of word sequences. Again, the

30 contextual model is derived preferably from a text corpus containing text from
newspapers, magazines, books, etc. Entity models are derived from a name or entity

corpus. The contextual and entity models employ preferably the same mechanism for



be either word or class-based, but are preferably class-bgsgdond Jtipsd- based
| anguage nodel is a direct and sinple nechani smthat cal cul ates
probabilities of word sequences by nultiplying the probability of each
word (wor dwooge®m nodel ) or by 5 multiplying of each n-pcpsesadizng wor ds
in the word sequences. This can give rise to paraneter explosion and a
sparse data problem A class-based | anguage nodel overcones these

probl enms. This nodel uses classes fewer’ in nunber to estimate the

probabi |'i ti egsiphatitB kil [TECHIRREESE wrdlsBfkendeBaMnd ORIt ABAPRL YR can OY
mappi ng grOtrJrgs ~of 'words into classes according to predetermned criteria.
Wi | e both mépeisher wordyor clasgbasef. iyt prgpreferpbly slaatbased: ndy svosd-baned lamgwageat i ¢
nmet hods are bil s b b r Ll hods in
accordance vﬁ{ﬂbltlﬁghgﬁ%o (liﬁﬁ%sﬁ%ﬁﬁr?ﬁ%a}a%%%{@%ﬁggﬁg&%gf‘q%ﬁtd- gram net hod

i s descri bed s¢nuerden iy matiphiing the efabakilityeofeachbyerdt(ivord ynidram mR)del} ot bygr at e t he
contextyal | tqi ' E b the .se nt or.
() Soghont TRRAe SRR drleol BRI ARMR staent® K MSAPFIRS)  1s
(5) Repeat sipepmete? pxpldsiin anf 4)sparse ddta ppblemn|A gessthasaid apmagesmaddhi eved.
Preferably, this is .done.three.tine al t hou ot her nunbers of tinmes may
e practi ved SRR S ey T B e LR Rt Bo R tERE Hevent | o
The enbodi nemptcbabilitiésel wand erfubimes, irathérehamthe osls dicnstlvenby yhappiag groayst em
The system 20 can, be tfai ned usin off-th.e-qs‘hel f. d\%@e{)htgt 'caqq be readily
obt ai ned. Ful®f KBS 1R 638378 pepiding O PEYdptegpigah o 9L {1284 (frin

i nteragyi on wSing &k of $dedhGyMPEIsPArd duttthatiy Slethitds aavglabr] i sprefefiBlesystem i s
able to performwell in eJms of paned entitg%ﬁecognition accuracy and

ef ficiency. 85 HtomatictRgtpodsimaccariangevitfilie Fubogipents of e fveRtiama A fitiel s are

vel | or gani z@gdgrap@ethyd Isddribe@RdrEinkfer RAhIrefehtOleejuéin @) and naned entity
recognition 25 at the sane tine. The foregoing advaant§a%es arise for a

nunber of K3dutssrate thy qantaxiual lapgnagy andamiymedaln aid epty FRCH &R thespgmapiorn n
i deogr aphi gg)lsapduaqee t@ﬁ.(gmus%q@@}wjhﬁggemf&tﬁgwﬁqﬂes and identifies
~accurately Unregistered entities, such as the nane of "a person,

or gani 3t i 61 Repept glepe@), (Bh D sstippting] perfremarcedngnhisyed f Preterably, dhis ist i es are
gi ven herein %&ﬁ | ries to
recogni zed e;a%ﬁhg?. T ?ériglﬁl/g,&‘%}'ﬁeer%ﬁ%ﬁﬁﬁ%’?wﬁg{ag&g?&@f’%% tormati c and
sel f - or gani-z éwbm Haschpeand spititdefitke invention. required for training. 8 Cctober
2003 WD 00/ 62193 PCT/ S&9/ 00029 8 '

The embodiments of the invention implement a statistically based system. The system
20  can be trained using off-the-shelf data that can be readiiy obtained. Further, the system is

self-organized, and little human interaction is required to operate the system.

Nonetheless, the system is able to perform well in terms of named entity recognition

accuracy and efficiency. S‘till further, the entity models and the contextual models are

well organized. The system is able to perform tokenization and named entity recognition
25  at the same time.

The foregoing advantages arise for a number of reasons. Firstly, the system segments
character strings in ideographic language (e.g., Chinese) in.to word sequences and
identifies accurately unregistered entities, such as the name- of a person, organization,

30 place, and so on. Further exampies of named entities are given hereinafter. Secondly, the
system assigns correct word categories to recognized entities. Thirdly, the operation of

the system is automatic and self-organized. Handcrafted data is not required for training.



G ven an appropriate amount of training data, robust statiggkiggd Jgaguage
nodel s can be <created to nodel the contextual constraints of words and the
i ndi vidual structures of named entities. Fourthly, the system operates
based on t ke éwaatmewor k of Hi dden Markov Models (HWE). @rhesgednased

| anguage nodel s are enployed in both the contextual 5 nodel and the entity
nodel s. Sonme word classes can be automatically generated from text corpus
for contextual nodels and are not only tised as HW states in a statistical
decoding PGS apfttbridté Emélle® B ERALE Yart! B6: LiiROEN %aﬁge%édeis%&%@f abl y
after mnor handcrafting. Fifthly, the system does require | ar ge
nane dicti m&@tmwﬁontnmuﬂmﬂ%mwﬁwwmt@ lstdlatdusl ﬂtrsxtlutaanf a

producti ve Qr armat i cal
rul es both % at&glflégzﬁ%lﬂg %Q?i}es%egfr? ;élﬁéssolsd GE eé er oggn ‘gigﬁl%ag

enbodi nent Mclels (Hh@ésr)l EMS h@ﬁéimai@emodwmeamphwdun Bgh thee:oﬁlegsal 1 and 2
are bl ogk di S or .tokeni o0, &1 aned-entity
15 recognl {nogn 0 ec?e %L&J”% e g%dﬁ%ééﬁgﬁi%&%ra torr%lgelca@wytgﬁner ﬁlErg

enbodi ment teaf cdrjpus for conesxtuabmodelhamdryesha mmiynsédmdiviMatps incitqtisticalrodul es: a

training dul,e 100 an ng no em.,uses two

now edge BEOEGE BEDCES PUHA AT UGN KSR Ghenn BT 765 Tbties s 1828, A
name ent it YardsraRingl Gty nBe®ystefNoes Iiteégpialaliatge hdind dictichay abeddediat egor i es
of nanmed entities:_ person, place, ani zat i on, time,- percentage, 20
ond" onet aly sHEn PR RS RaoR T pE S e AL BB SFARAHERL | 5| &
that fqp tB&ordi® PRimMatRal SR botlkedisiically 4 detéatnisticaldy\eMmather HpB&S of
categories can be utilized wthout departl ng fromthe scope and spirit of
t he i nvent therpmbedimentsasedeseribed hergingfies ty has its own nodel . The nodels are
simlar for different kinds of nanmed entities; only the training data to
make the nodels are different. A class-based n-gram nodel is used 25

pr ef er abl y SsstempArchitedturef r arevior k for these nodel s 152A and 152B. The

system of Ig Sggsl ard izg biock Qﬁgﬁhﬁqllﬁﬂﬁﬁ@% %&teﬁltfﬁf ﬂ%ﬁ&uﬁftmh JEP UM entify 9 -
13

formng a nt en i n an rdeographic nguage (e.g., Chinese, Japanese
Kor ean 15 andecpigmition efajiedgmpbic 1muegesleqm¢ﬁesewme ﬁssysmbmlmeetmﬂthq es and

cat egori ze er. rom wor d
cequances SV ey ohldle 6 RRIRE ol 8 AR inEle fgid
PCT/ S@9/ 0deading mddeieciQ0i nFhé system uses Frogknowledgh bases: aicontegtualpdeded 13230 has

two sub- rmdué Hame’ énu%r %Q&Q? P52B% A name entity is a proper name (PN). Preferably, there

are seven categories of named entities: person, place, organization, date, time, percentage,
20  and monetary amount. Thus, for example, one category of named entity is that for the
name of a person, such as “John Doe”. However, other categories can be utilized without
departing from the scope and spirit of the invention. Each type of named entity has its
own model. The models are similar for different kinds of named entities; only the
training data to make the models are different. A class-based n-gram model is used
25  preferably as the basic framework for these models 152A and 152B. |

The system of Figs. 1 and 2 converts character strings of ideograms (e.g., forrning a
sentence) in an ideographic language (e.g., Chinese, Japanese, Korean, and the like) into
-word sequences. The system identifies and categorizes members of certain categories of

30 named entities from word sequences of a given text corpus.



| anguage- nodel training branch and a nodule for deriving anogibkidods nite
state gr aRp@oeedbSG) . The FSG suggests different nanes baseg-1&:99/00020
conbi nati ons of characters. For person nanmes, it can derive famly nane
and given nanes. An FSGis a machine that 5 produces or recognizes certain
ki nds of syllable sequences. For exanpl& an FSG for generating person's

name is: Pn;>, P Pnc_.Pne. The person's nanme (Pn) can conprise a person's
narme begilEEf(’ﬁmg), stat_oCngT gc‘}hﬁ’ gmﬁﬁ}&fﬂe&#@ilﬂgéw P jub-medulgs pebranehes: mane end
(Pne). - ARi e Ehr = ' Ll Ly gr oo s [e _each of
t he forEg?)lﬁ%a%?sfmade?persogﬁbrgngg%@?ﬁ?gﬁg%tg%erag???mlg}afﬁnpe\é%%*5‘ War e
Pnc-> Shu®SQ). TheFSG sugBhsts differd: naeres based ancoventsinatdns wddharagersbFoShuan,

