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TEXT SIM LARI TY MEASUREMENT Field of the Invention 5 The present invention\Z¥

rel ates {@ @nsiproved nethod for the neasurement of textpEidadiAbizty based
on syntactic relation vectors referred to in the specification as 3-tuples.
The nethod may be used to neasure the simlarity or verl ap
between two portions of text. 10 Background of the m@m@p&mmumnﬂmext
simlarity measurenent generally referd to nethods 0 *etﬁ)g*m' ning the .
degree of overlap between two portions of text. These methods are usual |y

i npl enented during a search for a doc t | cunent 15
. matches a given sgﬂPEiﬁ)\éfi@MTM@%@?E&&&M%mN@&@@E@DUSed in
other information retrieval problens such as docunent clustering (to match
two docunents and deci de whether they should be in the sane cluster) and
. the classifi clicldof the (deentioent s. 20 A nethod for determning the simlarity
of portions of text is the cosine neasure. For this neasure, the portions
of text are assuned to be represented as vectors with terns- as the
coor di nat a’rﬁﬁf réSdt HidrfibR raRitestd BE imPRoRsd MBIRE Rir theThbasurernend
determ ned as t g cosine of. the angle between the vectors. Oten the
cosi ne i s cal cltextesimilariiyhdaded aB syntantic: relatiomevagtarsorefeaedelo in the

normal i zati on. The cosine asure i-s gen I opsi t

advant ageous ﬁ‘?%@?&ﬁko@s agugﬁ@gsf aéﬁ‘%&&?ﬁ% %@& gédagé(i&%@e%géﬁeaﬁaesi npl e
range of val ugniigfityldr d \lovehp betiidsn tib podions dfsessunmed that the
"terns are 30 independent and each portion of text is sinply treated as a

"bag of terns'. WO 02/ 0S. 1279 2 PCT/ SGO1/ U0023 @E the nethod is
limted ip.itg abilit agcur |y capture the W%m@mmﬂ'larity
bet ween tﬁ% p 0 tf n?le %r methods for d ; ‘ e simlarity
bet ween two portions of text 5 are avail abl e, however 15y general |y have

t he sane above-nenti oned di sadvant age as_the cosine neasure. Another type

of nethod for Test similafbhneaperesnent ganerginaiorsds Mahoss afidemMYRINGdRe - uses
t he co-occurr o) J | ; Ot 4 J type
of nmethod) a g%ggececéfrér\gé#ég%t\élégh ?Vdgq)gsﬁ lﬁsr éﬁ]t%égnisr@%%;@ géﬁ‘?(gso%ﬁ ﬁsedét?lgxt
portions. Thi impleiderded apting @ssealrth fdrea doewment toi jugdge dow pall esdoounaérg

portions. In this type,of nethod the sim'larilg, IS etfrrri nec’ by reference
to the amb@int MAtChReR ICERaaMER QUEBL oFRWEYPh | %/%ff e %m%‘cﬁ%%ﬁ%s& ce

based measureq, GARLU ot fethiBhal BOBISHRBEARIN G, SBociitibnt BiusteTRiNed © 5
can be used only i ere 1s a sufficiently large portion of text "avail able
for the gener ataton tafo documenisuane ndecidéegwmihers thgy ishoulkde bednolheusamece

t hesaurus is alrea vai |l able. US Patent No. 5,297,039 (Kanaegam et.al)
proposes a Si Elqsg‘?rg\éf?gﬁ@%lé;%ﬁéﬁ'ﬁet'%Pﬁﬁog%?'&t@ti c rel ations between the
terms. Text is parsed first to extract an "analysis to network' that

consists of triplets of the form (relation, elenent 1, elenent2)'. The
el enent's &0r r ésprethod dor ideterminingathe sinallarity &fipartiors Hftiexiny e dosipes

verb) syntactically close,to the e]e t n The sipl Lty i
measur ed by a"%%ﬁﬁ"%?' t@?ﬂrﬁ%rggﬂﬁ“des%%aﬁpﬁyggagggtgﬁte%g g%%di |‘filléarjle% b
agreenent s betrupeRehizti @8 veaoRNWithgternl #si thenedowirtes adfterr appropeibtee
wei ghting. Since the relations are thenselves terns extracted fro H}ﬁe :
ngly,

text, this netyeightings Abtestinate afesitilariy Boastargined, @sniia £9sinaceo

LU s difficuldygio Heahesh ahg Jitols BréKR!the 2kiné 1§ GHEABIEANES RECHER! oI Y-

25 product of the vectors after normalization.

The cosine measure is generally considered to have advantageous
properties such as fast computation and a symmetric and simple range of
values [0,1]. However, with this method it is assumed that the terms are

30 independent and each portion of text is simply treated as a ‘bag of terms’.



WD 02/0S. 1279 3 PCT/ S&1/ 00023 The above di scussion of docunents, acts,
materials, devices, articles or the like is included in this specification
sol ely f@rgiRsPYr POose of providing a context for the preseigdipy@ation. It
is not suggested or represented that any or all of these matters forned
part of the prior art base or were common 5 general know edge in the field
rel evant to the present invention as it existed before the priority date of
each claimof this application. Summar§g of the Invention 10 In one aspect,
the present invention provides a nethod for estimating the simlarity

of Syntactic A ESSubdb TERCE fenPhe g 1 SPESLHS s ReCal ) 2t on

bet ween t he mggf??%%ﬁa'ﬁ%?%%%%ﬁ&%mf%pet ween the terns in.the

t upl es accor di set of relations; establishing the
. relative agreenent between syntactic tuples fromthe portions of text under

conpari son acgcording. to, predefined classes- 0 agr eengnt ; | cu ing a_
val ue represeéﬁ?(’imgﬂ‘tﬂdstﬁ;?é dﬁt‘?’m'ﬁ'?‘gt@ebﬂm_@& Pﬁ@"%n&ﬁ? tplogtﬁ) s&ﬁe&gﬂt f or
each of the ch@ssesidie 2HbRBUENtheRUbrRFAIRPHEGSI the Savdl sBovermehtioned
simlarity between the portions of” text by cal culating a weighted sum of

