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System and Method for Aligning and | ndexing

Mul tilingual Docunments FIELD OF | NVENTI ON The present
\Nmmmanﬁﬁmm relates broadly to a system and met PCUSEGEI08/000220

aligning nultilingual content and indexing

mul tilingual documents, to a conputer readable data

st orage nedi um havi ng storem t hereon conputer code

nmeans for aligning and indexing rmultilingua

docunents, and to a systemfor presenting nmultilingua

ng&’%@ crensglﬁgkﬂé%‘wgf gl é@t&ﬁibﬁo%ﬁédg@%ﬁﬁghe%ﬁﬁhg ty

of | anguages i nfornati @ocangwts ded in. Wthout a

systemati c and holistic approach to organi ze and

manage this nmultilingual information, a searcher can

be restricted in the scope of information received.-

Bi | i ngual term nol ogy dat abases or nachi ne transl ation
FIBYD OFINVENTIONe nost crucial resources to link

i nformati on between | anguages. To construct bilingua

t erm nol ogy databases nmanually is | abour-intensive,

s| oWharplesest dhvention rélatesrbroadly do er syptem Andhimetitedr foc @ligning
m@?ﬂi\ﬁgn&egont e \‘h%egﬂéerguftlﬁrq’ |%@§mgﬁt¥eto§Ba téFfhdable

res an researc n ac ese resources

datat stbiageiroediliy, having staied ﬂhemonaammutaﬁfcoslao*hear@cfhmam'sg and
indeh D hilulrepliktodis, SRH 38 8 SeloR! PR Mo RGP content

coll ect and are not available for many | anguages.

Simlarly, the current state-of-the-art nachine

transl atl on systens are either devel oped using |arge
BAKGROUNR or pus or built for restricted domain wth

limted vocabularies These systens normal Iy do not

provi de satisfactory translations _r t he t ase hat
the Qrectfsthgr ey factorse alfediing ﬁﬁe 'PHF%SS Qsﬁga' %’H‘ﬁt’%{g& the
vadéty dfelaRyidiges | infomnathi iBNploviasd bﬁl mthbett ai ﬁjsfmhanﬂdand holistic
useoLé her ef or e Q}{jhere %ﬁ"StS lﬁl | &] DI O b
appipas "Vre: At MA5R9 RRLR InoRTen DRedeharsgen be

resItlﬁbt@cﬂldané;Scdeef informaticn reteivéde pr obl ens nent | oned
above. SUMMARY | n accordance with a first aspect of
the present invention there is provided a
Bilingual terminology databases or machine translation systems are the most

crucial resources to link information between languages. To construct bilingual
terminology databases manually is labour-intensive, slow and usually with narrow
coverage. Although recent advances in corpus-based techniques have spawned many
studies and researches in acquiring these resources statistically, the main limitation of
such techniques lies in the heavy reliance of large parallel corpus. These parallel

corpuses are however, difficult to collect and are not available for many languages.

Similarly, the current state-of-the-art machine translation systems are either
developed using large parallel corpus or built for restricted domain with limited
vocabularies. These systems normally do not provide satisfactory translations for the
dataset that the users are interested in. This restrains accurate and relevant information

from being retrieved and used.
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method for aligning nmultilingual content and i ndexing
mul tilingual docunents, the nethod conprising the
W@ e@pas4sfo generating nmultiple bilingual term nPXD§E2008/000220
dat abases, wherein each bilingual term nology database
associ ates respective terns in a pivot |anguage with
one or nore terns in anothe? | anguage; and conbi ni ng
the nultiple bilingual termn nology databases to forma
mul tilingual term nol ogy database, wherein the '

mul tilingual term nol ogy dat abase associates terns in
- di f Taerefore, | therguaxistsa viead thproyidedt systarp @ag enateechipr muifingual
ual

e T R R oR ot i bl nHed wbded

i ndexed to-one or nore terns in the pivot | anguage.

Cenerating the nmultiple bilingual term nology

dat abases may conprise aligning, for respective
SUMMARYual pairs of one of the other |anguages and the

pi vot |anguage, the content of docunents of each

bilin uaI air erating the multi | i nqual .

t er i Ak C&a‘i"ﬁbﬁg 5 aspect Al e pgeée{\ﬁlgvgre Stﬂ%?e 's provided a
mediéd Wroéllgﬁﬁ‘lgl’lmu&mﬁﬁua)fcohlmt rml:ltmﬂexhgm%ultﬂmgualedd)mments, the

f :
et et Belebs A adtr e riie kel EaFhgR5D gBfavases,
whieegin reasip eiingual tbirhinolggpidafabase assodiates oéspeltiveoteims in a pivot -
Iarlggjgg#g\&ﬁ orKs ngr ligﬁe ger tn'a ll?g &%g?%gutaﬁg gﬁéﬁg%mﬁg} tthﬁemultiple
bilinguali mrmlmnlbgmg:{mdlbases mMondéroyya dauliibegusd termiaglogy database,

e [ gaed n
wHEHi " InliBRRES] ' WhnBIERy KA CadtoE BT R TR oferent
larigubges)vialthe pivetlanguagestenns.t he ot her | anguages and the

pi vot |anguage, the content of docunents of each

bili ngual pair may conprise the steps. of buil di up a
Theemathod Ry furiear@armmPrissnipArng dhe "Ffd%'t“QHP' g9y %usuch that
eath Hitliftihg TR RBcuMBHt BiimdeX8d 4 6REBAIBreMeriis $ el fivot language.

content "across respective pairs of mapped cluster

maps. The mning of the documents with simlar content

Ge?fe?étﬁ@ théfrﬁlﬁiﬁﬁlb\’cﬁllr@abr riinolbap RRthises nedy e@MSriseyligning, for
uenci es

reSHog IR BURGLAFAIT Of RS iRt BRBUSI A TR T den e, the
coAenbbfsductirentnofréaeh bliingnalfpzirm t o conpar e frequency
di stributions of the respective pairs.

Generating the multiple bilingual terminology databases may comprise the steps of

pre-processing each of the multilingual documents; extracting respective

monolingual terms from each of the pre-processed multilingual documents; aligning,

for respective bilingual pairs of one of the 6ther languages and the pivot language,
the content of documents of each bilingual pair; and generating the multiple bilingual

terminology databases based on extracted respective terms from the aligned

documents of each bilingual pair.
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The method may further conprise, for each docunent of

a set of docunents with simlar content, linking said
we@2mb/1sisecumrent to the ot her docunents in the sBCT/SG2008/000220

I ndexing the multilingual docunments may further

conprise using a plurality of nonolingual index trees

in respective | anguages such® that each multilingual

docunent is indexed to one or nore ternms in a - :

: e t [ i
AIGRRG SRR g&?\éé;BQfg%uaﬁga‘éﬁ% rg(;%ﬂ@’%f HEE Btheh d’M&gE& dhd&RE hivot
langdege,uthe sgnfanhq»fldqcumﬁgtﬁanf eppll blingyal @atsppaycgomprise the steps of
bu Icﬂﬁ% fé’ Féi&léngﬁﬁw&ﬂkaéoﬁ%rfsﬁ{g@ hbst éfhﬁlnﬂju%f 81uSRY maps; and

ges viat vot | anguage terns. In accordance
miging iHloguieptsn it Sielar mtqnﬁ@cm%sr@ﬁmﬂmmrﬁoqf PRRPRH cluster
méHSQVI ded a systemfor aligning nmultilingual content
and i ndexing multilingual docunments, the system
conprising a bilingual term nology database generat or

ThERRinBE BT Had HoklinBHtS With @inflial icbateat adressNiespéctye palrs of mapped
dat abases, wherein each .bili ual .term nol o

gl Jhans Biay, SUNTE S Ui TTETR of Mo T b6 9.8t and
utiliiey QigriEdr rotessivg Itéclﬁi’mld@esud:rara}uﬁga;'retenﬁoané]'l Mravgfiadm  to

t npj h I I
coB P R T B0 O He SERSela B Ror m & mul 1111 houa
t er m nol ogy dat abase, wherein the multilingual

ThtFer gﬁhgé | It Eeﬁ%gﬁhﬁr@% Sfﬁp 'e%l‘?ﬁo&?ﬁéﬁrstm dfrb g%lLéefecgc?ngEneerrr\]ts with

anguage

~ simitay cbnmehh dinking apudlmh ajomumenﬂ tp rﬂgﬁuaﬂhet defaxnands indoeaset.

for indexing the nultilingual docunents such that each
mul tilingual document is indexed to one or nore terns
Indexingh ghepimgitilinggalg dagemants mwiay i fughen ce@prisedising, a plurality of

m&#ﬁ%ﬁ@f’aﬁ mggﬂefré’?ésorm NRYPEANB' iap§ullgesOBLEM that |<HIAE Multilingual

[ 1gning, for respective bilingual pajrs of
dogwmenf ist In@em@r oney G (NRJR ey In: R SCOPRIRANINGH BIPAgHENgUaH index

tre%oahg R¥hePdin AAeH TBIM $n BHe %%EBM%' rmogdliaguMandex *BEs identifies a
bi I'i ngual term nol og[y dat a
Y

m‘éit"b\géalpl"lieés%? PRIFCTpIdenfy B8e g%ne%;i%%é otP"%ﬁ A iterent

lari@ilabed ViaGHE bivepaHGEYesterras.moNO! i ngual t er m nol ogy
extractor for extracting respective nonolingual terns
fromeach of the pre-processed nultilingual docunents;
a thafdrdaidegmﬂ‘embedfmrdiwwe&m’f tlad ppsentgnvendion there is provided

o HERR 3Ll HHBN b A o bnfeeblg ARNB! goeumens. e
system comprising a b|||ngual terminology database generator for generating
multiple bilingual terminology databases, wherein each bilingual terminology
database associates respective terms in a pivot language with one or more terms in
another language; and a bilingual terminology fusion module for combining the
multiple bilingual terminology databases to form a multilingual terminology database,
wherein the multilingual terminology database associates terms in different
languages via the pivot language terms. . '

