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WD 2004/ 042493 PCT/ SG2002/ 000249 METHOD AND SYSTEM
FOR DI SCOVERI NG KNOALEDGE FROM TEXT DOCUMENTS 5 FI ELD

field of natural |anguage processing, text mning,
and know edge di scovery. In particular, it relates to
a nethod and a system for extracting and di scovering
knowl edge fromtext docunents. 10 BACKGROUND Due to
the recent advancenent of information technol ogy and
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application potential and impact.

Conventional methods and systems of knowledge extraction and discovery from text
documents typically focus on the extraction of information or meta-data from free-
text documents. Meta-data, which are condensed and typically semi-structured
representations of text content, can be considered as the raw form of knowledge and
are essentially facts specified in the text documents. Meta-data do not include
knowledge that is not mentioned explicitly in the text. In addition, there is usually too
much information extracted by the conventional methods and systems and it is a
painstaking process for a user to organize and discover wisdom from the extracted

information.
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2 Specifically, in US Patent No. 6,076,088 and US
Pat ent No. 6, 263,335, both entitled "Infornation

Concept - Rel ati on-Concept (CRC) Triples" by Paik et
al, systens are proposed for building subject
know edge bases in the form of

HRSRBISTS 85 A0 300 A e PRl B s oo

adatieEtih oahationi Bxeadtioh Wy stgmnadvMedivsdsising @oempsRelenon-Concept

concepts. fr xt docunents. In Inptern

GBS Do PRl oh 37 D oo anpeeTb e DB pitect Ehiiedge
Ri0&68 SR fordnst AR WltibA-Oshapt aTiE) tﬁ@&h)ﬁiﬂnﬁte@f d#¥oghents.
Extraction from_Natural Language

TERSUDPIRBY car agquireiney Koavlesdee D %IF%*PaUF% Ga@%ymg 2 names,
PLREE TR o hbRdsxtab&mn@posed for the extraction of
Subj ect - Acti on- Obj ect (SAO tuples fromtext
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for a nethod and a system for know edge extraction and
dBAOduRlply thrpegi naephradiBg nt s for addressing'such a
probl em SUMVARY In accordance with a first aspect of
the invention, there is provided a nethod for 30
dlAs@ﬁweerrn@lGMr?@WC@éﬁgeWIﬁ}r B fprsgeing prapetaky bes inrfhe pupmeR and

P%%g@ d@%/ﬂﬁ)tg%ﬁjg@ B%)pgged s%eﬁ@ Q44 AAA3 to derive new or hidden

knowledge from text documents that is often the critical differentiating factor in

gaining an edge over competitors.

There is therefore a need for a method and a system for knowledge extraction and

discovery from text documents for addressing such a problem.

SUMMARY
In accordance with a first aspect of the invention, there is provided a method for

discovering knowledge from text documents, the method comprising the steps of:

PCT/SG2002/000249
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extracting fromtext docunents sem -structured
nmet a-data, wherein the sem-structured neta-data

relations between the entities; identifying fromthe
sem -structured neta-data a plurality of key entities
and a 5 correspondi ng pluradlity of key rel ations;
deriving froma know edge [
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ey MGy ural ity of attributes related thereto;
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plurality of patterns relating to 10 one of the
p‘fOEFF%OP@VgB]f‘“%’Qf pikeypfelatiolSient ity and a plurality of

att ri tieng Hehfh AdmbReERdge 80! ¥ glufgint bieatﬂib‘ut’e@hblhﬁ/ng to
of patter ns usi gtg an associ ative di scoverer;

i apele 0p st Plagglibhel etitist relaing iR ona e dbs BFAVY af E%Yoewlé? for
f ﬁfmﬂg ApRNA t%r Gﬁpaulé Bf)ﬁ\éy%qg@ and 8 plutal R Gflittgl@{ﬂtéﬁrelfﬁtédhh@eto
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netoadeliata, wherein the sem -structured neta-data

includes a plurality of entities and a plurality of

rel ati ons between the entities; conputer readable
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r sdmitstictuled mta:datee avhstriethe pemiclyFETed et et dsiden Blyeelity
foF enftlﬁggg'ﬁl ttp’l oplle}é'h@‘lllé te¥wdeh tRaktigssns, 30 each of

patterns relating to one of the
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structured meta-data a plurality of key entities and a corresponding plurality of key
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computer readable program code means for deriving from a domain
knowledge base a plurality of attributes relating to each of the plurality of entities
relating to one of the plurality of key entities for forming a plurality of pairs of key
entity and a plurality of attributes related thereto; ‘ ‘

computer readable program code means for formulating a plurality of patterns,
each of the plurality of patterns relating to one of the plurality of pairs of key entity
and a plurality of atiributes related thereto;
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patterns using an associ ative di scoverer; and conputer
readabl e program code neans for interpreting the

out put of the associative ddscoverer for discovering
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10 neta-data; a know edge base that defines the
attributes of entities; nmeans for fornulating patterns
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invention are described hereinafter by way of exanple
with mednsdenidentifong key entdienprdkayrgladens g she sepi-structured
WHefhiat20 Fig. 1 illustrates a know edge di scovery
system accordi ng to an enbodi nent of the invention;

Fig. 2aknowlegge basedlnt defines the ditalgptesrai gntitiesk nowl edge

di sco

the. i rijche s BARAGRHLR0bfa B A MR SR ShIRBRL of
aptpitleeaﬂatmw’tﬁeltelylenﬂxtmvdnédge di scovery net hod of F| g.
2A for_di scover | r}%p]lg ween product
attri by %1§%an8a‘& ls%as 2ﬁe 1. %Vil%%l%%st rates an

exenpl ary flow di agram of a neta-data extraction
PEXiER DI CirfioN OF THE DRAWINGS

Embodiments of the invention are described hereinafter by way of example with

reference to the accompanying drawings, in which:

Fig. 1 illustrates a knowledge discovery system according to an embodiment of the

invention;

Fig. 2A illustrates a flow diagram of a knowledge discovery method according to a

further embodiment of the invention;

Fig. 2B illustrates an exemplary application of the knowledge discovery method of

Fig. 2A for discovering relationships between product attributes and diseases;

Fig. 3 illustrates an exemplary flow diagram of a meta-data extraction process of Fig.
2A;
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30 2A; WO 2004/ 042493 PCT/ SG2002/ 000249 5 Fig. 4
illustrates an exenplary architecture for an

t he associ ati on between sub-concepts in the
sub-concept space and concepts in the concept space,
in which an Fla field servesSas the input field for

the sup-caoncepts, an Fib field.serves. as the.i.nput.
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illustrates a tenplate matchi ng process, and a t.en‘pgr(%%he

| dasiers A Yormekisan Bofield that denrpsenhibe ses0gifvg mgRrmes

A HCRUEIEEpald toftheonbept flabe; 7 111 ustrates an exenplary
fl ow di agram of an associ ati ve di scovery process of

15 Fig 2A; Fig. 8 illustrates a correspondence process

Elﬁg\/\? ﬂﬁsﬁ"’ﬁ@ y%%?ﬁ}h%ﬁk@ %f&éé%ﬁ@ltnile\ﬁein il RERUENE Bis@verer of

g. 4 and an | rule, i'n which tenplate vectors
wfg. énd wpb encoded by a cluster j can be interpreted
as a rule mapping a set of- antecedents 20 represented
by w;a to consequents represented by wpb; and Fig. 9
i Fligust ilbsiedesaa gemplatel nptehingsgrocessipud er tdyyplathiledining eprocess

enbodi ment.s of t v i ape preferably

[ Pr%r? Oélﬁ:%j%{néfg‘? asi%m%%ﬂs@é{%& I %’TI ON The foregoi ng
problemis addressed by a nethod and a system

descri.pe erei nafter . for. transformng.. -

R TlETlE oF seruRy e Sernd o AT BBk PyBhess of
arighorai n and t hereby discovering know edge that is

new or previously undiscovered in the extracted
informati on and the text docunents. 30 A nmethod and a

syt eMifulkhaik 9WoRdgRnInSE Pyeess BaRedndh NGusted in the associative
enbodi nents_of the . . . b
discoverer of Fig. 4 and an IF_THEN rule, in which template vectors w;" and w;
encoded by a cluster j can be interpreted as a rule mapping a set of antecedents

represented by w;” to consequents represented by ij; and

Fig. 9 illustrates a general-purpose computer by which the embodiments of the

invention are preferably implemented.

DETAILED DESCRIPTION

The foregoing problem is addressed by a method and a system described hereinafter
for transforming meta-data or the like information extracted from text documents in a
domain and thereby discovering knowledge that is new or previously undiscovered in

the extracted information and the text documents.

A method and a system for knowledge discovery according to embodiments of the

invention described hereinafter relate to the discovery of new or hidden knowledge

of Fig. 1 for the | eaprCi/fG200£/000249
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i nvention described hereinafter relate to the
di scovery of new or hidden know edge WO 2004/ 042493

domai n. According to the enbodi nents, sem - structured
meta-data are first extracted from unstructured
free-text docunents. The s&hi structured neta-data

typically c rise enti
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@ denﬁ el Sfc 048 dBl‘ﬂaﬁ'%yaaﬁﬂklilﬁggﬁeqaaﬁ&%lﬁé(Bet{NBen
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bh'dcﬁizﬂr? %erk H)t a%l i)b@c%ﬂ&?cont&ﬂ %gﬁléﬂz th& eﬂb&ﬁlﬁ%ﬁﬁg é{ erate or function.

|0|norrra|c semanti c we |gent agens
VRelavame fielde nCapplicatien gnchude lmswhgg@mmwgdg@smpmw&@yme

%c&%lgggﬁlscol’{/oew %gnfogm SﬂC% s tlc%febs?\é‘l%tn%gh é(glt A, entsI

an e i men nti
descri bed, conprising a neta-data extractor 20, an

di at e t.a- dat r 0, a meta-
B R o Dbl iyt hlde uibovery
t Eyateat Cl()nﬁf abddrdante 8:&310@11 admbodimeahi s:rfother @Kention m described,
know edge |nter£feter and a ser rfac

T OB A E & Jal R Gt Dp i R SO Q. 8 meficata

kpaw Q1 gedotiaSt RYEFIYdge Yake 50, 10 mER-da@Xfrdndfokmer 60, an associative
sem -structured meta-data from free-text docunents

whiseayerea A0: Bdne v ishgsgnterpretenil. ad ausgLiieriatsoile 30 on a
per manent or tenporary basis. The sem -structured
neta- data can be in the Noun-Verb-Noun form as

c ahwmaydaﬁae@@rapfea 29 gllpws ¢ meerfof dpcgkrorvledgg difcayery aYriihnge to
%g%%’? gégﬂg;r w rell Pndid1§atd B ﬂée—%%e&lvﬂ{’{%{)&n@ﬁ&@& in

es as proposed in US Patent .
6 {1R68:t888a store J0rpnt drgermarrent orftergpyp desipc Thegwemi-glpjcired meota-
(349 I
BB 2R g QEPOR g 1y SR NBRR o st of
ANatmmi Laagwa@n d’EQxIessmg, ;W bp dloct formr ofa(aor@bptdifﬁa,tlon{,?oacppt (CRC)

entity or the lj ﬁ. nment .in-.a d in

e %I 2 prg]hos%ch b S I;agerrlllt ﬁe §§%3 %‘%58 B thefofin o?%i)ﬂct—ga[on
Object (SAO) tuples as proposed in International Patent Publication No. WO
01/01289, or in other known forms. A noun, a concept, a subject, or an object, is an
entity or the like individual element in a domain. For example, an entity can be a

company, a product, a person, a protein, and etc.