t he val ues r egisadearitage as thé cobinegneddiei ty bet ween the portions of text

for each of the classes of agreenent. 25 Preferably, the step of
calculating a value representative of the simlarity between the portions

of text for eaghinel tyhie of hitises il darameiaie thel sinlilapssbetwaaingino pyrtioased
upon the nunber of natched ternms occurring in particular parts of ﬁﬁeech in

whi ch the texof extuses theoco-pcewrencenipeen dajredn eash of e peeiensgs FEARMYSI at i ng

cach of 1T chaBdunifod pedrafierf theraRbs TE st SRnRRloE AR s B8 | e
the applicati Fﬁrti@hss'i Vi Théthad! esitarest allt the estdovatring ftesm npdiesr it ytheor
each of the classes of agreenent and the parts of speec i ch ggtched

h
terms occur. portieassynitaisttype ofipradkodriye ﬁﬁ@!aﬁi&é'st Mef'@wl ‘g)h\Eg%%rer“@ Pion
between the t g mIlR SELOEIAN VB LRSELHiRY RATOPEIrEI CobRifreRe! NE

fol |l ow ng
based measures capture some of the term dependencies, but this method

15 can be used only if there is a sufficiently large portion of text available for
the generation of a co-occurrence thesaurus or if the co-occurrence

thesaurus is already available.

US Patent No. 5,297,039 (Kanaegami et.al) proposes a similarity measure

20 using syntactic relations between the terms. Text is parsed first to extract
an ‘analysis to network’ that consists of triplets of the form ‘(relation,
element 1, element2). The elements correspond to the nouns and the
relation is a term (usually a verb) syntactically close to the elements-1.and .
2. The similarity is measured by a sum of term agreements, pair

25 agreements and line agreements between the corresponding analysis
networks, after suitable weighting. Since the relations are themselves
terms extracted from the text, this method does not overcome the problem
of synonymity. Accordingly, it is difficult to calculate the term, pair and line
agreements accurately.

30



cl asses: relations between a verb and its subject; relations between a verb
and its object; 10 relations between a nodifier and its nodified word; or a

ci rcunst dAls4d8l ationship. In a particularly preferred mihasiwess, the
met hod i ncludes tuples of the form(relation, ternl, ternR). 15 The

i nproved nethod includes a nunber of advantages in that the nethod does not
rely upon an assunption that the terns in the portions of text are

i ndependent. In addition, the nmethod i $ not constrai ned by the nunber of
rel ati ons and uses generic rel ations between the terns to determ ne the 20

simlarity between the portions of text with greater accuracy., Al s t he
_inproved met hbe pBoYR Hissugsien QWOPH@GI“&%&qttﬁvdgaﬁeﬁ'égpgleﬂcgﬁsa%@lqsﬂﬁh? hat
are to be co ; {£f ; rd R jfRBii ; Jd e dravigimgl an wi | |
now be descr %%?hncgﬁ{de%{ 'eﬁggtégi% Flfggtl%fggr@%?ga\t%@% #erggst’tachdéd Idrrwgwi ng and
. to an Exanpl ecoritexi fer the peesentimvention It isanottsuggpaied auearésepted thab@nydr awi ng

Goscripti on o EhET hger MRS J0Req Bee gl e BNot it tak £ W TRD. st eps

in the metgod éﬁeﬁahﬁné\ﬁl‘éﬁgbiiﬁ%e fieliel&/Pb &y thedplagkat Invenfies asiitdxistad
PCT/ SGOL /000%3 The presenit 1nvention will now be described in relation to

the drawi ng abefoSe #re Briauityl date Bf gacheclainsiodiiais eppligatiatod of the invention in
flowmchart form The nmethod for estimating the simlarity between at | east
two portions of text begins with the step of extracting a set of syntactic

tuples, each SymMRah/H¥tHE RGNl €ast two terms and a rel ation between the

two terns. The extracted syntactic tuples are conpared and cl assified based
on relative 10 agreenments. A value representative of the simlarity between

the portions pf text f ch t. . | Sus | @t.ed;
and a val ik f8}OFﬁeasé’Pﬁ'ltﬁgiRrﬁg%%tt\ag%'ﬁé‘?ﬁg%é’é‘ﬁ? g%@%@{&%{‘to)&éslt@‘?éé@pa@h shed
by cal cul ati ngimiraritebetiesh sHansf twohsortishs ef taxe iichsding ahé stepsfoft he
simlarity between the portions of text for each of the c|asse

: \ of
agreement. 15 Exanfarening a met pkawpastic Jupesnsach dupigeingiuding ﬁb??%% two
simlarity of i . Of i pon the formation of syntactic
tupl es of thetérﬁﬁn#)&;élrgﬁ'(?ﬁ bf%‘%%ﬂﬁﬁ@%#’ref erred to as 3-tuples,
where "ternml" and tlagkif@ingahe relation bativean tiee témastint the huples ecsordingttext to
be conpared and "relation” is a

15 a predefined set of relations;
establishing the relative agreement between syntactic tuples from
the portions of text under comparison according to predefined classes- of -
agreement,
calculating a value representative of the similarity between the
20 portions of text for each of the classes of agreement; and
establishing a value for the similarity between the portions of text by
calculating a weighted sum of the values representative of the similarity

between the portions of text for each of the classes of agreement.

25 Preferably, the step of calculating a value representative of the similarity
between the portions of text for each of the classes of agreement includes a
weighting based upon the number of matched terms occurring in particular

parts of speech in which the text occurs.