The system may further comprise a multilingual indexing module for indexing the
multilingual documents such that each multilingual document is indexed to one or
more terms in the pivot language.
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docunents of each bilingual pair; and a bilingua

term nol ogy extractor for generating the nmultiple
WhRWPAIAFA) t er m nol ogy dat abases based on ext r BCT/862008/000220

respective terns fromthe aligned docunents of each

bili ngual pair. The content alignment nodule may build

up a relationship network cénprising a host of

bi I i.ngual cluster maps; and m nes docunents wth

simlar content across respective pairs of napped

cluster maps. The m ning of the docunents with simlar
Theabitirgual derminalogie dplabase @epaliater Y MIPIREGe A Geptent Atgnment
mdftde ﬁ? 'Qﬂéﬂgﬁﬁtflels Féé%@tg/e%lﬁq%}appé’iﬁs o &%‘%b%ﬁhér%@a@es and

sl gha I sing signhal processing techni ques such
thexpivol lgpguace, theurantant of deamanis ebeachRiitayat Pailguency

ThgI b?nghQHEhﬁlﬂ@lO@f' dbﬁ%aéé §BRsrhtor PrdYddnprisEQY pr@%ﬁbcessor for pre-

ocufent a Set docunents with sim.|l ar

Pregessiog rﬂaéhtOf e @‘HH’BF&UWBG‘I"Ee'PFﬁya fmanotegual itsy| E“%OA‘PQ}’ extractor
fore dxtradh U'?@§Hec¥|\‘ié trﬁ@ncﬂﬁ'\b@él EEIsTEBRS ddtht be thet preTphecessed

mul tilingual indexi n ul e
mofdinHPhgasimeTites ETURE AIRTEAEPTdE PRAJAgRs R eRpective
bilingaal wasofranet oflthe ot Isiatiagesnand shé pitekiadgtayenittes eontent of

ol oAb QLA TR P AT A BB biir o

gehagdtingt thee multiglat bfingsala temindlégyn glatdbased ekasedeeon extracted

gl e o e gRehof BREEE Lo Tt v 1

accordance with a third aspect of the present
invention there is provided a conputer readabl e data
storage nedi um having stored thereon conputer code

‘Theecorderitoaliganiephimragiuta mayl buildudp acefationshignmptvateserrfising a

generat tiple bilingual term nology
re%ﬁcélb%tﬁé'ss offnapradlésiehmBPs-i ngual terni nol ogy dat abase

aSSOC|ates respectlve terns in a pivot |anguage with
ne or nore terns in _another and conbi.n

TheHTBINa S1TE BOBMEHE B SR SoBIRR PorSs ZaRestd GAIRT drapped
cligtért s Gha) cbrﬂbﬂé@@hﬁlﬂﬁlngaé %héﬁﬁeof ﬂ‘étﬁfeabﬁsttbebe a sngnal and

rrultllln ual termnoloX dat ab S0C ste.ltrs
utlfing cTiaRe PrarEeebRCeEnen SIED ofS | Ry QupFe aptEm to
coRipes taguencyidistritutibas bf theaegmstivepairdie present

invention there is provided a

ho%J bt Ibhl'n gsiabudec H&get §Pd trﬁ} eg%e&qeﬁt%mfth ShrfitartddBtent across

For each document of a set of documents with similar content, the content alignment
module may further link said each document to the other documents in the set.

The multilingual indexing module may use a plurality of monolingual index trees in

‘respective languages such that each multilingual document is indexed to one or

more terms in a corresponding monolingual index tree, and wherein each term in the
respective monolingual index trees identifies a multilingual index tree object
identifying the associated terms in the different languages via the pivot language
ferms.
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system for presenting nmultilingual content for
searching, the systemconprising a display; a database
woroobngiexed nul tilingual documents, wherein eak¢iI/SG2008/000220
mul tilingual document is indexed to one or nore terns
in a pivot |anguage and such that ternms in different
| anguages are associated vi@ the pivot |anguage terns;
wherein the display is divided into different - :
secy r{g&%rd%\%% I@vuﬁm@ é-hrgrb 8&%%#&&% Pﬁa@éd‘ﬁoﬂlthéﬁé i©%orovided a
S

clusters o exe mul t ocunents in one
comamtguwgdable\,idetaesthragem havieg at@feé# Hefeen £opULRs cofle means

foraélgnilnhnrlﬁﬁlgllr%alo téHt émir ﬁ\d@!(lH?trﬁﬁlﬁllﬁdﬂlaﬁ%t:%én&e%é QRethod

e or re I vot anguage terms; and

- compgsiag thesstres of geﬂeranngualultlele |bd'éﬂt'~"r"ft?mﬁ@°'9wédﬁ'iahﬁ§?? wherein

eaéil Hﬁﬁ&ia‘i térﬂmﬁch@gﬁdét&t%s%rﬂssﬁéﬁfebQ8§pecﬂ@téﬁn§liﬁlb Wt kftighiage

may conprise a same display col or of
Wltb| q;@t QI morer fEmg; in lﬁ]othﬁgrlmuagﬁya% ﬁBWPW%F'?pT“&i"@!f bilingual

terPdlbd SaRBhyRE ot hi ﬁllﬂﬂlﬂngﬂdll&émﬁlﬁolbgy rfatdbaRe e wherein the
sel ection of one of the cl us ers.

gy SEBIEIODE S ebeS e eles, BATa L AR BnaagEaya the
pivbPlangiusgs @ytheg terns associated with a selected
cluster. The systemnay further conprise another text
panel for displaying |inks to docunents in the
In aeta@dheck olithsa dourttoaspect alfetbe qutesard inverttios thespisapeyided a

or SR A0 e Ao Bt B Sl <
display; saediaatabm of inslered mulullegual’rm;uaprmamiaﬂfemegaqh gnultlhngual

cob i, B SO HIED D B AR o 5 o

in idifieeenti longuddes &e ansoriateduvidethst Rivet languagentermp; wherein the
dis? fsCabiaka I%edlﬁé ézﬂf dEBRIng, %5% |sebfbr{ P@pr@ééntﬁp%nﬂhﬁﬁhty of

| ow ng wWrit escri tlon Y exa e onl
clusteds Pﬁtf‘@o'ﬁf’@ﬁﬁﬁ mylﬂhwqah dPﬁé“%ﬁ"ﬁ\m ABR langHagi \ef'mereufﬁ r&ap%ct've

cIu]ste?Q M\ Sach s BILIiIkER 96 bA® BF mdfe I:Ih@tef’éiintdddtﬁéiléébtlon via one
i nformation access system Fi gure

or s¥are Phthe PYPhINaHASs EMB; And YL W@Wﬁfsnﬁ? a&va%tﬂ'&aa@@g the

link&®QLstetsan thddifbent Sedlionexanpl e enbodi ment. Figure 3
shows the schematic di agram of an exanpl e enbodi nent
of the Monolingual Term Extraction Mdul e.

The visual markers may comprise a same display color of the linked clusters.

The visual marker may comprise displayed pointers between the linked clusters in
response to selection of one of the clusters.

The system may further comprise text panels displayed on the display for displaying
terms associated with a selected cluster.

~The system may further comprise another text panel for displaying links to

documents in the selected cluster for a selected one of the displayed terms.
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Figure 4 shows the schematic diagram of an exanple

enbodi nent of the Content Alignnent Moddule. Figure 5
waebowas4she schemati c di agram of an exanpl e enbpci/aerns/000220

of the Multilingual Retrieval Mdule. Figure 6a shows

a first sanple view of an exanpl e enbodi nent of the

presentation nodule. Figures6b shows a second sanple

vi ew of an exanpl e enbodi nent of the presentation

.Salgogry#tﬁer ekpﬂgr?el for g@aﬁyﬁg%ml t§ dbchieRis n‘{) Eﬁgmr@%ay, for

n~an exanple e
eaqy é%mment umthe:mz!l%nted Flugter er @tgﬂ@ﬂsa&w@r%ﬁwtss diRls to similar

hes | e enbodi nent inplenented on a
do@%ﬁn%rﬁ?er&s%/stgﬁ Bé igure 9 shows the method and system
of the exanpl e enbodi mrent on a wreless device. Figure
BRIEF DEBERIPTIOR G PHE DRAWANGS! i ng the method for
al'igning multilingual content and indexing
mul tilingual documents. DETAI LED DESCRI PTI ON Sone

POr Eh®Bainfntd BEthaReitiBh ivaNbaicaér fiidrstesd ane readily apparent

pl | | |
to G ol P et e GnBos PRy byneey of

ex&hpleRAlaah@ bcanjuribiibA withithé draaviegsnjniwveichmenory. These
al gorithm c descriptions and functional or synbolic
representations are the neans used by those skilled in
Figuhee1 stadwas giv d@epid ergbadirhenttod theonuitiiingna dnforafation Beaesk pystem.
the substance of their work to others skilled in the
art. An algorithmis here, and generally, conceived to
Fignee 2 sbabs thecsnlsematmiuagamm rddlinguakTesmindags dlatapase Generation

Mo%l%'u‘i SrquE O;legmpg&ﬁweﬁ{ eps are those requiring physical

pul ati sical quantities, such as
electrlcal magneti c or optical signals capable of

Fitﬁlﬁ]f)‘%hé\x@ E@sch@ﬁ%ﬁéﬁ%ﬁﬁq of GPERAASE enfiAdRRNE B th%ﬂdonollngual '

erw se nani pul ate Unl ess specifically stated
Tegn Rutragtioe MogHlg- as apparent fromthe following, it wll
be appreC|ated that throughout the present

speci fication, discussions utilizing terns.su ag
Figure 4 shows the schematic diagram of an exam&e embodimen of e Content

Alignment Module.

