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WD 2004/ 114157 PCT/ S&004/ 000179 1 Method and
Platformfor Term Extraction from Large Col | ecti on of

wORosmamersts Field of the Invention 5 The preseat/sG2004/000179

invention relates to informati on extraction and text
m ning. Background of the Inyention Prior-art term
extractron met hods i nclude structure-based net hods and
In structure based

ethod apg orm, for 1erm Extts s K @ @
based onthe structures PHB yfrnrte state
automation parsing (e.g. _%ﬁg%?’rl%‘t ette, 1994), full

syntactical parsing (e.g., Bourigault, 1993,
Inv Strzal kowski, 1995) or deep semantic

theory & analysis (e.g., Pustejovsky et al., 1993).

o o TS e el s S hefbfcstobabitn REdSKnining

semantic anal ysis, which are 15 generally nore

Bac¢kgmmurd of the krwentiord ii) the terns are linited by
the sel ected structures In statistically based

nmet h rne are extracted statistically froma
ot arrsarh ekt eXradion MEHAdInCIiRe SHaNaRASd To8Bods and
@ﬁg@@@ﬁgswﬁtﬁhoagw Dunni ng, 1993). In general, a

termmay be a word or a word string. In the 20
st at ilststigturagmsedonethads ethe teohd sire watréetzdurem doComents

et e s WiBhied o nlie e SEbelenbpne (q..

Cﬂr%\felﬂﬂett@DT%cﬁ)h@ﬂ sgzneama%rsw@r(@ %ggeuﬁgémgﬂ%s Jacquemin,

associ ated. So, to determ ne erm candi

19945 Strgalkowskin19963 os Hgeap semﬁwg th@DWh?e adelysise(tss, and
%Jgsﬁ%ﬁgé@g%taél' g@g?? g%éﬁréﬁlag‘ﬁ W@;tn@oﬁ‘rgﬁwo?er& ﬁ]ert renders term
waadtrdradepemlder’rte)rdsmﬂmﬁ sarsig ot Sérﬂantrdf@ﬁél%iﬁ ﬂrhlch zare

ner at the given dogunments as'a sin
%’?@ra'g( r§ ‘A'Ef@t@trl%r op 356@ &RIms a9 ltrﬁrtfi@,c(iJJ by o SSiected

gt as the final resuIt (e.g., Chien et. al.,

sfioe
1998; Schutze, 1998). This type of nmethod inplies a

stri rhrg etertrstlcally based methods, the terms are extracted statistically from a
set of documents (e.g., Frantzi and Ananiadou, 1995; Church and Hanks, 1989;
Dunning, 1993). In general, a term may be a word or a word string. In the
statistical approach, a term holds two features. One is that it is statistically

significant in the documents and the other is that its member words, if having

more than one member word, are strongly associated. So, to determine
whether a term candidate is a real term, its significance in the documents and
the association between its member words must be considered.

As to the significance of a term candidate in the documents, existing

.methods all generally treat the given documents as a single mixed one, and

take the terms extracted from this mixed document as the final result (e.g.,
Chien et. al., 1998; Schutze, 1998). This type of method implies a stringent
requirement that given documents must be similar enough to make all the terms
look statistically significant when the documents are all put together. But the
given documents may not be very similar, and what is more, very similar
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“infrastructure and identi

requi renment that given docunents nust be simlar
enough to nake all the terns 30 | ook statistically

wekgnritfisisant when the docunments are all put togeriseroo4/000179

But the given docunents may not be very simlar, and

what is nore, very simlar WD22004/ 114157

PCT/ S&004/ 000179 2 docunents are not easy to acquire
rms% domai n If the, agven d qguments not ver

SBRuTBPts & Rot S5iBiArERBRotoRt FOIBNSs If flevaiVey docuinents
bhRopBt V@rﬂ/'ﬁmﬂ’é‘ﬂ eRisthg soﬂmo‘x‘ls%lﬂ‘i‘élﬁfdtleéhilﬁy tﬁb%{ér\t\rﬁa\{%lch are

in afew of the gl veh docunents not
aolyustatisticady Isigtiificant irba Téw of depgivenelmsumends, lutirot in the whole

aeglgm%m?ﬁ hat exi sting methods don't take into 1

'Rf‘r astructure of the given docunents.

the pfrh@fdeéfpbri’@ésféﬁ\dférﬂﬁ@?'r@bléi?ﬁ@tﬁé‘t é)@:ﬁlng‘ methods don’t take
document ¢l usters from

tie acreyntdbe ﬂmfcasjwthr@m‘rtbe genmrdonumenist ditheprior-art methods

SURESrRPL i EBBUERS Brttaryy VB G IuRE o B ErL et e
infragtriutire (Whess doddmynwmu@tdrm*e glisetd bPtheeddBunhérfl Shose
in the documant clusters. hus, prigr-art statistical

QmRers e siylaria some @@@r@@é Hen evenis th@ggvens:lqeiunmnts are not

.Qﬁlté?gfn‘ﬁpatr' t‘ﬁ%g v!/cgulg'n\égﬂ'néjé)ﬂ'*é”lpeﬂ‘hﬁ h?c{)aeer{‘ﬁtthg%{o%yg’l{éﬂé gﬁfs’ters

e accessi Stat
sol ut Thus,. prldr—ambsrﬂaﬂsﬂmml dehjtlbablrequme thevdocaum@ttead benvery

whi.cht n docunents s, need not be ry
SHiey 15 DS et PG PR RopuBlonibgS AEerY STOIArssemg terms may

r'i‘ét%@é&é&s%?dle bsxltﬁé%téﬂsﬁeéuéamm{nst he given documents
I'le extracting terns. It would be desirable

t 0 beltasiudd be desiable tDH‘aVleefl metiodimewhich tHe gineendocuments

RS e Yo LA P RSB I FEbAE o orarnicl

EIaPSificAIGrOsT the G E6dRAentsehikObktidBiRgErmhd eAl%foeﬁ%uld be

invention is suitable for not only very simlar
drediakia tosbe ablesiosaccess dine trrens idden i doawmnenteelysters within the

@k%gg ?TIXF{ poflgl:agi cal 'y, the solution builds an

cture for the given 25 docunents, determ nes
docunent clusters fromthe infrastructure, and bases

Summary of the Invention

As far as the field of application is concerned, the solution of the present
invention is suitable for not only very similar documents but also documents that
are not very similar.