30 Itis also preferred that the step of calculating a value representative of the

similarity between the portions of text for each of the classes of agreement -



rel ati onship between the terns. Preferably) the "relation” is one of a
pre-defined set of relations. 25 3-tuples for each of the portions of text

to be coyrpimRys@y be extracted through a three step proggsgsaiipbérdi ng the
foll owi ng steps: Text pre-processing 30 WD 02/US. ~279 6 PCT/ S&1 /00023

In this step, redundant parts in the portions of text, such as tabular data
i n appendices, are identified and renoved. Morphol ogi cal analysis 5 This
particul ar step can be subdivided intota word analysis step foll owed by a

| exi cal pattern matching step. Preferably, the word anal ysis step anal yses

each word in the portions of text using a set of dictionaries .an
_ nor phol ogy gingikeg thecaprlicatipy of hwieigding Taatos tgithe ieéhwp S%%(S@Y gqred 10
with a set o j i Sk I j W

phenomena. sugRChe? S Ssed B breRmelitanthe pRiieat HeBCR Wi Mt by
. the word anaketgeroccdre out put of the word analysis step is a list of nodes
each corresponding to a word in the 15 portion of text under analysis and
containing its linguistic features. The |l exical pattern matching step uses

armng gui st! I Ce Bl 2
a set o 'ft'l':hgn gﬁtgétld"‘tﬁ ﬁggﬁak/ﬁﬂﬁiwedl?ﬁﬂérﬁ]\csnﬁné Paeldtion! Betwerhdtheequence

pattern tha e matc the I'ist of nodes output by the word

anal ysi s st epernid)i thestrelation bemg toledsiiedt @ceordingrepnoner at the diobawingnd
phrases in the portion of text. Structural analysis 1n the Exanple, the
patterns out t#SSPPom t he nor phol ogi cal anal ysts step 25 are consi dered as

bei ng rel at ed accepgiids benfedith Vb Bhaefdubpstts el ati onshi ps as set out
below. ARGO relations between a verb and its subject, or a subject in

the parser tree ofrelations betwerrea veob antsobiest; 4279 7 PCTIS GU 1 /U0023 -
ARGL: rel ations between erb and . j ject in the parser
tree of dfe senter\'gl\gﬁa'on'fb%ﬁa .%’é?d’f‘?‘&'ﬁé’ %’iq ﬁgmocﬁﬁeﬁoﬁ),eoﬁ and its nodified

wor d. a circumstantial relationship.

In a particularly preferred embodiment, the method includes tuples of the
form (relation, term1, term2).
15
The improved method includes a number of advantages in that the method
does not rely upon an assumption that the terms in the portions of text.are
independent. In addition, the method is not constrained by the number of
relations and uses generic relations between the terms to determine the
20 similarity between the portions of text with greater accuracy. Also, the
improved method is not biased by the length of the portions of text that are
to be compared.

Brief Description of the Drawing
25

The invention will now be described in greater detail by reference to the
attached drawing and to an Example. It is to be understood that the
particularity of the drawing and the Example does not supersede the
generality of the foregoing description of the invention.

30
Figure 1 is a flow chart showing the steps in the method of the invention. -




5 CCR circunstantial relationship (relations other than the above). The
structural analysis step nmay proceed by initially representing the patterns
as nodesyn@okey constructing a directed acyclic graph qleridt®smockd nodes.
The edges of this directed acyclic graph are extracted and becone the
3-tuples for the purpose of this Exanple. The relations in the 3-tuples are
generic and are determ ned based upon a defined set of relations.

Accordi ngly, even though the sanme "text meani ng" 15 nay be expressed in
different forns, they will be nornmalizéd into the same set of 3-tuples with
t hi s met hod. D'fferent Types of 3-tuple Agreenents 20 In the Exanple, three
. Separate types of "agreenent" between 3-tuples are defined. In this

embodi ment, they are referred to as Cass A (full agreenent}) Cass B
(parti al agr:bmv )ed Desarigierss C (term agreenent). The foll ow ng definitions

. are established for purposes of illustration: 25 Two portions of text, say
D and Dy, are represented by a vector of 3-tuples, . that is: D~ = f~~~ ~
Try, ...~ T—Fhepeesent invehtionwill iow be.desciibed er\ﬂelaﬁérﬁ)ﬁn 428 Gre&ngeaim:l

PCT/ SGO1/ 00023 - T relation, T;~. terml, T
~T~. rel at ion,an EX@@Dlﬁl(FIQUFEe'i |$Q°W§rtbes‘n@tbﬁﬁé3 th% 'Wf‘é‘t'é’ﬂdg‘g@a‘l,v%‘ﬁﬂafﬁf‘@errent

bt neen 3 g Rifod 3L BSfitod M ARG HaMSR Alest it oFL

and only if ttarybeginsivitmtiesiep dbextracting;a aetlloﬂ'syrliiabtlmgmles oeausstu@lef and

only if (T;.relafion == T~.rel afion) AND 20 ter AND
(T;.terne = mpludinonpy leasiuoptqrms @n%a A%'ﬁ@éﬂé?ﬁtwe% g R ﬂé

3-tupl es are SRtLEP SHAtaehg i agsféraSéonﬁ‘paﬁeB aakyiibd @s@etéry réjBve
correspondi ng e ement h tuples ‘are identica T; and T] bel ong

to class B 30agreeaet yaluk r(sp(e(s‘éma’tadeaiﬁtba srrm‘larmbatweﬁr) theNportions oér ml ==

Tjt eﬁfﬁrlmf_)zr tt@p(é,for)ea&a[paftt 8nqlé§_q1g;@r _éiéf{agr@}eﬁgl\%[)célcula?e&m and a T VhRIBHnR (T
similarity between the portions of text is established by calculating. a
weighted sum of the values representative of the similarity between the
portions of text for each of the classes of agreement.

15
Example

In the Example, a method for determining the similarity of two portions of
text is based upon the formation of syntactic tuples of the form “relation-

20 termi-term2”, referred to as 3-tuples, where “term1” and “term2” are terms
extracted from the portions of text to be compared and “relation” is a
relationship between the terms.