Figure 5 shows the schematic diagram of an ekample embodiment of the Multilingual

Retrieval Module.

Figure 6a shows a first sample view of an example embodiment of the presentation

module.

Figure 6b shows a second sample view of an example embodiment of the presentation

module.

Figure 7 shows a sample view of the document display pop-up window in an example

embodiment of the presentation module.
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cal cul ating", "determ ning", "creati ng",

"generating", processing”, "out putti ng"
WO gaoansierai zi ng", "extracting", "clust eri ng", PETSEG2NY8/000220
"indexing", "retrieving" or t he li ke, refer to the

action and processes of a conputer system or siml ar
el ectroni.c device, that mani pul ates and transforns
data represented as physical quantities within the

: F.g%?éTMr%w Zﬁ}ﬂétrﬁéfhbdi”aﬁd %fyéefn daia é*éﬁ\ﬁlérén%ddﬁﬁéﬁﬁ%i&%nted

ysic quantities w thin the conputer system or

on@tmpthsysml on storage, transm ssion or display

devi ces. The present specification al so di scl oses

apparatus for performng the ogeratl %
Fignee Athowsdhie maieshpad s¥StREyOfES S¥aEP ﬁsjn PHTEr Qo Hireless
deligg. the required purposes,or may conprise a general

pur pose conputer or other device selectively activated

or reconfigured by a conputer programstored in the
Figupem otsmwsﬁmo\ﬁdr@ar |i|m§1rasingnnle thetihddhfos afigrise ntudtdinbeal edontent
' @rd not H@ere e ated to any particul ar conputer
ang, (ndgxing mu tious general purpose machines .

may be used with programs i n accordance with the

teachings herein. Alternatively, the construction of

nore specialized apparatus to performthe required

net hod steps nmay be appropriate. The structure of a

tHESER ral purpose conputer wll appear from

DEtGI‘I%ueEng%rl pt Ilpg‘ri;aﬁel ow. In addition, the present

specification also inplicitly discloses a conputer

pro e a t Qet n I

D LPES pafoisa ¥ b6  JEHENOIcR VRRRD Dl | o, DRDIBRY Fermplcty
preﬁsmddmdé@rmsl pblgssithers andy fusetiogndl emeymeelice eqpresipntations of

opERITHYE 8F R4 Qithihhg CoRTPRtEr ShebRO IThESE %Id&fﬁfhnﬁ@ﬁ%@&ﬁiﬁoh@ and
be limted to any particular progra Lang a‘%ﬁ q}f
funcfmaéﬁeﬁwa'eqhsrﬁemﬂ%nons pe theime Br@é e ip the data
prdté&éu@d éirté?ﬁcoddéh%z}'f radaYiefgctivalp %h@gﬂﬁta;?ﬁd of their KA@rH: tfoertien$ skilled in
used to the teac
thet ATl E o bIPhatH SReEA N cagRaet B be Biselimintent seauence
of ﬂéﬁgreaﬂhg %o @désMeﬂtrwnieﬁhé ﬁeh&‘adeltlﬂsteadqmlmgamysmal manipulations
ul ar..contr 0 Th
of gF} ‘f?i qag%ﬁ eﬁuclglaa eaﬁ\f:ﬁlc acgn%egga %r S ] Q@PSIE c\épéﬂlé"yf %elng
stared) tnaosfefréd) wembinedth aompdesdaand ntgemmmnnatneuls!pdrl t or
scope of the invention. Furthernore, one or nore of

the steps of the conputer program may be perforned in
par &lnlesk spedifivally stated othenuiestand| dsyappsianhfrem diamisliewsng. it will be

ap?u{]e‘aﬂfe%%&%{roggw ﬂ\%ep(#e&rﬁt %&lf@&f&uﬁﬁﬁuéﬁﬁg abilhgeRhdlch as

uter I'e medi um may I nclude storage
Cﬂ@%t@Gs s@éﬁ"ﬁ@mﬁagn@fqa@"@r openesalingdi sRcesiNigpr y outputting”,

“stafPGizing”, “Sra&ings *QiABthg, “fusing’, “indexing’, “retrieving” or the like, refer
to the action and processes of a computer system, or similar electronic device, that

manipulates and transforms data represented as physical quantities within the computer
system into other data similarly represented as physical quantities within the computer

system or other information storage, transmission or display devices.

The preéent specification also discloses apparatus for performing the operations
of the methods. Such apparatus may be specially constructed for the required purposes,
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devices suitable for interfacing wth a general

pur pose conputer. The conputer readabl e nedi um may
WQR®O/154520 ude a hard-wi red nedi um such as exenPpCT/86:29¢8/000220

in the Internet system or wreless nmediumsuch as -
‘exenplified in the GSM nobil e tel ephone system The

conput er program when | oade8 and executed on such a

general-purpose conmputer effectively results in an

or ﬁ“’l%& gfplr’iéet neFMu?d&?thambUt%r oF Sftr Qbvitd §el@&%§r éc‘ﬁgated or

ment's resent 1 nvent

- reqonfigiretk by sytsmmmtqnmomtrh@tmcb irf 4ke Icpmpvier.t Flee algonthms and

dlsgﬁgy P@s&h@a hefeil™lel ddt Hl‘\%l‘l%ltly \\;ﬁét@& W@Ehyoﬁarﬂ'&flé;f computer or other

econom ca | esseni
apm@aﬁuané@ﬂ@hs p&ﬁnsral ePUFEQﬁepmacawsSt Banabe l&segof”éth programs in

ac@fr AR Wthith@akbRhdORerbiRf Alﬁ-ﬁ'ﬁétﬂgwt AE cohdthefidn m&; %p@élallzed

the dataset bei ng” worked This may be achie

ed
appaialys ¢ PeTRImathe GeRuined "@th!qdait?li’So'ﬁabPe @PPmH@‘E}ﬁi The structure of a

coﬁ@hﬁbﬁb@b&%rﬁ%ufﬂdé%&ﬁﬁb@tbt Wil app&r fdad the @bscriplionbedew.
online resources, which are in different |anguages.

Coupl ed with the constructionof a nulti I'i ngual i ndex
USI ng ddbitioh,U BheD Iprédfent Xpeéifidation balse rgwphditlyt elistiosed cmyicemputer

prqg[ﬂlrp,l lF‘%E%ﬁfZYVOl]llﬂ n?%%#egﬂ?oytg i:ggsooé:%( Ipéfg}e h%ﬂaté‘t ﬁag&% u%lwdual

stegxadmlhee metmddt ?ésltcg@etﬁheremf mayrgei puh inteteffeeiviad computer code. The
ment s. o e pr

T e S e e

andl dmpiereantatios tmeteof.| it ngiliabe iappreciated thataa:wessty dfhpgpgramming

Iar@[xgigﬁ %dlnaetlﬁé}g&% ea@s%rdqgﬁhplgrﬂénﬁﬂ@{éé'phlﬂgs Bﬂﬁe disclosure

i ons~o | Thgual term nol o
comtepeésherﬁjratl\mreowan mh@omoeﬁer HgEaNM is rwterrvtémﬁmt@ b?olgwtetddo any

paﬁlrcﬁlgF g rﬁ% by eﬁ'hér@’é?e Hkgggg{/e\é vEﬁéH?§ bﬁfHe%rﬁB‘u‘té?%ng?Sﬁm which

rovi dat aset s can f ramewor K

ca@m @ﬁer@nmgupbfhwss@tmoufé&pﬁmng frpmthﬁ-aplf'ﬁ risqeRRPf the invention.
term nol ogi es acquisition with mnimal additional .
know edge. The enbodi nents further seek to rov i de a
sy s FERNIAPrare®fo T fBPreatic thes 51egs il 1P| $qRI4" program may be

eﬁéﬁﬁfdp?tpbﬁﬁﬂtelf rafhier fﬁé’nts}eﬁb?tﬁw Suoh arﬁamphtdﬂ @rtRrart gy stored
In differen ua ese nonol corpuses_can
onbRY GOBRYE! SRR AT DR GBTBIA THAACleny GBS T e
stdr@géi aedieddt sudnt asrwagaéiud)w aptidal altsks ,Mmetriohy nlgplsa,l or other storage
e accessed th

ceiiis SaPE RGBT o Sareraeiire PRBYER Rl seheyte racabl
méddiugnl rmaayl alsh dnaiuden aelmdcpdlred endxiiain reech asf exenmlified in t’rgaumtemet
sy#tgrfn? {)lﬁv!\i/ élgg% %ﬁlﬁﬁ‘ls ﬁ &]er]n?%ed-rp ?heségf\/?mo&%{@re'pﬁ&% gstem
The computer program when loaded and executed on such a general purpose computer
effectively results in an apparatus that implements the steps of the preferred method. |