Methodologically, the solution buiids an infrastructure for the given

" documents, determines document clusters from the infrastructure, and bases

'term extraction on the document clusters. In order to build the infrastructure,

the solution integrates term extraction with hierarchical document clustering to
produce a binary classification tree for the documents, and introduces a kind of
generalization procedure over the binary tree to get a generalized tree. In order

to get document clusters, the solution introduces a cutting procedure to cut

.across the generalized tree.
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- PCT/ S&2004/ 000179 3 Functionall

termextraction on the docunent clusters. In order to
build the infrastructure, the solution integrates

woOeomniexisracti on with hi erarchi cal docunent cl BeTSGR0Vg/000179

to produce a binary classification tree for the
docunents, and introduces a kidand of generalization
procedure over the binary tree to get a generalized

fc,gleﬁt F'dﬁctﬁ)%'faq'&uﬁ“c §oq%t9§ﬁ sdéb ?é%%dsuﬁé‘%%ﬁh%wbeden in the

deeurnsat ¢lostepsenithiv ’nhéegiivérﬁ accum&ﬂﬁétél/ 114157
the solution is

abl e 1Be4eeibed of fiee peasent iventian |¥ii’$tth§@ds @pdafrasiructure (a kind

F1BFECH ticluld) TP BT Ren &b MRt

élasﬂelrmdaaobf ofhwiichrcohbicéd ofsdimilat do€)mepts; tHen QXtVéiﬂs statistically
doctérrents o |cilent|f| es current 5 clusters, each

of
raBRE MUl ¥ords fom, eg8 SRR AanifisalEalrazihese words as
Shalbsid neebiewe@% gﬁﬁ;d (riflal lrffﬂhﬁéﬁéﬁ’" INVEYAEF td ggggg)&ﬂgg

clusters; and ese words as
|hfraah'ecmee rthe usethgd instirabkesnfise oba itexditidnal hiedarchloal clustering

a8 10 Bl BB o o iiSieu hest lrgauces 8°
&%hidﬁ@nt oEé'dur‘é 8 otér%rtﬁe‘iﬁf%tﬁfb‘furbrfﬁorﬂ%é‘ﬁﬁpatr? tree. In

hen | ntro uces a 1o generalization roceaure
qrder teidengfy dmmemmwstets theometied tntlmjwes addnd bhcutting

i d i t .clust
hesdub ol Me (i EETE i W8y ohe Beid d2bpripe, the
atREF Bé"hﬁ@f-dﬂé@t Wildse fo® npaes starhr Betii@entclridiert! ee,
t he er being a forest whose root nodes stand for

. docud@rqer@ralstﬁem, thernyritiendncludesg methed andplatiorm for

AR SR PR B R B pod B s

vertmTis aetermined faredch distuenaritie thd set cfaldrudamtsbased on the

the set of  doc nts based on the | ortance val ues
GPOiERaS VSRt els dreaeT dacymeat-y AdupaRgacument

&és?ﬁﬁiafubﬁattéaégg, J&fgﬁ&tj ﬁg Cf“.%ﬁ%@ﬁ e &wﬁﬁsﬁts%fsbtaeon the

docunent s ance vectors
inpodanne yeckans forfdansinmants.uAa inkastuudture isrbuilhfordbe sef of

‘décag%c#gggtqs%%}{%l ene aI | 2| ngl t he bi n?q%sgfg;ailog‘%@e The

o@%}lg’féﬁt R tE éib\de‘féﬂ’r\ﬁné@ By HNGING! thé fknkrdIizadtintsstlicdure into
| .

two parts and cutting the upper part. Statistically significant individual key
words are extracted from the clusters of similar documents. Then, terms are

extracted using the key words as seeds.

Brief Description of the Figures

The working procedure of the invention is described by the following

- figures, in which:

FIGURE 1 shows a flowchart of the method of term extraction from a

large document collection in the present invention.
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two parts and cutting the upper part. Statistically
significant individual key words are extracted from

wohaeahusters of simlar docunents. Then, ternBCaSE2004/000179

extracted using the key words as seeds. 25 Brief
Description of the Figures Thea working' procedure of
the. invention is described by the follow ng figures,

ter m EReVER Porl s DY dfera eI ibe e R, ibeB! ufe) formea

for thé eolstpandf dovuemnton. - WO 2004/ 114157

.PCT/ SG2004/ 000179 4 FIGURE 2 shows bi nary

hi er a ical classification (binary tree) formed for
t he c%l&é@ﬁ Snilistrairsy fe ptnary F‘N@Qhé ®3$3'ﬂ)'%lqnatré§ gsed in the

' assification tree used in the nethod
@F@W@ngﬁq GURE 4 shows the binary wei ght
classification tree of FIGURE 3 cut to determ ne
wei ghFI@UBEtZEBBOWEIthEJREIelBy sleighd ddesifdatiohdréengf BIGURE 3 cut to
nodes, %g? 'ré] gze the tree of FIGURE 2. FIGURE 6
%‘?’fsggmesw? GYS5S1 i zed tree after the nodes of
simlar to docunents have been conbined. FlI GURE 7
I I USFF@[URE 8 sHbwkHeuglistdigd eneictds? 6 éélﬁ,ﬁaﬁﬁ the8%ree of
Earts in which the upper part still Ts a tree
WREoles generally having | ower weights, the | ower

part general |y have hi gher wei ghts. Detail ed

Descr f F

(T o URE, 8] plderkTing JEIAR Hed et HROHOGBs of similar

dmuugmenﬁelﬁaeetbe@m cdmbiipednents in the present
invention. In the following equations, a set of

SocuERgek 7 SREARIES 8 i Bt RS2 B o

PaHsy Gn Kl Th@ppfr GIrP8Hl is a tree with nodes generally having lower
weights, the lower part generally have higher weights.