For purposes of brevity of description hereinafter, an entity is exemplified by a

concept of which an attribute is a sub-concept. However, the embodiments of the
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conpany, a product, a person, a protein, and etc. 30
For purposes of brevity of description hereinafter, an

attribute is a sub-concept. However, the enbodinents
of the WO 2004/ 042493 PCT/ SG2002/ 000249 7 invention
are not restricted to appli@ation to concepts and

sub- concept s but clu ication r.t

JRVeaHPR fte é‘gﬁ? Eﬁ’?ﬁlcﬁpq Bﬂ{cg‘gorgf i;c]%lgepésn %ndi sub- coﬁﬁeegts R fitlude
| dhERdakiby tokoTigpkypeger catitidsning b@siutestoli the meﬁimsd ata filter

40 identifies key concepts and 5 relations based on
the occurrence frequencies of the key concepts and
URLidentify Rh&TI8IRNTaSterediNe mﬁa&aadaﬂ@ﬁnermaaeﬁlﬁemy @Rcdpkremd
converts a_concept to a plurali.t ygfog%3 iUb concepts
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tEreRASK. Ofhe nERIRANLESforheF 60MHek RodRes 6 Qﬁﬂ&pﬁ tol aSpl@rality of
conpany profile, the sub-concepts may be relate

tfub-corarpia hypsedrast the éomgleéﬁo‘a?d@e@sa r58f iFog examRin it %@§a§9f of
o&?r[p@{rhé) NS whith't @ § it @%Céﬁﬁp%n fphﬁﬁ@ Gh@kut-&nc&sts aRd be

8 domai n edge base 50 may be dependent on
achedve Hei Comaanwmbﬁba wraks GFO oBjfde tcoml%srﬂfééeféf%ﬂfﬁb‘%@@ess

B0l A 08y FERETs S Spi o
H esraetiopal ilatioray oi\/blnjedt-bnelpgpb Hatallaedd t4xQnomhyt ae‘qhﬁsgptug sagh as
(WE@]‘ gdl\}e rg%aonces T 1%1”% SU(\J{‘ELS on§ d'é?rlb%d?’m “PBnce é?’ﬁleflﬁ(%y

or a ut es concepts or
SMbm@@ﬂM@@ﬂ’S pablishéd sfdntematohal FoutdaboilSeredl rBykinmsi, 8hge8 No.

ng% %%n QIQSQ)E):@E gf Itlg%q'%r ng}?’tpﬁ é&?‘? aoq%e ne‘t:s1 %%rg’lﬁ)-concepts as

t ﬁﬁ&ﬁ@d 1#Sth dbh b kg owle gy Hakd 6 czkﬂlm/meddﬁned hmmaﬂy or g'drr&rated
associ ative di scoverer 70 nn nl‘ge ]Eg
netieraaiically Syongh|ather fapTactiongr |t %ﬂ‘ ?S Srown

aingasgl network nodel, capabl e of supervi sed and/or
unsupervi sed | earning. The neural network may
conprise, for exanple, an Adaptive Resonance Theory

Mi‘ﬁ’e £%T%E )dls§é%fe? 7D nY Q:thb@@y P OB HRAGhdtIRRINa kyinbdTid ZZi¢hine-

Neural Network Architecture for | ncrenental
Sl@p@mgl s]@drlilb@arﬂl agneyfal RGNSl caRakion 8l SHERTVIRfs) end/or

Ngl?s @&1 le%nrlg" ;[ﬁgﬁglﬁﬁlqgﬁﬁﬁk %ofﬁ rlége %%g%lﬁ@%ran aj?]daptlve

Aﬁethance R@@mm(m&wm qys/tgm such as one described in "Fuzzy
ARTMAP: A Neural Network Architecture for Incremental Supervised Learning of

Analog Multidimensional Maps, published in "IEEE Transactions on Neural
Networks", Vol. 3, No. 5, pp. 698-713 (1992), or an Adaptive Resonance Associative
Map (ARAM) system, such as one described in “Adaptive Resonance Associative
Map”, published in “Neural Networks”, Vol. 8, No. 3, pp. 437-446 (1995).

The user interface 90 may comprise a graphical user interface, keyboard, keypad,
mouse, voice command recognition system, or any combination thereof, and may

permit graphical visualization of information groupings.

concept of whi ch BEIT/SG2002/000249
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Map (ARAM system such as one described in "Adaptive
Resonance Associ ative Map", published in "Neura

interface 90 nmay conprise a graphical user interface,
keyboard, keypad, 30 npuse, voice command recognition
systen1 or any conbination 8hereof, and may permt
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pelapbre, mayrrefeatd lowsheagots, &fehirgs@ngl atgneid sabepmcspts Ry refer to

B'r ggﬁ%?ya fg,goﬁt c ro@xc? B2 re& ORE E%ﬁ ot ﬁ)r(ffﬁ% &tordd in GANBAMrise

rdd urés onal profile stored
i data)lsemttae:bmmys e’[hedabwbe&ig@dmovewﬂmyo imthés donistl agbprerve

e HieR b B SRR ALl o REPigke S pric

aSerREmANa R heldestcbtisngunione perkénad pmﬁtﬁr amd nmepan(yr hi dden
rel ati ons anong personal profile and conpany. Yet
anot her exenpl ary application of an enbodi nent of the

| PvembineNedetpiiry appiditioni of an GnbodivientofSiiis iramtion iwaisciantific
concepts may refer to genes, plants, %P?'S%%wmwsrdmmns

r @P@W?@ﬁgmrﬁfa@ Wb@hépnqeats PRt IEICR 1 $ROES &

| 6@l bRz Atd QRoteR! intrRA6HClocAARG, adrl @iBordén BhsSdidtiod) and sub-
concepts may refer to DNA se uences pl ant at RP es
asrhicertic may Hefek o WY geduensesc top el £ | rtwr{l? gwledge

09 ?&o%érh/ s%%&nqg i ﬁﬁsdc&%xy%q}éq{sed‘foqﬁﬁ@&ef 8idaéd RNDSons between,

as an exanpl e, DNA sequences and a specifi
dasaasla,mplm DNA ree@fengag el of spiepijc lddspasepiatesa gﬁé#t”élf%l%key

PBG BeRbiO R R bR SRBRRRe, 25 LN, Tl e ence

"RECAnC e know edge di scovery
nethod |n

With reference to Fig. 2A, an instance of the knowledge discovery method in
accordance with a further embodiment of the invention is described. In the
knowledge discovery method, a meta-data extraction step 110 first scans text
documents to extract meta-data, for example, in the form of concept-relation-concept
3-tuples. A meta-data filtering step 130 next removes irrelevant 3-tuples by focusing
on the prominent or key concepts and relations that the user deems as important.
Next, a meta-data transformation step 140 reads an external domain knowledge base

50 dependent on taxonomy, ontology, a database, or a concept hierarchy network and

8, No. 3, pp. 437-446 (1995).PTHEGUSE000249
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docunents to extract neta-data, for exanple, in the
form of concept-relation-concept 3-tuples. A
meta-data filtering step 130°next renoves irrel evant

3-detipdseie Byb-doBEdHH 9 tRoALptN RINELTH
%nc uﬁ)ts and rgflspzdtl ons that the User nﬁggg%sgong&% A pattern

Agp. sternd XY | thep fosmg - pdning tspmnles, osacht Goosistiigepf 24Gector
r Qéﬁéseﬂﬁlgeg%%ﬁ@pt M'vectgln Ete@&glﬁg hags cogg gge?.nngsgoctiatwe

taxonorry, ont ol 0g ase con
h [dsPAYeBhyieh éﬁWkseawﬂmr@@Mt @aczdzg@uﬁ@ms&ﬁ@ ﬂieOﬁlQEﬂﬁng

%E t e
2oy e EZN%E\“ GONRER Spede, Aip SRR i e 170

f &FHiST extEapts 19<égv>pn the formpefF CHTRN aﬂesrfgmoARaM ect or
representi ng sub-concept and a vector representing a
kﬁ% concept. An associative discovery step 160

tpikaence yto @@C&%sapph@ttlon op dlher Bnoa\ﬂéﬂgb emcaﬁery W@thod for

u i.ati ons, in t he
R T N b
esancerc tssiebmxbvd ﬁxdgjhlstrﬁlvb |p&1_rpf)§brsm1‘ﬁé mbfa=dbtHENh dHoR Steh 11 @MCans
gﬁ% Rk fereﬁgceto d% % an application of the
KROW €d g% 8 FERPE O SR diiterata oasigipgr ¢intgsecasions defeen
r Bﬂodﬂqt atishitgsandelisees FIh@ eheet dadd ﬁftérﬁﬂgts B0%edbrE 3588vant
th cancer, 1S 5:)shcrl bed ilTustrative

pur (laesse OFHINE R e Ay t’PE&’FW@ﬁn §P@Bm$119f0§@<&m gnd cancer.