Embodiments of the present invention seek to provide a system and method to
facilitate the acquisition of multilingual information more accurately and economically

_ while lessening the reliance on parallel corpus and to have a more accurate translation

reflecting the subject domain of the dataset being worked on. This may be achieved
through the automatic extraction of bilingual terminologies from existing user datasets or
huge online resources, which are in different languages. Coupled with the construction
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Ter m nol ogy Dat abase Generati on nodule 102 for
creating bilingual term nology databases 110 directly
WO pwailile i pl e pairs of nonolingual corpus 112PCTVEE&2008/000220
second is the Bilingual Term nol ogy Fusion Mdule 104
provi di ng the fusion of various bilingual term nology
dat abases 110 to assenble a9nultilingual term nol ogy
‘dat abase 114. The Mul tilingual |ndexing Mddul e 106 and
of yHHtIIlHJégM@F m%%&éd%%%%@%ﬁ&%gé’r‘@n{&,o\?.es the pr%posed
fratrhwprkan:mmpporé dlffere@tjkmds ofrreultilingyal a@f@mgyépg a@@@ﬁaﬁa@@ams for

' exéjrhélg%amn LARSHALER n'réln%\}'é? sane senantic

Interpretations and surface representations as they
appear in the different corpuses. The Miltilingual

| nldﬁﬁ'ibeﬁrdeﬁ}sad? 'ﬂ#@ifrﬁgeﬂt f}'i\/éH%h & alleRefd archi®ecture that i |s domaln

t :
_an&?qngh@ﬁgg%g%@p&gqrﬁ [f)nqr%l?rpgesrpglhl?qggg Sp é}réqj%ﬁ rz]agée%tse'ldhe)y present an

me'SE'Héﬁsi\}e' dppHeRkh tdR ch'FtOﬁlhg?ﬂﬁé tasRBorisveE (ﬂnlﬂhhhgasfdl karminolugidsttrat are

corpus, its translation_is |ikel
reRiPRENRIHR IO 0P BEET QRITAIN FemeRdais: fﬁ?i ?%ﬁﬁeai‘%h%@ﬂ ﬁ‘?é‘aﬂ query
trafigthtione dsihd dsbi %rcﬁ/mpbaamméhnwﬂsa%ce aasthi girartewdrk hexploits

onSfREr oA o b PEnPBRGRS) S558ubH PR agguona
knometidee pl ug and play nodel which allows any of the
- conponents to be replaced or exchanged without
excessi ve dependency on the know edge of the other
conjibeentbedimEnts fudher seekrtorpavities systest and, methpdt fiee accessing

mtgﬁf RQPAI %f%ﬁ%ﬁgé FERtm&fip Elggtsm'f‘?ﬁ(ﬁ'n;&hnquﬁygﬁﬁus.oiﬂ cﬁ‘ffél?%rgljl%rrguages.

usse urther et ar | |
Thess monolingys! apusieasiancenir any engwasguand | ar dpr@aies Aarng| eay be

s (AP RO IFESHE St m E%ll&‘l LEQSR!mui ﬂfnﬁhé]‘?ﬁf@l%/atlgﬁtt@Bé%ecessed without

neration no aut omat | Cal extracts bilingual
the @Qﬁfﬁwﬂﬂgieééeff¢'@tiﬂnﬁwfmlﬁeﬁ@ﬂﬁ'ﬁ ¥uHSEhbl e cor puses
t hrough unsupervi sed | earning. The use of the
unsupervi sed training nethod enables b
o HIGVER dGAnOYS (%) BRaTIG <FRboRIFoRi (% & mHingl Bormaton access
sy$temeedd. Wheﬂ}@ténﬂl@bhpf sds f fo\:ﬂ@’caﬂ n’idﬂUlésnTDh@gystdatthé)wmgual
ggneratl on f .nono

TelBpph i aate, Geararen dmetdls oI 1o rRLBE Dlinaygl, tsgpinoloay
daf:papsy Aol direciy ftruﬁ etultipte paisaif nm‘nohngubtscarpusm 12f Ehead¢cond is the

SgBR AL PR el W T 8Bk o Bty binoue
tertﬂnmldbyfdamtmses H amlgmamnt&e @ raulakrtguawtanmhdogsodetabaseeh‘tm The
M {Jgslré% tl}qgggnﬁ)%h]ﬁ)o%le' S08 SRl MUltiRild HtREval RAIGURCHBEI R31 with
multilingual indexing and retrieval respectively such that a query entered in one
language gets expanded to different languages in the same semantic interpretations and
surface representations as they appear in the different corpuses. The Multilingual
Indexing is achieved through the use of the multilingual terminology database 114
generated by the Bilingual Terminology Fusion Module 104. As multilingual terminology
is derived directly from the corpus, its translation is likely to be more accurate and bound '

to be found in the corpus.
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the corpuses to formmultiple bilingual term nol ogy

dat abases. These dat abases are used by the Bilingua
waaeaissiogy Fusi on Modul e 104 to construct a PCT/SG2008/000220

mul tilingual term nol ogy database which may renove the

need to enploy direct translation resources such as

machi ne transl ation system ® bilingual dictionary

during retrieval. Figure 2 shows the schematic di agram

of %hg'cunggrvé?l'ls qeef B%ﬂﬁg&%&a%@ﬁﬁﬁdu@rﬂ%@%w@mw $pecific

102 1 n an exa nment risi
roles. dt wﬂlmequmﬁgated)an lRepepsIn Skdleﬁﬁl’m the ﬂ'@d@% thesexgmplary system is
ba% 5@@1% ﬁ’én{;ﬁ?m HitlyEm SR whith GROWS Biby é\‘lthé&l‘ﬁﬁﬂneﬁﬁ%‘ bé repffted or

term extraction nodul e . The data
exgzheegm witkaid Exeespivel derengencyandh %k%@l@%@@sofé%ecﬂ %ff°°mﬁ’8"e“ts
- nmonol i ngual .docurents for each of the nultiple
nonol i ngual docunent sets 203 separa
nondhe deramainemadyies sggstisting dbe |e§ﬁmﬁ{t§dﬁ"v‘g°‘g'@3"tt ¢f the present
inveXfidresrt diseasiea in ffthefdeedil 3golRdwst er ms from each of the
pre-processed nonol i ngual docunents. Wththe extracted
nmonol i ngual terns associated with each nonol i ngual
1. BlinguRIMTerfrnolegy Datibasé GenedatiopModuberol i ngual docunent
sets 203, the content alignnment nodule 206 aligns, for
respective bilingual pairs of one of the other
I anguﬂ-@examﬂe ambodithents; then Bilingual dterminalpgn diatabiase Generation
f n | a
mfiice, SuehBicdl obietly Hbdud %@*‘ﬁ%@g:@ o O, ppeUngual
compa:fsbleayorpmsntbwgheumsuPerarsed deargrmng tuset plethe unsupervised
t
o FERPI shEbIGH DA i 2o 53 oL AR datosets directy
mul tiple b|||ngual term nol ogy dat abases based on

ext FRgtft W&Sﬁlﬁﬁhélvt@rrﬁlﬁél Eétgﬁééeh&r{épﬁi@hhﬁ@ﬂﬁ 102 is a set of

term noI ogy extraction ule 204 and the content
megiofipgaHCRORAARR £QTPHFESD diferesbAn8vaoes) A ehtomAgeRhig.corpuses
is 4Q8t of t@xt&r}?dﬁééﬁpiaﬁ @dﬁé@@b@ﬁh@ th@@ﬁl’ﬁe Wﬂﬁdﬁmalﬁ It i |s different
processed by the data pre roces n%gfg)ﬁg @ 202 and ¢
from&%ﬁbm%%&% VBeTRi ABPBRRI X r difnauaggy are exac
traﬁgﬂﬁdrﬁtcﬂ@éch\ﬂoﬁﬂér tTe Gapi isbget bf bilihgual fefrapbidgies extracted from
roceSS| eac t he docurrent
th% mH@BIﬁ

CePHEST gq"ﬁ'g | Rilihggal fg’plpg Tl?igge{gggeas. These databases are
uspd EbyP tHRC Bilingtd) , Términctogy nPlsiord MaduteartDp ubacanstiuct a multilingual

activit t ndar | Lze
o ) Bl PR ol o088 rosources
sukix b aathioa trivhstatioa sgélér)n. or Bhieguki tistipnasy duringeetsieva).
activities may further include but are not limted to

encodi ng schene standardi zati on,
Figure 2 shows the schematic diagram of a Bilingual Terminology Database

Generation Module 102 in an example embodiment, comprising a data pre-processing
module 202, a monolingual term extraction module 204, a content -alignment module

’ 206, and a bilinguél term extraction module 208.
30-

The data pre-processing module 202 pre-processes each of the monolingual
documents for-each of the multiple monolingual document sets 203 separately for
the monolingual terminology extracton module 204 to  extract respective
monolingual terms from each of the pre-processed monolingual documents. With
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format standardization, etc. It may also further
i ncl ude | anguage detection, spell checking and / or

W@ Rapote4s70 pr ocessi ng tasks necessary for text PCT/SG2008/000220
standardi zati on. The pre-processed or standardi sed
text i.s then fed into the Mnolingual Term nol ogy -
Extraction nodule 204 which]1in turn extracts a |ist
of nonolingual ‘term nol ogi es representing the keywords

the® pRtracted oﬂﬁ%@a? tednd QQ&)% Abq NHhassh mémBfhdual @8BYR¥nt for
et ﬁe mal n i ?1 3