Detailed Description of the Embodiments

FIGURE 1 shows a flowchart of the method of term extraction from a
large collection of documents in the present invention. In the following
equations, a set of documents is designated as “D” and a reference corpus is
designated as “R”. Here a “reference cders” is a large and balanced corpus
used as a benchmark to determine whether a word in a document is statistically

important.

At step 10 an infrastructure is built up for the set of documents to identify -
document clusters. This step 10 is performed by first building importance
vecton;s for documents in the set of documents at step 12.

First, for each individual document and for each word in the individual

‘documents, the salience and importance of the word in the document is

determined with respect to the reference corpus.
Formally, for any document deD, and for any word wed, the salience of

w in d with respect to R, denoted Sal(w, d, R), is:
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used as a benchnmark to determ ne whether a word in a
docunent is statistically 20 "inportant. At step 10

wanoinfisdst ructure is built up for the set of HOTSGROWS00179

to identify docunent clusters. This step 10 is
performed by first buildingsinportance vectors for
docunents in the set of docunents at step 12. First,
for each individual docunent and for each word in the

i ndi vidual 25 documents, the salience and inportance
of the word i nSalfw, cva)melog (Péw, detttwiRyd with
respect to the reference corpus. Formally, for any
docurment dED, and for any word wkd, the salience of w

e e e S

of WBerridg in FP( W R) (1) where P(w, d) is the
abilit R
Dol G i e et B s

wind with respect to R, denoted IMP(w, d, R), is:
IMP(w, d, R = P(w, d) Sal(w, d, R). (2) 10
Intuitively, dMRimldi R)iPor,tdntSalwodeRyocument with
respect to the reference corpus if and only it is
frequent in the document and salient in the docunent
W t j
For TS EREELMbR! SRPORRL A a0 bR BRI
refavammaacmfpueatandr\onky it is frerpiedid suthendocufoentedridysaliamb rothe
Wis,t the words occurring in any

doclief i refBeftIbefe ipiancne " 4 Chnyt for | any 9ED,

:jt s%em?fme \)é@fdr)%r a@@ee.tn@ﬂE ls'\f%ﬁ)forméd b%%aa/%g%e
impaftaaee yailedfegchiwordrip dhe dncemestt Bormalg Ve pUpROSE Wis the

f

st B4l Tl act lnito b ahy AT BRI OnbE e 6ar-- b for

anyqut|iglnﬁ;g),aémrvddmn, déh@tedqmp(amg, are clustered
based on their inportance vectors determined in step

12 to get the binary hierarchical classification
(binary < jmpws, d, R), IMP(wz, d, R), ..., IMP(wa, d, R)>.

After building the importance vector, step 14 is performed to build a

binary classification tree for the documents. Using a traditional hierarchical

clustering algorithm, the documents are clustered based on their importance
* vectors determined in step 12 to get the binary hierarchical classification (binary

tree) of the documents illustrated in FIGURE 2. A binary tree is a tree with two
braches at each fork and with one or two tree leaves at the end of each branch.
A binary tree 200 is shown having a root n ode 202 with edges 204, 206
extending to left and right subtrees 208 and 210, respectively. The subtrees are

‘also known as the children of the root node. At the bottom of the tree 200 are

tree leaves 212. In FIGURE 2, each of the tree leaves 212 can represent one
of the documents “d” from the set of documents “D”.

The steps for forming the binary tree include: selecting two documents
which hold the biggest similarity among all the documents; merging them into a

(1)

(2)

(3)
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tree) of the docunents illustrated in FIGURE 2. A
binary tree is a tree with two 25 braches at each fork

wanaad4nitdts7one or two tree | eaves at the end of peassiz2004/000179

branch. A binary tree 200 is shown having a root n
ode 202 with edges 204, 206 extending to left and
ri ght subtrees 208 and 210, respectively. The subtrees

PRl oS BalDRIdR, bSoBRbt BHETe Bl clius 824 3R 3Shreiont the

MASBE dbcuamsth); ebnigiing ftﬁ@nh aMaRceVEcteAfbIitREMREddcument

one 30 of the docunents " Eromthe set of docunments
bpsed prdhese gk theglormer m/cmgancheenﬂahag ﬁhls mEecedirewundil there is

Bfiylq PRcCiRnt RS brhoriabliamBLine 3 aneEiants 1%
grepifesiridd by4As rodtGude /000179 6 new docunent

replacing the former two , a hode 214 can
r epr eSEANAIMSUPREPgE] anstdar ywo deagmentsint Petheir similarity
t th
STEH, BPER Qe oo B CoRe N B8 FE6 0L Bg RifRfon )
V\ﬂmthestwoodﬂqummﬁsdﬂcamdz andin®drgis, meqeﬁbltlﬂgtde@ﬂd@éument
the set . of q;1ocu ) epr esent ed t he

Qeiggrre ORI pgpmgr&tpgos §|S|rg @ntgpf;g!ﬂ@qq,\gz is also called

SROHERI 8 it Rcdrhsit md 1, d2) is
defi %@'gn as the CCOSI nted o%feﬁbt]%{%?bnp@zt ance vectors as