COhs mmardatar e mAtRBEdpS] 40 Qe R tek R
(o40) n%é ‘g@g of associ ateinO ns get Wee%{al H%ggcl} g@&glte{lge %el?{andent

afiy gtologye opatdataliaseaand flerisies ﬁ@ podyst B86butenfov esch
I]ﬁl’b@&o@V Ak paderth UBHRFath¥ sftéﬂcpﬁ)' 09m 8 @rafnﬁn %g)?es COI‘ISHJT‘Iélg of a

rel ati on between consuner products an
nECERr a%ﬁrﬁsefltﬂwmmlmssftﬂépmﬂzﬂl@ V@:&dsre}ﬁxsteeﬁﬁgabancer The

PA QS 1 n Laxon ol o

B DRk AR R B e, Jecll S B b s fRgpine
ﬁmlailﬁp%@qj@g forfphef HRAMeclnstérar Tht khovolad gt iaRrpt&lkidnOdtdFs170
t vecto senti.n
0 BRSO, Sy 0o
cxAeples of e rules sicbedrédvmaylibs Glm/wsymﬁioﬁﬂ)f]sﬁ&lﬂd’ ﬁ‘ﬁﬁ@fﬁﬁﬁers

v, and | earns the underlying,. associations
\ﬁﬁ:l‘% ﬁ{éazggérnfﬁ] gfanmﬁﬁ éllng)stpé?@(’ts"l'ﬁé‘d k%v\dld@a@@auon of product

| ingrediptg toatombinationpthdrdof, ABicebhsatdntly kuawkadee in the
formof IF-THEN rules from ARAM For this application,
exanpl es of the rules discovered may be the

a3 dabaletigndiedovepefidiiiddGs AROHBRACGH WFeS detail hereinafter by way of

exemplary methods or models for implementing each processing step.

Meta-Data Extraction

With reference to Fig. 3, which illustrates an exemplary flow diagram of a meta-data
extraction process, the meta-data extractor 20 assumes that the input documents are in
plain text format. If the input documents are in a different format, the required

conversion is first performed in a pre-processing step 102. For example, menu bars or
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wi th hazardous (cancer causing) products, and the
identification of product ingredients, or

whi ch consistently | ed POI/SG2002/000249
cancer. 25 The know edge di scovery nethod is descri bed
in greater detail hereinafter by way of exenplary

nmet hods or nodels for inplen%hting each processing

Stfﬁplattﬁ@ts@ecﬁﬁdaﬁoﬁxiubﬁ(éﬁ W tidys ra§ff(ﬁﬁ1§ Q)ﬁ%vetoopa "—:sgare Femoved
rates an exenplary flow diagramo

h illu
rré? SR ﬁ@d“@& Pdeof e CﬁﬁféetesEext 111h anagetfarmias & converted to
explairf Gk O isin® af SPHERE Thirhad: Iteb(?gnﬁt{bgu%stgﬁc o Sauc%’o s(llgnals are

pl ain %ﬁXt format. If the inpu urren are
dePTVETEhio ¥ g a sasechy @qqgmtm systomv Erptionn and trﬁmscﬁlﬁtlons in

pefdé@rama@oﬁ\}grt@d R6 Qe R 02.. For exa

menu hars or WD 2004/ 04 25 363%&%%5?3%%‘5?%6%@ ' specch
f GiCAeERystepaespedtivalyi ons such as HTM. tags as found

on web pages are renoved to keep only the main body

of the content. Text in image formats is converted to
10 ptlcal character recognition

p

SY! | onverted to text

usﬁ%g{@aenggglgg%n?&ég osge nexg V%Eagt'sha éé‘BP‘?SOSﬁlg 1 3§, gerson names,

t pQRDSY inpmésp dated md&umedleﬂ datae(e @0 NV,00() Febnt &ﬁtﬁéﬁrodé%e@ Bexts
and a speec

ter m tio
R o nf < AR rEE ey P afepioni ag ehepty tqaaer with the
Rewiies of tha sdhrdfaailjeulﬁéﬁts tVE k@680 Ab A idSHERs &{}éeréﬁ%namns
eggtflggtmse eaI ent Iy t(% ﬁ?d’clli;] as person nanes,

R S8y atesreg Bt Sleorgat and( iy Buxhi' (0@igh a
f¢0m&fdrdma pEselutioe @xsethnt, €415 vaﬁ"eﬂﬁgnsc bfah %ﬁn@”ark r} Ced s o
in ores the frea@enc each entity

tqnﬁar(dh m; 4 #oetagss qucH@egté UsEe @@Cﬁlﬁmhtcb forNEfor further
rpeggdmd.i on also identifies different variations of

t he same entity, e.g. "George Bush", "Bush, Ceorge"
and "M . Bush", through a co-reference resolution

aNyoy 3 m[gsE%gctMﬁlrl ations of ~an entity are reduced
into a 15 standard form and annotate the docunents

NN Frituplastezireriion steprifif fion phatses beatencqarand €8S Va3 Gynthdd 3-
r 0 ext action_step
e ot N b et Ny BN RRb by 3 CaB agerd

6 t hen parses séenténc
t (pises N& ©hé YOrare ofxtenlis D@s bE)Nou‘t‘ihBllitﬁseNﬁhd Vetb NfRe

%s@é’&ﬁze@pﬂ:ﬁ}{% Bf‘ th& re\égfap expressions

NC :- (ADJP)?(NP)"((IN|VBG) (ADJP|NP)) *
VC :- (ADVP)?(VP)*(INJADVP) (VP)*

where ADJP is an adjective, NP is a noun phrase, IN is a preposition, VBG is a Verb
gerund, ADVP is an adverb, and VP is a verb phrase.

NVN 3-tuples offer a low-level representation for capturing the agent / verb / object
relationships in text. As a first step in the extraction, text is tagged using a Part-of-

Speech (POS) tagger. Then a rule-based algorithm is employed to extract the NVN 3-
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VC : - (ADVP) ?(VP) +( 1NI ADVP) *(VP)* where ADJP is an
adjective, NP is a noun phrase, INis a preposition,
VBG is a Verb gerund ADVPlils an adverb, and VP is a
phr.ase. upl.es offer a.
r Bg% af ’.%a“%P P %Oé‘;%’tdﬁ‘f iy TR e“%egerﬁ‘ﬁ%a\tfé rre‘e7se% b) ‘Bagws
rKPamu@&&ﬁnpsmwﬁymeRm”'Ameaﬂéirst step in the
extraction, text is tagged using a Part-of- Speech
(POS) tagger. Then a rul e-based algorithmis enpl oyed
Lo gRCAqVCIPRNCIYNDT] WMIC2G04/ Q4CHI8 1 RCD), I80N3/AN02%9
11 tuples. As an exanple, consider the sentence: "Bill
Gates rel eased Wndows XP, an operating system for
PEhén involdd@ oh Kn@enté Medill rdsiiedd thé NOA 3 npldd] [NC3]} -->
(NC1, VC1, NC2), (NC2,1S-A NC3) 5 when invoked on
sentence would result in the NVN 3 tuples: (Bil

Gat egil RLCRREh, Wik Phd and (Wndows XP, |S A
operating S stemfor PC s). 10 The set of the parsing

rul éWindews B, EoAsenetrsing aysigayfoy CisHat ed based on a
collection of docunents. The rules aimto take care

of a large proportion of the major sentence forns. In
sTheset pHilre whrsing males ¢andejcondtivoind andvatideicth bagied lan afsellection of

Sﬁ&ﬂl%@v&%@%blﬁtmﬁéﬁ% r? og gg%g gﬁ)goﬁlg gl‘%ﬂéegrlﬁ r}opﬁellﬁénce

oformhelnldﬁu&mntvdwn @o rilp it ﬂomlchtbowaéclewm‘m’rhle @eni¢rie,s special rule is

TREGRe e e RO arR R nplF AHE peiog gfghe

MBdnfende t Indhe abuve exadplbythis tcbﬂe@GﬁﬁsGm ((Blll Gatas ecleased, Windows

D i guat 20 Ne d t t
0BT B #1128 sprian s L HBGA RS BF THAL A CBF e b

(Neked@idever b cl auses (VC) through the use of WordNet.
For every word,

Sense Disambiguation

Next, a sense disambiguation step 108 identifies the specific meanings of noun
clauses (NC) and verb clauses (VC) through the use of WordNet. For every word,
WordNet distinguishes between its different word senses by providing separate
synsets and associating a sense with each synset. The context of the words in a
NC/VC is then used to compute a distance measure and pick the correct word sense

for the NC/VC.

Clustering and Unification

In a clustering and unification step 110, the disambiguated NCs are grouped through a
clustering algorithm, as is known in the state of the art, based on their similarities. By
this, the knowledge recovery method would also take care of most of the entities that
have not been reduced to the standard form during NE Recognition due to

inaccuracies in NE co-reference resolution.
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Wor dNet di sti ngui shes between its different word
senses by providing separate synsets and associ ati ng

a NCOVCis then used to conpute a di stance neasure

and pick the correct word sense 25 for the NC VC.
Clustering and Unification N2 a clustering and

uni fication step 110, the di sanbi guated NCs are

grouped through a clustering algorithm as is known

| Th dddiios} tk &edf clidses @t tupified secbrding tdeherrespectivie andahings . For

By 30 this,, the kngw edge recover y th woul.d al so
téﬁ?@pgar‘? U rr@:‘?f1 1iS’f’at“ﬁ 9@\4&% ngi}% ot SBREHne 2
r @lkkS edlation. td1est&lipndalotn f:raﬁga}; el mﬁgcdﬂﬁn Bie eagreldusaronhpite

I naccuracies in NE co-re erenc resol.ution
2@9&%@6&@%@@%5& BopzmeTming o SB%@&P?% d N\ﬁf}mples
VR Bennfitl SRSed COnsept- Rél@ﬁ’orﬁ@&ﬁéﬁ' @R 3ttdi1ﬁesr eﬁpe e@ﬂ iné@-data
nmeani ngs. For exanple, "causes", "leads to", and

"fepEsnfadionn” are all different forrrs of expressing a
causal relation. Custering of noun cl auses and
uni fication of verb clauses conplete 5 the meta-data
eMeﬁadatFld*"ﬁit@‘iI@p 110 by transforming the syntactic

§ﬁfé n'l\é\/g ffa ei&ﬁ@hﬁste 0511? g%g%A (fna?"&‘)?@cﬁlce too many CRC 3-tuples,

ncept atlon [es type of
e anadataa fittenproesiemt 3 allws aN@@lawofam qmj qubgsity ¢fgtha 8-typdes by

ﬁglatlr%j;rlg g%&cgéjtg @fé ga(?g{lssitof H‘le]p:llppOﬁ(p oﬁc&wl&%@e IR¥%very. Key

f tdricepts gl relaigms l;alﬁ)bajaﬂomisd arelq‘éyaby the ubayc lier examplgbibetiser can
of t t upl es id ifyin n

Kebtts it e somr S Deelsbe R iRbed BB S b om lated
C@neﬁﬂéﬁ a’ﬂém’a&kfﬂpi k‘kb}s ca‘lﬁzﬁptb’ﬁalamoﬁ;vchledaedldeﬁﬁekiyadbgmd;thelly

