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FIELD OF THE INVENTION
The present invention relates to the field of natural language processing, and in particular
5  to systems for tokenizing and recognizing named entities in a text corpus of an

ideographic language.

BACKGROUND
Natural language processing is an area of technology experiencing active research

10  interest. In particular, significant activity has been undertaken in respect of the English
language with positive results. However, little activity has been reported for ideographic
languages such as Chinese. In an ideographic language, a word is made of one or more
ideograms, where each ideogram is a symbol representing something such as an object or
idea without expressing its sound(s).

15
The task of tokenizing ideographic 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
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The lattice-generating step may include 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
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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;
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or nore entity |anguage nodel s; and conputer program nmeans for recogni zing
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t he one or Fip'se entity | anguage nodel s. BRI EF DESCRI PTI ON OF THE DRAW NGS A
smal | nunber” of enbodi ments of the invention are described hereinafter with
reference to 20 the drawings, in which: Fig. 1 is a block diagramof a

traini ng I : ] -nart . temfor tokenizat] and
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enbodi nent Figf2;the invention; 25 Fig. 2 is a block diagramof a decoding

nodul e 200, form ng part of the systemfor tokenization and nanmed-entity
recogni tion of ideographic |anguage in accordance with a first enbodi nent

of the i nvdig.i8dina blecy diagraimsillastfaiomna gemgalporpdepiaiputg, wWitlewhith ey - f eat ure
extracti oné%rbo ess%g)g of. the nodyle 120 30 of Fig. 1; 8 Cctober 2003 WO
00/ 62193 PEHPSHTER g igvention can bepracticed; 5\ i agr am depi ct i ng t he
wor d- clidsteri ng processi ng of the nodule 140 of Fig. 1;

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
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15  The embodiments of the invention build different grammars for different proper names
(PN) or named entities. The grammars are used to make hypotheses to find possibie
proper names in a body of text. To do so, proper name or named entity statistical models
are built to derive scores for names. Also, contextual language models 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
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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
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The embodiments of the invention implement a statistically based system. The system

e nodel

20  canbe trained using off-the-shelf data that can be readily 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.
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are seven categories of named entities: person, place, organization, date, time, percentage,
f

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.
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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
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model 152A 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
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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
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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.
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returns f aindeafilipthe WoRIS §% & diR1Hh HRHBRity (prdelding €ontichils 8 &6p 328 1 4§16
324, the feature “entity-end” or E-End is added to the word in the syster: lexicon.
20  Processing then continues at decision biock 326. Inld'ecision 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
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bl ock 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 the Whrd in the system | exi con. 20

Processi isB198e Adi LS b . In _decision,block 326, a
check is@%ﬁggﬁ{}%{o e%serm%géjﬁ‘&? Ibl?lée}ﬁ%l @%@gﬁ?lﬂFﬁg&E&cﬁ}? #)O”WH been
reached. cobntd¢is Sequentyt of woRR6 If nel forrii-ghahs ehd MotuleM30GREkisMHe Fofichsyes at
step 312 zimd gnol heéﬁ]arred entitX s read from the training corpus 7110.

O her wi s &1 WOrd gais- o>IgHap PEReRssisR; 2pRlies 1> % ue (Yes), feature extraction
processing termnates in step 328. 25 raining Process for Mdels The

trai ni ng nodul e (upper branch) of Fig. 1 is applicable to both contextual
nodel 5 andfor edixed pumbdedf classeninayworihkst; thaiantomptivododdechisteritigf module h40 di vi ded

into two ts: word . n- _gram generati,on and word clustering podul es. 30 The
wor d n-grPgﬁ?”a’é%P&Pmﬂﬂﬁg&tﬁpaﬂ‘ﬁs%r Words tq ﬁﬁ?&@ PR %HP%“&"&"‘%‘I‘?Y ies&f pus