‘equation (4). - Wien the two docunents dl and d2 are
mer ged, theresultl new. doc referred to
as document " 1sFi TSP‘?@W?’T dWEGFESdz is also 4)
cal led io the wei ght of the docunent d, denoted

ght (d). simdl, d2) = cos(I| M(d] II\/P(d2)) (4)
Next Nexbingaeer to luild hetinfsastructars oflatepr18, afstap ép id performed

AR iR 3 bl A A DT 3ho 20 anc

,Zzaraperfpnnéd)tmamltawe step £6.e ThisagenkhalizBtion is useful because i in

neraliz on i s useful because in the traditional
éraéf t&@ﬁ%her@mﬁ%@% UstergyRleptikm enlywodoeiaentsare merged

r i
'ﬁ ScSte8 Endtfio 72A3s 1 ol are I ARIRSuRa by e 58 o
twbe yenscloak |v¢ﬂlglmbsawbld1haeamm thatdleel teotiments) @veniviithim different
different 20 nad cap. be ver imlar. This L

SN bavPBhSioligp haisqenerailzelodisieh Herdea dese similar nodes

together.

At step 18 a binary weight classification tree (binary similarity
classification tree) 300 as illustrated in FIGURE 3 is formed by clustering the
weights (similarity values) of non-leaf nodes (the nodes other than those such
as the tree leaves 212 in FIGURE 2) in the binary document classification tree
200. The tree 200 is shown to have 12 leaf nodes 212 and 11 non-leaf nodes

214. Each of the 11 non-leaf nodes has a weight attached to it. So there are

11 weights, each weight being a real number. In this particular example it is

assumed that 3 of the 11 weights are the same. Thus there are 9 different real
number weights. Each of these weights serves as one of the leaf nodes of the
binary tree 300 in FIGURE 3 (i.e. the real numbers 0.11, 0.12, 0.14, 0.53, 0.52,

'0.50, 0.98, 0.99 and 1.00 at the bottom of the tree 300 in FIGURE 3).
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together. At step 18 a binary weight classification
tree (binary simlarity classification tree) 300 as

wokbugtisiared in FIGURE 3 is formed by cl usteri rRgTiSE2004/000179

wei ghts (simlarity values) of non-leaf nodes (the

‘nodes other than those such 2% as the tree | eaves 212

in FIGURE 2) in the binary docunent classification

2l GBI S A el v
8001id paifforndste asingthe seich oﬁﬂﬂrﬁébwbé @séd in s?e@ptﬂetbebluster the

are 11 weights, each wei ght bei ng a real nunbe

decumenatsiandiosm thedinany trae 200. ky lﬁ@BEt%atheavejghhsraéthe

A oy A e B P B,

Plseiosienitefrity isen"leeaﬂrem;emeﬂf difféencki fFUr)éxtahﬁﬂe 300.1 &nd 0.9 are
real nunmbers 0.11, 0.12, 14

Wcs\yelgdﬂ%%ghen ﬂmelsélm'@ﬂ@eca@bggnwr@dm taﬁlrtdnféer@aee dh® - 0.1

2o STBOST iRy i nehop AR o e a0 pre o

"Weigiits diethiei ncates predgbed basdusteciagitbe nodee of #iowkst level.

T R L SR

'&Qfé sdbﬂnEdi@JFfﬁ tfe trb@%O%fQ*]G‘%JF@ES@% tHé’Pgé?h,Jh?o‘é% thfed in

the tree are clustered using a tradition ust
rargothesiam The $heles ofithe hades in ihe uppesleel dry geheraﬂy hlgher

s R6ES Ere HBLRE AT ek o) 2eiherale R oy

t hei rlnﬂjltf\feﬂ'%@téﬁ 18&xlore8 tHe distribuionTdFahe 9l Iﬁtbl@?ﬁ'ié non-leaf

listed int er levels of the tree 300 are
nasiestn shepbinaig dﬁéd@@“bﬁ'@éﬁ'@@@thf‘r vae &00st eri ng t he

Che el SR Rae VG cucte e sadh WY B Gl Blacgn

twofwelglatssauhong ctisyhitin atdithe ¢closesiPN) ertafihgdRisw W@tﬁ?ﬁéqual
il

nunber s ted in rent esi The scores
fﬂZ%éV?wgﬁg tbﬁé\yp Qi yegi ?é“@(g%@ Kiwith megrfafferengﬁ@s its
fr
Se0RS r reph iR et ol eigReT T kBt § afERT LA there is only
avfe weightvei ght s of the non-leaf nodes in the binary

Ui s e eOc M BADhE ! ERsgNsatiansraceD 1 i (heaning

dRBHES) tbtermine weight clusters (clusters of the similarity values). In one
cluster, the weights are very close. The result is demonstrated in FIGURE 4
where the line 406 illustrates the cut in the tree 300. Intuitively, this step is to

catch the “"gap” existing in the weights of the non-leaf nodes in the binary weight

classification tree 300.

Formally, to explain step 20, let S 300 be the binary weight classification
tree 300, S1.402 be the sub-tree of S with the same root as S, S-S1 404 be the
forest in S with S1 removed, an object function for a cut is defined as the
difference between the average score of the nodes in S1 and that of the nodes
in S-81, denoted DEF_SCORE(S1, S-S1):
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two wei ghts anong all which are the closest; ii)
creating a new weight as equal to the average of the

wowew4alidisnei ghts, marking it with their differeatsca®4/000179

its score, and replacing the two old weights; iii)
repeating i) and ii) until there is only one weight.