P e st sl Ban ol Bl et Gven sl ABFSRUR sccpshissabats -
| anguage praddes of Aico] epem%agomgaﬁla?g@e&egt %%Hﬂmﬁg dFs?@ p entity

nmodel s are trained. The cl ass-based nodel preferably a H dden r kov
Model (| gRuenfing pPreson'swametis.aRot> Bib PngPnd Thpparsenis same (Ph)cah eotprice a

t ti ' .. ted text/, | 10, i [ Tt
rodut e 190 TR Pekin (Rt BESE s Gtme SHRiRGE (PodnIABd PASTIOBIS BT R | ng
entity f ey CExanklés 6f PAUYrEY Pid.A Hud L |rWaﬁ€F9grﬂEie edch dfiife %ﬁéﬁg%%%%o

segmented into words. In the |anguage nodel training branch,
N- gr am gepesson’s milyoramepreduably. pif@dc are: Pwe? huaniknilir i. rifhuspalul e

140, I C Q, and | t s- based ontextual /entity.language
made!lgh( Lﬁfgﬁgﬁ%ﬁ [ em%%a?%r@e %@pe?g%ﬁy%ﬁaéw i ﬁ‘ffp &8§ram word is
a uni - gr dPkanipleysf Prdaner PAeOHG | Q.S 'ﬂxebﬁor@bﬁ@aré@ﬂeQ@ffh@-FSﬁ!em@ﬁg?é}‘ gram
generation nodul e 130 generates word n-gramstatistical data fromthe
segnent ecPraneiigepresents angpege model tRipiag prepessing whetedhatk apnteitual modepasded t o

t he word- ' 2RaiARglu _ e.word, cl S ang _chass n-gram
dat a. The&&'rfggp%%lrgr%on n- géj'alrlr‘ge &légseg%ﬁlg?lg%% P “g‘.‘Y-&?ﬁa‘ﬁe&ﬂB‘%ﬁﬁ%

n-grans n@M)s Thedowerbrahcteof Fighlsepredeats satigtfedtiraesdedctioh Pratefiéng)r Anch
genergt es word N-%%fm statistics, .word cl asses and a class n-gram

| angdage Seemepted teriiname compprelliOag inpu 9 A meduleol39 for genpratingewordasgrango based

mappi g, SR modole 1269 Blratlifl iy ceiles TTRR s bl il he TN T
cl asses tthatorpas 40 segreeptedints woadees or naned entities. These entity

classes play an inportant role in 8 Cctober 2003 WD 00/62193
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In the language model training branch, the word N-gram generation module 130 is

-]

20  coupled to a word-clustering module 140, which produces and outputs class-based
contextual/entity language models (LMs) 152. N-gram refers to up to N words. A single
ideogram word is a uni-gram, a two ideogram word is a bi-gram, and so on. The word n-
gram generation module 130 generates word n-gram statistical data from the segmented’
text/name corpus. The word n-gram statistical data is passed to the word-clustering

25  module 140 to generate word classes and class n-gram data. The most common n-grams

are uni~grams and bi-grams, but other n-grams may also be practised.

Thus, the language-model training branch generates word N-gram statistics, word classes,

and a class n-gram language model from the segmented text/name corpus 110. The class-
30  based language model 152 reduces storage requirements due to the many-to-one

mappings. More importantly, the class-based language model .creat_e.s word classes that

associate proper names or named entities. These entity classes play an important role in



t he decodi ng nodul e 200 for di sanbi guati on of nanmed-entityg @aio8805dg@s. The
trai ni ng v e0162193 ncl udi ng nodul es 130 and 140 i s appl i cabl ect/echndozea
contextual nodel and entity nodels. The nethod of estimating the
probabilities cf word sequences is appli,cable to the generally shorter
sequences of entities and |arger sequené s such as sentences. 5 The

Shate) ol decodig i8Il 200 T Mk mbig R AUARR AP b Bl T idif ) ©

](c:or |tous asranghiin b chdindge?wdtﬂcstf lmm'tdl;] Bitis aptapiioabll‘__ststbé)o?ng ic?memaishbdtl_amﬁ%ntiﬂ]hes e
eatures cap,be_use ef i ne, e Y. or syggesting nanes

| at er. Tt?é"&é?' Jﬁﬁm‘heaﬂ%%@% &H"ltpf%bﬂé@? ﬁ?s“mgé?ﬁwwé%mlmh%&, and

entity-enge gé’tfeéﬂg)ﬁﬁdrﬁﬁ Sedieh&s A lehlies azﬁq%ﬂ%gpégqﬁe&g& SHEX éfsr?gfegféé. sts of

proper nane d the FSGs 150 for each cat'egory or entity. The
entity FSGs 150 is a lexicon including the extracted features of entities.

Ref ' | he. .d di dul e 200 . ncl udes. '
conot r uctTiE S Reetirs sRaciopanng e 120 pipcliedt el RS 3RAS kg e o 230.
The text/g@ﬁﬁﬁlas@gs&)as@. The kitiile 120 dﬂfz&k@&&isegne&e%ﬁ:ﬂewx?ggtaﬁe dat ef0- A

system | exi con 240 and the entity FSGs "150 are also input l'attice
const r uc testractohie feat@e of therentityecostitients. Thespufestaresfaan bexaebtoedefedthe

e Bont EPEGE 5ol SRR el WS, o bR a R R T
stat gt i (‘eaﬁgd@@:ﬁﬁﬁhnéﬂ?dﬂ& entdglbnd ] Ardesttitddtidrsihbfie TIRGASAIe TR0 WRkeSP

produces and outputs the segnented text/nanme corpus 250. The decodi ng

modul e 20Btyeipreperanmes e buidd thefoRGhl50sfon eeshceategory wo kisdaf eatitya Then a
poss bl & ERGRRT IR0 it Eicieop TR UARE LI SRR Akl AFBNE. 0% 0 possi bl e

nanmed entity boundaries 25 and naned entity classes. This is done using the
| attice constructor nodul e 220, dependent upon a system | exicon and the

entity Fdeferring tofiig 2, sthe decedingmedule 26} ingbidgs a lattioe penstryctar madulardd from

Fini 15 o1 SRBR S s gecathl ol 206" 0 R oy A s T o
al | possilattiee consingtorangiuie?2C: Afsybtbm lexiodr D46 and thepuiitisy BOGS NS0atendlso a dat a

structure call ed |attice according to_the starting character of the
vords.  ABPUktpithelapice opsigncrBAdYls #39. Ber e ilingse Janeuags, dor exssple.each

descri be ;3.4 4-08- SYRGC: [ T = AX| i he | at ti ents’

time | nt dooomrdn ohEARRR Y dored s BBTcod iFy Sy Sontfinl THEEoRERRSF

PCT/ S@9/m6di? 152 A and entity models 1523 are input to the statistical decoder module 230. The
20  statistical decoder module 230 produces and outputs the segmented text/name corpus 250.

The decoding module 200 processes text sentence-by-sentence in two stages. Given a
ideographic language (e.g., Chinese) sentence, the module 200 finds all possible
segmentations of the sentence and makes-hypotheses on possible named entity boundaries

25  and named entity classes. This is done using the lattice constructor module 220,
dependent upon a system lexicon and the entity FSGs 150.

. The lattice constructor module 220 reads a sentence from the text/name corpus 210.
Using the system lexicon 240 and the entity finite state grammars 150, the lattice
constructor module 220 generates all possible word arrangements of the sentence and puts

30 them into a data structure called a lattice according to the starting character of the words.
A lattice is a two-dimensional data structure often used to describe a time-synchronized

process. The X-axis of the lattice represents time intervals, and the Y-axis represents



11 individual sanples. For the case of Chinese segnentati®fcRBe: it ty

recogni ti onwoldagzigsme intervals correspond to character ord &5 bEb/&oB%]
sentence. Sanples correspond to words starting with the charactsers. e

| attice for each sentence is output to the statistical decoder nodul e 230.
5 Using the produced lattices, the nodul elR200 then conbines entity nodels

152B with . I del 152A.in the statistical decoder npdule 230 to
deci de wor dﬁ‘ggﬁiégsré%ﬂﬁges Eﬁﬁ%ﬁf‘i&é@lﬂgﬁﬁ%@ata%ﬂ@@m& EenogRitivnathe tintke |
152A and t interealsicbyrespaad|ts clfrdBler drders iﬁttl?etéeﬁfehgél s%ﬁ?ﬁ@%ﬁﬁﬁi{%ﬁ% goes

through all these word arrangenents of the lattice st
probabl e wHRBINg Vs therrbatactens) Eha latticedat exgbssntence inoytpulfeethps@aaRai Ng of

t he decodi repeats until the entire text 210 is processed.
Pr oper Narrg&()ggﬁiﬁbg%lt%%rgg Extracti on Naned-entity nodel -training processing