Preferably, the “relation” is one of a pre-defined set of relations. e =
25
3-tuples for each of the portions of text to be compared may be extracted

through a three step process including the following steps:

Text pre-processing
30



WO 02/05.t279 9 Cass C TermAgreerrent) PCT/ SGOL1/ 00023 I n the Exanple, two
3-tuples are said to belong to "class C' if and only if 5 exactly one of

t he corrwmiﬁg terms in the 3-tuples are identical. ipaysGbioaddgd T/
belong to class Cif and only if 10 (T;.ternml == T.term ) OR (T;.ter ==
T.fern2) Preferably, when terns are matched, they are differentiated based
on the Part of Speech (POS) in which the terns occur. In the Exanple, there
are three definitions for POS which ar@ ultimately used in the overall
measure 15 of simlarity between portions of text. POS 1 (Part O Speech 1)
In the Exanple, two 3-tuples are categorised as POS1 if the POS of each 20
mat ching ter nlh'tﬁlsasteHQNundambatﬁ in (e poetions of-teXt, fstichilag tabhiRr(data in
.fernl. POS == DT:.term .POS == NOUN) AND25(T tern2 == Tj.fernR)
AND (T: . f er npamESdicesyaunidafied radreMmugd== NOUN) POS2 (Part OF Speech 2)
. 30 In the Exanple, two 3-tuples are categorised as POS2 if the POS of
exactly one matching termis a "NOUN', that is: WO 02/ 0~. ~271 10

PCT/ SGO1/ 0002QiotdHolodiealdnaivsid] - ternml ) AND ' (T;.ternl. POS == NOUN AND
T~.terml. POS == NOUN) AND 5 {T;.fern2 == T~.ternR) AND (T;.tern2. PCS ! =
NOUN OR T=tern2. POS = NOUN)) OR {(T;.terml == Tj.ternl ) AND (T;

terml. PCS !
AND (T o me"Pes i) RERIGB o= Pupdiytainiho et nalysISSiEp fofouded G900

3) 15 a lexical pattern matchlng step. Preferably, the word analy3|s step

analyses each word in the portions of text using a set of dictionaries and a
morphology grammar. Generally, each word in a dictionary is associated

10  with a set of linguistic features.

The morphology grammar defines how phenomena such as punctuations .
and inflections are to be interpreted by the word analyser. The output of
the word analysis step is a list of nodes each corresponding to a word in the

15  portion of text under analysis and containing its linguistic features.

The lexical pattern matching step uses a set of dictionaries with each entry

describing a particular word sequence pattern that is to be matched with the

list of nodes output by the word analysis step. This step is used to locate
20 domain terms, idioms and phrases in the portion of text.

Structural analysis

In the Example, the patterns output from the morphological analysis step -
25 are considered as being related according to a set of predefined
relationships as set out below:

e ARGO: relations between a verb and its subject, or a subject in
the parser tree of one sentence.
30



In the Exanple, two 3-tuples are categorised as POS3 if they neither bel ong
to POS1 nor POS2. Based upon the definitions set out above, a simlarity
measure Wy §MRs2Y Exanple is established as follows: Two maidd@nsnef text
that will undergo a simlarity conparison have 3-tuple vectors fornmed which
are referred to as D; and D;, which nmay be represented as: 25 D~ _ ~~>>T~2~
..., T;r~r} and Dr=~~,T~z, ..., TNi) where NN and Nj are the length of
vectors DI and Dj respectively. 30 V\p 02/ 0S-4279 11 PCT/ SGO1/ 00023 The
nunber of 3-tuples that match according to the Cass A definition nay be
represented as nA. Simlarly, nB and nC nmay be used to represent the nunber
. of 3-tuples thh'.ngAgGﬂr@lﬁﬂzn%%e@vééﬁ aB/cD&ndl i8SSbjectd 8f laRi dbj@isn the
respectively. In the anple, If a 3-tuple occurs two or nore tines, the 5
count is taken to bepatserties ohumeosert@rcaunber of tines it occurs in D and
. D~ If nA, (i =1,2,3) is used to represent the nunber of 3-tuples
satisfying both Cass A and PCSi, (i =1,2,3), then nA~ + nA2 + nA3 = nA
Simlarly, by 10 ysi pgqv8i refiidn3Betwben 3 rhodifid) ah@ it eR6@REMore nunber of
3-tuples satisfying both dass B and POSi and C ass C and POSi
respectiveély, then neasures (simA, sinB and sint) that nmay be used to

determ ne t he anount Px%; overlap. i st at.ed

B: cirppyistan iah{e%{%'ﬁ‘i@nf’sfhié' G é’aﬂ%ﬁiﬁ cRfe i e Bloys a(Dr,

as: 3 , jaAa.~u S f

D~) _ 3. min(Nh, N) 3 -1 nCa.w sinac(D~, D;) = 2, mn(N-, N where wl, w2
and w3 are weightings corresponding to the POS1, POS2 and POS3 matcihi ngs
respect i vel y) Thaisrugianel vanalysip stepgmay. ptpcgesd Ry 1indiallyp reprgaentsg (the i |

be recogni se r.S0 I i i ;D) e yx a
measur o of - MRS 1o ageY apidfien Bobpietidn & tifecked Bt bic Yreph STANEES
overl ap ofg | exdde). | Yhe ledges pidithis direetett acytiic gmaph arersxtractedsandAEEqrg )
provi des a neasure of the overlap off S-éu | es. WO 02/ 0S-4279 12 PCT/ SGO
1/ 00023 1t wilhe SHiuesioribe pymraseriithis: ’E%BB'@- nmeasures used in the Exanple

are ' normalised (ie they take values in the range of (0,1 ) with identical
portions

The relations in the 3-tuples are generic and are determined based upon a
defined set of relations. Accordingly, even though the same “text meaning”
15  may be expressed in different forms, they will be normalized into the same

set of 3-tuples with this method.