20 At step 20, the binary weight classification tree

300 is cut (neaning ivi ded}ntgzdeterm ne wei ght

clusters (clusters of 2j4teraédivi | a2 jscgre(d) ues). In one
cluster, the weightsféafie very ¢i*édde. The result is (5)
denonstrated in FlI GURE Afl,s'll wher e El@eslli ne 406

illustrates the cut in the tree 300. Intuitively, this

step is to catch the "gap" existing in the weights of

t he non-| eaf. nodes in e binar ight 2 o

WRECE BPoietd) s e RaelSionS eRr i B auier ot pegesin v, and
$15,8s3A8 nagnbidrefhaabdedRi 818, Ct@egt 4dreak i ’ i
00,1ﬁ81, 402 be the sub-tree o1f Swth the g%&ragg{oprlately
arads t6-fil SQ4vitieh tshéisfidsothesdquiatio: wi th S1 renoved, an
object function for a cut is defined-as the difference

bet ween t he average score of the nodes in S1 and that

“of t h®ERJSEORTS] 5 -SS 3= MASH@ER_BEDRICSRE(S,)). S-S1):  (6)

WD 2004/ 114157 PCT/ SG2004/°0H0179 8 Y score(d)

score(d) din S, dinSS Is,l ISSly (5) where score(d)
is the score of the node d, ISl is the nunber of nodes
i n S1Nogerithat thangmber ohthesipéieesrsith the sadegootas S is

- . e DL ORri |y 5 ns to .
FrvegtaPti RAREA e MR GRREERG, i o, Bedfital weight
clSssifiGtion eBDEMas thEPRENFenSfeatte that (B scsrieBon't decrease
Notice that the nunber of the sub-tree with the sane

aptite mergng slecreasesonidnts tie fodowiig procbdureks usee tgifineins;

docunent Howeyer , the binary weight classification

Wpi@' Sﬁéléﬁﬁ%@q%f@fb@m nent feature that the scores
don' t;) decr gagetheddot Bﬁsggg%hpgh? ?ﬁ%@@iﬁé candiddte 5&4€and

foll oW ng procedure Is
putting its two children into P, a node set;

ii) Select the marked sub-tree, and extend it by adding one node

from P which holds the biggest score in P, as well as its corresponding edge;

remove the point from P and adding its non-leaf children into P; putting this sub-

_ tree into the candidate set; marking this sub-tree in S;

iii) Repeat ii) until P is empty; ,
iv) For each sub-tree in the candidate set, select the sub-tree that

‘maximizes the object function (5) as S, .

This procedure is polynomial to the number of the weights. To cut
across the binary weight classification tree 300 means to cut S, away from S.

The result is a forest, i.e., a set of sub-trees. For each sub-tree, its leaf nodes

form a weight cluster such as 408 in FIGURE 4.

Next, step 22 of FIGURE 1 is performed to merge the nodes of the binary
document classification tree 200 in local areas whose weights fall within a

weight cluster produced in.step 20 (nodes with close similarity values in the
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whi ch satisfies equation (6): i) Mark the root of S,
putting the root in the candidate set, and 15 putting

wobReosimmischi | dren into P, a node set; ii) Sel eecTiSlEe004/000179

mar ked sub-tree, and extend it by addi ng one node
.fromP which holds the biggest score in P, as well as
its correspondi ng edge; renove the point fromP and

.ng. .| - [ { N ; it L hi, s -
BREL dakdimeREOasdtiratli s 00} affe Feo b MRheY BuFitlRES 5
&MdB0 iii) Repeat ii) until P is enpty; iv) For each
sub-tree in the candi date set, select the sub-tree
that SURBRSSPIBthe Ieet 88R&Ethe binery dacympnhelassification ee 200.

B S0 B AT R rcflos 5B P0hailed e MbH steps in
SR r e gosetatize tite feeaway from S.  The result is a
fores a_set of sub-trees. For each sub-tree,

hAIE ! Bt 203 drtey R, SR it ghilck nedesipte GsdQHanaiiring the
ﬁ%@d@u@terﬁﬁﬂhicr?#)’%B%%@B?fallg ')?gﬂﬁuéte'r% RS X Had th cluster

e the nodes o nar document' cl assifrca
40&im PIBJRE 4)ocal areas whose weights fall within a 30

20 1, T RO H SRR SRl Lo
M&Vé Hath oG @hd o Méﬂaémld%é@ﬁgwoﬁ 'l@a?ﬂofd%%gfd'sértgcnag

tree 200). The result is illustrated in FIGJ
MGRbYse p is the root 202 of the binary docunent

S5 e S R5qaP e B s A B e

‘QradehetopilgRmes @l bzthetritty hb@éiéséé FIGURE @72 into P 502

and its child nodes into Q 504, marking the weight
cl ustig} i Fetaltpdesdni igpeat tiel rogedures| uster ¢ (for

o o Phfese e i in (g BehBri G Bindly tide' do@) B URE'
i 0 noMesrtgerformiepthe step T1Bofoe gbhetalizinithe bimstesred, thaot

| eaf _nodes) to see ‘
in rastruc?ure |)s comp etg and a step 24 of FIGURE 1 is performed to cut across

the generalized tree 600 to get document clusters as illustrated in FIGURE 7.

For any node in the generalized tree 600, if it is created by merging some
nodes in the binary tree, then the average weight of the nodes in the binary tree
are its weight. Generally, an upper level node has a lower weight than lower

level nodes, which means that its member documents are less similar, and vice

versa.