(1 ower %ranch of training nodule 100) of Fig. | 15 extracts features of
t he constibuenttﬁeyof naned entities. This involves the nodule 120 for

ext ract i ngUshBiths Prodycert latticesske modyle 2081kt qombinestentine models 152B witlsa

preferably | ' l.nase .l anqu .~d1 the, Chi nese | anguage,
there are ‘tzc\%@’%%rﬂs o qa%‘?g“ ?Hr%%t%%g%s c?@ .O%E't%aﬁocméﬂa’d&%‘%ﬁi%@m@@ﬁi c
wor ds ar e amhentity gategeribswiisits thelcbaekael inBdel diSAI 2Gahé S5t g%&j | 139t

predet ermi ned st.andards. t he ot her hand, dynam c Wofs%g? ﬁg.lg@?’ﬁgned
entities) Sgﬁﬂlﬁ% ‘{}ceéefffs? 8239 epesthroush all ghesh avard atrangamients of the laficecandor ds
i n thedi CHARNEE Yn | aR48; L ned..rul es and. word features. This
is applicable to og.P ﬁ?glgggv&rl{gt urag&aﬁﬁ%&;g '“}5%‘%@%’%’? %gjm NERS Progessing ofwher e
a syst em | thgidecodingiGodale 200aspaitsurmilithsémigt fxe D0 R8sy ds and digits. 25
In the systemaccording to the first enbodi ment, naned entities are
described in the followng manner: Entity =. Cont)* Entity- End (1) Naned-

entities cmﬂam,ﬁ@@ Eidifise E&trﬁ@ﬂﬁ%i tuents: entity-begin,
entity-continuance, an 0 entrty- . In a naned entity, entity-begin and
e tn';] ity- endq@aPﬂ'BEtIWgEOM}mﬂg\ﬁmgbﬁmg (im:vmb;ﬁhdhtcﬁfﬂ:fa‘irlﬁhg ﬂﬁjgi“gdgp %f Fig) éghe
ot her jzan rds Beijing.an i na each, are_a pl ace ober
00/ 62 1153 %&%@@g&m Qg gﬁf-’,‘congtxtuents gt]nametf entities. This xgvolves the module 120 for

extracting entity features. The first embodiment of the invention is preferably practised

~ using the Chinese language. In the Chinese language, there are two kinds of word in
Chinese text: static and dynamic. Static words are cémmonly used words collected in
dictionaries according to predetermined standards. On the other hand, dynamic words
20  (e.g., named entities) can only be formed at run time by the combination of static words
in the dictionary according to predetermined rules and word features. This is applicable

to a Chinese natural language processing (NLP) system, where a system lexicon 240 can
contain all single-character words and digits.

25 Inthe system according to the first embodiment, named entities are described in the
following manner;

Entity = Entity _ Begin(Entity_Cont)’ Entity_End ()

Named entities can have three kinds of constituents: entity-begin, entity-continuance, and
30  entity-end. In a named entity, entity-begin and entity-end can be the same. That is, the
word itself is an entity. On the other hand, the words Beijing and China each are a place



name and have two features: place-begin and place-end. The& October 2003
entity-contkydyphges can be optional or occur at last n (n>= P@gﬁéﬁﬁﬁ'ﬁ 29AS an
illustration, a typical expression is: Hongkong Asia Pacific Sate€ |‘{e
Comuni cation Corporation. 5 For a type of naned entity that is an

organi zation, the lexical word Hongkong ik assigned wth an

organi sati on- begjn, ration with an o(riﬁani sation-end and the words

corp ( )

Asia, Pacldfe? V@Itl“iotfgatﬁ??ﬁ- elrrbsenAndgilasg-end. (Fhe ensitizcontinyenasfcan be

or gani zat | §hidnaléd utaP &Sast o' GSROTLinKE! : nstituents of
each ki nd g‘?hnarred entit?c%la(?1 ha\Y/e t rég%gqsgjg%{rieasgygggg%ﬁés‘gﬁt‘?'ty
constituents are | exicon words, words in a | exicon can have nmultiple
features. Sone cases,..one rgd.can appear.in different types of entity
(e.g., perégﬂgﬁngfffb%,ﬁa@ﬁﬁgﬂﬁe%ffi H‘,W&I@ﬂ n CHORAPOR. i n the sane type of
entityst a different position. The 15 entity category and the positions

where the constituents appear in the names determine the features of the
const i t uenter atype ofinsmed ety that iBaserganizatidr, she lexival wordHonglionp issighed

types of epti nd.three types of constituent features, e total nunber
of feat ure@hb%x oggéé%ﬁon- 59’¥h§0’3f"[ﬁ{{9 S %Pf&aﬁ@amaviaa g“’f"m‘d%ﬂf'ﬂacti ng
entity feaPatifie SofellifeskdiOREMIMRILEHOPHIE the Wnld VA 6F GB&RziRntdhtindanck! St €P

310, the feature-extraction process comences for a %u ven lexicon and a
parti cul arrespastively. sEegrefore theepnstivenisud eadloking lof nsmgdrentitydtan haee theew pus
can beggor | zed as a list of naned entities. In this connection, a |list of
named entities 910 is depicted in Fig. 9. The "type" of segnented nane
corpus neans entity 25 type, such as people, place, organization, etc. In
step 312, named entity is read or obtained fromthe training corpus 110,
and the s cﬁ?ﬁarpﬁ’ge%}' GoRstityentssare lepicamwords, weordsdn ¢ lesticon ¢an hayeohiplei t y.

Referring o Id. ' -900A Wwi.th the nane, "Bai Shuan
Hu" is depi?g@e-%f I{Qrs{gfg? gﬁ’l@?&ﬁg %&faﬁlé%%f u&@&@rﬁfgﬁ? NS (e U1y (e BeF3r nat i on
poi nted tpladey ofgamizationrite)) apdieveein the sale trierofeatity & adiffereMpposittdtd The . | "
in Fig. 9) and the scag ing 30 pointer is then noved forward to the next
posi tign ofHRLFHCEaRHap aHIQAS Sphess the copstiuentsIpERan o the@ames determine

deci si on | r | | . F r.ent rd. based
on the " ponk Rttt of etdfifidnts P RanBl EftlS! Bedé b i RbioH, wil sen
the first Wﬂofcqnﬁmmd three types of constituent features, the total number of features is

7x3=21.

-

!

20  The processing of the module 120 for extracting entity features is described hereinafter
with reference to Fig. 3. In step 310, the feature-extraction process commences for a
given lexicon and a particular type of segmented name corpus 110. The segmented name
corpus can be organized as a list of named entities. In this connection, 2 list of named
entities 910 is depicted in Fig. 9. The “type” of segmented name corpus means entity

25  type, such as people, place, organization, etc. In step 312, a named entity is read or
obtained from the training corpus 110, and the scanning pointer is set at the first word of
the named entity. Referring again to Fig. 9, a single entry 900A with the name “Bai
Shuan Hu” is depicted. In step 314, the current word and its position information pointed
to by the scanning pointer are determined (e.g., “Bai” and “1” in Fig. 9) and the scanning

30 pointer is then moved forward to the next position or word.



naned entity. |f decision block 316 returns false (No), preOsesEEH03

conti nues aWOMHE¥Bon bl ock 320. OQtherwi se, if decision bl oP&r/3¢:e/402ur Ns
true (Yes), this indicates that the 5 word is the start of a naned entity,
and processing continues at step 318. In ep 318, the feature
"entity-begin" or E-Begin is added'to this word in the |exicon. The entity
cat egory l&&éﬁdxdmﬂ/bl@@kgﬂmm&féc ¥ i RN the
exanple of Fig. 9, —an ent r%ar e S&IEB%MM%&F&%@%&Q%%&% 0is
gi ven the pesitien mferopgignmofiks ward lpéhesemit;s bnmglprodésmdemshmﬁrstlvmid@ﬁﬂid nues

at the decisio CISIO 320, a check is made to

det erm ne CR llil“tg‘r if%tmwl@o%fff &g’lﬁo?mc?%’é‘gr?é’ﬁ'ﬁﬂu“éﬁ@ degisioBased

on the DOSbrobmzn nmﬁdmﬁseom@&si’om:lmrzm ;@ninmr@@wgsy r_{iﬁllﬁtﬂcﬁ { tﬁﬁﬁed For
a

exarrple if a second entry in the list 910 of Fig. 97si e nane
"Bai ", & PWORisithe starof asiamed gntiey, b@dmwmgcﬁomauesm.stepédtsr;mmpmef théi g.

0o 5,3 ARGl Reh 6% AEHSORA Byl DBl S RSTR il r»?”.ei Added

to the V\ordategoiy}in“mﬂ deregmied b rme?g StraiRinglcbrpy, Id 1R
word. Otherw se, |if dyclsmn bl 5,ck gﬁ?gturnlsn%trtlje (Yes) e& }@ﬂ‘ g 't he

word is thé‘1 F%FEYE fagBaj n‘ntthﬂe egieoptlP10 pf Bige d 8 iingiven thei faature B-Begneﬁoram I n
t 324 th d th
zygfem I ex con. g%rng: ?&%gm%ﬁeﬁgﬁn%@fﬁﬂ nues%glﬁ%&ebgg%%o%?obl ongB)rZG. ! Inn ©

deci sith bl ock 326, a check is made to determine if the end of the

training c s.110 has_bee reached. |If decision block 326 returns false
(No), proc &W%@HF&H%@@ ok {sopadeyt determaneof the Clﬁ%ﬁﬁéﬂfoﬁtslthsdals’swnshdf

from the {y eﬂgznﬁéf B dot0he EhAGENMnIGrmAtion B Sl 1?1|t3§ gnt%g%gfnegggr ns

true (Yes), feature éxtraction processing term na es In's
rai ni ng Prpweessed.oFoiVesahple Tifa secandrenmy oot it St 0P Tig. Drﬁﬁﬁlif)haﬁfthEhﬁmel S

P g ol BB P Bt o e g, J
gener a3 ond@momeroekebu%tefﬂs&msggdt | ?oc_efs@ng'cféb%tmﬂéﬁafgmg{] 393, Cogf‘e{paﬁ[zggm

nodul e 130 goes through the whol r |n|ng orpus 1
appear ancefesture,t¢ndity-continuencelsor BHenhiscuided fbihe saird ahdpreessing domtinuensti es

'n 8 Cet ob!etr 309 %r ng:g/ 84 %gtg’wgr%w&gg r%{-lgg 1t2 c?ecision block 320 returns true (Yes)
indicating the word is the last one in the entity, processing continues at step 324. In step
324, the feature “entity-end” or E-End is added to ,thle word in the syster: lexicon.
20  Processing then continues at decision biock 326. In decision block 326, a check is made
to determine if the end of the training corpus 110 has been reached. If decision block 326

returns false (No), processing continues at step 312 and another named entity is read from
the training corpus 119. Otherwise_, if decision block 326 returns true (Yes), feature
extraction processing terminates in step 328,

25
Training Process for Models
The training module .(upper branch) of Fig. 1 is applicable to both contextual model and
entity model training. The training module itself can be divided into two parts: word n-
gram generation and word clustering modules.