, messa e docunents ur e
eagi ofithetheltiplereenralinguali u@ﬁﬂbfﬁetaﬁoéx@ﬁrﬂoé\teéﬁﬁgsﬂ memtmodule

2o§fal§h§ FH?”:%%b&&H@' bilifuR PAirs a6 b ofaHe| @th&ofar%:ﬁbgég @nd a

rsin i ngui stic Processin

ek pLet g'ﬁQQLMS&u the gamentiq dgcq'@?%tsea‘ﬁa&&tq"lswua' pair. For
exM%Efé' SlVélQ@ pJJtQarde&@é'oﬂE‘ngh@f G@@@rﬁélﬁlﬁ uMMiilﬁ)ﬁ CHidese, etc., are

recel ves re-processe

aliggest i dhss Ao gnarIa T EnaUn (T e ab ifgiagy extraction

mddutltﬁ lﬂgst géraétaté‘éﬁh%g enultiplé |‘b?||rfg©x[ temtmri]kgog},t aidat&ﬁaseal based on
nme s and machi r n| n t

exFRAIPS RO ETOR R HgEhoTIB0 T g BoPeY R R gaSdule 204

anii fited theentlignéd doaimdriterfromché costpatalighmenamgdalpe206.
anal ysis such as part-.of -speech processi ng and word

segnmentation. The linguistically tagged text is input
i Nt in thee eXampleGhrobodimeny eviotiudosudent tsoprbcﬁssed by the data pre-

Lin e e S i
R ke R85 S bt oot e oo
seprastely voﬂn tlae sayne elgoribur oreregramprecsssing egqtmfitlé,q decyimentse
extracted ternms nay then be iteratively re-processed

by the Text Custering Mdule 304 for further text
cl uThe datagprenmepcessing meduls 20R performis data pPra-pregessiig; fpr example

da%erh§mPﬁIFtF)n' écﬁfnﬂéé tbesté'ﬁcfar@ie MEUERGAB G $PRCHE férfhat! fUISUKY by the
further term’extraction_usin

t he
et MopklecMANSIRg ok, SpROSRRSIBLMasia, 2P\ ETSGPs Preprocessing
acﬁ)fttersatﬁéy ﬂ]t?thtet] tnthlgH blﬁ)%reﬁg&f FHhiteit @Serh:}édlag RRh&Me stdfidatdithtion,
he ar at known and i ndependent algorit
f°r5@t L%%ftﬂ’afd(ﬁat'EP uSter't HeaY¥adlpoe HPSG fRdide, Eeagﬁg%(ﬁ \r;% n?gq nspell
chédkng 4Hdl/@nangtextisrsteseing3asks Inégesaﬁld fdietexn s&'aﬁdaaiiztatlom
wi |l be described as inplenented in the exanple

enbodi nents. Text Clustering In the enbodi nents of the
pr eJaat prierprmdsisem,ort standardisedClterdt isr thep Fsdinte t®e4Monolingual
i se ¢l ustering C C USeS4 O
el it BN 22 LR, Yk [ dueBE SR roppingual
terntirologiesolepregartingdbe kepwrds ey, vegabhulaies, izrgons or phrases used to

coﬁve&éf?léfrhsé ﬁtlﬁég] opfnegg%ger oﬁﬁ%udﬁnhéﬂtgogigpﬁe 9'#!’1%%rtﬁe's@h@mat|c
dlagramtcéramgxample embodiment of the monollngual term extraction module 204
(Figure 2) comprising a Linguistic Processing module 302, a Text Clustering Module 304
and a Term Extraction Module 306. The Linguistic Processing Module 302 receives the
pre-processed text from the pre-processing module 202 (Figure 2) to establish Iinguistic‘
knowledge to the text using statistical methods and machine learning algorithms and
tags the text with this knowledge. The linguistic knowledge includes but is not limited to
specific language analysis such as part-of-speech processing and word segmentation.
The linguistically tagged text is input into the Text Clustering Module 304 to form

monolingual text clusters. These clusters are input into the Term Extraction Module 306
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task for the | arge set of nonolingual docunents is
broken into two sub-tasks: a clustering task for a

- Wepmwblizss7and sanpl ed docunment set and a cl assi PCTaG2008/000220

task for the remaining docunment set. Miltiple K-neans
runs to decide the cluster centers may be inpl enmented
first, before conducting th&classification step. |
Feature Sel ection Ckiteria In the exanple clustering

forggﬁhgh%ﬁon 3{9@8 24 er ; e euh&fc%%@%‘r\ﬂ rskbigtioy ﬁ'ﬁé Bxtfacted terms

ataset 1Is feature. The entire

maydhen be iteiativaly recprersssd by tl@fer% “CusteringrMepulg 89 for further text

cluSRtiAS hd 'térﬁ?la{trdﬁﬁé(n bgn 'i/@lnyEfg@CHattep S&s, ﬂw@qte@ﬁﬂgllﬁétcﬂ extracted
eature space. A clusterin orithmis

ter@i‘ﬁﬁ@rc"&éﬁfl@ﬁofﬁ“?f&@ %f%hﬁb??fﬂ‘h?ﬁ"aﬁ“qrh'aﬁ'"q HI@ GJP?"@XeﬂéP’“ may

prdfo%LBeﬁglafeﬂmthBgi BitFactiés 8 wﬂbb'%%brebi&&dfﬂw #Jp&r8dn skilled in the art
ments' contents, or their terme raction res

thahdSRn &5 dhidPRRSIdERk AIGBHNET ey it (et by qstariog diith gxdcton
redpectﬁ/elyt hethtaefatowr@; Tek)) Clustenrigl aiid Term Ekteactiom biilebe tHesddbed as

Iract a$ The slel ection f the feature set to be used
'm?SmF'étﬁ &tgﬁtex%ﬂ’i’eeﬂ'&?fm}f a and the quality (i.e. the

“representative-ness") of the features within a

e set will significantly influence the eventual

Teﬁéﬁ"a M8ce of the clusteri ng algorithm The process

of seI ecting this set of features is known typically

as eﬁ'uteuérﬁb Cﬁfk’]gﬁty ¥ the EF&@EH{ ‘ﬁvéﬁlloﬁcﬁw'eoféxi @rus?erln Module 304

cl ust ey i g a Pm equl val ent
utikseb @cqlusbenrfgdecrmmea\srych fasusgsoPn alKgmemsmethw iran p@, a randomly

| 'selgﬁtga%?ﬁm beGhérsotih a%lbb rﬁrsgpla‘ﬁmfuﬁmﬁ cidssificitide d?lother

|er I'S sup rV|se meani ng that the
dogusenisifa theoﬁ@lusj?@)m taosup@r\a%egu Wdedn pti\eé AoFAse ey prighpal jclustering

tadkRMMhE - 1BigkOLdt - of T HoolinglLialr BBduntimtd s %fd‘k@ﬁtlnt@aﬂvo sub tasks: a

del I neate™the different topics in the@g
clustesing task f@f@ﬁmﬁﬁﬁr@nd SAPPFASIoswRent et B ﬁ@?'% fasker the

rerﬁéiﬁﬁb'd‘ob@rﬂe&téé‘tl Rtitipia| K-bheahs Bunsao fdeaide Ithe &ﬁkter gentgratlay be
e .obt | ned a set of

'mP|8%?Fﬁtre€ Fbs%mg&efcﬂt@{] 'E’GG%&?'F t'PPﬁs or many of the

docunents .rel evant to that. topic, vvh| I e never or

L éﬁ%@?%ﬁ%&%ﬁ_&ﬁcu”l ng in the docurrents of all the

Pt f"ontrast, in docunent clusteri ng the
a-priori know edge of docunent - t o- topi ¢ mapping i s not

EPS!’B e)?adr?{@ ‘ﬁjstérmgstteprin“?%m be?g(ew d eH1y C urrlﬁg within a

& PVe ur 5] ng-statis
dateset fsi aisb befemed taes afeabiresTie entje pPoipulatien eﬁkﬁemr@ﬁ or terms

coﬁt@n\gh i £%§{alééf|%e f%af‘bé Eﬁ&ﬁ‘é@tos tHeScatnBﬂdﬁﬁbf@&%ﬂe Shce. A

gener | exa orit
clustarme raig@rmhms@ like 26 |o§t,ef ﬂﬁ@jS'PPr@ak@stalﬂoé't@ét"sth?hth? [pgiginal input

dafX @HhR &lsBOkithdMhkabdgiddM ddcuments’ contents, or their term extraction

results) needs to be represented by a finite set of features (i.e. the feature set) in order '
for the problem to be tractable.