The tree 600 needs to be cut into two parts, with one part having the
same root as the tree and with nodes generally having lower weights. The
second part is a forest and the nodes within the second part generally have
higher weights. The cut between the two parts is illustrated in FIGURE 7 as the

line 706. The nodes having a level below the line 706 are the document

clusters and individual documents. The nodes having a level in the tree above

the line 706 are removed. The procedure for cutting the tree 600 is similar to
that described with respect to cutting the binary tree 300 in step 20. Formally,
let T 600 be the hierarchical tree, T1 be the sub-tree 702 of T with the same
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FIGURE 5); iii) Merge all nodes in P into one new node
602 and take all nodes in Qas the children 604 of

woOheosnawisnode (see FIGURE 6); iv) For all node®BCirisGe)04/000179

repeat the procedure. 1ls These steps result in the
general i zed binary tree 600 ofioFl GURE 6. After
performng the step 16 for generalizing the bi nary

b8 e T T B8 M BHord in T WBLF £refid B, AR Bkt dlnction
tls G@fn@é@fdrfa @ﬁtasjmetmﬁéﬁen@btlﬁ\ﬁéén #%e a{/éﬂagbrv@é@dt d)ﬂhe nodes
For any node in the generalized tree 600

| |"i* 'ﬁ1sa'1dr@é‘t ebithsyneaasgnnly Tdodencted DialcWEIGHTHE beﬂé‘r)y

tree, then the average wei ght of the nodes in the
binary tree are its wei ght Generally, an upper | evel

node has a | ower wei nodes, which
means that its menbepTt 6rd[ nge’tﬁ’%xs simlar, and

vice versa. The tree—gﬁo—neeﬂe—tv—bjm into two (7)
parts, with one part h w% t he 25’T ame root as the

tree and with nodes generally having | ower weights.

The second part is a forest and the nodes within the

BRPE TP thegannbal dithBaisleshh AheandvET-ghltis the h@nfblétr of the
between the two parts is illustrated in FIGURE 7 as

nbdes imé-T106l0 Thiacrosie thehttee mgpeopriately edrsitot fired I7]° ivehich

706 are the docunent clusters and indivi dual
gatsfiasnihe eaHgEoRodes having a level in the tree above

30 the Iine 706 are rermved The procedure for cutting

:gecbtrfl(eé?g@g%%’ ree ?ﬁ%%&@%&@h@?@ . (8)
let T 600 be the hierarchical tree, Tl be the sub-tree

et SIS EEBTS B I G e Saierps ot of lopting T i S

~ #84esoriBedvabbvel|Finaliyp tesiforést Doy € 704fis nbtdined ahd the nodes in

efined for,a cut as the difference between th
BIgEt S tBﬁ@O&HW@%CR@&% éfffsfr #XaRle edpupRogyment clusters

?9@9?510 V1B drkd 79RR0E VIEI GHT(TI, T-T1):

1wei ght'(d)” Ywel ght (d) 5 I n T-TdinT(?)
Next a step 26 of FIGURE 1 is performed to extract the keywords (i.e.

statistically significant words) for all individual documents and document

clusters based on the importance values of the words. The keywords are

treated as “seeds” to locate terms.

If ¢ is a cluster of C (ceC), the importance vector of ¢ is:
< IMP(wy, ¢, R), IMP(w», ¢, R), ..., IMP(w,, ¢, R)> (9)

Let W be the set of all the words occurring in any given document, then

for any XcW, its average importance, denoted AVE_IMP(X) is:

> IMP(w, c, R)
weX

X1 (10)
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IT- T,1 IT,I where IT,l is the nunber of the nodes in
T1, and IT--Tip is the nunber of the nodes in T-TLl.

woaomti4iacr oss the tree appropriately nmeans t opETsd200%/000179

whi ch satisfies the equation: 10 DEF_VEI GHT(T, *,
T-T,*) = MAX(DEF_VEI GHAT(T, T-T1)) (8) T inT The
procedure of locating T* in T-is the sane as that of

708 B ST MEAT oAt

Xhis forest are the document clusters C, for exanple
the four docunent clusters 708, 710, 712 and 714 in
FI GURE 7. KEX{MB(KHMQG(MEHA@RE)&A@ _pBIPOF rel)X 0 (11)
extract the keywords ‘(7.e. statistically significant
words) for all individual documents and docunment
ntuitively sthisdepdriance valuesior thenkeywards moufd béadighardand those

Th k d 0 t
LB YRS S BUR 66 et i Tie 58T e e wints tondsdo
rl‘{ﬁg%e QP(ﬁ:e’ ebjett Etﬁ‘n)chUﬁ’ (M., by trrfé\ﬁrﬁ)ezets Elg@ggt?er% ce Efetv\t/%een the

FsHrage dmegrtan@@ valheafjihg kewworttscantkinat of Henothef erordsy

IXI\/\Fl}é Wg{eg, g’%?f ﬁ@hgpf [ @%‘i@/ (;%not %@?%%I?y MRSkl Infrmation is

RCH B@AerMpDeasditAs baded lop thetseslls HRsIRIWAIESH QB Here mutual

'R‘?t isfying the follow ng equation are desi gnat ed as

ormatipn ig/psigtiatisaleanaept mpinjgrmatiquethemy; intuitiggly (rujual
iffofthation between two objects reflects the extent to which one object stands
for another. In the present invention, mutual information is used to measure

how strongly two words combine together. A word string t is a term if it meets

the requirements:

i) it includes at least one seed;
i) if =watiwe, £ is a sub-string of ¢, then Mi(wy, tiw2) 281 or Mi(ws,
W1f1) >01;

i) for any witws in ¢, Ml(wy, f) <61 and Ml(w», f) <64; and
iv) thereis acin C, IMP(t, ¢, R) 2&,;

where MI(x, y) is the mutual information between x and y, its definition is p(x,
W(p(x)*p(y)), and &4, and &, are two thresholds for mutual information and
importance value respectively. ‘

Intuitively, if) means that the association between inner parts of the term
is stronger; iii) means that the association between the term and its adjacent
words is weaker; and iv) means that the term is statistically significant in one
cluster with respect to the reference corpus.

In general, to locate the terms, we can start from each seed word, extend

to the left or the right and check whether ii)~iv) are met until no extension can

be made.