110 and  tkowokds’ thiReaRHH i HEE ;

cal cul ates the frequenci egﬁfiﬁﬁéﬂf&@gﬁfegraeogre%&gng@%gagg@ggg%%z9 14
t he trai diselpsed bpBai Shuanhy, bidflaizbov, Li Zhiweisand Yuanr-Badsheng) fBuijdmgrclasthe
nodul e 1 | ol co s t.he freqguency .of, words.. | f p= .pi-grans, the
nodul e 1%853?013%%’% H@%&e"@ﬁéﬁweﬂ&e sty af receedings nggégéggsl? 3appl i es
it nle 2.176, S&ttleWashiagorUISar 1068 che aeleshrd &'Méﬁis'ih@drﬁoﬁa’fb‘ﬁ Ifé%hgﬂ?t Ic
word cl usteri ng nodul e 140 perforns a many-to-one mappli hg of words to

cl asses, CiRSHE upon the similarities of the words' contextual
statistical information. The preferred nethod of word clustering is

di scl osed by Bai Shuanhu, Li Haizhou, Li Zhiwei and Yuan Baosheng,

" Bui | di nRefdreingto Phsada ﬂaﬂﬁmeeﬂaﬂfth§%ﬁ&‘céd§id‘g%ﬂtﬁéhﬂébaﬁé or&lcldsterin
Proceedi ngs, of | CASSP' 98, pp 173 10 176, Seattle Washington, USA, 1598, t he
di scl osumodyte ¢ cFhe word elusteing prasesringsamppncesiin step dd P awsiag ovord Regremr i ng

wor o1}  Sratical BAGIRTR o1 A ¥, RN B e SRR it
step 410 bisgrangs. viarstep ¥ 12; gived 2 womtliss bad ee piadeae&ﬂifﬁea ARAErN bBBlagkes, NPUL -

Preferablva/, t he n-grgm stﬁltistical data iis that o
ords are selected from the word list as seeds for each class. For example, the word list

preferably contains 80,000 words and the predetermined number N of classes is
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



bi-grams. In step 412, given a word |ist and the predeterrg agdporsigr N of
cl asses, Nwowaekaomre selected fromthe word |ist as seeds fpr/st®6laombass.
For exanple, the word |ist preferably contains 80,000 words and the
predet erm ned nunber N of classes is preferably 1000. Any of a nunber of

t echni ques may be practiced to select théd5Sseeds for 20 each cl ass.
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sel ect ®d téranindtbeinseep428.ng 80, 000-N words), and the n-gram statisti cal

data of the word is obtained. Preferably, the bi-gramstatistics of the
word are used. In step 416, the simlarity of the word vvith all the

cl asses i s.C < | - dat d t he nost

sinilar Cfi‘gscg%g}w% U%ES%? é%)ag%g e%oﬁ%%?fﬂggc%@g?ﬁégw HIERent s can be
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fini-shed, .e. 1 f al ave een asses.
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and t he next é&bls sel.e ted gég , 1 f decision block 420 returns
&

true (Yes@rampAnd Risgrgm faley %ﬁl%@mﬁ?ﬁﬁ w@ﬂiaéwrwwét%tqmgsmﬁﬁsazz To
create mhﬁgﬁi@%%@ﬁvéeﬁ%e gg%g&%stﬁntb@%uﬁ %&9% e NAGRAAG! | €S,
di fferent ategi ri es of tities can be se ect

as representative
seeds and ceaatisc emwmchtlamepmﬁeﬂtnwwednﬁﬂj c word classification to

creatg word cl asses of these proper nanmes. 10 This nust be done before the
wor d %gmentatlon stage, so that statistical information of these vvords I n

the cont eXysiny the Faniewrirk oP 8-grah Risdels] On @%&ﬁmm ﬂg%&ﬁu s uni -

gram and bi -gram cal cul ati on pr ocess. er the autonati ering
process, Withiesegmensedwaame entitysorpusyl lBaﬂ‘egbai with thewsparseldatd problet) tleone of

the aut omghchlcfuord! it he hBaRE Tab Lrelfls e S8, . BRTROLE Wl 30 21
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