30

The word n-gram generation module 130 goes through the whole training corpus 110 and

counts the appearance of adjacent n words. The module 130 calculates the frequencies in




14 the training corpus of the adjacent n words. |If n=1 f @ osBherPoa@s, the
nmodul e 130VOiM6R193 counts the frequency of words. |f n=2 fopChisGgem the
nodul e 130 counts the frequency of word pairs. Simlar processing applies
if n>2 5 For a fixed nunber of classes in a word list, the automatic
word clustering nodule 140 perfornms a rlrﬁny-to-one mappi ng of words to

cl asses, [ Si N | il eg . Of . Wor ds, cont ext.yal.

tati ot Gaf REAEE Vord BT heRiceRt plorh °F uf o UF-4BIE e SRR 1 sty

di scl osedobnts B fr@jucachaf wordsHif a+dfor biiigraths, weé maddle30toBaE HheREquency

" Bui | di n% cl ags-. based, | an uas%%rmpggl s.with contextual statistics”,

Proceedi My'BR PRER Pr‘%ﬁS. apRiies # > 3eat t | e Washi ngton, USA, 1998, the
di scl osure of which is incorporated herein by cross-reference. Referring
to Fig. 4, a flowhart depicts the processing of the automatic

wor d-gl udioe pifixgd npoer of dases Hrewad listcthe stitomatiy wordaohsséring modalens@s i n
step 410 using word n-gram 15.statistjcal, data, from nodul e 130, as_input.
pr of or abiPoe & Fiagy A 8oF MapBin.Sh verds I Flasieh leppRdenbben esimilsitissoh 412,
given a R WotdsS bortBeuiineatidtied ShRmhAGH e d’ﬁeﬂﬁb@%?%rd ugﬁéﬂ{xﬂfs are

selected fromthe word list as seeds for eath class. For exanp e word
list prdissiosed by BahShuanbughi Hezhow ldhiwei andeYpareBadsheng, fBaildingtodassN of

cl asses i f er abl 00.., Any of unbey of techni be practiced
to sel ec?%%é@gg_##gwgﬁ%ﬁmgm ePé‘?‘Efﬁ&’}‘,gs Pﬂﬁmgﬁi %Rlp/?s sort ed
by u0- gn6) Sdald WakkisigRACUSIAC 1698,thé HRGSIE of WHES SindirforiBlutfeharlbgs t he
seeds. Alternatively, bi-gramstatistics can be used to tleterm ne the nobst
frequent CResgaefgeenge. seeds. Still further, the seeds can be manual |y

sel ected. Other techniques of selecting the seeds can be utilized w thout
departing from the scope and spirit of the invention. 25 In step 414, a

word is M&ﬁhgdo Figom) & Rowehire db;]bis{fs the pﬂm\:@sstn@hcst&hé Berofilafls wRTdcludferinBe case
of 80, 000 r ‘%ds the word i s selected fromthe remaining 80, 000-N Words),
%‘d t

and the M Hhe werdcelpstgrng peicessing cammencesdnstepdd 8 usingsrardakgram t he

bi - - Sty . I 416,  the si,n l.afl of
Che Lo o WRre HR fom meRCLI0 & e iklertly SHE Bratad sl e €l ¥
statisti bivgraind. afntstep 412 gives anesdd 1kt hd B predeterminéd AImBeray epslagks, N
conparison, ,the npst . simlar class can be determned. In step 418, the

sel ect ed WRsAYaReseleged fram theronddist as seeds forreash glass.aFer exampley the wordrlistn dat a
s mer gedrath Bl st lndE G006 RoPdsdnd e bredb A Rine hutnter MO 2003

preferably 1000. Any of a number of techniques may be practiced to select the seeds for

20  each class. Preferably, the word list is sorted by uni-gram statistics and the most frequent
N words are selected as the seeds. Alternatively, bi-gram statistics can be used to
determine the most frequent N words as seeds. Still further, the seeds can be manually
selected. Other techniques of selecting the seeds can be utilized without departing from
the scope and spirit of the invention. '

25
In step 414, 2 word is selected from the word list from outside the classes (for the case of

- 80,000 words, the word is selected from the remaining 80,000-N words), and the n-gram
statistical data of the word is obtained. Preferably, the bi~gram statistics of the word are
used. In step 416, the similarity of the word with all the classes is computeti using the n-

30  gram statistical-data to find the most similar class. After N steps of comparison, the most
similar class can be determined. In step 418, the selected word is added to the most
similar class and its word n-gram data i;s merged with the n-gram data of that class. In



WO 00162193 PCT/ SG9/ 00029 15 decision block 420, a checkg hsioRBONd30
determ ne moohe2ipast word in the |ist has been finished, ipaysdebiosdb of

t he words have been put into the classes. |If decision bl ock 420 returns
fal se (No), processing.continues at step 414 and the next word is sel ected.
Ot herwi se, if decision block 420 returnslfrue (Yes), the word clustering

i 5.t . 4 T d cl| h
Bor r e ponderiiop SRS shBcl g 18 dehp i EEhE 195 Piord i the Bt i deres of
naned ent ifinished Ciad il 6fthe Woeds @asrerbeaiﬁﬁﬁﬁfoathemsﬁe@ﬁd%&??é%@@ to the
C

| exi con for automatic word classification to create wor asses of these
proper nafesmsialseNe), prasessies entiaupedtotep 4 Hendche nedgnerdinsdienedt age, so

that stati ds in.th ontext of the training
corpus. 110 s, WSBIB0: 220 IS BB e, 8 ol RO RE proesting
cal cul st | eerminstecihistepM22r the automatic word clustering process, nmappings

between the entity categories can be built with some of the automatically
created cl asses in which the representative seeds fall. 15 Using the

frarrework mg{é -be i1t L tr 'ﬂin t he
nodel s WI g@%rren Eghanggrréb@fl y&JcBgcra{;e rgn%l?)é)&laf’be @/ﬁe ﬁe spar se
data pr oblceﬁegomémf mniedrmtmes oy bk seleosdidedsiraygresenehitive séddd aﬁ&%ﬁﬁ&ﬁmﬂ‘&ed ass

n- gram no ere the er, of . classes is puch snaller-than the nunber
of classe ﬁ“?ﬁ’e‘“&é’mf sragsficatipniggesate ward ¢1é%seegﬁf§smp@mosen a

| exi cop aﬁ%@ﬁuh%%@lﬁgfo‘ie hﬁﬁﬂﬁ:@%@%\%&g&ﬁ&%&a ém s%ﬁsﬂt{}ggnfgé:ﬁ% @ﬁc? n the

scape of the [exicon, the possi arran can

be found lthese srdrimthe pontexteofebertraining @hmsauwmbﬁmtﬁmﬁcdtﬁmgfth@%k&ﬁﬁx-t 0
right; the sub- on the left si cnbe mat ched mechanically with the
| exi con. ét’ ﬁ‘@ﬂb?ﬁfq{@%‘f BRpSesst BHEpmaLs Word custeringroeesd wher e

all the W%Eag) PRECR S f {gmg rocessing
wor ds out si %e system ?/%i:a% ﬁégr y&%ﬁﬁgggfwﬁg’g{eﬁ% xégfsen?ences
(such as wuesatadl classes inowhich themepreaentativepdeeds fiie entity suggestion process,

V\/mch1 I's the reverse process of feature extraction, suggests nanes by
goi ng %hrough the word lattice obtained in the above step, conbining al

those | at Ushfy thb GaaiwortioF B-gritf théifls ety thodbls EdnBuitt BY Fraining the models
with the segmented name entity corpus 110. To deal with the sparse data problem, the

" automatic word-clustering module 140 creates the class n-gram models, where the
number of classes is much smailer than the number of classes used in the contextual
20  model

Lattice Construction

Given a lexicon and an ideographic language sentence with words that are within the

scope of the lexicon, the possible word arrangements for the sentence can be found by
25  scanning the sentence character-by-character from left to right; the sub-étring on the left

side can be matched mechanically with the lexicon. This is one of the steps of building

up the word lattice where all the word arrangements of a sentence are emumerated.-

However, processing words outside the system vocabulary or bigger units in the

30 sentences (such as named entiﬁés) is not as simple. The entity suggestion process, which
is the reverse process of feature extraction, suggests names by going through the word
lattice obtained in the above step, .combining all those lattice elements with the features of




