WD 02/ 054279 PCT/ SGOL/ 00023 1 | MPROVED METHOD OF TEXT SIM LARITY
MEASUREMENT Field of the Invention 5 The present invention relates to an

i nproved webhasd2foor t he nmeasurenent of text simlarity breEdGomosnt acti c
relation vectors referred to in the specification as 3-tuples. The nethod
may be used to neasure the simlarity or degree of overlap between two
portions of text. 10 Background of the Invention Text simlarity

measur enent generally refers to met hods' of determ ning the, degree of
overlap between two portions of text. These nethods are usually

| Tl ement ed. dur | ngyRGYER VETHADWE BN SHAIUAKISS DEASEREVEPCUTENt 15
mat ches a given search query. However, ese nethods may al so be used in
other information retrieval problens such as docunent clustering (to match
two docunents ang ggcide whet her they should be in the sanme cluster) and
the classifichi! ' ts. 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 e8 aftherpragpgntopvéntion raigeghoiangimprxaoved miethod for ths melasuiangents

determ ned as e .cosi.ne. of th angl e between the vectors. en_th

cosine is cal Qtﬁﬁ)ftea"@%ri%eb% °§5g3br?[88%tre 'Othe?}QESt 5‘?@%98’2&9 in" the
nor mal i zat i ongpd@ificAifsy 8 BRAPSE | Phdenehaldl ymasome deegdid e the
advant ageous properties such as fast conputation and a symetric and

si mpl e range &fmilardy gedegelgf ovaskapaatwean twoteréonfetieut.it i s assuned t hat
the terns are 30 i ndependent and each portion of text is sinply treated as
a bag of terns'. WD 02/054279 PCT/ SGO1/ 00023

10 Backaground of the Invention

Text similarity measurement generally refers to methods of determining the .
degree of overlap between two portions of text. These methods are usually
implemented during a search for a document to judge how well a document
15 matches a given search query. However, these methods may also be used
in other information retrieval problems such as document clustering (to
match two documents and decide whether they should be in the same

cluster) and the classification of documents.

20 A method for determining the similarity of portions of text is the cosine
measure. For this measure, the portions of text are assumed to be
represented as vectors with terms as the coordinates after appropriate
weighting. An estimate of similarity is determined as the cosine of the
angle between the vectors. Often the cosine is calculated as the dot

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’.



2 As aresult, the nethod is |imted inits ability to accurately capture
the' degree of simlarity between two portions of text. O her nethods for
determ niwmgorb2®i nmlarity between two portions of text BCHSE0wwar abl e,
however, they generally have the sane above-nentioned disadvantage as the
cosi ne measure. Another type of nethod for determning the simlarity
between two portions of text uses the _co-occurrence of termpairs in each
of the portions. For this 10 type of et hod, a co-occurrence thesaurus is
first constructed fromthe text portions. This nmethod captures all the

Co-occurring heranrgaif SthkNmichifod RONikitRASIn it duflity thyACorhtelPthptiré RRe
cl? by re tﬁe anz

simlarity is determne erence to unt of overlap between
co-occurring tdegneepsisimilariy-between bme porthoaseaf texdasur es capt ure sone ef: the
t erm dependenci es, but this nethod 15 can be used only if there is a
sufficiently large portion of text available for the generation of a

C0- occur r encectiigsetitusCfor detéMBinfRr PRCHMIRABE belWeSR U Ddrford bEasht -
avai l abl e. US Patent No. 5,297,039 (Kanaegam ‘et.al) proposes a simlarity

neasure 2D usiengvaijahlachopwevet, dheyrgenssaliedaventhe same. alfeye-mentigaeded
first to extract , an "analysis to n rk' that consists of triplets of the
firoavEitaala® ' Bbdmpss e

form' (relati The el enments correspond to the
nouns and the relationis a term (usually a verb) syntactically close to
the elements 1. and 2. The simlarity is nmeasured by a sumof term

agreenents, pAnPthEs tyep ek maibed &feﬂ@tﬁﬁﬁiné@r HengiRtilaribe baivaen W portions

g : iy ; . e
el ati ons.ar eof FatErS e 6 BBERendt Sbri e S EatR T the BRRionsTERraRe o
not overctyre type gfrmbther, addo-syaerentetthesAnuerisfirglopnstrucied! feorhftheddstt to

calculate the term pair and |line agreements accurately. .
portions. ~ This method captures all the co-occurring “term pairs in the
portions. In this type of method the similarity is determined by reference to
the amount of overlap between co-occurring term pairs. Co-occurrence
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 extraét
an ‘analysis to network’ that conéists of triplets of the form ‘(relation,
element 1, element2y. 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