15 Using the framework of n-gram nodels, "entity npdel s carg bewobsy 3do3by
training tWweamdsiss wth the segnented nane entity corpus p&@isGhoosiesnl
with the sparse data problem the automatic word-clustering nodule 140
creates the class n-gram nodels, where the nunber of classes is nuch

smal l er than the nunber of classes used i%h the contextual 20 nodel. Lattice

Construct | ' & L eXx} |.de e Lan entence with
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ar r angeneeititidsptogether sahisic possitle blas ideimtidavion?ind£a0¢1ated chig GedplosBs e
character-by-character fromleft to right; the sub-string on the I'eft side
can be nmaftirddedinto ths ward pttigei h the | exicon. This is one of the steps of
building up the word lattice where all the word arrangenents of a sentence
are enuner ated. However, processing words outside the system vocabul ary or
bi gger5 unThs pracessing 8Dths dattiencarstriistor modslers20ts depictediin Fig. i5s Instepaiosi npl e.
The entity suggestion grocegs_, whi cg I, fhe reverse process of Feature

ext ract i oRTOCENIRECqramances o Byild 3 llﬁﬁlﬁﬁx‘gﬁﬁatsﬁ@e%?r-cinstd’tftlizsécbﬁ’@ﬁﬁehed in

the ab F RN 2 ) ' i L f 8
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state graahavalueeftr Thechirgcteppointer ifdigatesithe startiigpecaeatteraftaishbatring wgkt her
Are. added CPIRGFERRS gt 6. g S5 characiot o 5+ 066 n g RoTF el sPlcgied s the
const {ICt ehrra it R APhicE wibRRd &eq8 bk Pufl Withrefdringd :%&héé&nép]{g Bngggﬁh ng

commences to build a word lattice for a sentence. In step halact er
poi nt er i sharecter pointeg if direstedcioshe fitse charhctettC Keintasshaeactardtringe Thesfineme ndex

of the lattjce i,s.set.. at val ue of .1..The chapacter point.er indicates the
starting Pk as ocEn infig 31 6Piathg B teciret Eaie, DEsia whical fiaes indicatatber  r o
char act er figfnelbtindsidsence. The first frane 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

h | ' he, f index.is.depicted in Fi 1.pojnti h
{1 rstTs  aMotepad ke S feE pind Seng SPRTHEbReer s piafibed iRl petéinls | n°
step 514, iéxiconclddindcdlEposibld ab-sttiapd/tddidateoRbidie IR Fig)t1e! twPwbRis@ed Wi th

the system lexicon to find all possible- sub-strings/candidate words. In
Fig. 11, indicated insthgfisst frame having the characters “C1” and “C1C2”, respectively. In step

516, candidate words are put into the word lattice at the indexed position. Along with the
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



indicated in the first frame having the characters "O" arglosebeCo3

respectivelwoob@2zsep 516, candidate words are put |nto t hepehRsEodibdsl C€
at the indexed position. Along with the candidate words, their word

features (i.e., entity features) and statistical |nformat|on are 20 put
into the word lattice. In step 518, the dAaracter pointer is noved forward

by 1.1 diiERERrEhEy oBithE 8 B SR nogeR basikiios Fhekie medaionct o1
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process of stere522 I,s .depi.cted in Eig . Processing comménces in

step 610. adipcgntyorisin follopi We;msés é@@et&tewé@gcffomthmtrm-begnto t he

first fra t S at the
first vvor @I‘ l??gﬁ)ggirh %ﬁtk&f%egfmshﬂkgﬁg‘%@%%ga{l gg\@{agl]mg? Eelilfeléﬁt wor d
under consixgension produtes dfiegr midre entity candidates) méaning ﬁlaﬁm@ékpﬁﬁfon?sﬂg&edé@

00/ 62193 PCT/ S@&9/ 0002 epi cte initially pointing at the word
"A". In FEGPERHBIRE ab'ile B‘g'@m%‘?‘i made to deternmine if the current

word ijp the lattice has the feature of "entity-begin". If decision block
616 .returns false (No), processing continues at step 624. Qtherw se, if
deci si on Inldecisioditfockeds; asheakde nfades) deqnmmaﬁth&g:xpﬂmﬁdmueﬁcaksfﬁit dp 618.