Different Types of 3-tuple Agreements

20 In the Example, three separate types of “agreement” between 3-tuples are
defined. In this embodiment, they are referred to as Class A (full
agreement), Class B (partial agreement) and Class C (term agreement).
The following definitions are established for purposes of illustration:

25  Two portions of text, say D; and Dj, are represented by a vector of 3-tuples,
that is:

Di={Tin,Tw, =, T}, and
Di={Tn,Tp, ", Tin},



of text having a value of 1 and portions having no matched 3-tupl es having
5 a value of 0. In addition, it should be noted that these neasures are
symretri g, dhsh3§ Exanple, a weighted sum of these measurgeydcgoifedlgul ated
as fol lows: A0 5 mDi,D) = wa x simA(Di,Dj) +wb x sim(D,0D) + w x
sinc(Di,D) In the calculation of the weighted sumin the Exanple, the

wei ghts are chosen such that wa + wo + wc = 1.0 and wa > wb > w (for eg,
wa = 112, w - 1/3, and wc = 1/6. Hence this gives rise to a class of
measures for 15 various choices of wei éhts. As the three neasures sinm,

si B and sint conpute the overlap respectively with decreasing accuracy,

~ the choice of decreasing weighting factors in the Exanple is warranted. 20
The wei ghted sum provi des a neasure of the simlarity between two portions
of text that ¥B¥®onpute text simlarity accurately and without any

. requirenent for an external ¢Iii|£¥—r,9f@,§ﬁorgq}1_ttém$ﬂu‘ﬁqs;m72§ anchal ly, It will be
appreciated that there nmay be other nodifications and alterati ons nade to
the configurations describedTie(Ei.relatiar, Tadernal. do- Mg} BrensluRi®@pe of the
present idvention. WO 02/ 0e279 13 d ains PCT/ SGOL/ 00023 1. A nethod for
estimating the simlarity between at |east two portions 5 of text including
the steps of :ThetEsegs af sgreaenlyhétacienc3-tumpesare dafied upthe Examptt ag at

| east two terns and a relation between the two terns; classifying the

rel ati on bet Wod8WShe terns in the tuples according to a predefined set of
relations; 10 establishing the relative agreenent between syntactic tuples
fromthe portions of text under conparison according to predefined cl asses
of agreempnt ; CeRlsQUIRII Agrenvaityie representative of the simlarity between
the portions of text for each of the classes of agreenment; and 15
establishing a value for the simlarity between the portions of text by

cal cul ating a | fal ; rb%‘kﬁ{bt B o A&rity
bet ween t he plél\rl\ﬁeg%ggg‘f)?#re@(@ ?gg&ggc ré’?n%ﬁcg cl assgé %?sflg\r telﬂﬁne%tom%? A

met hod accor dthey dre idémtical.l wherein the step of calculating a 20 val ue
representative of the simlarity between the portions of text for each of

the cl asses of agreenent includes a wei %hti ng based upon the nunber of
i.e. Tiand T; belong to class

if and only if

(T.relation == Tj.relation) AND
20 (Titerm1 == T.term1) AND
(Titerm2 == T;term2)

Class B (Partial Agreement)

25 in the Example, two 3-tuples are said to belong to “class B" if and only if
exactly two of corresponding elements in the 3-tuples are identical.

i.e. Tyand T; belong to class B
30 ifandonlyif

((Tw.relation ==T,.relation) AND (T.term1 == T;.term1)) OR
((Tw.relation ==T;.relation) AND (Ti.term2 ==Tj.term2)) OR
((Titerm1 == Ti.term1) AND (T.term2 == Ti.term2))



mat ched terns occurring in particular parts of speech. 3. A nethod
according to claim2 wherein the step of calculating a 25 val ue
represenfgf dvgsph the simlarity between the portions of dgepdgdidbog8ach of
t he cl asses of agreenent includes the application of a weighting factor to
the estimate of simlarity for each of the classes of agreenent and the
parts of speech in which matched terns occur. WO 02/ 0S-L279 14

PCT/ SGO1/ 00023 4. A nethod according tQ claim 1l wherein the syntactic
tuples include two ternms and a relation between the terns, the relation
being classified- ' according to one of the follow ng classes: relations

. between a verb and its subject; 5 relations between a verb and its object;

rel ati ons between a nodifier and its nodified word; or a circunstanti al

rel ati onshi p.Chss & (drholgeesmeerd) ng to claim 1 wherein the syntactic tuples
. are of the 10 form (relation, term, tern2). 6. A nethod according to claim
5 wherein a syntactic tuple of a first portion of text, T;,, and a
syntactic tuphef Ef?:ﬁ@féort\%@mm&”'a% sk b&ongetbe‘cm%%oc? G Wthhlfa

cl ass of agreenent o ntactic tuples, class A "if and only 15 if:
.relation5= €>;actlglmme|co:frtmemme(srrondleg terms-intthetGtuplgs arodemicaler np =-
Tj fern2). 20 7. A method according to claim6 wherein a syntactic tuple of
a first portion of text, T;, and a syntactic tuple of a second portion of
text, Tj, are assogat ep‘ émdhb'@/@,l, ﬁﬁcjgéswgreerrent of syntactic tuples,
class B) if and only if: 25 270 (Ti.relation ==Tj.rel ation) AND(T| term
= Tj.terml )) OR{(Ti.relation ==Tj.relation) AND(Tl ternm2 ==Tj.ternR))"
OR ((Ti.terml, == rml ) AND (T| ferm2 == Tj.tern2)). 30 8 A et hod
according to graé'f!rénﬁy(/\herel n a syntactic tuple of a first portion of text,
T,, and g@gyntactic tUDQSF,‘t@fnﬁ-sqywrdﬂp@l?I(ﬁrtenﬁzt:ea(T,.teprZ) are WO

02/ 0y279 PCT1S&1 /0U023 15

Preferably, when terms are matched, they are differentiated based on the -
Part of Speech (POS) in which the terms occur. In the Example, there are
three definitions for POS which are ultimately used in the overall measure -

15  of similarity between portions of text.