5 Intuitively, the inportance values for the keywords

shoul d be hi gher, and those for other words should be
woauwarii14iBhus, the set of the keywords tends toPCT/SG2004/000179

maxi m ze the object function, i.e., maximzes the

di fference between the average inportance val ue of

the keywords and that of the other words. Step 28 of

it o ey s Py Eha P ERY LRERER b Apumgtion ptracton

1ahel texteining inblucihag donsdiegpaéific Hessaumus, Uaformation retrieval,
formation is a statistical .concept in information

i eBPglion avmmarization, degumaent indexnexdoainer: clessifieation, and
?Q&?ﬁb%r gﬁaﬁpts the extent to which one object stands
or anot n the present invention, nutual
i nf or Adthbogh itlse invedtion hae&men&ieshﬂbeébbovg |Lhé|ﬁg/\par\t\i@m‘é$
cogglne together. A word stri BF is atermif
IMeBts; RAYetRTiations e Possibie withipthessoae of &%Plalms as
W]Pbé%l%%r t 'rﬂ)sldllfedtre‘éfdeV‘f2 ti is a sub-string of t,
then M (W ~a, or M(w2, wt,) ?a,; 20 iii)
for any mﬂtmﬁ |n c, M(w, t) <a, and M (w2, t) <a,;
‘and iv) thereis acin C IMP(t, ¢c, R >02; where
M (x, y) is the nutual information between x and vy,
its definitionis p(x, y)/(p(x)p(y)), and a,, and a2
are two thresholds for nutual information and 25

i mportance val ue respectively. Intuitively, ii) neans
that the association between innér parts of the term
is stronger; iii) nmeans that the associati on between

the termand its adjacent words is weaker; and iv)
neans that the termis statistically significant in
one cluster with respect to the reference corpus. 30
In general, to |locate the terns, we can start from
each seed word, extend to the left or the right and
check whether ii)--iv) are net until no extension can
be made. WO 2004/ 114157 PCT/ S&004/ 000179 12 The
present .invention has many applications for

i nformation extraction
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and text mning including domai n=specific thesaurus,
information retrieval, i nformati on summari zati on,

wdaoenneais7 i ndexi ng, docunent cl assification, ardT/SGeoo/000179

under standi ng. 5 Al though the invention has been
descri bed above using particuligr enbodi nents, many

‘variations are possible within the scope of the

%gjg/‘g;, as wll be clear to a skilled reader. WO
14157 PCT/ S&004/000179 13 Cdains W claim 1.
A method for statistically extracting ternms froma set
Ve dldments 5 conprising the steps of: determning
for each docunent in the set of docunments an

i mportance vector based on inportance val ues for

cl ;gglAfl catl orc1)gtgf&*é‘!ire§ﬁ élly% ﬂg tg f{?ﬁﬂ%hﬁgg%}ﬁgﬁ‘ﬁgcqrﬂggts

comnprising the steps dfar docurrents based on the inportance
vector, . 1lo,for _each of the docupents; building an

i nf r adefRIENNIPG ferpaghdoqipentin doe §ﬁ’é@ﬁ@o%ynents an importance
J8&8F Bhid BA |ﬁ1 rtaHbé‘%Meg @W?fb‘s ifl AR ddabd@n tree;

clustering the ocunEnts e generall zed
tree fofrminga hmary@lnwmrm ctassmaﬂam treetbyn@usterln? the
ual ke rds from

@‘%@’Eé’ﬁ@ 'ﬁ{"l &B%I 'Pﬁﬁrﬂbg‘gflﬁléh Sba : e iRartance vector

mmhwmmdbmng% words as seeds. 2. The net hod of
Claim 1, wherein the inportance value for words in

each builslinganwfrastiustaretfer thenset dfaloedmemts by generaligingythe

PR GO Jas B s, 37 The method of G ai m
t1h ewl;flre;eusng? hiee d@@umﬁtSSbyﬂb@ttlﬁbliﬁé geferdlived AR GtAENY
mfrastructure '
extracting statistically significant individual key words from the clusters of
similar documents; and

extracting terms using the key words as seeds.

2. The method of Claim 1, wherein the importance value for words in each
document is determined based on the frequency and saliency of the words in
the documents with reépect to a reference corpus.

3. The methbd‘of Claim 1, wherein the documents are clustered by
performing the steps of: '

selecting two of the documents having the greatest similarity;

merging the two documents into a new document;

computing an importance vector for the new document; and

again selecting and merging two of the documents or new documents
having the biggest similarity.

4. The method of Claim 3, wherein the similarity of the documents is

determined by the cosine of their importance vectors.
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25 selecting two of the docunents having the greatest
simlarity; merging the two docunents into a new

wdaoeun@eais; conputing an i nportance vector for POE/SO2NV4/000179

docunent; and again selecting and nerging two of the
docunents or new docunents hawing the biggest
simlarity. 30 4. The nmethod of Claim 3, wherein the
simlarity of the docunents is determned by the
cosine.-of their inportance vectors. WD 2004/ 114157
BCT/ SEABGMé1HI0a 1of Tlaikd 15 whEhsin 1ké bereriziAbadtep herges similar
wher ei n the generalizing step nerges simlar 8
peges frgethel. 6. The method of C aim 1, wherein the
generalizing step includes the steps of: clustering
values of the simlarity of the docunents into nodes
6or m mbe aethod af Claien dhwvhelels shd enéraizing rstep intlvded the steps
t‘he bi nary wei ght classification tree to determ ne

usters of 10 nodes form ng the binary weight
cl ass [ .
b1 nar o UGS BT SThS QORImBhS Mf fbres farping a
biaauewetghlthlasslflbatlcm treeprs of nodes forming the binary

1 SR BRI B BB Rk o Bl ag S
rhtbdwﬁbrmmgeth'e%lﬁ@ﬁyf\ﬁéi@hﬂcl%sﬂbéﬁhdﬂ fige;ldify tree into one

part having the same root e generalized binary

-t r ee MADIBGOOHES Opthe ofithei b1@ala{ dQnumﬂnt@Iasﬂaafmauenttree having

S5 WA LB RSB S5 53

diassifitgationgred. nport ance in the docunent clusters are
sel ected as the key words. 9. The nethod of Caiml,
wherein nmutual information is used to determne terns

PasearPhnldifoPEEERIM 1, wherein the step of dividing the generalized

binary tree is performed by dividing the tree into one part having the same root
~ as the generalized binary tree and another part having a forest of document

clusters of the similar documents of the generalized tree.