30 WD 02/ 054279 PCT/ SG01/ 00023 3 The above di scussion of docunents, acts,
materials, devices, articles or the Ilike is included in this specification
sol ely fovOophes4pior pose of providing a context for the prRPEBRRGOI/WENtI ON

It is not suggested or represented that any or all of these matters forned
part of the prior art base or were cormmon 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. Sunﬁ%ry of the Invention 10 In one
aspect, the present invention provides a nethod for estimating the

simarity berHEeBoth deasiny RGNS, Al ! fblordiedian, BARIG! 0!

form ng a set syntac tupelnc udlng at ''east two terns
and a rel ati ohkebés \ivectund e dh én ttiaie $pmra|fmatlohasdeWyiungheI"mlrpesatoquobieﬁngaan t he
termsinthetu cor di to - redeflne et of relati,ons;

oot abl i shi ng PHRCKEICAENS BreRsANEREIOR -l FEBN Siisiatad 6 Fppesnted bRt e
portions of t@?‘%ll%@ﬁésé@ﬂﬁﬁéﬂs%ﬂné@%@bﬁ%é %rnBF%@@Béé@%r%@r@sﬁnnﬁh
agreenent; calculating a value representative of the sinmlarity between the
20 porti orfs ofjenesal kn@wle@@@hndhen‘lbw wlessd o die prasentinventiana@sdsexipledshi ng

a value for the . simlarit en th ort.j ons ext by calculating a
wei ght ed sum ?fotrﬁéh?/aflﬂ ‘&&gﬁ\,\i?@ﬁ?g "?' f(}blsﬁ{)@ '§?{W| ‘arity between 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 tSummary afiba laventiga cl asses of agreenent includes a weighting
based upon the nunber of matched ternms occurring in particular

10 In one aspect, the present invention provides a method for estimating the
similarity between at least two portions 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 -
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 ltis 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 -



parts of speech in which the text occurs. 30 It is also preferred that the
step of calculating a value representative of the simlarity between the
porti ons vob 02/@79f or each of the classes of agreenent WO PRI/OG4200923

PCT/ SGO1/ 00023 4 include 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. 5 The syntactic tuples nmay include
two ternms and a relation between the ferns, the relation bei ng classified
according to one of the followng classes: relations between a verb and

Its subject; . ' e ; ' ' ; LAt et ween
o 11 or - s e APPRERC A Wb otdmoiReRRmatg rRiAlRp ToP R 2
particul arly gacafafithe dlassbe of agrdemértearnetheqearisiof sphechtinpiésh ofattted f orm
(relation, term1, ternR2). 15 The inproved nethod includes a nunber of
advant ages | RCTRAPCEWe nethod does not rely upon an assunption that the
ternms in the portions of text-are independent. In addition, the nethod is
not constrai ned by the nunber of relations and uses generic relations

bet ween t Be tHrersyniactiettaplesnmatyhiscR@lestwo Itamis yandeawetatiarhbefwaan 81& of

ength of hdopit Himeeattone betith osied s eHERg ripatd. Obr ner HEREY pii on
of the Draw ngassedd
relations between a verb and its subject;
relations between a verb and its object;
10 relations between a modifier and its modified word; or

a circumstantial relationship.

In a particularly preferred embodiment, the method includes tuples of the
form (relation, term1, term?2).
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. -



The invention will now be described in greater detail by reference to the
attached drawing and to an Exanple. It is to be understood that the

parti cul avooy0:ap79%t he drawi ng and t he Exanpl e does not supk€E&Gel/G00E
generality of the foregoing description of the invention. 30 Figure 1 is a
flow chart show ng the steps in the nethod of the invention.. WO 02/054279
PCT/ SGO1/ 00023 5 Detail ed Description The present invention wll now be
described in relation to the drawing argd 5 an Exanple. Figure 1 shows the
met hod of the invention in flowhart form The nethod for estimating the
simlarity between at |east two portions of text begins with the step of
extracting a set of syntactic tuples, each tuple including at |east two .
terms and a rgl t“i elye H,the two ternms. The extracted syntactic tuples
are conpared based on relative 10 agreenents. A val ue
representative of the simlarity between the portions of text for each of
the cl asses of agreenent is calculated; and_a value for the simlarity

bet ween t he pbheiRsegerifinyention willaewhe desdibed ipdeiion: tontge dawiRg gAfed sum

of the values t gt | i e 3 &p@ of
text for eélacha%?g{aﬁgﬁg'l g@gg§1§h&%§g§n@ﬁk®dlgﬁh%&g@nmﬁ nﬂ?\%e gc?r}p ‘e, a
met hod for deThemheihod fonesstimmtingr tHey siofilatity bptwéeronas ledst tvexpoitishbased
upon t he formati%n of syntactic tuples of the

farm"rel ati on- 20
tern -ternp", & @EJF‘@dW_tB the sten @ %é@?cwge?éemgﬁwta fduples, ﬁ?ch é‘y'@et er ns
extracted frofcREnPA USSR 28NS drd Bt ARAbEMVEEI thd AhElteAfis. The?