POS1 (Part Of Speech 1)

In the Example, two 3-tuples are categorised as POS1 if the POS of each
20 matching term is a “NOUN?", that is:

(Ti.term1 == T;term1) AND
(Ti.term1.POS == NOUN AND T;.term1.POS == NOUN)
AND
25 (Titerm2 == T.term2) AND
(Titerm2.POS == NOUN AND T.term2.POS == NOUN)

POS2 (Part Of Speech 2)

30 In the Example, two 3-tuples are categorised as POS?2 if the POS of exactly

one matching term is a “NOUN", that is:



associated wth a class of agreenent of syntactic tuples, class C, if and
only if: (T;,.fermL == T~.fermL ) OR (T;.ternR2 == T.tern2). 5 9. A nethod

accordi ngd Bzlahm 8 wherein a syntactic tuple of a firstpdamdoim9f text,
T;, and a syntactic tuple of a second portion of text, Tj, are associated

with a class of a part of speech) PCSl1l, if the part of speech of each
matching termin the syntactic tuples is a noun, nanely, if: 10 (T;.ternl
== T,ferml ) AND (T,;.terml. POS == NOUN,AND T:fernl. POS == NOUN) AND (T,
fern2 == T;.fern2) AND ~5 (T;.ternR. P == NOUN AND T;.tern2. P == NOUN) .
10. A method according to claim9 wherein a syntactic tuple of a first
. portion of text, T;, and a syntactic tuple of a second portion of text, Tj,
are associated with a class of a part of speech, POS2, if the part of
speech of 20 one, (@hdeoni y=ofdernmtANDNg termin the syntactic tuples is a

. houn, nanely, if: T, . fe = T=.fe )~ AND ( F%gg == NOUN AND
T~ ferml. POS == Ncﬂ(ﬁ(héefﬂﬁ-é&% r‘r!\’.qlé&mﬁ-ﬁ’!’?%é ’Am%)&ﬁifemz. POS | =
NOUN OR Tj.tern2. POS ! = NOUN) ((T;.fermlL == Tj.ternm ) AND 30 (T;

ferm .POS !'= NOUN OR Tj.fernl. POS | = NOUN) AND w0 02/0S. 1279 )
PCT/ SGOL/ @0023 16 (TTtern® # Trterm2) &) AND (T;.tern2. POS == NOUN AND T:

Lupl 6 of & 111t S TplERdROR RU S T RORTCOUNET ¢ o " Lacona
portion of text, Tj, are assogi ated with a class of a part of speech, PGS3,

if they are not associated with either class POS 1 or POS2. 12. A nethod
according to clainf(Tllemnér=si f.tetm1xANP of cal cul ating a 10 val ue

representative of Si ] it ] ihQ text for the i
cl asses of agreemﬁ?‘?@rﬂy%h’i!'ﬂmwz{geE@é?ﬁ?ﬁGRé?gg)nunber of matched
terns occyyring in particul agyparts of speech, the cal culation of the-

val ue for O ass A including 7parameters relating to the nunber of matching
syntactic tuples adoéertdihg=tlpfemddfMand POS1, nAl, the nunber of 15

mat chi ng syntactic 4 orqi ! @,’%g_ , and the .,
nunber of matchi ng@'&%@%?ﬁ?t u(;y(ggl\fa&\:@rgi%%@ne%b a@guﬁg POS3, nA3, and
separate weighting factors wl, w2 and w3 al so being applied to the _ .
PCS1, PCS2 and POS3 mmtchings, the value, simA(Di,Dj), being calcul ated as:
20 3 ?t~i. W Of 5peech 3). - - -
15
In the Example, two 3-tuples are categorised as POS3 if they neither

belong to POS1 nor POS2.

Based upon the definitions set out above, a similarity measure in the

20 Example is established as follows:

Two portions of text that will undergo a similarity comparison have 3-tuple:
vectors formed which are referred to as D; and D;, which may be
represented as:
25 Di={Tu, Tz, ..., Tini}
and
Di={Th, T2, ..., Tini}

where Njand N; are the length of vectors D; and D; respectively. - -
30



mn(N~, N) where mn(N,N) represents the | esser value of the two | engths
of the ; vectors of syntactic tuples fornmed for the portions of text D and
O 25 refx‘lﬂfz‘id#ﬁby - 13: A nmethod according to claim13dMRtgioib2she step
of calculating a value representative of the simlarity between the
portions of text for the classes of agreenent includes a weighting based
upon the nunber- of- 30 matched terns occurring in particular parts of
speech, the cal culation of the WO 0%[1()y279 17 PCT/ SGA 100023 val ue for
Class B including paraneters relating to the nunber of matching syntactic
tupl es according to Cass B and POS1, nBl1, the nunmber of ' matching

. syntactic t“Wﬁ‘én@ﬁﬁﬁrQﬂf@tublbth@%?n&cl@@dc&@ﬁ?g B Chid A kiefinitionmhay of
mat ching syntactic tuples according to C ass and POS3, nB3, 5 and

separat e wei g irepreseactesras wh, Similary w%aads’ap Heay) e Aisedi todrepeesant thes:
. POS2 d PGCsS3 h !
3?7Bi . ?&l Si nl'&LEm C Iﬁ‘n?’%p% mﬁfbﬁm aéwgomﬁéséﬁaﬂgr\@h%?ggﬁ%‘g@%ts the

| esser val ue @fs bb@vélwd o Exantile] liea Betuiply @comrsswm actiord tipless ther ned
for the porti ons of text and resp ectlve 14. A nethod, _according