For .exa user can .i i fy. cancer" as

e ORE R P et T PR b PRa S E Ry B RGP
f a%@cre§t/1%ahat eh B rdferrddaidCRra kedl EdREpddIatinyif 1ﬂ<1ey:onta1ned in
concepts/relations can be identifi d aut orr%k &|
t Fossy gin dirHpttethe (R G Sripplst eﬁ‘é”t“ﬁéds 15 SPRIPRC S japuser to
t BRcARoRInt hrephielatioRs pR¥BAEIY Buknodn EOME QpY:/ I el at ion
can be referred to as a key concept/relation if it is

contained in nore than half of the CRC 3-tuples

eMJtQ’f)ta&dTra-ﬁQfo?mﬁﬁ oach enabl es a user to discover

i mportant concepts/relations previ ousl y unknown to the

* uSaven a set of CRC 3-tuples, (A1,R,B), (A2,R,B), ..., and (Ay,R,B), produced by the

meta-data extractor 20, where B is a key concept and R is a key relation identified by
the meta-data filter 40, and Aj, Ay,...,A, denotes the concepts that are related to B
under relation R, the meta-data transformation step 140 first obtains the sub-concept
representaﬁon of Ay, Ay,...,A, from the domain knowledge base 50. The domain
knowledge base 50, whose main purpose is to provide a sub-level representation for

the key concepts identified, may be dependent on a conventional relational or object- |
oriented database, taxonomy, a thesaurus (such as WORDNET), and/or a conceptual
model. Without loss of generality, each concept (A;) can be represented by a M-

dimensional vector of attributes or features,
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20 Meta-Data Transformati on G ven a set of CRC
3-tuples, (AL,R B), (A2, RB), ..., and (AU, R B),

key concept and Ris a key relation identified by the
meta-data filter 40, and Al, A2,...,A" denotes the
concepts that are related t@3B 25 under relation R

t he net a-data traeffornatlon step 140 first obtains 1
the sub- ¢bnd@pt-2iepresentation of Al, A2, --.,A, @
fromthe domai n know edge base 50 The domai n

know edge base 50, wh se naln e |s

SHBEFF Gyt & MEAIABEH CHRPPFER FHe TG Cea&g% e Gebe ot

| pleqntd beditrivimy j e cdﬁiéﬁﬂ']ﬂ?mNoWﬂﬁt ﬁpﬂiéedbbiz@lﬂ@resentauon the
rel ational or o% ect- oriented databas&ﬁ t axono
R

t Fedianiy ¥ Pegitieth ket fpormrather Woadte (oR-12) @@btl%a$sa@@ Smply
n’@ﬁﬁlA) Wt eath &&%&)t of,, GRNBhtRk tmuBReh EPNESPForfnates an

can bé represented by a M dimensional vector of
a@)tamplgﬂoggstmg of gmsgb—é@resmtmwj Ao amigthe associated concept B in the

a| | |E§SE gg IZ’QOO Bé ocegsfﬁg]m ‘the aﬁbmmfelalsco%}?rs%ep 160

real er bétween zero and one,
|¢dmdaﬂbn@“¢he degree of presence of attribute j in
concept Ai. Note that in the above representation, the
5 relations are position specific. In other words,
(Asdapﬁ)nvﬂbrssowqt necessarily inmply (B,R A). For each

ence to Fig. 4p?ht ! Sk ?)rcfv?cfe% ‘?gucﬁ% 0 r%tva’osrg-based associative
£ SRSy 8% 8 pi tT g of

‘exarnpl e eonst s
sdﬁbedveqef es emiesbnkml mf“A!&Iapmd{dsbmnafsAmman@dMaphcpeblushai in

| 0f, ({ A L. B),.f.or proces
ﬂN at\{‘\g/ éia\l sgbk’}jer497'§f§é&49féb hieh R % |% eé‘amplg ot e
beds@cmatwé Qllse@\&MWQI IAselefdribedinahy ariéle IaltdscEszerJe nRANGS Frifigmily

, there is provided one such n t
e et e T St RS ISBERE s

268 RESs ﬁﬂ%ﬂﬁﬂi‘ﬁﬁné\{&m mapPd &t boF Bialyhind 'ahbg pAtterns. An
ﬁg?morks" &¥;M pp 5237 446 ggggs m%?%h 1S

aARAM gstem spn (bR eVlSPB117§§s"<§ cvat F RPN 9@)@@? Regpnapge Theory
?& Tj R&Fds r&oﬁshs%ng ok tvd #p iR FEOAVRd FARAMYiS 2 Blufidfidiy F,

neural network nDdeIs that perforns increnental
sUipertor shegkiosdedge ipcofery mg§iod rdgscribed herein, the input ﬁeld Fi* 71

serves to represent the attribute vector A and the input field F1® 72 serves to represent
the concept vector B. Each F, cluster node j is associated with an adaptive template
vector wi® and a corresponding adaptive template vector ij for learning the mapping
from atiributes to concepts. Initially, all cluster nodes are uncommitted and all
weights are set equal to 1. After a cluster node is selected for encoding, it becomes

committed.

With reference to Fig. 5, given an input vector A with an associated input vector B,
the system first searches for an F, cluster J encoding a template vector wy® and a
template vector ij paired therewith that are closest to the input vectors A and B,
respectively, according to a similarity function. Specifically, for each F, cluster j, the

clustering engine calculates a similarity score based on the input vectors A and B, and

met a-dat a extractor 20, wherkRCBSG202/000249
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Theory (ART) nodul es consisting of two input fields
Fla 71 and FIb 72 with a cluster field F2 20 73. For
the know edge di scovery netHdd descri bed herein, the

ut fledFIa 71 .ser es vt 0 & ent,_t he i but.e .
vg%% ?mﬁlagndveftﬂ’é? i Wpuf™ti & d ifie“ZafJ[‘)’F?“é‘“'SI e?\‘/‘eexa @e of a Sty
I piEengivet bﬁo@&@ dephtey@yichdicBfuntiwmhedn? (2). UBtedt, chatte that

iS assom th an .ada t|v | a vector wfa
L R ek b R B e B dor ot 1 or
| ear ni ng the mapping fromattributes to concepts.
Initiall al .. cl ust nodes. are unconm tted and
oW/ itherelminge 44 Elgs 8¢ 31@qsu%{FmtparfimSAWal%teametﬁm & v b@éthéhe

S BB dedt@t P aad hﬂ‘g of ke RELRABSustcE ANHhich 64bll With fthe input
reference to Fig given an input vectaor A with an

addrEiate gectorh dt alxﬂe%t r@fpestlvebt ﬁ@cog%& Engrofhes pindlagiycfragtion,

feb adn F2(3f baiskerre 4o, o6 Qgété?ﬂ p@rf&rﬁﬂﬁlnﬁfal@te"l@é%hﬂg té{\dnﬁ)dﬁ? Ghe
a 30 tenplate vector Wb paired therewith that are

c legdase vectors e andlsut of tbe Foslustex T gnende thesippuitieqtersyh and B,
eacﬁ&g @9 bﬁleﬁv@é ?ﬂel ﬁ[s'tetry el Qﬁd e 'sys%rﬁ? Edt&fﬁle hy oceds Until a

cluster |, clustering eng| [ates a

simaichag fotd. s%rdetaﬂah@gbrﬁhnnqunmw vectors A and B,
and WD 2004/ 042493 PCT/ SG002/ 000249 14 the tenplate
vectors wa and w b, respectively. An exanple of a
siThe AR hyduldsumet mokR AL @hyvbfnoib@typwtlas cdtéporicest legpoy pyatterns,
choi.ce functl on (2) uster.tha h "
C REt et s hopEiio s DheiEnE L i AR AR T, o
I ixcieosd iatthe artS IWstribed edctrne isCe fitzay ElR;AMGnodeh eomspystd 0t two
per f e Chl ng to verify that the
t8}‘ﬁf Blflgg%}@%?’éﬁ&rﬁ@eénd wlb of the selected cluster J
match well with the input information vectors A and

respectively, according to another simlarit

EEHW.P&%AM dyngiice s deegyingbibihe cheicepprameiers gy B a">0; the
bR R Cre G ITG B5 VR bR TR P "

i APt [Oqu;‘:strﬂraScoﬂtrmnﬁorﬂ:)arélﬁbterre/sip €&1]. VBleychoiGk bﬁamn:tsns o’ ehéa’
cl ust

r reset. and the ytemre eats.the
LRRITOY 2he ias EaTds SRonsing  FrRUsRE rdioruiF %eo YhpPe o larger
Jin¥eold Bihdel M &%ﬁuﬁ%ﬁ‘e&% B85 @oﬁtﬂ)l ARAMRY tdRep1 R vébtors

type that categorizes nary patterns, anal og
pat'taetl s adent teathe gt Yrgtoroh abd By teepcetieslyp afteaigilance patameters

(r eglﬁf ﬁbe(g:teﬁ'x%m%%he &Hé&a)/ fo’rb‘ggatlsfac?o% match between the input vectors A

and B and the template vectors w;" and ij, respectively. The contribution parameter

v controls the weighting of contribution from the F;* and F,° fields when selecting an

F, cluster.