The selection of the feature set to be used to represent all input data and the quality
(i.e. the “representative—ness") of the features Within a feature set will significantly influence
the eventual performance of the clustering algorithm. The process of selecting this set of
features is known typically as feature selection. Feature selection for a clustering algorithm is
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the follow ng sub-sections. Docunent Frequency (df)
Docunent frequency (df) refers to the nunber of
Wwelwonetsté t hat a candi date feature occurs in RET/BG2008000220
given input dataset. It is usually expressed as a
fraction of the total nunber of docunments within the
dat aset .- In text processingl3a candidate feature with
~a lower is considered better than a candi date

nolf @Pew %lﬁ@atclﬁﬁttgo Eélgg’(féﬁ fGI Jlé}sfﬁwﬁﬁ éfwlﬁlﬁt ﬁhﬂels%&huéeym the

eature | s inverse ortional
clapsificatipscriaiien. the dginingof the classifigy @ﬁgperyléef&mqaamg that the relevant

topic(8) 86 6 adgmateaéﬁ GWMS Kn@in a-d»bt. h’Hﬂﬁhlfdhabﬁdﬁ, in tefféc can
delglleétﬁﬁgeﬁlﬁgrspt tg@gspﬁstﬂﬁ detﬁgert gB%R/il f ttetfre %Péali%gfn anlx pros%{aﬁlv? feature

settdae’ beuphntfiedwsatistisallyd 5¢. tefertsird setds 1gandjubige edab. tgpic, there can be
ost[ ?@ g%lelt 6f%§ure§)fh9p0&[ll% fﬁ%h&ﬂtl}( it §NGH rhéh gQﬁ He docimét&Rtdvant to

nment s, em very poor discrimnatin
thabopisr Whjle s 9T aﬁw qcsipg in the SRsyients f aiih ofhe topls.

sel ecting the rarest candidate features in terns of df

is not feasible. This is beca .

f r e BLEMRSL TLEQRUmET ClistEriny &G Apriy SEOWIRADS pldaqumsshto-torie
mdbbin@QQthRndDMeimaalpal’CUét msrpre\mnun@ tl‘teSqwdh'tycdif a prospeative feature

oL g AL S AR LR B o

fedtres forehafeatved \setmis thismhbdedr os ahoref gertemst crrtena Im theh example

e T

the foll@vieg yuldsectiornt to be clustered having no features
in conmon with every other docunent. In view of the
above inherent risks in equating | ow

Dogumentehiegueney(ddncy candi date terns with good features,

a directly proportionally relationship is adopt ed
between the quality of a candidate feature and it
doc Qqagwpemtrfgeﬁygmyyeaf), refers tq tlaﬁJ gpmper ef q)qcumemseth@jqa candidate

fedl!dckdrs G withih %?Mn%&@)dafﬁ@etp ey §§11al|§ eRfresiedidian ﬂrébﬁ&ﬁ of the
i nfornative wor al so be the words

totglofrsnbsr of ilecumepte sithigy the slataset 1B 4eXd Procesgpg AT idte feature
witBNEloWer BPiseconti@redWetiet thahS {fdiRiate feature with a higher df. In other

words, the quality of a candidate feature is inversely proportional to its document
frequency (i.e. proportional to its inverse document frequency, idf). Mathematically, this

may be expressed as either of the relations:

quality ;... <

. d—— OR quality fearire O idf feature
f Jeaiure '

(1

The argument for adopting the above“relationship is that the most common
wqrds/terms in a language (e.g. prepositions, pronbuns, etc.) tend to occur in almost all
documehts, giving them very poor discriminating power between any two topics.
However, simply selecting the rarest candidate features in terms of df is not feasible.
This is because a more frequently-occurring feature improves the likelihood of content
overlap between documents which in turn supports the high degree of generalisation
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bel ow) containing the commonl y-accepted set of such

words for each | anguage are al so adopted. Term
wWoe@gueesty (tf) Term frequency (tf) refers to RPEESG2008/000220

number of tines that a candidate feature occurs wthin

a single docunent. It is usually expressed as a

fraction of the total nunbet4 of words/terns occurring

Wi thin that docunent. In the exanple enbodi nent, a

can id t ' S j i
rocER ¢ B, HR 4R iR By il b el RSl 86 p latively much
smigtigrieeinaf clostefsy In thei worstegasel sp@na@sap:f sslestingaeandisiatg feafures with
low'df, fie'sel ofqéathreg sgﬁl:teglgsmh up@\mri‘goc%\’welﬁt ﬁ‘) be clustered having

rel ati onshi at a can feature that occurs

no rfaﬂtleres rremr@n@n yltfwavqw pthgr @mmf?ehﬂn view °§“‘§t85>9iv§ {nheegnt gjsks in

: eq@%hberovprdeaﬁﬁéﬂt-'frteﬁuéﬁc%(r&ﬁ(ﬂﬁﬁ@wérﬂﬁ Wig de fédﬁﬁré@t aoﬁlrectly

documnent conten

prapertigaallyi relaionshiny is|agpoptgd betwesn thepyaling ‘Pfeﬁ candi %%E?@F%%/ ggd its
doMirhéht fBglerfdpGlement . In addition, ignoring:candidate
features with low tf helps to avoid sel ecti ng words
that are actually typographical errors (which wll
tyguadityy, have df | ow. thRbutquahm%sﬁﬁgy—a—'row
df) Stop-word Li'stsAs nentioned earlier,Z t @Rz3or d
Ilsts are used in the exanple algorithmto filter out (2)

docunent frequengy

r ep BPEREM LT ?@% %?%ts',r.'f oag@é %gr@mm%glgﬁggﬁa{@&ds with
somarof e highdst dEfortesteratestias\gedui fratgtaspongopdmbiesstep-wptt lists (see

X -,
oo B E PR Eing R bR ek o BRI R A of BEiPIaigiage are aiso
adoptedit i fi ers; conj unct | dns auxiliaries; and,

punctuati ons. The set of pronouns can incI ude al |

their different applicable forns, such as: singular,
Teph firedueney{tf) ect i ve, obj ective, possessive, reflexive,

interrogative, denonstrative, indefinite, auxili ary,

etc. Oher typical.entries within the stop

an TRe Fiaaeency ghaefept torfempuraber ot Hues et a&%%%fﬁcﬁea“"e occurs

withPNERfhgld Hb&imentVBiisnbtialoexpigsved Fd’seﬂ lﬁe&wj\ Wthé total number of
reference to earl.i ﬁﬁ%sectl 0

WOrdsAGI P RESHITIRG WiiR thay oGyt 'E"rtéa &éﬁ%‘y% W‘?‘H’ PRY¢ agpndidate
feaﬂmﬁ-\ﬁﬂ'ﬁ’éﬂf @l‘hﬂrﬂf i81 donkider@d ettpr tiandca carslidate featlrel vath a lower tf.

Ma%] t?caﬁy, ‘%s couk}/ be expressed as:

quality fatra ﬁffmmw (3)

The logic behind such a relationship is that a candidate feature that occurs more
frequently within a document has a statistically better probability of representing the
main thrust of the document's content, and hence may be more likely to be directly
related to the topic that is associated with that document. In addition, ignoring candidate
features with low tf helps to avoid selecting words that are actually typographical errors
(which will typically have a low tf, but not necessarily a low df).

Stop-word Lists
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good candi date terns are selected across all docunents
in a collection. But, it may be difficult to gauge how
W@ aopnatsensi ve or "correct” a stop-word |ist iBCT/&¢2008/000220
that there can often be specialised (i.e
domai n-specific) ternms occurring at high df within a
col l ection of docunents thatdexist within sone
Eechni cal or specialist field. Exanples of these could ’
o bl | o
or At FRANGRR S0, Rp v RS o bobdlp Bl Wi to fiter
outchigle dotement frdnushey wordsAermsatheb APNEaIEs Eepresentpeer fieatures.
So:tng ﬁaﬂ%oéf%f)é?cqagggges dbmase WeRtredréschRid WitAinasto ord Ilsts For
dit1ona ter on top of the stop-word lis
exaspi@pios the Engligh |apguage. Berwords 28 IBEUER: %l?"%nﬁpage@°§t'°"s

det@ﬁﬁmérgatq%aﬁﬁf&é” Soﬁ]é\'ﬁ:tlanéjf a@fllla(aie§-5anb) p_ﬂhd:tﬁatmw dheeast of
f ound of twent

| prqnﬁurgs ggp ||ryéqqeoﬁll tE§lr dfffegqmrgpgh(@g}ﬁ#qi%e sm @st 6|ngmar plural,
sutf}édtlUé" bisjebived ;ﬂi@@é‘ssﬂles creflesivearnhtefrogdtivee degionsteative, indefinite,

ics, Lt woul heelsllel

awef . Blet RRCaliEtee G e Gropswai st | oo, rig; Bames o
moBflsOngnesif days; lahidl Scaperhoi title. gener al expectation on the

nunber of topics and their distribution wthin the

docunent collection is applied which , in the case of
MagisiunaDoclaerd Eteyuemoul d nost |ikely lead to the

conclusion that such a large topic is unlikely to.

exi st. e) Thus, through negative inference, it may be

coantderalerqncemeethed sediians, mmbmmggtheheqm@mant ef high document

fre{!llg%%m '@R‘é tof go&%é%tgale? |ﬂ’i|ﬁ§lé|t \Jvé}dtélslecérpﬁecip Qﬁsmﬁé‘iﬁat only

| At T es val u max .1 s set
gog ¢didate temmy a[ﬁe5¢|a¢tSé@C@ﬁS b deeuseenie oz apllegtiany Buh ét may be
dlf@fﬁﬁ 'tgg E?lﬂgr'eﬂénél\@ orrBeY &t A8 WY @t@aénd-lfﬁétr’fhere can
t o maxi mum docunent fr equency,