Di
to clai m B weudiistakes totkgthy rrwammnaﬂhﬂgma &re times ieQeqtain P8¢ t he
simlarity bepween the portions of text for the classes of agreenent
i ncl udes a werghting based upon the nunber of matched terms occurring in
particul ar parts of speech, the calculation of the value for Cass C

including paraneters relating to the nunb r of C 20 synt acti ¢ tuples
according to Brdss(ie had) §edﬁ@1€pr@ﬁ§n ?rgéé IG5 5¢ ‘Q@ttfcghtupl es

ding t hi t pot
Copies aocor dEBRASR SRS “‘?ﬁ%ames"’w cﬁﬁiéa’?ﬂ gt l?ﬁ?.“f?“"f B ors
M| w2 angp \(ABua:lrwggdr;Bse‘:aml@nﬁmgjliié FGHZE()M) '2?@@21:% th;@sm\w{la%rdof%?m emszﬂfﬂfwgg )the
val ue, si nc el n as nc ~
2. min(Nr, Poth S@zﬁ@%d Sh B e resnacdv n N IRpgsures © —
represents th@:@?g@ 4AY Yn fth!afﬁm 2‘% u%?ﬂ@éet@?mméeth\éecﬁh@uﬁt éffovéynapactl c

tuples forned porti o respectively. 5

met hod accor dim@grins ofIrBA,mB,Zmdm@,emaytbﬁasmcbasl ng factors, wi, \/\/2 and . W3
are such that: wr+w2+Ws=1. Q0andw~>_w2>_w3. 10 10. A nethod according to
claim 13 wherein the weighting factors, wl, w2 and w3 are such that:

3
Z, 1 ndiwi
=

min(Ni, Ny)

3
Z, lnBi.w,'
f=

3.min(N;, N))

3
z, . nCiwi
=

2. min(Ni, Nj)

sima(Di, D) =
15 sims(Di, Dj) =

simc(Di, Dj) =

where w4, w2 and w3 are weightings corresponding to the POS1, POS2 and
POS3 matchings respectively, such that w 4+ w2+ w3=1.00 and w 12> wz >
W3,

20
It will be recognised by persons skilled in the art that sim¢(D;,D;) provides a

measure of the overlap of terms, simg(D,D;) provides a measure of the
overlap of lexically close pairs (relations and terms) and sima(D;D)

provides a measure of the overlap of 3-tuples.



W?+ W + WB = 1.00 and W> > W > W. 15 17. A nethod according to claim
14 wherein the wei ghting factors,-wl, w2 and w3 are such that: - . W1+ w2
+ w3 . 1.Q0 ARMel ? w2 ? wd. 20 18. A nethod according tperRGaiAdets Wherein
t he step of estaf)llshi ng a value for the simlarity between the portions of
text by calculating a weighted sum of the values representative of the
simlarity between the portions of text for each of the classes of
agreenent, sim(Di,D0), is calculated ai' 25 simD;,D) =W x simA(D;,Di) +
W x sime(D;,D) + w x sim-(D;,DJ) whefe wa, wb and wc are wei ghting
factors.. 30 19. A nethod according to claim 18 wherein the weighting

. factors, wa, wh and wc are such that: V\DOZ/OS~279 19 WA + W + W ~ .0

alld W > W > W-. PCT/SGOL/ 00023 .A3.Aas?. A "r.As_.A3!s. AFs. A& r. A A's. A
s. ALs. Au’ . AL.It wihsiseobeareapgnised . that these mppsurEsused inthe Example are
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5 of text including the steps of:
forming a set of syntactic tuples, each tuple including at least two
terms and a relation between the two terms;
classifying the relation between the terms in the tuples according to
a predefined set of relations;

10 establishing the relative agreement between syntactic tuples from
the portions of text under comparison according to predefined classes of
agreement;

calculating a value representative of the similarity between the'
portions of text for each of the classes of agreement; and

15 establishing a value for the similarity between the portions of text by
calculating a weighted sum of the values representative of the similarity
between the portions of text for each of the classes of agreement.

2. A method according to claim 1 wherein the step of calculating a

20 value representative of the similarity between the portions of text for each of
the classes of agreement includes a weighting based upon the number of
matched terms occurring in particular parts of speech.

3. A method according to claim 2 wherein the step of calculating a
25 value representative of the similarity between the portions of texﬁor each of
the classes of agreement includes the application of a weighting factor to
the estimate of similarity for each of the classes of agreement and the parts

of speech in which matched terms occur.
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-}ASHEF 10
relations between a verb and its subject;

5 | relations between a verb and its object;
relations between a modifier and its modified word; or

a circumstantial relationship.

5. A method according to claim 1 wherein the syntactic tuples are of the
10  form (relation, term1, term2).

6. A method according to claim 5 wherein a syntactic tuple of a first -
portion of text, T;, and a syntactic tuple of a second portion of text, Tj, are

associated with a class of agreement of syntactic tuples, class A, if and only

15 if;
(T:.relation == Tj.relation) AND
(Titerm1 == T.term1) AND
(Titerm2 == T.term2).
20
7. A method according to claim 6 wherein a syntactic tuple of a first

portion of text, T;, and a syntactic tuple of a second portion of text, T;, are

associated with a class of agreement of syntactic tuples, élaés B, if and only

if:
25 : _F
((Tw.relation ==Tj.relation) AND (Ti.term1 == T;.term1)) OR
((T:.relation ==T;.relation) AND (T:.term2 ==T.term2)) OR
((Titerm1 == Ti.term1) AND (Ti.term2 == T.term2)).
30 8. A method according to claim 7 wherein a syntactic tuple of a first

portion of text, T, and a syntactic tuple of a second portion of text, Tj, are
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(Titerm1 == T.term1) OR (Ti.term2 == T.term2).

9. A method according to claim 8 wherein a syntactic tuple of a first
portion of text, T;, and a syntactic tuple of a second portion of text, T;, are
associated with a class of a part of speech, POS1, if the part of speech of

each matching term in the syntactic tuples is a noun, namely, if:

(Titerm1 == T;term1) AND

(Ti.term1.POS == NOUN AND T.term1.POS == NOUN)
AND

(Titerm2 == Ti.term2) AND

(Titerm2.POS == NOUN AND T.term2.POS == NOUN).