In step 618, . th d ded b finite stat
arvep BB o Yo SRR L b o
frames. Thiegisicn lﬂ@é]@ﬁil)’re%-ﬁ@ﬁdé Wei)rﬁabésaﬁlg%hhhdes%gt gszﬁe?ﬁ %ﬁ% d ooking

at the next character/word until an end fedture Is encountered

expansi on fswowaris) is (aebereated and addadyat therhtigitming of theanitens frawme. Theee could

expansji:on ;succe ne ni.n t the expapsion, fail.ed 0 In
deci sﬁgn b‘iedﬁﬂfeg‘gﬁﬂ"%e%%eﬁe‘%@m %“ge& HYa CRfaHeR V‘{‘g&%ﬁ%kiﬁﬂ%‘%ﬁfﬁ@
successf ulfraphd. pﬂﬁggsﬁqugeﬂ)baﬁiﬁuﬁggtgt@wms fal se (No), processing continues
at step 624. O herwise, if decision block 620 returns true (Yes),

processi ng cont| nues at step 622. In step 622, a new word(s) is (are)

created a t he rent fra There.coul d 15 be
nore than rtgne type of&(te}at Egéﬁgﬁ&ggé\mg %‘?9‘ FE‘&'PEP’E' %W%ﬁ@ﬁegﬁ
begi nni ng detisidieblock 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.



frame. Processing then continues at step 624. In step 624, HhepMrdghapoi nt er
i s noved f%%’?’ﬁﬂﬁ) the next word in the sane frame. In decPsI/ensdalogmk
626, a check is nade to deternm ne whether the word pointer has reached 20
the end of current franme. If decision block 626 returns fal se (No),
processing continues at decision block 6% to check if the (next) word is
an entity begin. If decision block 626 returns true (Yes), processing

conti nues gt decision block 628. In decision block 628, a check is nade to
det erm ne i frane is the last frame of the word lattice. If
deci si on : I fal No), proc¢essing continues at step-630.

I nstep 630, tb‘ig %g’Pﬁ%ﬁ%@ﬁ?&&?&%ﬁ%@%ﬁﬁy"é € topach deing efiwordane under
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continues at step 614.- Ot herwi'se, |

(Yes), 5pr ovesls imthe ¥00ibulat® 2rébbiaineR %32 the' thy , e.na uggestion
processi ng terni pates.. The out put of t h‘éhep%nz%ggfnﬁj}%bf |‘§?‘ng?@?€5'8&§? a
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t he trai nipptpowterpafishe dititg. i s applicable to the process of estimating both

the probabilities of sentences and the probabilities of named entities.
When a sentence is processed, w, indicates words in the sentence. The

probl em ForhAlye atinBRhE clhidbil Sh At | 1 of ,.word string wl w2 ...w'
Wien a named en)l?i tygii_ﬁs1 o oclgglgc}, %,E'E?%icﬂdgg%’é@ab% tpﬁ‘élﬁ’?’g-‘tﬁpfaw%d
entity. THRENGYIs describedidsdollows:esti mate 10 the joint probability of the
constituent sequence, and this probability is used as the | exicon

parangg er of t nt . Far y sing the class bi-gram| anguage nodel
formalism thehﬁﬁbagﬁ"'g&omg”mk“ﬁ& string wis described as. f(@gl owWs:

- 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



15 P(w) _ fJ p(cl | c;-1)P(wL | c;) , (2) =1 where c, reyesebbsdac! ass

I denti ficatwomo/6Zi®@ term P(c, | c, ,) indicates the contextuptT/sQoseyst ers,
and p(wi | c,) is the lexicon paraneters., In the statistical decoder

nodul e 230 of Fig. 2, the classes are regarded as prescribed, and 20 the

vocabul ary is regarded as dynanic. Conseq ntIy, the newy suggested nanmed

entities a S their categories
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only thoseundss@onsitedtion.t h naned entities are of concern. 25 Gven a word
| attice obtained fromthe lattice constructor nodul e 220, the statistical
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named enti : DSk I nd 4 t.s sqci at ed
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7. In step essi ng co In step, 712, the frame WO 00/ 62193 8
Oct ober 2089 Pg@é gner'l?en@@‘c‘e fsa g‘é‘ﬂ?aﬁtﬂ&&ﬁ%ﬂ ity f Ifldepetortbleclsh rst
frane, Inde}érﬁkgnsffﬁ?ém&)' ﬁrdc@ssfd@ecoﬁﬂn%&'}? ? rlg%”-?ﬁo&?é 126 gﬁ,ﬁ' on.