rel ati onship between the terns. - _ .
extracted syntactic tuples are compared and classified based on relative

10  agreements. A value representative of the similarity between the portions of
text for each of the classes of agreement is calculated; and a value for the
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 term1-term?2”, 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



Preferably, the "relation” is one of a pre-defined set of relations. 25
3-tuples for each of the portions of text to be conpared may be extracted
t hrough avohr/esa2®t ep process including the foll owi ng st epBCT/$6&1/00023
pre-processing 30 WO 02/054279 PCT/ SGO1/ 00023 6 In this step, redundant
parts in the portions of text, such as tabular data in appendices, are
identified and renoved. Morphol ogical analysis 5 This particular step can
be subdivided into a word analysis stegfollowed by a |lexical pattern

mat ching step. Preferably, the word analysis step analyses each word in
the portions of text using a set of dictionaries and a_ norphal ogy gr anmmar .

General |y, eabhthipstep, neduadanti paitsr ip the postions af trxt, suchnps Aakulgedalgfin
linguistic fe he. . I defi nes how phenonena such as
punctuati ons. %bgﬁ’g&,‘?ﬁ;@jﬁﬁ%ﬁ@%ﬁ%ﬁ% e interpreted by the word anal yser.

The output of the word analysis step is a list of nodes each correspondi ng
to awrd in the 15 portion of text under analysis and containing its
lingui stic feMaipbelogmabanalysisal pattern matching step uses a set of

dicti onari§s with each entry describing a particular word sequence pattern
that is to be matched with the |I|ist of nodes output by the word anal ysis
step. This st &pis partisaldr stegd carabe subdivitietbinto & avord, analysisrstepnfollpfieddss in

the portion of text. Structural K analysis | he EX |l e, the patterns
Ut pat o ¢ fle SXanBRBET. ANSSHA, SIeP. ot Bfeterably, 1B Word aniysis S
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 ARGQO: relations between a verb and its subject, or a subject in
the parser tree of one sentence.
30



25 are considered as being related according to a set of predefined

rel ati onshi ps as set out below. ARGO relations between a verb and its
subj ect, w0 0xoBe ect in the parser tree of one sentencePCBSGWDOOZY 054279
PCT/ SGO1/ 00023 7 ARG : relations between a verb and its object, or an
object in the parser tree of one sentence. ATTR relations between a
nodifier and its nodified word. 5 CICR circunstantial relationship
(relations other than the above). The7structural analysis step nmay proceed
by initially representing the patterns as nodes and then constructing a
directed acyclic graph of these 10 nodes. The edges of this directed
acyclic graph are extARGHelatichseetmeen a Werb3andiips ebjechrortareohjacipiodbe of
this Exanple. The rel atior](s in.the 3-tuples are generic and are determ ned
based upon a defi ne@2EH" HE PLYNR PYHENCXccor di ngly, even though the same
"text nmeaning” 15 may be expressed in different forns, they will be
normalized into the same set of 3-tuples with this nethod. D fferent Types
of 3-tupl e Agreenment APIRI relationstbeiwpks a modéier segdisanedifigd ewordf
"agreenment" between 3-tuples are defined. In this enbodinment, they are

referred o as dass A (full agreenent), Class B (partial agreenent) and

Cass C (term agr eengfpR: céféﬂ%sﬁéﬂtla@\“élﬁﬁoﬁ%@iﬁb t(ﬂeiait@‘r‘x% FRhEr @@hgﬁé I25B08). for -

pur poses of illustration: Two portions o ext, say D, and O, are

represented by a vector of 3-tuples, that is:
The structural analysis step may proceed by initially representing the

patterns as nodes and then constructing a directed acyclic graph of these
10 nodes. The edges of this directed acyclic graph are extracted and become

the 3-tuples for the purpose of this Example.