8. The method of Claim 7, wherein words having high importance in the

document clusters are selected as the key words.

9. The method of Claim 1, wherein mutual information is used to determine

terms based on the seeds.

10.  The method of Claim 9, wherein a word string t is determined to be a

‘term if it meets requ‘irements including having at least one of the seeds.

11. A platform for statistically extracting terms from a set of documents
comprising:
means for determining for each document in the set of documents an

.importance vector based on importance values for words in each document;
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~1ndivid

25 10. The nmethod of Cdaim9, wherein a word string t
is determned to be a 'termif it neets requirenents

woned4ad#13g havi ng at | east one of the seeds. 1RCTAG2004/000179

platformfor statistically extracting ternms froma set
-of docunents 30 conprising: means for determning for
each docunent in the set of docunents an irrportance

et oA SR BRI PSS e 5Etern e

tiecuhents ifth alubicia by siddiERBLINERNesBadddah tR ihp&akde vector
clusteri n%@t he docunents into clusters of

girgachrofdae desumentsased on the i nportance vector for

cach, S RSP RGHIRE A FBER G L 940 Mo by

‘yenarelizihgzhe dindrg docoment dReuifieatiorctragsi fi cat | on t ree;

neans for geterm ni ng docunent cluster by divi t he
gener BI1S98p€ H:I@t@rmgpng H@WW@F‘E@Pﬁi%thrCBVldiﬁ‘th@\ﬂ?nerallzed tree

ggﬁ, ng statistically significant

Sfthednt r@uf@%cf@% ?%%t?ﬁ the clusters of simlar

docunmmeians faoexteaujlmgfsaammaﬂy sighificant imglividwatkeysivo@ls from the
seeds. 12. The platformof daim 11,

t.he, k .
%gﬁeé?eﬁfgﬁé%? gi"ingﬁ 2 value for words in each

Afegument is determ ned based on the frequency and

saliency of the words 1s in the docunents wth
r espeieans far exifantiogdernsouping. the key ardplaatfemds, of
Caim1l, wherein the nmeans for c¢lustering the
documsnts i ncl udes: neans for selecting two of the

HBCUNERé ?ld’dﬁ)‘t‘m ¢laRn Bi1ggeeteifiithd irﬁf)d)ﬂté(nce vAuEE¥aNwof Y in
nmergi ng the two docunents into a new docunent; neans

%ﬁh @wqmenmg determipes basee ondbe diequiency red seliency of the words

QY BRI ARRFaN e 96 ARMBNSELG SN and Mer gi ng

SOF

13.  The platform of Claim 11, wherein the means for clustering the
documents includes:
means for sélecting two of the documents having the biggest similarity;
means for merging the two documents into a new document;
means for computing an importance vector for the new document; and
means for égain selecting and merging two of the documents or new
documents having the biggest similarity.

14.  The platform of Claim 13, wherein the similarity of the documents is

‘determined by the cosine 6f their importance vectors.

15.  The platform of Claim 11, wherein the generalizing means merges similar

nodes together.

16.  The platform of Claim 11, wherein the generalizing means includes:
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docunents having the biggest simlarity. 25 14. The
platformof C aim13, wherein the simlarity of the

wdaecneniss i s ' determ ned by the cosine of theCcT/sG2004/000179

i mportance vectors. 15. The platformof Caim 11,
wherein the generalizing means nerges simlar nodes
together. 30 16. The platformof Caim1l1l, wherein the

P Siisehs A do0ESeT e FEERE e St & e docymestsipto nodes
foheirg) aibiredrly tweigiit dlassifitiondrdes | nto nodes formng a
bi nary wei assification tree; neans for dividin

t C
the bﬁW@éF‘?%%‘iji@iﬁﬁng:ﬂ"@s@nﬁi)’c\ﬁ@igbhC'ﬁﬁéiﬁcﬂf@m’é’egﬁ@ridﬁéermlne

AR Fndie R Hbifiee MR B MABIG hreerants o
t he afebhs fri marginglacdesof thed eisibiefbinaly dutunidrt &ldaidation
larity val ues withjn the clusters of nodes form ng

sim , 3 )
ff%nhewﬁar%uﬂ"mgﬁiuqa wikinithe stustersiaf eedes forntiRg the binary
\Héiﬁhf elb%iﬁfzal%r?‘frgé.ll’ wherein the step of dividing the
ge

eralized 1o tree is perfornmed by dividing the tree
into one part having the sane root as the generalized

Hocantt PEERGIam 11 nBheisin Pl SBpanibvBoghe grperalized

teRNRI parfcrRfe ot By 8ividid@ thel e Tb R irt ﬁ%\\ﬁhg‘tﬂg salffiddt 8s the
high inp 15 cument

wor ds havi ng ortance 1 n the

- gangsalized kinarysisee and @natharparihgying aderest of dobement blagters of

' repn ual. i nf.ormation is used to
e st Aoms SRk SR Bl L8R 50 207 The et hod
of Claim19, wherein a word string t is determned to
be a_termif it meets requirenents including having

& | ddhe methodbef Claimside aherein words having high importance in the

document clusters are selected as the key words.

19. The' method of Claim 11, wherein mutual information is used to

determine terms based on the seeds.

20. The method of Claim 19, wherein a word string t is determined to be a
term if it meets requirements including having at least one of the seeds.