step 714, the word pol htér'i1s set at e Curr frarre
i ndi cat i ngptdbablhtﬁdathpﬁthmwﬂdes ohttamdlﬁ'mmtlxd: conttdtuat tanghags mbdeldatd, n

deci si on bbock 716 check ? t o, det.er e.i.f the current word in the
1ot ot SPESkE el R R 752 rergats 3 division biec 716 retuins e (Vafds
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data. Proedimatedfromeits esraspendies entity mogelramderthedomnaism of Eqteationi(®) bl ock
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entity nodelosdsindiree ﬁlamefs 0 fI‘ﬁ%lzhﬁlﬁlinyﬁe Bavahg @Ack Vord ls%@eeemd"g% b BRRK

continues at ste 722. Fig., 12 1|l lustrates the probabilities r a nunber
of words i pirels wd mﬂfﬁ%@ateffaf@hﬁltﬁy the drawi ng, each word is represented
by "a pack circle with an associ ated. probability. 15 Instep 722,. the
contextual nodel is applied to find the optimal precedi ng adjacent word,

?rgdt a ng gig?ﬂdp P22, nthecortexthdlahodud ivhpplied teBh® the dptintal ipfecddg aHjthWoﬂd,he
S
P anda backward pointer to that word is created. This is 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 pomter is moved forward to the next word to begin preparing for possﬂJle

25  processing 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




sub-string ending at the current word and to estinmate and gesebezEd3hat
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i ncreased hedmep F Hyentiemare preferably implemented nsing 2@ongnitérsschiab

deci si on I X 4 ¥ rRcessl ng continues at step 732.
In step 7%5%{&3%1 %‘ggéﬁ)aérﬁdﬂﬁl 5%{1%{33& lgfﬁ %‘hsg %ﬂ’?ﬁ%’rl%bﬁlﬁlpé"?ﬁﬁ?lﬂgpé traced back
in t & | afmctionality ofiFigst hd cambe implermated asa0Awary, iok ¥ chi e Bldgedin, 1 T aNY,
are then OUthUt' lp Fig. 12, %ié@hs i ndi cated by two thick 5 arrows

bet ween nBY %?Hﬂ’ﬁcﬁ%%”a%i Tibejmaethed gr processsteps Gortokenizationfandgiametir ee
frames, ¢mitpaebpyifibd -of 2 ' ) N St 732, Th

embodi nents of t _eﬁ%)%\?gr???%eﬁggdyg&plr eé eggﬁ%i?%p‘%g%ﬁéﬂa&ﬁsﬁﬁm&s@%{ﬁ er,
such as ﬁhﬁ%afgéﬂm: dlmlpbvphﬁsayl mpmpl.f 1t Ehe seftovare may EEQmP&ﬂ}dnﬁmrcgie%hﬂfr t he
pr ocessi unegtional ity of Figs. 1-7 n_be 1 npl.emented as software,
or a co rrpr%?(g#le%:rgtg ar _,Lfﬁmené’% &f{ FR6*S ﬁge_lpﬁe %c’é‘ﬁé‘af’é? 2 patof aepmputes programes s

st epd5f orthimnlsanly? érfernsd farl AR fanlfidsd by réiﬂg@ﬁfsﬁ('gﬁi?%? Ao ac{eg%ﬁ%aapm c

| anguage are effected by instructions int ware t carried
out by t Hereiahgforeer madide east alsmbea pagkabed fimptions Handivas ui $ooiise Witiother

nodul es f | i the process steps. A nodule is a part of a
conput er pr é‘ggéﬁggg&i‘#&?esuwal ly perforns a particular function or rel ated

functions. Also, as described hereinbefore, a nodule can also be a
packaged, functional hardware unit for use with other conponents or
nmodul es. -1n 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