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={Tu, Ty, ,Tir}, and
Dj={Ti, Tp, ", Tin},



D, _{Tt1, Tn, ..., T1J, and DO = {ji,T2, ..., Tn~ WD 02/054279

PCT/ SG0O1/ 00023 8 where T;1= {T;1l.relation, T;1.term 1, T;1. TernR} and Tj=
{7)i .relve®opog427P11l .term, T1l. TernR) are 3-tuples. 5 FOPSGHa®ezs of
agreenent between 3-tuples are defined in the Exanple as follows: 10 C ass
A (Full Agreenment) In the Exanple, two 3-tuples are said to belong to
"class A" if and only if they are identical. 15 i.e. T; and T belong to
class A if and only if (T;.relation = Tj.relation) AND 20 (T. term1l ==
T .terml) AND (T;.ternR2 == Tj.ternR) Class B (Partial Agreenent) 25 In
the Exanple, two 3-tuples are said to belong to "class B" if and only if

exactly two of corresponding elenents in the 3-tuples are identical. i.e.
T, and Tj belgRgrg o class B 30 if and only if ((T;.relation ==T.rel ation)
AND (T;.terml == T.term )) OR ((T;.relation ==T.relation) AND (T;.tern®

==T.tern2)) OR ((T;.term =FuF{lerefalionNpiemmldeterm&d andernp)) WO

02/ 054279 PCT/ SGOL/ 00023 Ti= {Tn.relation, Tyy.term1,T. Term2} are 3-tuples.
5 -

The classes of agreement between 3-tuples are defined in the Example as

follows:

10 Class A (Full Agreement)

In the Example, two 3-tuples are said to belong to “class A” if and only if

they are identical.
15 i.e. Tyand T; belong to class A
if and only if

(Ti.relation == T;.relation) AND
20 (Titerm1 == T.term1) AND
(Titerm2 == T.term?2)

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 ifandonly if

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



9 dCdass C (Term Agreenent) In the Exanple, two 3-tuples are said to bel ong
to "class C'" if and only if 5 exactly one of the corresponding terns in
the 3-tupves2/eserds dentical. i.e. T, and T belong to cl assPCr/SGév@nz only if
10 (T.term == T.term) OR (T;.tern2 == T.ternR) Preferably, when terns are
mat ched, they are differentiated based on the Part of Speech (POS) in
which the ternms occur. In the Exanple, there are three definitions for POS
which are ultimately used in the overalg measure 15 of simlarity between
portions of text. POSlL (Part O Speech 1) In the Exanple, two 3-tuples are
categorised as POS1 if the POS of each 20 matching termis a "NOUN', that
is: (T,.term == T,ternl) AND (T;.terml . POS == NOUN AND T.term . PCS ==
NOUN) AND 25 (T;. n2 == T.tergR) AND (T;.tern2. POS == NOUN AND

T.tern2. PCS M@Mﬁﬁé Speech 2) 30 In the Exanple, two
3-tuples are categorised as POS2 if the POS of exactly one matching term
is a "NOUN', that is: WO 02/054279 PCT/ SG1/00023 10 ((Ti.term ==
T.ternl) AND InTihet ExainpROSwe=3-NQUds AND ST teebelongds ctaseCOR)if amionly if

5 exactly one of the corresponding terms in the 3-tuples are identical.
ie. Tiand T; belong to class C

if and only if o
10 | (Titerm1 == T.term1) OR (T.term2 == T.term2)

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.

PQOS1 (Part Of Speech 1)

In the Example, two 3-tuples are categorised as POS1 if the POS of each
20 maiching 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
(Ti.term2.POS == NOUN AND T.term2.POS == NOUN)

POS2 (Part Of Speech 2)

30 Inthe Example, two 3-tuples are categorised as POS?2 if the POS of exactly
one matching term is a “NOUN?”, that is:



5 (Ti.term2 == Tj.ternm2) AND (Ti.ternR2. POS = NOUN OR Tj.tern2. PCS ! =
NOUN)) OR ((Ti.terml == Tj.term) AND (T,.term.PQOS != NOUN OR