WO 00/ 62193 PCT/ SG9/ 00029 16 which can-satisfy the finitgoshBéedsammars
descri bed wpdosemsl a (1). The suggested entities, together poirisGsdoms

possi bl e class identifications and associated entity categories, are added
into the word lattice. 5 The processing of the lattice constructor nodul e
220 is depicted in Fig. S. In step 510, %rocesm ng comrences to build a

the 11 ret vEicH d BusTIERER: ah bR o B AN (T i Rerded T oo 1 <

set at aemitigsetogbthér witheheihpsaitle tlappideitiicatibal @t &Bodibed th tda&%ones
character of a sub-string under consideration, that is, the first

charactera@fmﬁ@@@m%wel@lamﬁé first frame is selected as the 10 current
frame in which words are to be put. Wth reference to the exanple of Fig.
11, a character pointer is directed to the first character "Cl" in a
char act er The prowssidghef fhedattice combericios nibdple20ds depibied.in Fig. 50ilAkteps 18] t he
first frane. Dashed vertlcaLHﬁénes indi.cafe the frame boundarjes. 15 In

step 514, P’E‘?ﬁ’@’*%ﬁ’%’?&?""ét‘? v lqmcef BASERIENGSo| barstap 312, ﬁﬁ’f‘l%lﬁe"&fvm th

t he syst egh; firkﬂg]aﬂ r E I n
Fi g. )1/1, V\%ﬁ% s are 1 ndicat r&ﬂ?ﬁé ngenflgﬁs)c{ﬁ#er%%gémw ng he c és?%cters
"Gl oand &0 valls of Ee%echmeﬂeypomterimﬁ@teﬁhestaamgi’:himwerwfladabmmder nto
the word | att eat the i.n ositipn. Al on candj dat.e words,
their wor & that is, the gﬁf glg#aqtgraqf?}f;%ge)nteé}qg ﬁdpﬁtﬁf%ttrh"’é%ﬂ 1sisplegted@s tith ar e
20 pufg i ”E&r&ﬁteﬁ'dﬁl{ &%&%ﬁb@&dsh@ﬁ%@@uﬁr’l%ﬁtﬁﬁﬁrﬁfi@ t%%@é dﬁ‘iﬂié‘h??}%ﬁl”@;’gd

forward to the next <character in the sentence, and the attlce
i ncr easedclm,raqmr pmmtbem @rantedtﬁodhkﬁm@haractexcﬁéﬁhnuschWrm@t'ﬁmﬁmnei f the

char act er ac L he en the cu nt, se nce | f d ci sion
bl ock 520 aé%ﬁtgmgi PopiDg g?rﬁ;mcigﬁ @g‘egt %‘?‘@é} fie
next char ﬁgj]ﬁrbdlﬂdéﬁ@g sent ence. CI herw se, if deC| si on bl ock 520 returns

true (Yes), 25 processing continues at step 522. In step 522, nane
suggestion processing is carried out on the word lattice. In step 524,

ugoelt oft BrBodx BB eRIARE’ 858 skfind REmAREbARAF i mBlEa B3ty Aemmmonces

in 30. Stdicdhltd. Md@ﬁ%&&b@%b—@nﬁ%ﬂéﬁd&d&@@%&@ EIﬁFlg?‘tllVﬁthﬂoﬁfs ake POiNting
to the first frarre of the word lattice. In step 614, " a wor d pointer is set

at the fiinslicated in the firstdrame hasing thepharacters i KoandiC 1GR3 raspectiviely. tInstep

Surrent Waig, Shififfare RBRs 44 Al itd thk Worh frrick hr thd B ¥PLp AR Hiong whnhé OPe"

candidate words, their word features (i.., entity features) and statistical information are

20  putinto the word lattice. In step 518, the character iminter is moved forward to the next
character in the sentence, and the lattice index is increased by 1. In decision block 520, a
check is made to determine if the character pointer has reached the end of the current
sentence. If decision block 520 returns false (No), processing continues at step 514 for
the next character in the sentence. Qtherwise, if decision block 520 returns true (Yes),

25  processing continues at step 522. In step 522, name suggestion processing is carried out
on the word lattice. In step 524, lattice construction processing for the sentence

. terminates.

The name suggestion process of step 522 is depicted in Fig. 6. Processing commences in
30 step 610. Instep 612, a frame index is set at value of 1, pointing to the first frame of the
word lattice. In step 614, a word pointer is set at the first word of the current frame,

indicating that this is the current word under consideration. In Fig. 11, the word pointer is
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“a". I'n degbvverehl ock 616, a check is nmade to determ ne i}cf,m?){gent
word in the lattice has the feature of "entity-begin". If decision ock
616 returns fal se (No), processing continues at step 624. OQtherw se, if

decision block 616 returns true (Yes), processing continues at step 618.

In step 618, . ! ; ' d .appl yi ng. i ni t at
or ammar s (PRgSE et ootBal S EHF  y eifoR nlockps, fchess Bedeta ng
frames. Thieterntinelifiee yrenk p@rdlimgie 468 kddehe Riahiry nbe&itﬁy-bégﬁ:g mjfﬁaéidnooki ng

at the next character/word until an end feature is encounter
expansi on Hedkaekeeturs e (No).orepessing contitliegat step 636.aMthagwiseaif detision

expansi on , j hat the e nsigon failed. 10 In
oot 5 on 1K ERERsrns e PPAT prlEaRIBobIRes ek S78, T A b T e mrat
successf ulwordfis egignided by applpins file stae mi@'@s%micaﬁﬂ%ﬁ%@aﬁgn €QRs i nues
at step 624, O herw se, jf  decisiop, block 620 returns trué (Yes

pr ocessi ngdiasRRs Words in fo ames, Fhigisdompby expanding fiam thesntitgbegine)
ted : WaJa Th d 15 b
more. ¢ han TS B Iokicg e e PRt b3yl h ¥ BT el SRR e 10 O

begi nni ng expansien pfadaces. onBroo aess ientitytcandidstentrhedniisy fhiat the@RpAdibn subceeHaD
624, the word pointer is noved forward to the next word in the sane frane.
In deci si%ﬁ%gﬁﬁ%?habm&ﬁ&@s?‘%n ¢t to deternine whether the word

poi nt g has reached 20 the end of current franme. If decision block 626
returns false (No), processing continues at decision block 616 to check if
t he (next)Inwdecdicndlesk G2, atchedkeiginmdeltd detleonmedfithelexphknsfotfis su@desstils IFr ue

Yes), i ' deci.si on bl ock 628. In decision bl ock 628,
Cheok i & reaeRs ok 820 feiims Plse (o) pogsmsing cominses o iep oas: ORRATMSeOR (he
word |att icreeisidﬂ‘bloassi@ieaﬁnbﬁeegéﬁgﬁgs&zggfng%ohahﬁ éﬁ 628" ﬁ?&é@ lesgﬂ,gy one

continues at step-630. Instep 6 rame I ndex T's i1ncreased
The cur r ernew wargs)s (ase) geatsd ard addedrat the heiginngmgiof the tchaentrfeathe. oTlkeere ooulhe

| attigg. Rrocessing then centinu at , st 614. O herw se, i.f .decision
bl ock 1828 BFARe A pRrpe BEsey ' For ach sniit, Sréatn A WOH athe heainping phthe; op
632, the rfafRe. PrEeRE theh BEQES hided 62471 nates. The output of the
processing of Fig. 6 is still a lattice, but it now contains nore naned

entities (e.g., person, organization, place, etc.). The 30 suggested nanes
' the lathifs & RS YoiAbAl didved thivida o B 23 wosh IR B8l BhmiOtn 2
decision block 626, a check is made to determine whether the word pointer has reached
20  the end of current frame. If decision block 626 returns false (No), processing continues at
decision block 616 to check if the (next) word is an entity begin. If decision block 626
returns true (Yes), processing continues at decision block 628. In decision block 628, a
check is made to determine if the current frame is the last frame of the word lattice. If
decision block 628 returns false (No), processing continues at step-630. In step 630, the '
25  frame index is increased by one. The current frame under consideration is changed to the
next one in the lattice. Processing then continues at step 614. Otherwise, if decision
block 628 returns true (Yes), processing continues at step 632. In step 632, the name
suggestion processing terminates. The output of the processing of Fig. 6 is still a lattice,
but it now contains more named entities (e.g., person, organization, place, etc.).' The
30  suggested names. in the lattice may be indicated by a flag, indicating whether or not a
nanie is suggested. ;Alternatively, if a flag is not used, a suggested name may be indicated

by each suggested name not having a class code or a class code that is equal to zero.



nane is suggested. Alternatively, if a flag is not used, & Ssggssiged nane
may be indivtaf¥%y each suggested nane not having a cl ass eoODeGS0gaeC! ass
code that is equal to zero. WD 00/62193 18 8 Cct ober 2003 PCT/ S&9/ 00029
Statistical Decoding Traditionally, a l an%uage nodel assigns a probability
value to each string of words, w = wl w2l . “w' | taken froma prescri bed
vocabul ary. The statistical paraneters of the 5 words in the vocabulary are

obtained fromthe training corpus. This is applicable to the process of
estimat i nMﬁiﬂﬂabi lities of sentences and the probabilities of
naned entqt.i tence IS processed, w, indicates words in the
sent ence. iﬁe pr0§|»§ﬂqa‘?$“§§€gw§§ﬁw atm%bajigitﬁﬁ’abﬁm@mhﬂd;@@fwmbd string
wl w2 ... w=swiWhenya (¥ 4 sse w, ..indicates constituents
of a naned entﬁlzy. "fhe pr of)rlﬁre&rgr%s}senltbﬁgr‘{gé%ﬁe 'iﬂg?éfa%“ctahéa‘jameﬁﬁfsﬁf@sabi lity
of theScommonds irethe voe @re@bldinb&iﬁ%upfﬁéﬁﬁaﬁ)d" ' | d.as the |exicon
paranmeter of the entity. Formally, using t e1c$t§ésggdu§i ﬁfﬁdﬁapﬁﬁﬁgkd@ del

f or mal i smPIPERSS pf estimmting bpthothe prohabilities tof semenwes and eicprobasiliies dftlanfiys: 15
P(w _ fJ &8%5 Iwﬁ'-l) P&le l. c;g , 82% .=1 where c, represents a class