With reference to Fig. 7, the dynamics of the associative discoverer 70 is described by
way of a flow diagram. Given a pair of F;* and Flb input vectors A and B, for each F,

node j, a category choice process 202 computes the choice function Tj as defined by
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15 is known in the art. Described belowis a fuzzy
ARAM nodel conposed of two overlapping fuzzy ART

choi ce paraneters as>0 and ab>0; the |learning rates
pain [0,1] and Rb in [0,1]; the vigilance paraneters
pa 74 in [0,1] and Pb 20 735in [0,1]; and a

ConLi LB PREATELTL B L O0ld LIRS choosi g

a F2 cluster whose tenplate vectors have a Iarger

norm of ma n|tude The | earning rates 3a a

cBREF-0IOT HERPTF Rs3ndt hdhg BirpY ANY JREtNg'S dﬁi gw g = min
&ﬁ}@,?, h@ theorini® ldEﬁlYe%q;ny)[S: é ﬁ,ndl“h%asyﬁt@lﬁ R€ 941(5 Y& ke 4 BBoice

Vi ance paraneters pa an determine the criteria

f wherpatgugst efealotnody camaliashmp thWQe fhe kkoigenig undev@catd rby asselect

t np. V. and b,
r espgﬁ [ vgﬁnéyjo.4 ‘%}heéégjon{n?% gﬁtif%g%?ﬁ%%"ar@t} ;\4 cont r ol s

the vvei ghting of contribution fromthe FI a and Fib
when.sel ect | l. J t
B3R R 5l P Mep B B8 e by B pood
7ﬁhaic]3 desdficatieda biycck 208 \r@erbfm@d fol @rifidifaly aaich Gnogions my”
pair of Fi , for each F2
Pain meet oS By SR S g BBt TvouRMetut o ¢ ne
choi ce function Tj as defined by WO 2004/ 042493
PCT/ SG2002/ 000249 5 Ti_ = aat{wial) +
(1-y) IB /1“W’biA7W%Ls{l£4]prbPl}d 2)~ |%@¥Q|élf-or° vectors @3
p and q the fuzzy AND operation is defined by (p A
2{ 8 , and the normis defined by Ipl =
Psopance m@ursy% el driderigarg splisfiggk deamigother ensughers defined
«aewogf‘\arfyzoﬁgg @15919&6 Qgﬁ%‘c&aﬁt\ﬁo\{ﬁed m%&m’ %e@@c 21§ OCgl_llI'S mn

exe select w nner process 204 where Tj
—Whah theTivalug of ﬂal dhoiep fumsties Tj Jis se te @nfof deedumitonhifribe mput
0 C C
gr%&%iaég% tht: Iggarllé] ;H'gé:e hepgaé{jegle%%geal 1{le%{jmgéﬂéﬁg§t£1 risggal}cg 1e
pecrhﬂayeatred to verlfy |f the match functions, Ma 10 and
n b, neet the vigilance criteria in their respective
nodul es: mJa=I A*wJal /|1 Al > pa and mJb=I BAWJbl /1Bl _ Pb.
( Bhce ReseqrenemlspL taiplate featidighprocdss 10 apdates thateiplatedkctors
Lear ni ng, t hen .ensues, .as d fined 15 below. If any of
t He ai}flﬁgl’ LoRES YR 26 7O5HIAE 10 TPCPPYISt ed, ni smatch reset
212 occurs in ngwew)bqlmlMeolﬁngﬂrgmhp@é)e function (g

TJdIS set to O for the duration of the I nput
an

ij (new) __ (I_Bb) WJb (old) 4 Bb (B A ij (Old)) (5)

respectively. For efficient coding of noisy input sets, it is useful to set §* = o =1
when T is an uncommitted node, and then take B* < 1 and B° < 1 after the cluster node

is committed. Fast learning corresponds to setting B* = Bb =1 for committed nodes.

At the start of each input presentation, the vigilance parameter p, equals a baseline

vigilance p®. If a reset occurs in the cluster field F,, a match tracking process 214
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presentation. The search process repeats, selecting a
new i ndex J until resonance is achieved. 20 Once the
a tenplate | earning process 210 ROOSGHS2/000249
the tenplate vectors wJa and wlb, respectively,
according to the equations: wla (new) = (1-j 3a) wla
(old) + pa (A Awa (old)) (6 and wdb (new) (1 Pb)

Flretet poriiic ooy TornBirs) be nfben SBSSTT 7 Tl pren

t Bro6&t theddseTeclshothed F, WO@N T Iinll& B8 réAedMgildnedl chivelen. An
and then take (3a < 1 and (3b < 1 after the cl usbter 0.5

negarlarssesiing bt the gtherpasamgtera isiep fllorsr ¢ se5dhids T8 —1

S zﬂﬁy(r&@ = (3b =1 for conmtted nodes. 30 At the
art of' each input presentation, the vigilance

paraneter Pa equals a baseline vigilance pa. If a

r et ocurSJnthe cluster fjie natch ack
RSN P b S e s ety BaTB e 7 RE hiden
| fetatioAshés irp eeri toif [mappini Shesdeg thé )atth‘artgeet {dnan,.t.lag} and the
rratchfunctl The search ro t hen. sel ect.s
affFCHRs B FAhg 8rqu%ﬁ1kﬂ%ﬁov?fﬁ g hecs 1@ &fﬁéf@ to. “oin} —>

ChvhdiBr #2080, Aﬂ‘n} 2888 AT 4, 58t thng 1ﬁcﬁéatésht%e% €fkatures that are
paraneters is as follows: aa= ab=0. 1, (3a =(3b=1,
2&316(96(*5‘303 pb=1, and y=0.5. 5 Through |ts super vi sed

| earni ng procedure, the associative discoverer 70

| earns hidden relationship in ternms of mapping
bEnewledge hderpretationt e set {ai 1, ai 2, ,ain} and the

ng ?ﬁ@%stBsteﬂsTHPth% ?&%Eg%e%lg&vﬂ%&ﬁ?we ﬁﬁox’vf@déehﬁlt H’mon
s sibis €10 efradtabyimlaliz knowledgenh the forhn oﬁIFeEHENe'ulk%ﬁtom an ARAM
I ﬁ érl?'l 1sepsf?\;1{11§)dton%r echtrﬁl% efigac%‘é)g ?lé&%h& ats ﬁﬂ)&fj e‘g.ule Extraction:

ion ast s
dFﬂmo%nml mettieciiret foeSyfitolic dthpmsémettﬁn’prmﬂohl;hed nn ‘Qoemsctlon

LS, Y SO OR A e, AT

I Wét@ofkX bAcACIisen nadigrthé FNTield relebbr ddp@shonds toRutuge. Each node

Extractio
has an assoc{e]ited weight vector that can be directly translated into a verbal description

of the antecedents in the corresponding rule. Each such node is also associated to a
weight template vector in the F.° field, which in turn encodes a prediction. Learned
weight vectors, one for each F, node, constitute a set of rules that link antecedents to ‘
consequences. The number of rules equals the number of ¥, nodes that become active

during learning,.

However, large databases typically cause ARAM to generate too many rules to be of
practical use. To reduce the complexity of fuzzy ARAM, a rule pruning procedure
aims to select a small set of rules from trained ARAM networks based on their
confidence factors. To derive concise rules, an antecedent pruning procedure aims to

remove antecedents from rules while preserving accuracy.
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networ k, each cluster node in the F2 field roughly =~ =
corresponds to a rule. Each node has an associ ated
wei ght vector that can be dilfectly translated into a
verb description 20 of the antecedents in the
c§¥¥2éﬁg%%ing rul e. Each such node is al so associ at ed
t Thearulevpiughie dlgoridiratderiws af @mfidence festdt Ifor tick|, clwster clode in

in tarn.encodes a predict rn t vectors
RISt g B e gt g R
| preHicai ®€ Uk Snd fccu@ONHAGS 06ESpontb o supptre inddonfiddnes as
equal s the nunber of F2 nodes that becone_actiy

iR g the dielh plgassouiativg fulp iy g, FeRe el ha S C?fsf@%"& faggor

C fldfitiehN 1 2eORME h&tes tHad QreBddMertly| B8 cbRedd§ REd. This allows
practical use. To reduce the complexity of fuzzy ARAM

apwmné PBrafRANg tpreaoae diles Withgw tq9nadinet ¢ Ode?HeHeFfO%ftnce is
Ogctl'%"cfl'llyQﬁ vaﬁnﬁlfeﬁ'tﬂ@gruﬁ%“él NRENR R0 RASEIEs At WRAS Ereated to
confi dence factors o derive concise rules, an
ahandteadisleadipg neriakrapsocedure ains to 30 renove
antecedents fromrules while preserving accuracy. W
2004/ 042493 PCT/ S&2002/ 000249 17 Rule Pruning The
r Gpeifpally i the painipg ralgonithnal evaluatss aalcadwiitdrd dn dams 2 poonfidgnce
e%wgrgz cluster node in terns of its usage frequency
ina ttaining set and its predictive accuracy on a
predi cting set. Usage and accuracy roughly corresponds
to support and confiden 2 sed in the field of
associative rule niﬁgng?ﬁ @pé% Pvely. The confidence(®
factor identifies good rules with nodes that are
frequently and correctly used. This allows pruning. of
ARRRIE(LD 5 orBES PiR08S 1\l EH IS 6 e dam Kbl ] ey Biesghiing tactor.
performance is actually inproved when the pruning
algorithmrenoves rules that were created to handle
m'ng eclditeny tlapemdants eutermee k.16 usgmedi;feheadd thy fraptinn qfituaiingset

errnljste with, %Mt? ?ﬁ(ec%@ l’):}z n&ielﬁs(tF S r dljwdla&] b§/ A BaRfaufh fraction of

tralmng patterns coded by any node J (Fy): /

U; =F;/ max {Fs}. @)
For a cluster j that predicts outcome k, its accuracy A; equals the percent of predicting
set patterns predicted correctly by node j (Pj), divided by the maximum percent of
patterns predicted correctly by any node J (P;) that predicts outcome :

Aj=P;/ max{P;: node J predicts outcome k}. ®)

After confidence factors are determined, clusters can be pruned from the network

using one of following strategies:
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g =yUU+(1-y)AA, (6) 15 where U is the usage of node
j, A3 is its accuracy, and y in [0,1] is a weighting

usage UU equals the fraction of training set patterns
wi th outconme k coded by node j (F), divided by the
maxi mum fraction of 20 trailBing patterns coded by any

nade .J. (FJ).. UU.= Fj.,/ .max{FJ For C
tﬂé‘FShﬁ]’delgri“%’flg ";IB?SCIS © f(lfnpli(e%ts tggcur %amn hgﬁeutg ﬂdés with
P&snEitce Ghet@k adiont b NGven2iresiaild Radrt @EmMGvepr g Qhee detwork. A

correctly by node j (P), divided by the maxi nu
pepicelfettias forsisOek n@lbmé@lpwefast@aé P@é’tqe§/ ap{nitig) yhmeora of