10. A method according to claim 9 wherein a syntactic tuple of a first
portion of text, T;, and a syntactic tuple of a second portion of text, T, are
associated with a class of a part of speech, POS2, if the part of speech of
one, and only one, matching term in the syntactic tuples is a noun, namely,
if:

((Ti.term1 == T.term1) AND

(Ti.term1.POS == NOUN AND T,.term1.POS == NOUN)
AND

(Titerm2 == T.term2) AND

(Ti.term2.POS = NOUN OR T.term2.POS != NOUN))
OR

((Ti.term1 == T.term1) AND

(Ti.term1.POS 1= NOUN OR T.term1.POS != NOUN)
AND



100 M10% v & ()-@M109XX& ()-@ M10%mmé& ()-@VM10% & ()-@
?]lcvrlocya{ & ()-@ I\/Fl(@%’ P & ()- @55G6607p7wU4uV7 10 f, *10%b& () -

! ,*10%\%;# 'dsdgo! K" 1 10%22& ()-!a"! 109& ()-!\10%z& ()-!

& ()- @7 76;24{?)7277334 10! s10%&' () - f 10%&' ()-L10%& () - 18) 10“?%0,@%?/&()-
ISf,*109& ()- 79 9d99:;}[<rS4

10L! 10%<& ()-!\s! 10%&' ()-!Ss! 109%& ()-&s10%& ()- 3 M109%& ()-!3

M109%& ()-;;-;::Z k;; WJ3r 4 10!\:!10%1‘}3 & ()-1i{!10%6 % & ()-'!10%

(Titerm2 == T;.term2) AND
(Ti.term2.POS == NOUN AND Tj.term2.POS == NOUN))

11. A method according to claim 10 wherein a syntactic tuple of a first - -

5 portion of text, T;, and a syntactic tuple of a second portion of text, T;, are
associated with a class of a part of speech, POS3, if they are not
associated with either class POS1 or POS2.

12. A method according to claim 11 wherein the step of calculating a

10  value representative of the similarity between the portions of text for the
classes of agreement includes a weighting based upon the number of-
matched terms occurring in particular parts of speech, the calculation of the- -
value for Class A inciuding parameters relating to the number of matching
syntactic tuples according to Class A and POS1, nA4, the number of

15  matching syntactic tuples according to Class A and POS2, nA;, and the
number of matching syntactic tuples according to Class A and POS3, nAs, - - -
and separate weighting factors wy, w, and wz also being applied to the
POS1, POS2 and POS3 matchings, the value, sima(D;,D;), being calculated
as:

20

3
) Z,_ nAiwi
sima(Di, D)) = &= ——
min(Ni, N)

where min(N;N) represents the lesser value of the two lengths of the . -
vectors of syntactic tuples formed for the portions of text Dy and Dy
25 respectively. : -

13. A method according to claim 12 wherein the step of calculating a -
value representative of the similarity between the portions of text for the
classes of agreement includes a weighting based upon the number of- -~ -

30 matched terms occurring in particular parts of speech, the calculation of the: . == -
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410% () ) - sS/ 10%& () - | =L=\ ==>>>} A2nbC 10!\ =5Y10
T 10%& “;53%9 %2%]be& ()-!1"10%b& ()-! 10%& () - @0%& (;ﬁfé%(%m@m@%\éE
10!\ &*'10%0& ()-mM2 10%& ()-&$10%& ()-Y! 10%& () -
109%&' ()-ZL10%&' () - A* BNBOBPBQB] B BgB~_ @ 10!\ =10%&' () - @ 10%&' ()-L10%&' () -
10b 10b 10bL34T10%& ()- !FO' 10% b*b& (1% gBvBBB¥CQCCAE~_ @ 10!\ =10%&' () -
1 109% ()-f109% ()- 10%& ()-,S 10%& () 10%&' () - CCCDDODDDIE~_ @
ig:t Sllooz/fog) 109%&' () - 109&: ()-109% ()- '10% ()- |10% ()-DE EEEFFaB~_@
. + 9 (9
VGO vagl)i% Ilfcé'f %la%%b’%nﬁéluéﬁﬁéoﬁ@a(ﬂeter&%@ﬂ%&o(%e AURBE 69 matdhifg& () -
10L, 5109&' () - 5%1@%?«‘ (l)plesk acxm@ng)tc maﬁmmrmddE’O@ 10By=the number of
. 10%& () -10%& {c)h ;tﬁ(h
ing syntac c ‘tuples according to Class B and POS2, nB,, and the
" number of matching syntactic tuples according to Class B and POS3, nBj,
5 and separate weighting factors wy, w2 and ws also being applied to the
POS1, POS2 and POS3 matchings, the value, simg(D;,D;), being calculated

as.

3

sims(Di, Dj) = ———ﬂ
3.min(N, N))

10
where min(N;,N;) represents the lesser value of the two lengths of the
vectors of syntactic tuples formed for the portions of text D; and D
respectively.

15 14. A method according to claim 13 wherein the step of calculating a
value representative of the similarity between the portions of text for the
classes of agreement includes a weighting based upon the number of
matched terms occurring in particular parts of speech, the calculation of the
value for Class C including parameters relating to the number of matching

20 syntactic tuples according to Class C and POS1, nCy, the number of
matching syntactic tuples according to class C and POS2, nCz, and the
number of matching syntactic tuples according to Class C and POS3, nCs,
and separate weighting factors w, w2 and ws also being applied to the
POS1, POS2 and POS3 matchings, the value, sim¢(D;,D;), being calculated

25 as:

nCiwi
simc(Di, Dj) = i P
2.min(Ni, N))
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Wie Wosr W3=1.00and w> w2 > ws.

10 16. A method according to claim 13 wherein the weighting factors, w1, -

w2 and w3 are such that:
W1+ Wae W3=1.00and w > wo > ws.

15 17. A method according to claim 14 wherein the weighting factors,” w1,

w2 and w3 are such that:
Wi Woe W3=1.00and wq> wo > wa.

20 18. A method according to claim 17 wherein the step of establishing a
value for the similarity between the portions of text by calculating a
weighted sum of the values repreéentative of the similarity between the
portions of text for each of the classes of agreement, sim(DiDj), is .
calculated as:

25

sim(D;,D;) = wa x Sima(D,, D) + wp X simg(D;,D;) + we x simg(D;, D))

where w,, wp and w, are weighting factors.

30 19. A method according to claim 18 wherein the weighting factors, wa, W

and w, are such that:
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