i dentificatron, 1 # SPRHFRECS Processed ¥ dedieatesswordrdndhnsentence) Theprabl@her s,
and p(w I LS. the.lexicon .par ters., In the statistical decoder
modul e ZSdsgqésEmgd.te t?‘,g-’?lﬁgpr@ggggg'sgg‘;%r‘i%@%% Yetz ad’apr When aimathedzntity i20 t he
vocabul ary,.i d s _dynam c, nsequently, the newly suggested naned
entities i’% %&ﬁgee%g\%r‘ﬁ%f:gtﬁmgqsﬁgepts&%omdﬂgﬁbi Eb@ﬂmbilqnh)llsuhento estimeger | es
fall fTotoprigh P r'ﬁg@l ses. Among. al | . these word cl asses,
only those a‘@ggg ir%l%aggxt%o? ﬁﬁnéame &lét?ﬁseﬂﬁ%g’ agﬁéﬂﬁfpfeh#ts'@msw g the lexiconor d
| atti ce olpesimeter ofitheredtite | atti ce constructor nodul e 220, the statistical

decoder nodul e 230 estimates probabilities of all word strings and all
nanmed entities and finds the nost probable word string and its associ at ed

word cl as FofRAIUE isia He [ find thjs st ..prohabl e
sequence. " Pref ér abl )g/ ga%%ttgr%?mse% (?%@é?loélfgﬁf@rﬁn ‘S%@H,Pg&é’mpgﬁé@fﬂn Fi g.
7. In st eBrpEOY isrlescribssi asgoliowsences. In step 712, the frane

15 Pony =T 1 ptc, lew)ow, |<,) ©

=]
- where ¢, represents a class identification. The term P(C, |¢,.,) indicates the contextual

parameters, and p(w, |¢,) is the lexicon parameters..

In the statistical decoder module 230 of Fig. 2, the classes are regarded as prescribed, and
20  the vocabulary is regarded as dynamic. Consequently, the newly suggested named
entities are new words, and their classes associated with their categories fill into one of

the prescribed classes. Among all these word classes, only those associated with named
entities are of concern.

25  Given a word lattice obtained from the lattice constructor module 220, the statistical
decoder module 230 estimates probabilities of all word strings and all named entities and
finds the most probable word string and its associated word class sequence. There are
many ways to find this most probabie sequence. Preferably, a Viterbi search engine is
used, as depicted in Fig. 7. In step 710, processing commences, In step 712, the frame
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for the fir@Dop6aIP8, indicating that this is the current fraper/saosisohe
consideration. In step 714, the word pointer is set at the first word of
the current frane, indicating that 5 this is the current word under

consi deration. In decision block 716, a chbck is made to determine if the

current wo L5 Loeti uggested tity.  If decigsion block
716 ret urngﬂfeglqssge&?f\é))e%‘m%g.gég%s@%g? g(/:'y{ofyn |hue§cag?’gstﬁgﬁh‘§%0'fhelcﬁn§9 %0, the
| exi con pundeizohsidgration.a of the word is obtained fromthe contextual

| anguage nodel data. Processing then continues at step 722. O herwise, if
deci sion block 716 returns true (Yes), 10 processing continues at step 718.
In step 71 | : | dol ' ' timated.framits

cor eapondi e B e W1 PEBRER, cet e ik orl g o cclbns ARl Rl Raring R

Pr ocessi ngthihisrthe ourrém vexd andertoepsidedtionily dedidion Hivkk 718, @ Thédkeis made to

probabiliti,es f.or .a,nunber, of words in three lframes. To _sirrBfIify t he

drawi ng, eSEHTHBE M the CPEERtIRQAd R theattics isp newly uggested eutity, Hrdesisionchlacked
probabilit Féturnd FAISP(N A2 i g i hed. . find the
opti mal prgcl:ﬁedi ng ;’501” acecﬁf pr\;\%?% angfﬁ%éégdggﬁaad??g' ;%F%??rbb’t gletl%’éltcoﬂor dis
created. Thrababidityidata of thefwond is bbtained tfrqm theadvntextiwl langhisgengodeldiany at t he
current wo

d_and i and ize.th d’ babi tity. Und
the 1 or mal e oinehed Epmies of fep P22 tivne, it dection Blonk 738 irbumms tivg (169),
endi ngi@t bf&e?ﬁ&fﬂuﬂﬂe@&ls%ﬂl@. VRIS 7@9%&@&[&5[9%9%}1&2 ' gﬁfb%ﬁgget e

current word, its preceding adjacent words are co ris
created toefisaied from itsecarmesponding ertity enqeielsamdenthevformalisst efEqiRiong2) ot

Find the conseridiBed comliel B 0 72 B8, 17 Birriton e foufieior a heibar ar 1 <

moved f or weoetstia thide fragies. WorstnplfyiRe AWALRAER Ybrd &'t ted Gy 21
processi ng of the next word. Inplggci sion block 726, ae@%ﬁq?ng(fgkto

det er i ne fifcle Mathcan-asseriated pepbgbility.er is pointing the end of current
frame.q4f decision block 726 returns false (No), processi.ng continues at
deci sion block 716 to process the next word. therwi se, if decision block

726 r et ur nkn-86p 722 ahd dendxtusliosds & Apliedrs find e @ﬁﬁﬂhﬂ?}&kmg%gehnt?%&fd, In
deci si on bl o[gg 728, check is mnmade to determne if the |ast Trame of the
lattice ha¥ltBRFkosg nataterto thaswosd iscreatesh KTTizds done to find the most probable

sub-string ending at the cuirent word and to estimate and memorize that word’s
probability.. Under the formalism of Equation (2), the probabilities of the sub-string
20  ending at the preceding adjacent words and the probabilities between the current word

and its preceding adjacent words are combined. A pointer is created to point to the most
probable preceding word. Step 722 is not performed for frame 1. The word bi-gram
statistics are preferably used to find the conditional probability. In'step 724, the current
word pointer is moved forward to the next word to begin preparing for possible

25 processfng of the next word. |

In decision block 726, a check is made to determine if the current word pointer is pointing
the end of current frame. If decision block 726 returns false (No), processing continues at
decision block 716 to process the next word. Otherwise, if decision block 726 returns

30 true (Yes), processing continues at decision block 728. In decision block 728, a check is
made; to determine if the last frame of the lattice has been reached. If decision block 728
returns false (No), processing continues at step 730. In step 730, the frame index is




returns false $No), processi ng continues at step 730. In s epobaz003he
frame i nde¥Q®/681%xt ober 2003 WD 00/ 62193 PCT/ SG9/ 00029 20 pOTrsveasyrs by
one. Processing then continues at step 714. O herwi se, if decision block
728 returns true (Yes), processing contiﬂg es at step 732. In step 732, the
backward pointer of the nost probable d is traced back in the |ast
frane, anthcréasedby dnseBieesthe tAbA coitinuky ai t¢ Iof sar e, then
out put . Ig gi dl\?Z this is igndi cated by t%‘p?ﬁcgﬁgrg{rsg’olgggggpﬂgmﬂnodes
havi ng pr 3 15 frue (¥'ep), procossingicamtigugsatistep 732 do stepr’se, fhiedaCioward

et nvent e SF BRSOt B bl BHBRbE s e Tt Bivpecaon ha word savncec.

gener al - pamdenity infopmation, $fumynarerthéd Qutpdt. TnFigant Eﬁik‘isqgldicﬁljaﬁ by 83@?%“9 or
oftware, ’ or mput er

10 fu tionaliﬁ%/ of Fi gs. 1-7 can be_.lgl enented as s

progr g} AQWR Betieen gRdevhavingRygbehilities b6, 7 land Oct inghofiess hreé Games, or
t okeni zat jd3Pectiveiyh ' ki) an i deographi c | anguage are
ef fected byﬁ? nst yug}?gﬁgﬁg%ﬁﬁtg#ﬁ%g%%ﬁa%%gﬁ%at are carried out by the
conputer. The software nmay be inplenented as one or nore nodules for

I npl enment t he.process. steps., A nodule is a part of a conputer program 15
that us uaﬁ%e'ﬁgﬁ’q‘&eﬁ?‘ cgstbg}qvpemlhgr epgeferablinineplemented wsing roomipmter, suthae, as
descri bedthelp@n&hpRgbesS RS nGa ackaged, f.unctional

har dwar e uni%? for use W LR of hep%gg?ﬁ%nszgltngp%ﬁc%d egjé".’ée.s?’ﬂgﬁérticul ar,

t he sléf t wlunctionalitshef Eigsr bd cambe implemented dseadtaats om@bhhﬁhteki}?dogiﬂﬁ,ng the 20
storage degvices descri bed beb%\év. ‘I;Ee software is preferably | daded into the:Z;
conput er TA-SHHRERR TG famRter, Jhe mFtaod, e proseaisteDs her-tokenization andnamedt he

conput er . epfitf RFB b I i put er readab medi um
havi ng suchtgoft%rﬁgnc?? aggde??n@guter %a§g%%g€%é% e,"%ﬂg‘f‘{mﬂﬁﬂlﬂt‘eﬁ%
carried diitasy caried eptbyithe ciimpuiere Tife sbfisvare oap be émplhRata Ay Y alork N t he
conput er l ffects.,an advant agequs gpparatus 25 for tokenization
and namaqlH é@%@%‘é@%@ﬁnﬁngﬁﬁe&m&?ﬁsisw g%aﬁlﬁa'élell%gaagéapﬂmau@opm with
t he dSbodharitsliwherfdiens ' 0, consi.st,s of the
conput.er 802, a 3\E/)llt,ec.'tleo diﬂgﬁﬁlgqgnﬁsfﬁﬁéfﬁ&%%%%‘?@ %ﬁ%.lbefln

addi t i on,hereiabeferepameduly cancis@boa packaged Girmtiynalthasdvwre0ait £ usdQvie Sk

out put de&ﬁhﬁﬁ ' i line printers, laser printers, plotters, and other
reproduct1 O iglgt\glﬁkggo@gﬁnect ed to the conputer 802. The conputer system
800 can be connected to _

In particular, the software may be stored in a computer readable medium, including the
20  storage devices described below. The software is preferably loaded into the computer

from the computer readable medium and then carried out by the computer. A computer

program product includes a computer readable medium having such software or a =

computer program recordeci on it that can be carried out by a computer. The use of the

computer program product in the computer preferably effects an advantageous apparatus

25  for tokenization and named entity recognition of an ideographic language in accordance
with the embodiments of the invention.