Tj.term WRDBR/H342MOUN) 10 AND (T;.ternm2 == Tj.ternR) AND POT/SGerovd23POS ==
NOUN AND Tj.ternR. POS == NOUN)) POS3 (Part O Speech 3) 15 In the Exanpl e,
two 3-tuples are categorised as POS3 if they neither belong to POSI nor
POS2. Based upon the definitions set out above, a simlarity neasure in the
20 Exanple is established as follows: T portions of text that wll
undergo a simlarity conparison have 3-tuple vectors fornmed which are
referred to as Di and D1, V\/nich may be represented as: 25 D = {T 1, Ti2,
... , N} and D = {I, ..., TN} where NN and Nj are the length of
vectors D and D ectlve 0 WO 02/054279 PCT/ SGOL/ 00023 11
The nunber of 3- tugﬁs 7= #aée@w%\é\@d. ng to the Cass A definition may
be represented as pAm{TPGS LY., N@gl\pﬂpj/mﬁtgﬁm lp:{)gs;&dNb@N)epr esent the

nunber of 3-tuples mat chi ng according to d ass and C ass definitions

AND
5 (Ti.term2 == T;.term2) AND -
(Ti.term2.POS |= NOUN OR T.term2.POS = NOUN))
OR

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

(Ti.term1.POS !'= NOUN OR T;.term1.POS != NOUN) -
10 AND

(Titerm2 == T.term2) AND

(Ti.term2.POS == NOUN AND T,.term2.POS == NOUN))

POS3 (Part Of Speech 3) - z

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,To, ..., Tini}
and
Di=A{Tj, T2, ..., Tini}

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



respectively. In the Exanple, if a 3-tuple occurs two or nore tines, the 5
count is taken to be the m ninmum of the nunmber of tines it occurs in D and
D. If nAyOQ 00542791, 2, 3) is used to represent the nunber oPCEBSGU0Es
satisfying both dass A and PCSi, (i = 1,2,3), then nAl + nA2 + nA3 = nA
Simlarly, by 10 using nB; and nG, (i = 1,2,3) to represent the nunber of
3-tuples satisfying both Cass B and POSi and Cl ass C and POST
respectively, then nmeasures (simA, simB and sint) that may be used to
determ ne the anmount of overlap in terms of nA;, nBi and nC,, may be
stated as: 3 shnA(D, t) 1i-' W mn(N, I\ﬂp} nBi.w 15 siina(D,
DM;) _ li=3. Therr(tmnberm 3-tplecihat m@ﬁchcﬁ(qurdmy)to ¢ Slass Ardafiniion Maywher e

et chinge v ﬁséﬁﬁp@éﬁﬁp&sagﬁ‘ﬁf RS, g (g ey Bteed KRS, o

It will be repggibesef 30yphsy Grifchindiactedingtd b}tagsr B édtﬁCl&an(défmlﬂohs

provides a neasure of the overlap of ternms, D) pI’OVI des a neasure
of the overl EgPeCtivelyi baithy E:X%Bfé’epéﬁ As3-tunie é%qCHﬁ% t‘&@cprt BYoRe )tiness ena( D;
.O) 5 count is taken to be the minimum of the number of times it occurs in D; and

D;.

If nA;, (i = 1,2,3) is used to represent the number of 3-tuples satisfying both
Class A and POSi, (i = 1,2,3), then nA: + nAz + nAs = nA. Similarly, by

10  using nB;and nC;, (i = 1,2,3) to represent the number of 3-tuples satisfying
both Class B and POSi and Class C and POSi respectively, then measures
(sima, simg and simc) that may be used to determine the amount of overlap - -
in terms of nA;, nB; and nC;, may be stated as:

3

Z, ndiwi

sima(Di, D)) = == ———

min(Ni, Nj)

3
Z_ nBiwi

15 sims(Di, Dj) = =22 —
3.min(Ni, Ny)

3
Z_ nCiwi
sime(Di, Dj) = ==L ———
2. min(N;, Ny)

where wy, wz and ws are weightings corresponding to the POS1, POS2 and
POS3 matchings respectively, such that w 1+ wo + w3-1.00 and w 1> w;, >
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.



provi des a nmeasure of the overlap of 3-tuples. WO 02/ 054279 PCT/ SGOL/ 00023
12 It wll also be recognised that these neasures used in the Exanple are
nor mal i sedo (2/es4etvey take val ues in the range of (0,1) w thCT/deot/i00zs
portions of text having a value of | and portions having no matched
3-tuples having 5 a value of 0. In addition, it should be noted that these
nmeasures are symetric. In the Exanple, a weighted sum of these neasures
is calculated as follows: 10 sim(D;,D1p = wa x simA(D;,Dj) + wb X
sime(DobDi) + w x sinc(D;,D) In the calculation of the weighted sumin the
Exanpl e, the weights are chosen such that wa + wb + w = 1.0 and wa > w b
> w,~ (for eg, wa = 1/2, wo = 1/3, and w = 1/6. Hence this gives rise to