( g’rﬁ%an{eﬁ%)d&r qqi a%é}o?w(dgg’m‘?% K is EnétinteS ube MBS ity FREGMMIm

predi cts outcone O Arter confidence factors
amanige pEglmdtere th, begiresstved 1 thasystem. pruned from t he

network using one of follow ng strategies: WO

2004/ 042493 PCT/ S&2002/ 000249 18 Threshol d Pruning -
Thol iPsurtirige - sliompil ﬁsning ypBoGH qhusteams ge wher @me HeonF2n ARAM

t Pg\g?rkwr"ltélﬁt‘)besé eling 3 sys rﬁrr]lfﬁ I"o%%%ll%re %E t%l% 8%’{11%% ghd/ ﬁf@ éarn?{ &ﬁlg %tg 18
f fitst téternfindd. SThehthes algetithmdicietesfths bluatendwp]n thei Idesstaanfidence

|t|a el.imnati unwapt e
P (ool e FhaC s BP i BB Rty pyformance
rrbﬂthﬁl&ﬁinnfgaﬂdﬁfbﬂfcu@ése@d.usters to be preserved in the
system Local Pruning - Local pruning renoves clusters

one at atine froman ARAM network. The baseline

SKSYRADPST e &N ‘ioﬁm(ﬂ{g §thesel r@unemgasamé pdiorpiediath Hee a
sets is first determned, Then_ the alg hm del et es

t plasten s smavedyi TiHs ertony %@%ﬂlz,cawmn@eﬁa@ s 15h4Yée%gs%m o1l but

Cl)é%ﬁ’ §fedic§vé Q&hﬁ@f—‘dA lﬂﬁ&‘ﬁ\éﬁﬁtegy first bronéso® WRAM QgEtaHe Ssing
system per ormance he traini ntg and red| ctl
9

n
s Breshold prainigzand theh apm@s ﬂ@@lmrurpmgm reé,lta#ra%wallﬁwg%@les
basel i ne performance each tinme a cluster is renoved.
This option, called hill-clinbing, gives slightly
IAﬂ@gEEmUﬁEmsgts but 15 better predictive accuracy. A
h LIIr‘lh E egttr fa¥n fA Bgﬁ %?%t tt(F Gn ’%R'%Ms Sh%&é@raﬁk‘fa{t&ginto an
t hres d prunld and then pplies a pruni ng on
t hlﬁe(l’eémi irniha gorsespbidérg ket Thé alltmeésnt prumng procedure calculates an
error factor for each antecedent in each rule based on its performance on the training
and predicting sets. When a rule makes a predictive error, each antecedent of the rule
that also appears in the current input has its error factor increased in proportion to the
smaller of its magnitudes in the rule and in the input vector. After the error factor for

each antecedent is determined, a local pruning strategy, similar to the one for rules,

removes redundant antecedents.

Quantizing Weight Values

When learning analog patterns or with slow learning, ARAM learns real-valued
weights. In order to describe the rules in words rather than real numbers, the feature
values represented by weights w;” are quantized. A quantization level Q is defined as

the number of feature values used in the extracted fuzzy rules. For example, with

t hat predicts out coneCRSG200%000249
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Ant ecedent Pruning During rule extraction, a non-zero
wei ght to an F2 cluster node translates into an 20

pruni ng procedure cal culates an error factor for each
antecedent in each rule based on its performance on
the training and predicting9sets. Wen a rule nakes a

predi ctive error, tecedet of the, rul hat
PbES G drbel fevrenbur Py | meUemnas PEs By Fsr PR mles
i Qﬁa[rﬁ@ﬁg)ﬂ yt Itr@fcﬁﬂﬁfdﬂlnﬂés ﬂlg rérige olﬁ $078] in@r QahtervaB andfass1gns a
magni.tudes in the rule and in the input vecto

t BEnratigh peigicle de lpwer bzsn%%fa%nlh B gBnton o et & ﬁ{ea'(q-
a1)/@C @heR b Wi MG wIhilsth @¥wal%Y, fHelafloritieh febfce® B VaRE of w to V.
rul es, renoves redundant antecedents. Quanti zi ng

vieragtigation iyeroupdreff divabyiosy AARHZaoHRLIPE SHERlp D i pnes of
EO(,)lV]’, wRRIoAE g eacﬁ%wﬂoﬁﬁrﬂ? foeql = \'lal L@Ciet 3@;"‘@119)'7@1) | The

order to describe the rules in words rathe an real
ndlatréthe theniyeurfds 4 mgight W\Yﬁatheégar?séﬂﬂé@@ﬁt ed by weights

w a are quantized. A quantization level Qis defined

as the nunber of feature values used in the extracted
f "ﬂlzezgmquire@lts dEdlne ioyeatiph ere pydferpblynplowartelxigs computer, such

d &5 c r gﬁ Y gl %%gedr gomnélge Qﬁ&*’% fineﬁl%H{] Q) \6§?t§a§f uz %r/lpl#te s Shat are

Qmaaamtdnnatedowa byndiwerkc alni pticiavi the fllltChellﬂﬁl&n glepmf:@[sl@g b]f the
t ov‘fl%a% nc{l%éﬁeﬁ'{(fé nrg gg an nosd & flgsu alméo §a1%1 Ogeq Prlgﬁlg&lentté)d as

erva
1softwardor b @bmbigteryfragrarh) éﬁcuﬁﬂg&m the \Dﬁn]gmr ow giaipl of computers.

i erval t he al thm reduces. th I f

o et i monE oy SR AT ST P d e BT APy e fhe
pﬁig&hﬁtl@i/@ﬂl!nﬁ ah Brgfaﬂl@atfoﬁ@%ftbﬁted b&) m’k]ructiUhi i thae fidtarcegthare
en ol nt |

(eenzw et by th?h%omr&ute@o?n tgHWPt ?feﬁOIPB‘E}‘FFas Jhmc’&WPfWés be

t NEp188&H&SEs oME of Blokemodul® feIMainiBRahAS thefprddss stdpye Al hedle
are preferably inplenmented using a conputer, such

10
ais a Bt ferrompricp progsethaipereroRBW pitrﬁmﬁfnﬂgfu%wg or gilated
g["lﬂlUﬁ)orEf AWRYLE Ealﬂailso%eea écﬁﬁ{eﬁ%ﬁ%%ﬁaﬁqgr&&aﬁa it for use

net wo In particular, unc onality or

pwath edhsi mjnmhert‘fh@rmm edge di scovery system and

met hod of Figs. 1 to 8 may be inplenented as

software, or a conputer program executing on the

c bmparti@rarpthe gofvwgre ofaydongaredinsa corvderreadabld noadiypy, Gededing

Zﬁ%pﬁor];ger dev1cqswdrelsc%éd %hl%&/l Ngp& scgftw 3039 Ipﬂ:@erM}Q %a%g@ ato the
computer or group of computers from the computer readable medium and then carried
out by the computer or group of computers. A computer program product includes a
computer readable medium having such software or a computer program recorded on
it that can be carried out by a computer. The use of the computer program product in
the computer or group of computers preferably effects an advantageous system for
acquiring, sharing and managing knowledge and information within an organization

in accordance with the embodiments of the invention.
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15 information within an organi zation are effected by
instructions in the software that are carried out by
The sof t WaCBSGE2/000249
be inplenented as one or nore nodul es for

i npl enmenting the process steps. A nodule is a part of
a conputer programthat usua20y perforrrs a parti cul ar

t | at d
aﬁglg S{ggtgrgo ESE ga gy ﬁ)lrjory(# d to | 1]%ugFr t\}\\g ; ea%unl{??s% or ancﬁ‘ other
ZQONﬁgul’atmhh €dn E@Wﬂﬂﬁﬁm witlafut ﬁqﬁﬁi@Sfroﬂl mhepmbpe and Ep’n;lt of the
th ft
rOHeT | PR HGMOk HAb iy ORCEOR e ST gl BM-

belopT's Efmnmﬁmlmbﬁe bSthp MekcRikaah I(yM) GaaiBOofl FsQ St Sparcstation

ter co ers.fromthe computer
" QBT oA G o SRS 1D SR, SHYELAR of the types of
C QbBRYPteIs vith veicH e %b&%@ru& &f the nﬁerﬁféﬁ%&fy% pBAcB&Hda Mypically,
product includes a nput er readabl e nmedi um havi ng

s alaqurgwﬁ%ewaf the @mbadléﬁﬁ%meéqubsé Befraaltst e FEaN S SOftware or a

t hador iR RecBRIcE Bh hiHRA QML die @e&@ﬂi@%ﬁi‘éted'ﬁb 8108 29 ¥ ngﬁl% 16)

conput er program product in conputer or tgr oup of

c@mﬂm eqnapus agagdallp medamt, cad geeairﬁnédx@amlbgewg § grosepsor 30.
r {n

TR Kbk oF SR BB RO A B0 M S B ine the

wistthicoiricnyeuionyetit possiblytih eoncant evithitiomnhard/dislo /2942493

PCT/ SG2002/ 000249 20 The system 28 is sinply provided

for illustrative purposes and other configurations

c am sdoge iastpﬂmey,elnb mbgrimoumayde peptlicd tp the oser tivedsibapeCRAROM or

i nventian. S W.th ich t
Aol i BB P 57 PR E650) fthablifa e rena by
Coliﬂ)atdr ks ,tho netwotk wiaea Magliemt d)@/l[be(ébhi)ledtealmd theodonBGer, for

PHRRF o SO AL (el eriiea Sk S b i otom 26

C GRIUbBErSconiputer Waddblle Hbdwe Hﬁ&ﬁﬂl@lﬁh@eﬁé tapbl& ROMEditihOgated
may be practiced. Typically t he gr ocesses of thz
ertHEMh fetgctorRpéies didq 2 asis oh ifegpd trapsgnissiog; hapgel etween a

S QbR Larll anBthePde e R JnG %dam@caad Bihths diFIMOIA ¥Rd, and
(generally depicted as bllock 29 in Figure 16) . as t he

c obgolnteanet pah umgnets skyiding g drapgaissieniang dxereatipe gecorded on
US)ddBitds PO GRS S OFhieSBregdfhe iDL ET ng@ﬁ‘lﬁlaﬁft of ?éﬂﬁ/alﬁcf cdnffirter

program and any data may beé acconplished using t
s aeAdella dusstivsms. mellsr yeogwputep axaditilé ynedinmsonaebe protiped wethout

el Ko oG g PG ogkgRces,  the program may

"E

€ user enco on a CD- ROM or

In the foregoing manner, a system and a method for transforming meta-data or
information extracted from text documents and thereby discovering knowledge that is
new or previously not mentioned in the extracted information and the original
documents are described. Although only a number of embodiments of the invention
are disclosed, it will be apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope

and spirit of the invention.
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a floppy disk (both generally depicted by block 29),
or alternatively could be read by 15 the user from

conmputer, for exanple. Still further, the software can
al so be | oaded into the conputer system 28 from ot her
comput er readabl e nedi um i nc2ludi ng magnetic tape, a

R opvigntegrated circuit, a magneto-optical disk, a
radio or infra-red transnission channel between a

cdrput ér mefwdaivotHepvarigi kwwledge ofiput text deadebise theamdthod
SUGhNASnih %03‘ card, and 20 the Internet and