The computer system 800 consists of the computer 802, a video display 816, and input
devices 818, 820. In addition, the computer system 800 can have any of a number of

30 other output devices including line printers, Iaser printers, plotters, and other reproduction
devices connected to the computer 802. The computer system 800 can be connected to

one or more other computers via 2 communication interface 808b using an appropriate



one or nore other conputers via a comunication interface $68RpEsidtg an
aﬁproplri gggveouaﬁzmer 2083 WO 00/ 6.2195}. PCTI SG?ﬁ/ 00029 21t colr@q? ' pRAN
channe such as a nodem conmuni cations path, a conputer network, or
the like. The conputer network may include g local area network (LAN), a
wi de area network (WAN), an Intranet, and/or the Internet. 5 The conputer
802 itsel f cenmsmynisation chanek 834 suph es e ariden comirinripat{chis FRlhy a t6hphteR HetoRbrRS
a processor reinatter) 804 nory,.806 whj ch may include random accéss
menory  ( RAMT ﬁﬁk‘?'e ¢§ u't‘?éﬁ%i"{;’%f ﬁ&/y‘-‘,‘c ?q%{OFQWWBWQG9@%ﬁWemea
808a, 808b &ncp8fk | SieThtianbehh gjfﬁ’tlgnﬁ d one or nore storage devices
general ly represented by a bl ocﬁ g?{;thl n |g.E 8. The storage device(s) 812
can consist of one or nore of the following: a 10 floppy disc, a hard disc

dri , {O- ' di dr.i CDh- tic t th f
o1 ve, 2 ST SRRl el s R o RS ) O et oLy o
at Each of tjecesorieReniery864 ! Lmihiry méﬁﬁbﬁﬂéﬁymaﬁﬁ@%%ﬂ defesd Herbry ™" ©

of the other devices via a bus 814 tthat in turn can consiI st

a_d(cjir esz , alno(BeWB pod g@ds@y mbmdmgwhﬁgmphtln‘mﬂp?me) ?%&fdcas S(Gt:‘atlsosggg ?(yscg he
vi deo dis ravi des video signals . fromthe conputer or
di spl ay olr[: ?ﬁ‘é‘%?‘@gﬂ"&%&% BEr L SR ACVIES smﬂiygeplfr;gent%hmtb&ocksoz
can be provigiedn!Fi .merm%gggedbﬂee(&) Wéﬁ%ﬂﬁ&%on’é&énﬁf@ﬂpﬂ%’fo i

operator, can_use f{he keybo 818 and/ or a polnting vi ce such as 2
mouse 828 t dloppydiiscde herddisc digve, nanagnetnopticabdiac deie, TD-ROM| eaph@f tape or
sinmply provi r gl t Lyve. .poses and.ot her configurations can be
enpl oyed wit gfj‘@ttﬂ%eoggr’{#%é ??8% Fﬁié{lgec%?f@g%aﬁ”%eﬁiquckwq%éLPmlqddﬁ.fhe
Conput ers  vart, HEauhi ofthé bsm €5 SO 8921 BPicANPEbAfRtbd otk O
conpati bl es,, ope of the cintosh (TM f_tgrﬁnl' I yﬁof PCs, tgﬁ)hy g‘é‘r@/{’g‘%S o
(TM), a wor KisViees 313 abus 14 thatda turpiren zongissof dotaneddresspandedontrekbuges ar y  of
the types of conputers with which the enbodiments of the invention may be
practiced. Typically,. the processes of the enbodi nents, described

her ei naflfer , Thernddeceiitetfact 830 isedineared t®thediddoQipdY 8 Fl‘Pﬂfﬂﬁ'@vﬂgs @id@@rs%n%iss K
8)" as the conputer readabl e

drive (generall depicted as bl ock 812 in Fig.

medi um and fﬁ%’éﬁ“‘a’?ﬂﬁ%ﬁ‘& $49 fog display on thewidge display 168 dser inputtoroperate ehe

st orage of el | af .dat a. and ta fetched from

t he networ ktcBrra e%g%{:egﬁlrrg? Pis-(?}ég u‘gi Jr’% frhnég’r% lgﬁltadewces §6%6. o example, an
operator can use the keyboard 818 and/or a pointing device such as the mouse 820 to

provide input to the computer 802.

£

20

The system 800 is stmply provided for illustrative purposes and other configurations can
be employed without departing from the scope and spirit of the invention. Computers
with which the embodiment can be practiced include IBM-PC/ATs or compatibles, one of
the Magintosh (TM) farnily of PCs, Sun Sparcstation (TM), a workstation or the like. The -

25  foregoing is merely exemplary of the types of computers with which the embodiments of
the invention may be practiced. Typically, the processes of the embodiments, described
hereinafter, are resident as software or a program recorded on a hard disk drive (generally
depicted as block 812 in Fig. 8) as the computer readable medium, and read and

~ controlled using the processor 804. Intermediate storage of the program and intermedjate

30  data and any data fetched from the network may be accomplished using the

semiconductor memory 806, possibly in concert with the hard disk drive 812,



sem conductor nenory 806, possibly in concert with the harglogiobér Zbosve 812.
8 Cct ober ®@sh/e2® 00/ 62193 PCT/ S@&9/ 00029 22 In sone instg&g 9/5&99
program may be supplied to the user encoded on a CD-ROM or a I"oppy di sk
(both generally depicted by block 812), or .alternatively could be read by
the wuser fromthe network via a nodem devi“Ce connected to the conputer,

for exanpl e. InSfoidel insthnties, e progigin 90yt bhPpHedtoithe %s&eeghm % SCE?%EQ)M ora

conputer system 80Q fromother 5 conputer readable medi uminc
magnet i c t apdopRY dlbeth genesallyteptrted b blork 842), ongiternativelyt cauddl belvenid, byahe

radi o or inf RSM.65S4.0 nel. bet ween .t he, conputer .and apot her
device, a coﬁrr%ﬂﬁ g& ﬂrléga‘gETfé%%:aa?ﬁ'%g%@ﬁ%X?ego%?%dAO ?WTEH‘HBT’ forexample. il
and | nt r anefusther) tHelsdifthgire ba dlsd baRRERS O TR BRfutdH PSRV TIR BRlefed on
websites and the 1|ike. The foregoing is nmerely exenplary of relevant

conput er Jr eatpmpuer feaflabismedipmdncludingonpgnetic tanead ROM ordntegratednarguinea
ticed w i “and .spifit f_the.i tion. |
Phe t or egor riaoaithe-dFRa blsBth KRS s8R PEnBRSBR chinel Bermiegs e hoammarcind

and a syst eoflser devikgni coatpuRer reRThbRACRE siM dstaPCIICIANbakd, 4 d Fhe IRGAETARN C

| anguage are 15 described. Wile only a small number of enbodinments are
descri bed, ilntipets inghiding,emathtransmissipessandsinfarmetion recondedson welsites awd the t hi s

di scl osure t : J ifications can,be de wi t hout
departing f rl(E)?ﬁt' t@é@%"@%@g&gg_ spi? _re ?E&%@F’f ﬂg%??f%tnﬂwteré' e%%bgeo@gg%?) er
CLAI V5. 10. Acomgubardeafableakeditims mayrbepdcicedaetiiut depariSe 881H the 88bpafand spirit
i deogr aphi c tltgngua g, said nethod including the steps of 5 generating a
word | atti cePHiBe INXCWYOR. ng of i deographic characters using finite state

granmars and a system |l exicon, said finite state grammars are a dynam ¢ and
conpl enentary extension of said |lexicon for creating naned entity

hypot heses dmdhsfuregdinginaoner| aatetitel; as appiratus,| Hergmaaprogelaprdherand awor ds,
and predeterm ned.feagtures of said q;)har acters,_and 10 words; generating
segnent ed t eYSteByfor tRkenization, @ﬂffnmree SRfHH apGoemition of depesaphicllgnatage are
15  described. While only a small number of embodiments are described, it will be apparent

to those skilled in the art in view of this disclosure that numerous changes and/or

modifications can be made without departing from the scope and spirit of the invention.