.In particular, the software nmay be stored in a conputer readabbexdgmdi um
i ncl udi ng tWi@ 00/82193t or age devi ces described bel ow. The sof t waFgs&sua0020
preferably | oaded into the conputer fromthe conputer readabl e nmedi um an
then carried out by the conputer. A conputey; -program product includes a
conput er readabl e nmedi um havi ng such software or a conputer program
recorded on ¢ommhaicatiemchaanel-330 mdh asb mvdem conmmuiedtions path!s GoBpurel Betwor

conput er progr prodyuct in the conputer preferably effects an advant agedus
appar at us. 25 BF ke F SPPRIET Sefdora el insides loceldsprmatherk GiAN a wide area

i deogr aphi ¢ AcREHAOR AN), AFTiffa% oMHk enbodi nents of the invention.
The conputer system g(%’ consi ste'gﬁg?/ meli%%grr%&ter 802, a video display 816,
and input devices 818, 820. In addition, the conputer system 800 can have
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ot her conputers via a conmuni cation I'n ace usi ng an app
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networ k (\ANJ12 iaFig '8, I Bieétorags dedte(s)'g12 &%1%9& ot%n} e rngoggpgﬁxggfog&%ﬁé gelf

consists of a cenfral processing unit(s) (sinply refer

processdf heflanpyatisce pyiagbdisc drivepumagreBsoptivab discrdsive, GD-ROM; angaeticepess
menory (RA r - on| nory, (. i nput / output (10) interfaces
808a,  808b %@3’3@” °§%(L\}‘|gg’ee}o( °Fﬁ?‘é?’¥'&§§q’c§%&$ﬁ ag‘ac%ﬁ%é Oy 9 thessrskyleddathe es
general |y r ept, cBahtofihdyorpdlentd804832 10 s fohikallP codideredlts’ ﬁf‘ﬁ, K312
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drive, a ma S %3 buf 814, that igthrpccan consiniaf datagadidress, samjeontrol busey, ot her  of
a nunber of non-volatile storage devices well known to those skilled in the
at Each of the conponents 804 to 812 is typically connected to one or nore

of the dfherThedddéccimserfiica 830 isicorhiddted inthe ivitldoUishl P8 EAShrobi i
address, and, control buses. 15 The video int eﬁigapc@amo S f?glggéeg@gé‘@{ggaltshe

vi deo di spl &P IRe CHRPYEIRN2k08 displaa onthe midea displayrB16hdJsepinput teroffidte thwer

can b pr ovi“dS sy 802 3aR Be Brovide by B on Bl il RRRRCR OB, JopeBanple, an
oper at or caropesatortdan use yedeyto SR 18neder afpoﬁ@ﬂngtdieﬂﬁe dE3H £30E Hosé 820 8

nouse 820 to rrovi de input to the computér 80
provide nput 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,



20 The system 800 is sinply provided for 'illustrative purgeesbanzbost her
confi gur atwongyyaee3 be enpl oyed wi thout departing fromthe g 9§,§%2§p| rit
of the invention. Conmputers wth which the enbodi mrent can be practi ced

i ncl ude 1 BM PC/ ATs or conpati bl es, one of he Macintosh (TM fam |y of
PCs, Sun Sparcstation (TM, a workstation the like. The 25 foregoing is

mer el y exerfplnaeroyhedﬁsthtii&stmeg dgimmim%ﬁ{pﬁhw kﬁh%bé‘r*bn&&@eﬁ%ﬂjﬁ)ﬁﬁ‘ﬁﬁﬁ oPh
the inventio practl ce ical Ily he processes o
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recorded on S block 812 in .
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data and any data fetched fromthe network may be acConplish using the

seni conddct OFOTRRIEES T b mpdiyE) iprlpding magnetic tapei aRQMmrhntcgtatB@ncdma/e 812.

8 Cctob 2 3 st th
progr gmenayolgggnsupppﬁ) afsg, ?Eg}%mnggi@ﬂ”ﬁ‘ﬁs 8“ an&fq "'CS’HW%%@Q
(bot h gener addoyhetl dpvicé, ackcdmpubttrasadaBle’dard SlichPdstaF OIRICIACSaYd, oM ItHe Rferh&3GgPY

the wuser fromthe network via a npdem devi ce connected to the conputer,
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websites and the 1like. The foregoing is nmerely exenplary of rel evant
conput er .readabl e medi uns. Qther 10 conputer readable mediunms nay be
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P 9 mgc]hhcfbons chn be made jithout epargngii- e scope and spirit of the invention.
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CLAIMS: 1. A method of tokenization and named entity recoghbkiogsr ofo3

i deographic | anguage, said nethod including the steps of 5 generating a
word lattice for a string of ideographic characters using finite state
grammars and a system |l exicon, said finitggstate gramars are a dynam c and
conpl enment ary%@ on of said |lexicon for creating nanmed entity