I nt ranets I nc I ng emai |l transm ssions and

i nf or nextiaghng &owortee doomenedsgii-sestand metaalatd, kéerefthte semi-

]; gfarﬁd&%}e@ Qnét§ dzgg rlﬁél@eﬁxenﬁ%ﬁl tog]; e@@%ﬁ§€$ & ﬁg%? Ermgf I1i§§,‘clons

bé)eipvream:thlecemnhemthout departing fromthe scope and
spirit.of ntion. 25 1In the for manner, a
=yt enfOEEE o 6 B Pt ALY GRies and
|yc6MSpMQ1mlaxhﬂya:€ke}drefarxsmtext documsnts and t her eby

di scoverin now hat new previ ously not
ment i oﬁ"éﬂ'“?gng?rﬁél &%’??%(%F%‘Hleﬁig?f I&Sﬁﬁm?‘&fﬁ it o aﬁtﬁl%utes relaung to
Olehddi 6¥athe pUOEIUIRAtAtiRdsCreMARE ] BRAor Mot JIQUEH SNy tities for

rrber of egbodl ments of the invention are disclosed,
an a pwralipyiod paiet ofkey giy 414 4 plwglityiof piyabuigstrelpied tieesip;

Of t hi ﬁmﬁhﬁﬁﬂlg@ﬂﬁ@dﬁ}h Opa%@mﬁ‘%f&ﬂﬁe ShaMees: ﬁﬁgl/ng’ Eelatmg to
nodi f| cation can e W thout departirng from

s OBpef theplyradify) ofj .p@lrrmf key entity geda plmhm@ammsaalmg gaereto
PCT/ S%%ﬁl%%grah%]of ]p%sM@m% %sgﬁgm%lsfcgiererh%r% od

di scoveri'ng know rom t ext docunents

conpri Lﬂf%efm% the e@Epuif of ethe r assodiatiyef dispovemxt for discovering
d%&p@&%@_s sem -structured neta-data, wherein the sem -

5 structured nmeta-data includes a plurality of

entities and a pl urality of relations between the

ent i %I?e' metglg(P gs 1];1)@1 rg 1 ?,v%ﬁr&ng%%m ?f egcttréﬁglgg‘rom text documents

net a- d ural’i

coommﬁemmdlstay af Ielxltraultmg }aexof:oﬂtcﬁiy fior] ddcumess cel@dihivy BPleast one

fromfndomank HP Iurallty of attributes
i a0

r OPSO 1585 aPec “B‘ftlﬁ’ ality of entities

relating to one of the pI urality of key entities for

3. The method as in claim 1, wherein the step of identifying the plurality of key
entities comprises the step of selecting the plurality of key entities according to at
least one of frequency of appearance of the plurality of key entities in the semi-

structured meta-data and obtaining user specification.

4. The method as in claim 1, wherein the step of identifying the plurality of key
relations comprises the step of selecting the plurality of key relations according to at
least one of frequency of appearance of the plurality of key relations in the semi-

structured meta-data and obtaining user specification.
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formng a plurality of pairs of key entity and a
plurality of attributes related thereto; fornulating a
each of the plurality PET/SG2002/000249
patterns relating to one of the plurality of pairs of
key entity and a plurality of attributes related
thereto; analyzing the plurZ®ity of patterns using an
associ ative coverer n er.nr u

ot t e b oGl T L laiflorlr SPEMGIR Sher A BB me
kmlomhmdgxawl@ge bhe crmtplmsﬂ; tas step ofldatining, frowﬂwerdemamt k®wledge

SOER BBkt Babihind BOP B ACor PRt BB TRaRr TS onlolEy,

C @lidsAirty, B gelétionhleambase uhd aR Gbjestpricnkd Haxtase.i mage,

audi o, and video information. 3. The nethod as in
claiml1l, wherein the step of identifying the plurality
ofe. key The midtiddess GOBRIm SeSvhehe MeeRelof sRliGiak ithg plbdity of
plurality of kez entities according to at Ieast one
ofettripulg, &@ﬁes}seaft QPR Ar deEungn fohot &rtmﬂg?% Py lagyer {lgxyl entities
eRhihdt§&iddthd ﬂﬁrﬁ%fen%s%lw@w Elﬁq)lﬁﬁlt?bﬂ@éy%nﬁﬁéi
obt ai ni ng user specification. 4. hod"as in
claim1, wherein the step of |dent|fy|ng the plurality
of; key ng Glefol 9 Sn CRMM r1I SARrei gteﬁ e @neofonﬁl?llaﬁfgt e lelIrQl?cy of
plurality of key relations according to at |east one
ofpatteregeramsipesothe aop e faamuletieg canhatentadrvgbtior jepesseriatipns of the

€,
08 OSSR Rt VLU, BB J008 Mdondin
P@lr8@2 00ixfygele@a®. 22 5. The nethod as in claimli,
wherein the step of deriving fromthe donain
know edge base conprises the step of deriving froma

démai n Thke evdiledges inbelsien i elvatieingtht Gteat ofl @mbizingntbe gllurality of

L Gt tane e PRGR s Mo Hitymbt< i) anaSig o pluaity

Obajf@@ttenisr isBigtae tbastahabhs aeurdl métwollh e seristivatsygtni, andh anibolic
erein the step of deriving the plurality of
aﬂW? PBE{LTFELes the step of deriving a set of
attributes or lower level entities characterizing the
plurality of entltles relating to the plurality of key
orfk i £ 1 45 meho asTiReclnE ot et the R gh anal analygingr lelgelé}s of

Ofpaltdifs EQhTbAtHe Nept Jf%nﬁ’l&ﬂﬁ?ltﬂetﬁdu@flty Ak &H8sing an Adaptive
Corrprl ses the st ep of fornmulati ng concat enat ed vect or

r dipsespen Assparivedian he

10.  The method as in claim 1, wherein the step of interpreting the output of the
associative discoverer for discovering knowledge comprises the step of discovering

the relations between the plurality of attributes and the plurality of key entities.

11.  The method as in claim 1, further comprising the step of using a user interface
for displaying the semi-structured meta-data, the plurality of key entities, the plurality
of key relations, the plurality of attributes, and the knowledge discovered.
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plurality of attributes and the plurality of key
entities relating to the corresponding plurality of
15 8. The nmethod as in cl ai m IPCTb&2082/M00249
the step of analyzing the plurality of patterns using
t he associ ative discoverer conprises the step of

anal yzing the plurality of Patterns using at |east

ong of T8e BeHLo !as E}?PM i(,.’ ﬁlﬂh&ﬁt %to}nﬁlélﬁgl th’ yﬁ;ﬁ)ergf A 3 user
synbol i'c “machine Tl'earning syste ) e ne as
i rintetfatento, objeireng iusert imstnstiep fof thenpluselityngf kb entities and the

pl L1 atterns conprises the step of anal yzing
tﬁ%rgﬁzkgkg%§h§]mpatterns usi ng an Adaptive Resonance

Associ ative Map. 10. The nmethod as in claim1l, wherein

t step of interpreting the output of the S . .

nBoci 28 rR SERREP erotfet SrehE dr oy leh Gontlgetiun having

g Oﬁmﬁohﬁﬁ&aaﬂaﬁlﬂﬁ @fo@lpmoﬁ:odéi e %h'gtﬁgiedtiﬂ &lréef ﬁiﬁaﬁlhllofb‘i dliscovering
t we t he urality of attributes and.the urality

o TR EF e i b actmetinglhe GtHsa PHETPCASE FPRPAE ¢ hor

conpr i gbmguté@adbRPproratSdodd nakkS B ckMdcBhE Foth tedk®Hocuments

di spl ayi ng the sem -structured neta-data,

th
pISEREFUCHIgk melayaanvherpiadbe sepésigictied W?‘da@dﬁ%}ﬁd% @plurality

r &Jf 3hthtRE 8nd § MEraBlyradihtions Bétwadd the Bifies, and the
know edge discovered. WO 2004/ 042493 PCT/ SG2002/ 000249

23 12. cqHRtprefaaeble $rograre | eden means (fior Hégntigong riiogt W semi-
t REuSHRR nfha-4Rl BPnRalt OF key Biitfile e bOesPOHaR IR SE K
inst(uctioﬁifor %heag?uraﬁity o% e? eﬁ??@%eﬁpgﬁgiﬁﬁgrey
plrelpgnst y of key relations. 5 13. A conputer program

pr oduc i S| u s hayi n .
oo AL IO SpSRTRLRL, Yol Sol LIS, g
médpwled£eobasdiaspaoabiyi of pttrikmesteddige th reach ofethe pllodityrefitstities

t he_comput er .pr.ogr.am pr.oduct . cogprd si.ng:. conput er .
- dAHR 8 i of M il SRR ey RSP p RITAG T pilg of ey
deetityend s plusaing efsittrititsncttdiidratodat a, wherein t he
sem -structure ta-data jncludes_ a pJurality . 10 of
ont ] L) BUVI B P oo Ty GieClb e bt atems,
erthét ofhe pReipUbefatema teiing t60ag batRe gitfeapsirst @Mkey entity
identi{yiqg:;ro_ t he sen%- structured neta-data a
plaif APIEfINGP %@@“@ﬁe?aﬁd_é eAd a correspondi ng
pl ur al kénfpér rkRble pRIgddnh BEWR: means for analyzing the plurality of patterns
using an associative discoverer; and
computer readable program code means for interpreting the output of the

associative discoverer for discovering knowledge.

14.  The computer program product as in claim 13, wherein the computer readable
program code means for extracting from text documents comprises computer readable
program code means for extracting text content from documents containing at least

one of text, image, audio, and video information.