Off%'bbﬁcé?ﬁ‘?'adﬁech(' redamaifnsBeGiisa terme oReYTHRg atdHEh dft] 5%6?"&“'0" of

do@lrﬁémQ(tHaﬁ eklﬁ‘tt Wi e8fe tddHpical &bs’ﬁecia%tmefd Eﬂékﬁﬁléy oﬂfhe@e could
candi date feature is define

be JRGAFS iR 5y JAWYETReB FOBLAG RS M esoiSR U IR G eseareh

ar‘ticl’ézst ing ct@@'r gsebuchisiliafiers, EYCdriﬂgur’lelblbahax‘lmuhedf thfeshol is added,
ate atures ount n, a 'S. |
o eE e e B AP AT D Bcampe for
the‘t_is‘écvﬂefmakltsbseamnot be conmpared directly with gtfnax,
since the fornmer is derived fromindividual docunents
while the latter is a global Iimt. A default val ue of
a) §uppose aafandiddte featureded a df of 0.15.

b) This would mean that it is found in 3 out of twenty of all documents in a collection.
c) If such a candidate were to actually be a good discriminant feature between topics, it

- would imply that there is likely to be a single topic to which roughly 0.15 of all documents"

belong.

d) At this point, .a general expectation on the number of topics and their distribution
within the document collection is applied which , in the case of actual datasets, would
most likely lead to the conclusion that such a large topic is unlikely to exist.

e) Thus, through negative inference, it may be confidently expected that imposing the
restriction that dfmax = 0.15 will not result in the loss of any useful features.
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t he exanple algorithm This nmeans any candi date

feature that has a total global count that is equal to
woeoomns4s7¢ han 1% of the total count of all canedT™sGE08/000220

features contained within an entire dataset is not

accepted. The reason for having gtfmax is related to

the feature strength wei ght1éhg formul a, described

below. It will be seen that the weighting formula

| Th@%%%‘u&‘@ﬁuﬂé $ﬁgfﬁ1ag‘?§ %t%%*iﬁst%& mdy B ra% g %P%J%réa’ﬂcoﬂﬁng to the |

es 't t “can
estw&ronelfmmﬂl(@labgve hose candi date features t hat occur
within relatively few docunents (i.e. noderately hi gh
df, but |ow gtfmax) because they occur a
Mlmmﬁnﬁmmgﬁ@%&ﬂgh nunmber of tines within those
docurments (i.e. very high tf). Selection of such
candi dat e features may not be desirabl e

to SieilaptoppeémugrdocaErnidtedyentyy Hie ORFeRS H?ﬁmaémlf'ésk‘ga term
freébé‘ﬂc%%re&ﬁbl& t’gﬁfmaa(r |bShtﬂSJ:IuEQc! THe yloBal tefh M@qoéndyopsfad Icénidldate

) fo select tf trod d
fesi 1 i s 1GE 1otd OISR 1EryTapes o et el eatufS in il
do@@ﬁ&ttéimttﬂe darbet! ividbe by theorst pumber of atli candiddte rfeatives g:bbnted

i B ot e Ol 2l e B SRl requency
camﬁmmﬂa comaredSdirgitle withagtinede rsinChi the Serntee nsrslemeel frérd endjividual

Sob AR T5BRIHET b Bl e o
the beamaples elg’ohtbmeTbjseneamsrmupaddlﬂatgrfgaturemahlwea total gIobaI count '
th:%l?éEl ﬁlﬁatl 85 B0 moFeatrﬁgR t1°)°§f Inahst a??omﬂﬁ of G Ba?ﬂﬁ&éj@ 1&itirB8 contained

'S reas ditional constraint durlng
withisl @rcentioe datas@hs netsacceptad.ubhperepeern for 8aving Bifmax lsmiaéw to the

fedtlhe B Hgat ; lglfrﬁlﬂgtf&rr(u'ld1 o‘egﬂ'médq;ewqh'Iﬁﬁﬁieoecwnatﬁ&teﬂhé)wé?éhtmg

a can ure nust be two is added. The i ssu
formute adeptadeniares mare empbasininthrenat quehdisignam Kyjs implies that it

cafl Efééfbet%t Svel- §mBﬁES|ﬁ§ oYE kahdidbie Fdures®Mdt otelr within relatively few

characters

[ett f th
dogyrpents y (ige '@6@%?‘@6! \M'Q(?‘mq%rtsth’gl low, 2‘5@'@5"? 5@%‘? E‘%BCC“" a
dlérdr@o‘ﬁtlongl%@t HIGE ok TRA G RinYdi @htlkih NBode Btiraents e, gdry high tf).

sojesup plsueh it lelirpoeN e B e s ey Al | Befroviem

of 1R loe gerraligatidnypotential §m|lenrtomaﬂ arsingtomelf when dsihg ohEaquetion (1)

o SRER o atiPet Aaangey AR B Bl b1REGG FRAESRIRY Br uen

tyﬁeemfesmfﬂatafebtumglrgncseptaﬁut to the clusteri ng
al gorithm

Minimum Term Length

An additional constraint to feature selection for Chinese language terms is
applied in the example embodiment. Single character Chinese terms are widely
regarded as being meaningless within the language, but from a linguistic as well as a
practical point of view (because there are so many different Chinese characters), cannot
be labeled as stop-words either. For this reason, an additional constraint during selection

of Chinese language features only in which the minimum length (in terms of Chinese

| characters) of a candidate feature must be two is added. The issue of minimum term
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The feature strength weighting fornula used in the
exanpl e enbodi nent is cal culated as a wei ghted sum of

wo cwe/1sEpar at e (but not necessarily i ndependene¢T/SG2008/000220
measures, nanmely: A = Top docunent frequency, df, _
subj ect to a maxi mum docunent frequency of |ess than
15% B = Top termfrequencyl7tf, subject to a maxi num
gl obal termfrequency of less that 1% plus an

en§ild) ﬁl’n R I#:n%ﬁatﬁﬁ %algﬂ{ g%iaggggg}@g[% érﬁ?lglt% Qﬁel_tsmll set of

arac ers nese
charmtera (d.gcRbrintterstefithe alpmp@@my reasialv Rg Opme%a&hlnﬁl’rrﬁlr respective
ﬂOé fRgy of a termfound within a single docunent

Cross aII docunents containing the term; D = Top

i ntra-docunment termfrequency delta, being the

Feéihrfef§Fe$ﬂﬁﬁl\P°u Wefforinia@ hi ghest and the | owest
(Non-—Zzero) ra-docunment termfrequency of a

e ;
A weigrging SRR ANETIDEIIE ARl gt anyesangdatedeatyrs %Ltcﬁtaédo allow
all %n&'aété Fehfdrtds foSbé Harked Ugieshipns Yaldooprolides eséme Fﬁe-‘d@ﬂeﬂﬁlned

P BE Rl 5o he e e B e e leb il BEHE e
feallp® bé&%@?@o rdp{"é%em@élllublcldaélﬁwirtpﬁt l‘g&h@cl(:steerag aﬂgontlllm

contri putl on 0, overa
T Bk aten weRhTheEToduuin el s shemsls SEodied b gSliated as

a V\(eligméd)s&:) offiveGepartedoutinot Bicebsally ind¢endedt) Gleagurps, Inamely:
Ext ract . )
AEP ictmet] Eh®Y of S SR PR gBLurfR ety gl bss then

15%i nite set of features in order for themto be

C i f 0,
B PIOTRAR .%FB t%ﬁ%bﬁh%ﬂﬂ%@%l@dgg%@gt é’&ry o@regg Bkt 1%,
plus eany ed@tmzrw |Coestmﬂt0fdfllnlmtyﬂ terrd lenathl 9fsM$gC|é%[é<He'l$ef§’V\&ﬂ"d‘ese

|anhn§4 Eéslf)les all restrictions described in "I.
eat ure ‘ection Criteria", the strength of each

C k éopint@-dnsymgniigrm frequestciRaingthe AR freaus NGy ajgrm found
W|tﬁ|ﬂ|acé|1'rhg?é 86 Mt BcrbsSall &fcuﬁw@ﬁtstc@ﬁtaml fbtdr@at ures, i.e.

‘f'eature set" may produce sel ect ed
D + dap inte-dastmert e f’@ﬁ%ﬁﬁﬂ/ gel. dl?ﬂgtthﬁwdffé & ERteeh iz ighest
and ﬂﬁztIB\lvéétt‘%lﬁ’orﬁﬁroﬂﬁtréﬁagdm{edﬁtéﬁhﬁkqué‘ho?hf glfafrrdocunent to
be clustered can e
E 5T pg PSR e e D tuleatet oL vaé Fial R indeduba ony

for¥pdseafePms which appear exactly once in every document that they occur in. For

those terms for which this measure is not applicable, the value defaults to O (i.e. no

contribution to overall weight by E).
The weighting formula used in the example embodiment is:

(AX 0.2) + (B X 0.5) +(C X 0.8) + (DX 1.0) + (E X1.0) - (4)

ll. Feature Extraction Criteria

As earlier mentioned, it may be preferred for documents to be represented by a

finite set of features in order for them to be processed by any decision-making algorithm.
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i gnored; while those found wthin the docunent that do
bel ong to the feature set are counted and re-conposed

WO p09/13#57kct or (i.e. a "feature vector"), w t hPEB8E:2008/000220
el ement of the vector representing the occurrence
count (within the docunent) of one unique feature
within the feature set. In the exanple algorithm the
feature vector. of some docunment, x, nmay be expressed

‘ Pe[-fﬁrmﬁd Ly Nﬁ%!a g%ain]/ctgaﬁuérr\ félge Se?léla"afasét (b sc(rﬁé réevﬂ&fe‘ﬁtah% Ppart of it),

formthe feature _
an@eanalyalna egeh, keyyord Ahatheatistgs all rfﬁ%tr'@twaﬁ qdesgiibadein *I. Feature