hypot heses an 1 exicon includes single ideographic characters, words,
and predeterm ned features of said characters and 10 words; generating
segnented text by determ ning word boundaries in said string of

i‘deogr aphi ¢ characlers éshpifjod af hkewizatidnandinamed epitydecdgnitpm fadegrdphict ual
| anguage nodel and one 0 r nti,ty | anguage nodel s; and recogni zi ng one
or nore naned?aélﬁ!tl?gcei Seaégpqﬁ{hé)gﬁﬁgg‘ﬁpg SO ‘eogr aphi ¢ 15 characters using
said word §attice gdepeateniwsiadmitisais acaMextiddoriposaoR P dahe rapd said
one or nore entity |anguage nodels. 2. The nethod according to claim1,
further includfRlsgEraneagasg agystemdemrei.ng sai d cont extual | anguage nodel and

sai d one or nore epfjty: ) e 3. The t hod accordi ng.to
claim 1, wherein s%%h}é%‘lﬁ?‘g%%%“%%n%ggg@a%%g"8%%196&?.‘1 RECRFOLE o
entity | anguagsd tmdehdoncreategatantddasdtitapethebanauagid lexBsieinsludedsidele The
met hod according to claim1l, wherein said contextual |anguage nodel and
sai d one or agiaphic charpctas WS gdIredsteraBRgbleatuess|of saifl chargctenndxt ual

| i ngui stigyin{gfpation, respectively, for producing prioritized word and
correspondi ng cat egory sequences. 30 8 Cctober 2003 24 5. The net hod
accordi ng to cl ai ngenheratingrsegmerged txtbyndeztmialng veord bagedaries detaidistdngaf d one

or nobre entity, | angua nmodel s. ar e. de dent .upon an n-gram radigm. 5
Ydeo graghlc Qfaracters using said w&ﬁ%ttelce dep%ngent upon g contextgg.‘l langu%ge

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



6. The method according to claimi1, wherein said lattice gepefodbf fehsst ep

i ncludes the step of generating one or nore elenents of said lattice using
said lexicon. 10 7. The nethod according to claim1l, wherein said finite
state grammars run on said predeterm nedyfeatures contained in said

| exi con to suggest possible entities, entity boundaries and entity
categories. 8. An apparatus for tokenization and naned entity recognition
of 15 ideographi cs| anguagetifdl &cSRRAT 1S cHmi ) Gherlinehid BBAOG{IAnPeHe" at i ng
a word lattice for a string of ideographic characters wusing finite state
granmars. and #osgkandrazidestiessmors antifyflanguege wodaleargrdeperaiest upoa an rdgraani ¢ and
conpl enent ary QT nsion of said lexicon for creating naned entity

hypot heses an8V'&a1%4" | exi con i ncl udes single 20 ideographic characters,

wor ds, ands predeterm ned features of said characters and words; means for
generating segnented text by determ ning word boundaries in said string of
i deogr aphi ¢ char acfers tbf pigthod agequding tp alaimde whersimerdd tattigsgeneratiogstex t ual

| anguage node r i I e | 8q..and 25 neagns for
recogni zi ng oélne(;ﬁ{(gfrés ﬁn%%é&nog;%g&élﬁ% {nirleye%r Iﬁér}ggge?ﬂaa ngo c%%ﬁlgd 18 1ee Pﬁ@%&?"gphi C
characters usiexicomai d word | attice dependent upon said contextual | anguage
nodel and said one or nore entity | anguage nodels. 9. The apparatus
according to claim8, further including nmeans for 30 conbining said

cont ext uajg | anguage nod j r e BB s. 8
Qct ober 2%)%3 25 10.9' Theﬂauf)i|c:a)da%:§ha0t%1 ?gg%@g%rtgicﬁgﬁ tlbv@P%e?ﬁmyaé% ﬁ%ggiérgr %Hgtl?lglls

cont ext ual | anguaysid predetkrnzined fahmtesorvatairednin saiddeticdnytol sapgasapessivbeel s are
each cl ass-based. | anguage .nodel s. 11, The apparatus according claimS8,
wherei n sai d Elgﬂ{eéx?%ag‘?”é’ﬂ@'agﬁgaé‘%eﬁgﬂ’e"lateﬁﬂﬂe%ai d one or nore entity

| anguage nodel s incorporate | ocal and contextual [|inguistic information,

respectively, for groducing prioritized word and correspondi ng category
sequences. ; 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.