i deogr aphi c characters using said word |lattice dependent upOBoBeCIDzEXt UA

| anguage nodel and one or nore entity | anguage nodel s; and recogni zi ng one
or nore naned entities in said string of ideographic 15 characters using
said word lattice dependent upon said conpgxtual |anguage nodel and said
one or nore eg#%gﬁgéanguage nodel s. 2. The nmethod according to claim1,
further inclu ‘e step of conbining said contextual |anguage nodel and
said one or nore entity |language 20 nodels. 3. The nmethod according to
claim1l1, wherein said contextual |anguage nodel and said one or nore
entity | anguage nodel s #&mwetbadhf tokemigatirasand damed wabty recnpméle. of2deographive

nmet hod accord'iarﬁgué% SC|ic?i rggll .VVCge(li.ei ﬂgsgi d contextual |anguage nodel and
said one or nore &t yml r?&d% RS U 5S°RS f ‘orporate | ocal and cont ext ual

l'i ngui sti c5i nf or mapémating@SPEEihies for afsﬂﬁng%ﬂdét%irﬂﬂli@éﬂa%dtéré &§ifg YiRfRel and
correspondi ng category sequences. 30 8 Cctober 2003 24 5. The net hod
accordi ng to epiigHmmagadasystem lexieemt ext ual | anguage nodel and said one

or nore entity |lan : I t. upon _an, n-gram._.paradigm 5 6.
The met hod accor di %‘{gf@?i gltg}’)tgl%rﬁ% i{%‘n\%ﬁﬁﬂ?&é?ﬁ%ﬁé{u& aﬁ@f’??@?“&ﬁ?& 8’ftlg?15é°r§? p

i ncl udes the sdi¢pexidonfenaeaingngnadentty iypothesdsemi Rhid 1ofic@indludad ihge usi ng
said lexicon, 10 7. The nethod according tQ claim1l, wherein said finite
state grammar ¥leogigphigghagetarspwaris: admradsierrungd feayres o saif sharagtarssai d

| exi con tqysugggRt possible entities, entity boundaries and entity
categories. 8. An apparatus for tokenization and nanmed entity recognition
of 15 ideogr aphi cgérerginggegmsmediteapipadettmsiningolordibogndariea inssaidstriggper at i ng

a word lattice, for siri of . i deagraphi c characgters :
1deograp1?ic cﬁaracr:}grs using sax% orQQat%ce eren ent upon a contextual language

model and one or more entity language models; and

recognizing one or more named entities in said string of ideographic
15 characters using said word lattice dependent upon said contextual language model

and said one or more entity language models.

2. The method according to claim 1, further including the step of
combining said contextual language model and said one or more entity language
20  models. ’

3. The method according to claim 1, wherein said contextual language
model and said one or more entity language models are each class-based language
models.

25

4. The method according to claim 1, wherein said contextual language
model and said one or more entity language models incorporate local and contextual
linguistic information, respectively, for producing prioritized word and
corresponding category sequences.

30



using finite state grammars and a systemlexicon, said firgdewbbi®s
grammars are a dynam c and conpl enentary extension of said |exicon for
creating named entity hypotheses and said | exicon includes single 20

i deogr aphi c characters, words, and predetggm ned features of said
characters and words; neans for generating segnented text by determ ning
word boundaries in said string of ideographic characters using said word

lattice dependent ypon ghe e usbrdilgapenade, m@&:‘inwc&{t&rﬁmﬁgﬁ entity
| anguage nodel s; and 25 nmeans for recogni zing one or nore naned nt%tl es in

said string omodehanggeriphicor sirar aptiwlangusgamodads erewtspehdent dfonendegrandent
upon said coné T al language nodel and said one or nore entity | anguage
nodels. 9. Th lgg}'at us according to claim@8, further including nmeans for
30 conbi nifig said contextual |anguage nodel and said one or nore entity

| anguage nodels. 8 Cctober 2003 25 10. The apparatus according to claim 8,
wher ei n sai d cont eft ual Tharmsthegeccorging to ghimdamdiersiresad latineezcneraiing step

I d - | S¢1.5. 11.. Th
acoording ol ol Bt HRAFRE & LR Sle S e MR B llict bind %84T0 one o

nore entity | daxipoage nodel s i ncorporate |ocal and contextual |inguistic
i nformation, respectively, for producing prioritized word and
correspondi ng category sequences. 10 12. The apparatus according to claim

11 erejg said cent eXtrﬁéknetﬂda%e&‘aﬁagr{?%&m%‘%@%ﬁsga%ﬁ‘ﬁ&]gé ﬁ:tggrg?ﬁxgﬁtafst y

| anguage nodel s are dependent upon an~ n-gram para

appar at us accomdémgpid predéteinnme] feaheessiontasiziddn saitltlexdesrglerseggdst passibieeans

i ncl udes neans_f or nerati,ng one or. nore elenents of said |attice using
said | exi con®™MHS %ﬁléy %’ﬁg?'g?slﬁ?%a@gg’rﬁf%ﬁn% claim8, wherein said finite
state

8. An apparatus for tokenization and named entity recognition of
15  ideographic language, said apparatus including:
means for generating a word lattice for a string of ideographic characters
using finite state grammars and a system lexicon,
said finite state grammars are a2 dynamic and complementary extension of
said lexicon for creating named entity hypotheses and said lexicon includes single
20  ideographic characters, words, and predetermined features of said characters and
words;
means for generating segmented text by determining word boundaries in said
string of ideographic characters using said word lattice dependent upon a contextual
language model and one or more entity langnage models; and
25 means for recognizing one or more named entities in said string of
ideographic characters using said word lattice dependent upon said contextual

language model and said one or more entity language models.

9. The apparatus according to claim 8, further including means for
30 combining said contextual language model and said one or more entity language

models.



20 grammars run on said predeterm ned features contained ifiosabdr @8 con to
suggest possible entities, entity boundaries and entity categories. 15. A
conput er program product having a conputer readable nedium having a
conput er programrecorded therein for tokgnization and naned entity 25
recogni tion of ideographic | anguage, said conputer program product
i ncludi ng: conputer program neans for generating a word lattice for a
string of ideographi ¢ Thesgmtnsadesidigy fol dMikeR, SHRkEn 94ia ¥BRMERANAngiagy St €M
lexicon, said finite state granmars are a dynam c and conpl enentary
ext ensi on of medelpndearidans of srore priiy langurgeredelnareegcihgipwsthesblengnge sai d
I'exicon inclu aeﬁingle 30 i deographic characters, words, and
predeterm ned features of said characters and words; 8 Cctober 2003 26
conput er p¥ogram neans for generating segnented text by determ ning word
boundaries in said string of ideographic characters using said word lattice
dependent upon a &bnt eXbeappraraivyissgulingelaim diuhapia said aepiestuehlangyageanguage
nodel s; and 5 : | Zi r ne
nti i es i sqorubiaea A EBANS sahad SO FLOBORREIN ARCEIAEE, .
. dependent upolingastit infoombiiod, wespettivedy dgeprotaiig mrivditzal dhophandr nore entity
| anguage nodel s. 16...The conputer program product according to claim 15,
further 10 i nEPERIPPRIIRGSAIHOLY SNERICAm neans for conbi ni ng said context ua
| anguage fpdel and said one or nore entity |anguage nodels. 17. The
conput er program product according to claim 15, wherein said contextua
| anguage nodel andlZai dTb#epparatwpaceordmg toycldivny aderamwstad somexduaach 15
cl ass-based | anguage els. .18 The co t.er progr product according to
Clarm 15, - ahePDRREThARY Sicieid Pin. Tork GHB o Shrvies Tl is CPPepistb o
entity | anguagersm@edagigniicor porate | ocal and contextual linguistic
i nformation, respectively, for producing prioritized 20 word and
correspondi ng category sequences. 19. The conputer program product
accordi ng;4 o cl ai 8, i I : ext: l.an del and said one
or nore eln% ity | anrqg%ag emn(%é@aga@%%%ﬁ%#aéﬁ ;%h%r% 9%8 éaggﬁﬁ"%%lrg Elag]flﬁ m

means includes means for generating one or more elements of said lattice using said

lexicon.

14.  The apparatus according to claim 8, wherein said finite state
20  grammars run on said predetermined features contained in said lexicon to suggest

possible entities, entity boundaries and entity categories.

15. A computer program product having a computer readable medium
having a comi)uter program recorded therein for tokenization and named entity
25  recogmtion of ideographic language, said computer program product including;
computer program means for generating a word lattice for a string of
ideographic characters using finite state grammars and a system lexicon,
said finite state grammars are a dynamic and complementary extension of
said lexicon for creating named entity hypotheses and said lexicon includes single
30  1deographic characters, words, and predetermined features of said characters and

words;



25 20. The conputer program product according to clai m 15,8 gbebei Fogzai d
conputer program neans for lattice-generating includes conputer program
code neans for generating one or nore elements of said lattice using said
| exi con. 30 21. The conputer program prodagt according to claim15, wherein
said finite state grammars run on said predeterm ned features contained in
said lexicon to suggest possible entities, entity boundaries and entity

cat egori es. computer program means for generating segmented text by determining word
boundaries in said string of ideographic characters using said word lattice dependent
upon a contextual language model and one or more entity language models; and
5 computer program means for recognizing one or more named entities in said
string of ideographic characters using said word lattice dependent upon said

contextual language model and said one or more entity language models.

16.  The computer program product according to claim 15, further
10 including computer program means for combining said contextual language model

and said one or more entity language models.

17.  The computer program product according to claim 15, wherein said
contextual language model and said one or more entity language models are each

15  class-based language models.

18.  The computer program product according to claim 15, wherein said
contextual language model and said one or more entity langnage models incorporate
local and contextual linguistic information, respectively, for producing prioritized

20  word and corresponding category sequences.  /

19.  The computer program product according to claim 18, wherein said
contextual language model and said one or more entity language models are

dependent upon an n-gram paradigm.

25
20.  The computer program product according to claim 15, wherein said
computer program means for lattice-generating includes computer program code
means for generating one or more elements of said lattice using said lexicon.
30 21.  The computer program product according to claim 15, wherein said

finite state grammars run on said predetermined features contained in said lexicon to

suggest possible entities, entity boundaries and entity categories.