a class of ne e 5 ripys j i ght

reasures i met WL idies Bt Rkt aBhE Tiedhrds Rk i SRR e
decreasi ng acpoinedlisedt (i tiedyoiake veflusteir @@siangeVs Oht) wigh iderticar poitionshe
Exanple is warranted. 20 The wei ghted sum provi des a neasure of the
sinilarity be®hiexhhavieg sualupeis! and pertionsthavingRodpaished Tupleshayingr ity
accuratel y= an it ho a ir By | ¢

t hesaur us.5 ZSQFY&AE& I?/Jff 0I twvxﬂ(ﬁg%é gppr e(l:c|§ geeﬁg%%ﬁﬁ%ﬂgﬁ%g@é%g@%%/hégré

modi fi cati onssynrhetdd.t erati ons made to the configurations described herein
that are also within the scope of the present invention. WO 02/054279
PCT/ SGO1/ 00023 13 d ains

In the Example, a weighted sum of these meaéures is calculated as follows:
10 sim(D;,Dy) = wa X sima(D; D)) + wp x simg(D;, D)) + w, x simg(D;,D))

in the calculation of the weighted sum in the Example, the weights are -
chosen such that w, + wy + w, =1.0 and w, > wp > w, (foreg, wz=1/2, wp
= 1/3, and w, = 1/6. Hence this gives rise to a class of measures for

15  various choices of weights.

As the three measures sims, simg and simc compute the overlap
respectively with decreasing accuracy, the choice of decreasing weighting
factors in the Example is warranted.

20
The weighted sum provides a measure of the similarity between two
portions of text that can compute text similarity accurately and without any -

requirement for an external dictionary or thesaurus.

25  Finally, It will be appreciated that there may be other modifications and
alterations made to the cohfigurations described herein that are also within

the scope of the present invention.



1. Anethod for estimating the simlarity between at |east two portions 5
of text including the steps of. formng a set of syntactic tuples, each
tupl e i noVvodt/og2m | east two terns and a relation bet weePCT/RE0VMW0O2X er INs;
classifying the relation between the terns in the tuples according to a
predefined set of relations; 10 establishing the relative agreenent between
syntactic tuples from the portions of text under conparison according to
predefined cl asses of agreenent; calcyBating a value representative of the
simlarity between the portions of text for each of the classes of
agreenent; and 15 establishing a value for the simlarity between the
portions of text by calculating a weighted sumof the val ues
representativgghsthe simlarity between the portions of text for each of
t he cl asses ég—agreenent 2. A nethod according to claiml wherein the step
of calculating a 20 value representative of the simlarity between the
portions of t#xt fbrmemold fof estutmtmgatlaemn(bdmtagyﬁwaentahlea$h1d@spartmesght| ng
based upo t he. .nunbe mat ched_terns occurring in particular parts of:
speech. 3. A‘NE?%B@CE@ EjePDOEI ai m 2 wherein the step of cal cul ating a

25 val ue repr ese”ti%trﬂn}c{)'@ 9fséth§f §yrﬂb&t‘?é't e?%d@ﬁmﬁlg%tﬁ%h@o@ﬁle@st eyt for

each of the classes agreenent i ncludes the application of a weighting
factor to thiermstantea eelaﬁorsbmWQaanth@rteeraeh of the classes of agreenent

and the parts ee ch hed t.er QCC 02/ 054279
peT SG01) 00023 4SS g e P Efe b Pafien, b ity 6 e dlBleR 49 )R g o
tupl es i ncl udg prédelinkars8 ok Rslagorig! ati on between the terms, the relation
bei ng cl assified-
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 acéording 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.



according to one of the follow ng classes: relations between a verb and its
subject; 5 relations between a verb and its object; relations between a
nodi fi er ve@d2/034879nodi fi ed word; or a circunstantial rel apCDREHI/EO2H. A

met hod according to claim1l wherein the syntactic tuples are of the 10
form(relation, term, tern2). 6. A nmethod according to claim5 wherein a
syntactic tuple of a first - portion of text, T;, and a syntactic tuple of
a second portion of text, Ti, are assadiated with a class of agreenent of

syntactic tuples, class A if and only 15 if: (T;.relation == T.rel ation)
AND (T,.term == ermz AND (T, termZTtermZ?‘ 20 7. A met hod
according to 4 ai n»f\en aecaidingnioadeine 1t wheteinfthe syntagtic typlesiipaluge t ext ,

T;, d f ted.
T RS Yt M o 6APReR A5kl BBl e R cBRBPELTT o7,
((T rel ati onam'Fdihgltatdr@bftﬁbl%l(o'bvmgrc[dsseg Tj term)) OR ((T.relation