10 12. The apparatus according to claim 11, wherein said coocekbta03

| anguage nodel and said one or nore entity | anguage nodel s are dependent
upon an n-gram paradigm 15 13. The apparatus according to claimS8,
wherein said |attice-generating neans ingiudes neans for generating one or
nore el ements of said lattice using said |exicon. 14. The appar atus
according to claim@8, wherein said finite state 20 grammars run on said

predeterni ned featupes TROhgiRRGs Addofdhgiol @HICHRyHeReif B8Rk texRIIEAR 8
entities, entity boundaries and entity categories. 15. A conputer program

product havi niodelepdsaidane o smpap Priitiniaticurse eddlnere sadoipstiesedlangragm
recorded thergj efkOr t okeni zation and nanmed entity 25 recognition of

i deogr aphi ¢ | anguage, said conputer program product including: conputer
program neans for generating a word lattice for a string of ideographic
characters using finite state grammars and a system |l exicon, said finite
state grammars arelh dyRBefRP2saES asapdiesmelain .y wisteiasaideentskiuat lingudgexi con

for creating ﬂ%ﬁﬁ%ﬁ@&fdt&ﬁew%&g%ﬁﬁ‘g}%g;g%%%gdélsefﬁ%;grggr&@f&ﬁdﬁﬁ é:lgiat@gtlugl 30

i deogr aphi ¢ characters, words, rm ned tures of s

. char act er s antinguigitcdsforBatin, okspectB@DB f@Groduning @iorfiized wand amhns f or
generating segnented.text by determi ning word boundaries in said string of
i deogr aphi ¢ chFesReRAing cAle505Y SOVANSRST d | atti ce dependent upon a cont ext ual
| anguage fgpdel and one or nore entity | anguage nodels; and 5 conputer
program neans for recogni zing one or nore nanmed entities in said string of
i deogr aphi ¢ characiars Ub¢ sppasatigiaosording @mtcdidinel Id ehervie seid opuiextsai d

cont extual | anguage nodel and. said one or. re entity | angua nodel s. 16.
The conput er %ﬁ%&gmop‘ggﬁ%tm%%%eo?r&?fﬁ § étygoﬁ%ﬁ%g‘?Lg‘,Od¥lﬁra{%%Pe‘?%nf R ng
conput er proghamanipadighpr conbining said contextual |anguage nodel and

said one or nore entity |l anguage nodels. 17. The conputer program product
according to claim15, wherein said contextual |anguage nodel and said one

or nore eqyity | angyageriogal5. il &5k o Raiftl £35ePas Sla ARIEGE REE! -
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;



18. The conputer program product according to claim 15, wWegDeioBeSZI(3
contextual | anguage nodel and said one or nore entity | anguage nodel s

i ncorporate |ocal and contextual linguistic information, respectively, for
producing prioritized 20 word and correspphdi ng cat egory sequences. 19. The
conput er program product according to claim 18, wherein said contextua

| anguage nodel and said one or nore entity |anguage nodels are dependent
upon an n-gram par agthiter Aograth mENe foogMmetBing REGBEAE ek exﬁﬁﬁﬁ?dddi'@ to
claim15, wherein said conputer program nmeans for lattice-generafing

i ncl udes. corrpl?l‘t’llsﬂ‘flf”@?Solgrsa%ﬁ’l5@@)‘%&Of 19{@%@1111(‘0@113@@*@15 H%lnglgaléﬁ@rfblﬁmﬁ@r@p@lfﬁn‘em s
.of dlatt ro uct
according to St EbHoRR Sl chee B oo o iBrer RO L ARE AT, AR L1

predet er mifed feat computeopbgranesieans fsmedogrﬁzihg ofic blomofeu@ﬁ&atenﬁﬁé@hl%hﬂ

entities, entity b daries and entity categories.
st r1¥1g o? u({;'eo graphic characters usmé said wgrd 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.