15.  The computer program product as in claim 13, wherein the computer readable

program code means for identifying the plurality of key entities comprises computer



conmput er readabl e program code nmeans for deriving from
a domain 15 know edge base a plurality of attributes

wo edoavingd t o each of the plurality of entitiesPCT/SG2002/000249
relating to one of the plurality of key entities for
formng a plurality of pairs of key entity and a
plurality of attributes rel a4ed thereto; computer

L U kU oy v v
patdoeding torz @bt ang of Grequacyosf dphearqiceindhe plurdity pelkaysntfies in
k entit 20 an rality of attrj.butes rel ated

¥ e s ianatrah e b B Bnebet ittt ans Fo.

anal yzing the plurality of patterns using an

associ afi ve discoverer: and conputer readapl e progra

5 cdfe niﬁﬁqgomweripmgé%m@mgs a%@gmﬁpw Sigin th gorhputet readable
a inRbbdéandhn$ £? V@ BfyirfeQhe SluBGENEKe S14tRAN @flRes dfmputer
14. The conputer program product as_in claim13, )
wheidahle Progen ends meeRs 18 seleating theglyghity of kepeelatiennaccerding to

%} 1c8G onD 9 HEQBhEEHH apfl S4B BE The GNIRELy 22 ke f RIAUShE M the semi-
readabl e program code neans for extracting text

c sheedwed mewrd PRSP SREAHIGREORt | east  one of
10 text, image, audio, and video information. 30 15. The
conputer program product as in claim 13, wherein the
cdfput &he earapivdyipeogram otpdaghas dudaimeln syhpigin thelegraputsyiregglable
t rallt | td 0 J : t :
200 205 e LE8eB Mt 5D O TR CERAERY ke hmprices
c edepnearsdablr preghmebingettsdopdanivailgi from efdokein lanwiedgebase
accor di t lea one of fregue r
o freclfuhné gqg ﬁgr geiaiat 8/neo PP Eaé%c}noem o ic%%c%ﬁtnﬂﬁ%/aﬁcglg %Q\Qgrﬁ, %Hf%ﬁ)gy, a
15 saldsasis; b edlational daebasefailan abjctadricaicd dagbasser
specification. 5 16. The conputer program product as
in claim13, wherei.n the conputer readable program
cade nEFaHSorhMiteripi@iirh hyodag ab hreclpibr 3 wihki¢irothe k@yputer readable
rel ati ons conpri%es conput er readg?le, rogram code
AR 0% @Rt {forgdariy ey thg rRivRly Qi AR efORP g computer
aAGERRBIE PEogkn code IBAS troORLivaly 4 §8dr ementRforappaacanestities
of the plurality of key relations in the sem

20 s charasterizang the pHTAiAt of calivesaelatngte ds pigEity obkey antitisst i on.

19.  The computer program product as in claim 13, wherein the computer readable
program code means for formulating the plurality of patterns comprises computer
readable program code means for formulating concatenated vector representations‘of

25  the plurality of attributes and the plurality of key entities relating to the corresponding
plurality of key relations.

20.  The computer program product as in claim 13, wherein the computer readable
program code means for analyzing the plurality. of patterns using the associative
30 discoverer comprises computer readable program code means for analyzing the
plurality of patterns using at least one of a neural network, a statistical system, and a

symbolic machine learning system.
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10 17. The conputer program product as in claim 13,
wherein the conputer readable program code neans for

conmput er readabl e program code neans for deriving from

a domai n knowl edge base relating to at |east one of

t axonony, a concept hierarcl§ network, ontology, a 15

t hesaurus, a relational database, and an

obj ect-oriented database. 18. The conputer program

pEDduCTheaS)Iﬂpnteﬁbﬁ'gmrﬂ{&oduNhﬁlﬁicmlm Ize whnmut}&rcoﬁ@atéatda&able

program cpde neaps f ar denwpg 1grallt

aPPPPBUERES BB 1958° X%H%ﬂi]%e p 3rh SB’F “Ht 6 Bﬁ’ﬁe% sg@puter

NRAMD1S Proge 06U GneaAns Gbr Blal@idg’ kHRUpREIGF of Patemt el an

entities 20 characterizing the plurality of entities

r fARIVA FIWaRRLSHIGAXE M- of key entities. 19. The

comput er program product as in claim13, wherein the

conmput er readable program code neans for fornulatin

t&e pl Ureaqompytebprog@m @P%t toifslaeds %ﬁﬁﬁaﬁ@rwmp@@a%ﬁ’@le

PpR@faATL&RIBAB DS iftQprefifs @Eél @ﬁt*nﬁgofcﬂlg CRloehate %sh’@v‘é;e? for

representations of 25 the plura of attributes and

t flscqypiiie (kinpvyledge lcemapiases | qopmpyter etlea%bhgpltoerwmode means  for

c s

C SRR Rl Aot Mo the Y {TEEbRE g 80 pr IRy of ey

comties.er readabl e program code neans for anal yZ| ng

the plurality of patterns using the associative 30

di scoverer conprises conputer readabl e program code

rr%fa ns Tler coamatey ;)'mggarm Ipmdpcttuas ah ictaym dB, fmalht:recrqm)rium'g rgmauter
9 3a;bleo & o0 A dteHt S ntn T a Snttearfa g tf(l) Ispla mg %1 semi-

aﬁ& BPRESH £ nE‘S?ﬂ 8 P%}%%ﬁu‘k?a Eyst®ém

2&&1@%1419@ dafaT i ey Qﬂi@rﬂﬁ Bntites, ﬂh& pluFkizy 06 kputeddtions, the

uct a erein the conputer
PG A oo B W PO g y o1 ng t he

pI ur aI [ ty of patter ns conprises conputer readabl e

program code nmeans for analyzing. the @gﬂr ality
pat-t er 2 CREINET RFPETan R@Qb'itﬁé“ ﬂén %Fs%"é@“é’tn&?@mpmer

MVeRdab?eprodiif ©AERIARIfoPh @ﬁ@epfn@@ﬁ@é foR Sbtafhirg! @bihdRiction
wherein the conmputer read program code neans for

i frr degrwalitygf kWeeHBU@Spﬁmfi ﬂlf?fpl‘%fh]éty 26kcrlationse di scoverer
for discovering know edge conprises conputer readable

program code neans for
25. A system for knowledge discovery from free-text documents, comprising:

means for extracting semi-structured meta-data from the free-text documents;

means for identifying key entities and key relations from the semi-structured
meta-data;

a knowledge base that defines the attributes of entities;

means for formulating patterns based on the key entities and the attributes of
entities related to the key entities; and

means for analyzing the patterns for knowledge.

26.  The system according to claim 25 wherein the semi-structured meta-data

comprises definition of entities and relations among the entities.
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10 di scovering the relations between the plurality of
attributes and the plurality of key entities. 23. The

conpri sing conputer readable programcode neans for~

using a user interface for displaying the sem- 15

structured neta-data, the pl2agrality of key entities,

the plurality of key relations, the plurality of

attri butes, and the know edge di scovered. 24. The

comput Elie Wstégf S0 ainR0idCllaiMs25 Whebiai the $&ni-dhuttidedrmeta-data is
ri.sin uter readabl e program code neans for

uﬁggﬂ‘%aﬁ n? PEPPRUMADH8Sht ai ni ng user instruction

20 for the plurality of key entities and the plurality

of key relations. 25. A systemfor knomﬂedgg di scovery
{ P { Flsoopiem o in i 25 PAITeER g freered fecurnts comprise

e Xkt 3hdeNShdRE Mdes ok Y d0nffindiBh Brefldta fromthe
freée-text doduments; ~ means for i dentifying key
entities and key rel ations fromthe sem-structured

259 met g 9};5%;?11 3edonand &AeRiPas ewﬁe!?éﬁ e TleBRS fdr NBentifying key

attrlbutes entities; neans for fornulating patterns

basfiis selecthentitisy aseariling de aafrast ene eft the iksyteatitiest frequency of

b A e R R A

system according to claim25 wherein the

eﬁ?] tsﬁ“ﬁ UCt rme% cr(T)e fitt g cﬁum (‘29 flél‘g' gsch%%{eaﬁg %ﬁboﬁen%fymg key

S anong ent
2 0aticd 2483 Rﬁ'ﬁbﬁﬁ’bﬁﬁﬂﬁﬁﬂﬁ) HﬂEast zﬁe 2f7the kheredateh€erfrequency of
accordin

ruct ur ed
St n S AR S s BocP S Bhec i) o o
storage. 5 28. The system accordi ng to claim 25
wherein the free-text docu ts co [
S o i B GrRong ol RO BY korieds Vatg, RS a
S YsbBSMACE Woidpd hlicParEh2inBiwdek, WE bfolbel,Ne thBRAMSs,f @I relational
identifying key entities selects entities accordlng

t §atabase.gnobicghfaiepted dpabase pr amt mERtior tetiibncy of 10
appearance in the sem -structured neta-data and user's

speci fi cati on.
32. The system according to claim 25 wherein the attributes of entities comprise a

set of attributes or lower level entities characterizing the entities.

33.  The system according to claim 25 wherein the training examples comprises
concatenated vectors of the key entities, and the attributes of entities related to the key

entities with a key relation.

34.  The system according to claim 25 wherein the pattern analyzer comprises a
neural network, a statistical system, a symbolic machine learning system, or any

combination thereof.

35.  The system according to claim 25 wherein the pattern analyzer comprises an

Adaptive Resonance Associative Map.

f ur t PET/SG2002/000249



30. The system according to claim25 wherein the neans
for identifying key relations selects relations

wa@ewaiel4py to at | east one of the key rel ati onBCT/SG2002/000249

10

frequency of appearance in the sem -structured

nmet a-data and user's specification. 15 31. The system
according to claim25 wherei2?Y the know edge base
conprises a taxonony, a concept hierarchy network, an
ontol ogy, a thesaurus, a relational database, an

‘obg.ect Thy syeriredbcodinglta S&im @5 \a]neyem diebikroatiddga chinprigehidden

20 32. . Th m c or di 5 wherein the
R Slstionoeyeen T A BEE Lok S S B Ry RS ot o
or lower level entities characterizing the entities.

33. The system according.to .claim?25 wherejn the
35. ni hef éﬁ?@Pﬁpi‘cé%rdH’@ntBr 9%1@32 w%@at%ﬁ%e%&ewgﬂwmm

t REHKEYorRfHskd b @Ser 1ﬁféﬁfac§ehf%r Alsplaliap! tt@es se@il-sﬁ—aémﬂea @%ecta-data, the
related to the key entities with a rel atjon.

3key enfifiess %kém%@a% ahf»‘r?@tr%t% pag the M%@%ﬁl%o’fqﬁ@
pattern anal yzer conprises a neural network, a
statistical system a synbolic machine Iearnlng

sy 8t enfheosysignyaccedifgi taaldiar?t viksreipfihe Bepvdglge Theovgyy sesgm
a r

oo LBrels £ B R B o 2 Lo IO e Ry g i
200Hthe k@RLPGT/ SG2002/ 000249 27 36. The system
according to claim25 wherein the know edge conpri ses

hi dden key relations between the attributes of the
entities and the key entities. 5 37. The system
according to claim25 wherein the know edge di scovery
system further conprises a user interface for

di spl aying the sem -structured neta-data, the key
entities, the key relations, the attributes, and the
know edge di scovered. 38. The system according to
claim 25 wherein the know edge di scovery system 10
further conprises a user interface for obtaining

user's instruction for the key entities and the key

‘rel ati ons.