=T.relation) AND (T.ternR ==T.tern® term == T.ternl) AND (T,
ternQ == T. terer)5e|atﬁﬁ‘s@emeﬁﬁt%wbeﬂft%'ﬁﬁj§%eﬁb claim7 wherein a

synt actic guple of and a syntactic tuple of a
second porst I on of E%tzdr{#et‘é@ghﬁy%?ﬁ%ﬁgébjsg‘r/ SGO1/ 00023 15
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, T;, are

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

15 if:
(Ti.relation == T.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 portlon of text, T;, are

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

i
25 , _F
((Ti.relation ==T.relation) AND (T.term1 == T;.term1)) OR
((Ti.relation ==T;.relation) AND (T..term2 ==T.term2)) OR
((Titerm1 == Ti.term1) AND (T.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



associated wth a class of agreenent of syntactic tuples, class C, if

only if: (T,

.tern

== T.term) OR (T;.tern2 == T.tern2). 5 9. A netho

and
d

accordi ngo 02/6¢34219m 8 wherein a syntactic tuple of a firstpPCpsGoi/@nzof text,
Ti, and a syntactic tuple of a second portion of text, T, are associated

with a class of a part of speech, POSI, if the part of speech of each
matching termin the syntactic tuples is a noun, nanely, if. 10 (T;.te

== T.terml) AND (T.term .POS == NOUN ANB T:term . POS ==NOUN) AND (T;

= Tj.tern2) AND 15 (T;.ternR2. POS == NOUN AND T.ternR2. POS ==NOUN). 10.
met hod according to claim9 wherein a syntactic tuple of a first port
assbciategnwilbta classpbleagfeemardcafnsyrjacticd tuples, ¢less C,Tif aade
associ at ed vvlth a class of a part of speech, PGS2, if the part of speec

of text, T;,

20 one, and of
nanely, if:

((T

matching termin the syntactic tuples is a noun,
term == T.term) AND (T;.term .POS == NOUN AND

Tj.term .POS == NOUN) 25 AND (T;.ternR2 == T.ternR) AND(T ternk. PCS !
NOUN OR Tj . terne. POS I =(Ridenyp) ==Chtenq!). OBr(H.term2 5= fglom2).AND 30 (T -
term . P@sl-NQJNO?Tj term . POS ! = NOUN)

10

15

20

25

30

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:

10.

(Titerm1 == T;term1) AND

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

(Titerm2 == T.term2) AND

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

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

(Titerm2.POS != NOUN OR T.term2.POS I= NOUN))
OR

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

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

rm

.ternp

A
i on

ch of



AND WO 02/ 054279 PCT/ SGOL/ 00023 16 (Ti.tern2 == T.ternR) AND (T;.ternR. PCS
== NOUN AND T.ternR2. POS == NOUN)) 11. A nethod according to claim10

wherei n av@eymozaerdi c tuple of a first - 5 portion of text, PAT/SGara0zs
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 POS 1 or POS2. 12. A nethod according to claim 11l wherein the step of
calculating a 10 value representative1gf the simlarity between the
portions of text for the classes of agreenent includes a weighting based
upon the nunmber of matched terns occurring in particular parts of speech,
t he cal cul ati on of (hibemarugtdror2)@NBs A including paraneters relating to

nAL, the nunberof e bR e AUNERRD TR RS 5P RE "o s A and
POS2, nA2, and the nunber of matching syntactic tuples according to C ass

A and POS3, nA3, and separate weighting factors wl, w2 and w3 al so being
appl i ed to th&l. POSIMeftoshaeenfdipgs® dateHihwhereina suntastic duptaadia fyst,- -

bei ng cal qul aj egd. ; , WM ' ; A PRI 1 1 e ¢ DY I re. .

moneR ) B enpBlonid R T2 A" uyatlcohBls oPplsstont Rt ekt 7, ML o

syntacti ¢ tuphssodistededithon thespof td @st off sgedcH), PSS, Df 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 including parameters relating to the number of matching
syntactic tuples according to Class A and POS1, nA;, the number of

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

20

3
~ ndiwi
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 D; and D;
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::: == -



25 respectively. 13. A nethod according to claim1l2 wherein the step of
calculating a value representative of the simlarity between the portions
of text fwooo0rb279cl asses of agreenent includes a wei ghti npChaeedoonson t he
nunber-of 30 matched terns occurring in particular parts of speech, the
calculation of the ::: WD 02/054279 PCT/ SGOL/ 00023 17 value for Class B

i ncluding paraneters relating to the nunber of matching syntactic tuples
according to Cass B and POSI, nBl1l, themunber of matching syntactic

tupl es according to Cass B and POS2, nB2, and the nunber of nmatching
syntactic tuples according to Cass B and POS3, nB3, 5 and separate

wei ghti ng facvaue fanClags Bridchging paramestars eghaling:tp the nnebepofmatpiiisg and

POS3 mat chi ngs, .t he value, si D . D iLn |, at : .\
sima(Di, D) gyri\tgiﬁ%_tup[lleﬁ(ﬁfc{rﬁgng i?) %3?% ng'?ffﬁlﬁéW) ﬁ‘pr@%eﬂa@%&e&ﬂ esser
val ue of the hiscHiegEyhtadic fupkes wessaly & Clasy 8chhd POBRewB:paREGNEOr t he
portions of text D; an respectively. 15 14. A nethod according to

cl ai m 13 whg‘r BuFben f @ﬂ@a\i@_ﬂ smt@?iCample@f%pcqy@'ngéOr@gsé@eﬁ?éﬁ%SonBs,he
hl uges 0 nePtf AP RS BEIGHRY RS kol ahwa AT g eSS

i ncl udes a wef e nunber? o OGCUrring in

particul ar paPOSRPGSRem POS3 watchings, itiee valuet Beng(DaDPebéing ddladsted
i ncluding paraneters relating to the nunber of matching
as:

3
sims(Di, Dj) = ———’ﬂ
3.min(N;, Ny)

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 caiculating 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, nC4, the number of
matching syntactic tuples according to class C and POS2, nC,, and the
number of matching syntactic tuples according to Class C and POS3, nCs,
and separate weighting factors wq, w2 and ws also being applied to the
POS1, POS2 and POS3 matchings, the value, simc(D;,D;), being calculated

25 as:

3

simc(Di, Dj) = —Z—‘fl—————
2. min(N;, Ny)

nCiwi



20 syntactic tuples according to Cass C and PCSI, nCl, the nunber of

mat chi ng syntactic tuples according to class C and POS2, nC2, and the
nunber ofwoat/edaezTg syntactic tuples according to O ass C paniSeaaRN2:nC3,

and separate weighting factors w, w2 and w3 al so being applied to the
POSI, POS2 and POS3 matchings, the value, sinc(D;,D0), being calculated 25
as: 3 nci.W sinc(D, D) =i-" 2. mn(N, N) W 02/054279

PCT/ SGO1/ 00023 18 where min(N;,N) rggresents the | esser value of the two
| engt hs of the wvectors of syntactic tuples fornmed for the portions of text
D, and O respectively. 5 15. A nethod according to claim 12 wherein the
wei ghti ng f awheres mind\;, Njvzepregents the lessen value: ofwihe Wime lgBgthsoof dhe wi>

w2> w3. 10 16. A nethod according fo claim 13 wherein t welght i ng, -
Factors, v, veqiBsagh S 4GRS, barea”reh, Ak ARTHES wiafetVRE Wi Big. - 15
17. A net hodre@ﬁggtr,\ggwn_g to claim 14 wherein the weighting factors,-wl, w2

and w3 are such that: w 1+ w2 + w3= 1.00 and w 1>w2 > w3. 20 18. A method
according to claim 17 wherein the step of establishing a value for the

The val ult 1 Cgr e raRESSHRg e HEMA 1Y yPRIH AT g R e o

w2 and w3 are such that:
W Wor w3=1.00 and w ;> wy > ws.

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

w2 and w3 are such that:
W Woe W3z=1.00and w> wo > ws.

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

w2 and w3 are such that:
W Wor W3=1.00and wq1> wo > wi.

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 repreéent_ative of the similarity between the
portions of text for each of the classes of agreement, sim(DiDj), is .
calculated as:

25

sim(D;,D;) = w, x sima(D;,D)) + wp x simg(D;, D)) + w x simg(D;,D))

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

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

and w. are such that:



portions of text for each of the classes of agreenent, sim(D,D), is
calculated as: 25 sim(D;, DI) =wa x simA(D, D) + w x sinB(D1, D) + w0
X sinc(DwoDmAs42uhere wa, Wb and w,; are weighting factorBCT/8Got®023A net hod
according to claim 18 wherein the weighting factors, Wa, W and we are
such that: WD 02/054279 PCT/ SGO1/ 00023 19 Wa+\Wh+We=1. Oandwa>wb>wc.

19

Wy + Wp + We = 1.0 and wy > wp > We.