Se%EEdH' érltbﬁa"d %%f?erﬁbthxof ea-Eh Kefdtd %‘é§ed3f>n 0l ot Bfaation (4)
“and re-conposi ng g cument lnto a eatur?qvecto i s

maydquat%ﬁeii raeltFt t'l?s"ope’}itbﬁﬁte eglirgsa b e R, Taafre sek may be
prddaesrent Frequency (idf) - for Vector Represent ati on

The case was stated above for using a pr oporti onal

[i.e. Equation (2)] rather than an

I NVensekyleftes, p@ fdatweakt [nithe exﬁqplatalglimtl"(rﬂ)épresents the restricted

*sef 8L Fopr 10 WS AP e PR Bt P i Seapiy Any

wotdsfteeneanpthe erighel i daeniment-thae \aes nob nembdense of disk fedture set are

il e UBSHURT IR Bt i LD Bl BBy 5 o

counted &)d erompysécmtaia sednt (.ad ifeatureasctof h odth. eath element of the

veé}gg%?%gg@fng t'ﬂlqu ?@'Pé?\rcg %wp@ﬂﬂlﬁi ﬁé %B&Ymérﬂ) ot b Elgi&ué feature

urin e featur
witbigltee feiatune pétabghe ehamrclg igerithmudhe feaatuaﬁ:t@mrmﬁgorpeépcument X,

t afgion (1), once feature selection is
mggg%p#@t%é%é/d@feﬂngy consi der the feature set to be fixed
and containing only "good" features; b) One neasure of
effective feature extraction is that docunents
bel ongi RY_t pys t opi cl ers have feature
vectors?ﬁa{y r(éf)azg’mxfl nt ?Ti(gﬁ}me anot her as

possi ble; c¢) Two feature vectors belonging to (5)

- wiskirg:f wemetb@m Best féa{ﬂjr&esel&% 16 0dre tHé fdature kef BAIN each

ot her nphasi zi n se features that are nore
v i)~ BB, 4 e thAL fReuR ' i B goramer

Statistically, between any tvvo " good" features, the
The p?octers]s of tg]reaklng Iclown angi re-composmg any document into a feature vector is

commonly referred to as feature extraction.

Inverse Document Frequency (idf) — for Vector Representation

. The case was stated above for using a pfoportional [i.e. Equation (2)] rather than
an inversely-proportional [i.e. Equation (1)] relationship when measuring the quality of a
candidate feature with respect to its document frequency, df, in the example "
embodiment. However, once the task of feature selection (Section 3.1) is comp]eted, the
option of deciding anew on whether to use Equation (1) or (2) during feature extraction

resurfaces.

The reason for this apparent inconsistency in strategy is described as follows:
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hi gher probability of being unevenly distributed

bet ween topics; and lastly, e) To give greater
wWepphasisso to the nore unevenly distributed (beP@E2E2008/000220

topics) features over the nore uniformy distributed

ones within a feature vector is equivalent to

wei ghting the features accoiQJIi ng to their inverse

docurment frequency (i.e. idf). Therefore, Equation (1)

a) '\l%e?ga%p&?rﬂ\ﬁaﬁgtfggtufg Egﬁ@%ﬁbn a@gt *H%gccﬁﬁgr‘?\"ﬁaé"h? Qcceﬁtin% poor

represen ocunments eature vectors |
feaexemplaeE@uﬂbgm(ﬁe ience reattpi%ﬁe!qcam ig ermpietedi we mpahsonsider the

feaf\.lré( §ét't§5éﬂ%@éno@bﬂ%ﬁlﬁé‘oﬂl@gdﬁ @Qﬂl’ésed to express t he

eature vector of each document, | i co( x) x
b) One megsyrg iofieffective fegture ?)gn)a,@thn |§|th§t deg’m qi.onglr@fto dlfferent

topﬁﬁf@ﬁ:sfér@ RvVeFBatlreQiReford fﬁaﬁéreta@ d‘shﬁct |frBHﬁdn%%n6%Hﬁ§ﬁéssmle
frequency of feature i. ustelng I‘n%orlthmT

c) E\ﬁ%tqafqr% v%ztwe Ralonging & @ff?rﬁgt tgPig® F3n PRAMATR MREe distiirfrem each

oth%Ff‘B? Unipratizing thsdecalufesPiial afdTimbReutieniyaiidtrititets betwesq the
he K-neans variant known as the Random sed Local

topiggar ch (RLS) algorithm proposed by Franti et.al. in
d) 'SEastAy, Zsawédrc ahy margdmdalf@nnres hfve fope thitehas! aisdvearidichas a

R o T L e ARl
e) ad divespestert dm&pttays;sl to e moobumavenly distribeteds(betwgen rtQphmsD features

t
ov?r hgag}oha I%g\z rm}fg} dtgérrbsuléeeag 3‘1 %nvﬁ{hnm'é’gn%g u?%”e\}egtggitl% I”le%Yxva%nt to
weighting the fediarkes accordieg Rl tBeininyerse dhenment fraguency (igdidft | ng

Th%e%‘?g I'-.{dugfiio s@ zfsea%‘éﬂtreﬁtag?ffbt ﬂ"m%\f}/ Weléﬁ{u‘?# ééﬁgmﬁ‘mﬁ i on.

ring a esent the Iatest
reprem\tm donymentsihyi their @@Nr@ vertersimibe qxample,empoglrnqnh dn practical

terR@thib Wefs FaPh vﬁpﬁloqébtf @qgﬁloﬁc(sﬁls%bﬁb% 16 leWSrL8d the fe@l'gHre vector

repr.esentati ves cluster centre-ids)
of eachgtpsument, k hi s nut uaI exclusion is that P & C are
co-rel ated such that one can al ways be derlveg from

% =i Con ﬁwwmgw - o Rk ydfs )t i 1
‘both P & C,” and re-work both the nei ghbourhood (6)
nction i .
oS g BB T A S Ry e

avai |l able. By taking this approach, the RLS algorithm .
. fcﬁu?tghﬁgi?%ﬂ'}fﬂﬁ\d having to recalculate either P or C

romsc I'n every step of the

The specific K-means clustering algorithm in the example embodiment selected
to perform the document clustering is the K-means variant known as the Randomised
Local Search (RLS) algorithm, proposed by Fréanti et.al. in “Randomized local search
algorithm for the clustering problem” [Pattern Analysis and Applications, 3 (4), 358-369,
2000]. This algorithm was selected as it addresses the typical problem of K-means
algorithm being trapped within local minima, but without having to sacrifice on the speed

of K-means.

The basic strategy behind the RLS algorithm is that of adopting a modified
representation of a clustering solution. A typical clustering algorithm will represent the
latest clustering solution derived either in terms of the partition P of the data objects or
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al gorithm The second part of the RLS strategy is to
generate only one candi date solution per iteration (as
Wopwodas7a o nul ti pl e candi dates, one for each BCTUSG200$/000220
and to performonly |ocal repartition between
iterations based on the single candidate sol ution.
- Using only a single candi da2@ sol ution, | ocal
repartition avoids having to recalculate all P and C

the! BLAES r%* e?\fa‘ﬁVéE @a bNehe E‘Iljé’te\t Rentrdidyg! ??@"f‘éésoﬁffor this mutual

sour ce- t ar get usters se|l ected b

exglesiorh ﬁdOahB&dCf@rﬁchrrsﬁtedm@thg %Qg%?ﬂy?'f'ﬁﬁ‘ﬁ e defivachfem the

otrfei’”flmaerRL@V sir&E@D(@% rfﬁst?{hl%aﬁlﬂam? th ¢f &aC Vaﬁﬁi ﬂQworQrboth the
ti-run orithm ter VRLS. . The

nelshwhqqﬁiniungﬂ%n apl §’r'%lﬂa'a'§'§ie@6a'ﬁr6‘r‘f’”of””ﬁ'tﬂ"t F%Faée(%dé@"twe of
ha\ﬁ#ggb%gsl%fd 6fh|ﬁ_|!§rn%|6htau5lldbﬂa Bydélfuﬂgimépprmdhl, tHe RIB6IgoTithm is
A val ue e ini an t

ableris YOI B8 (o rRBIFLlel SRS 08 AN SPHEN B HRBhHega the
algoﬁthﬁf) arHeeseddtd ipag 6f thet RLS i Juaitagiyiisnto gdriecdte Idmlyt omen candidate

o 1 B A S By P U o

-pefféren MIyIBJ‘CEIrrepg‘hthrglﬂmwéé‘n‘ntéramdrs Hased op tieey single candidaté solution.

h . -
RS e SRRt R BB R S g Rl
and Gnyehsisttiyoe-evalokitioqnty the singfsl paieftsourceTing-targetlusters selected
by%enrsh%i%b;dﬁl.th%wgﬁg@&uced by each of the M i ndividual

u in

_ are treated as the candi date nodes of
K potentially conplete graphs, with each graph ideally

COMRRs R B r|tIM1 % ePriHRr By Vﬂe&nﬁﬁ@@k'&:hé@pt of a “voting” or
uce R

configure M "voters” runs' t he set

mﬂ'émd@sfélrﬁ alﬂ@ﬂtb’m tefm%d Wl (TeeyRLR %ﬂqf'ﬂtf‘h@ 5Pl 2R@ggrsgation of
muitig ?%)eﬂLé?)élgoﬁthrr{s' &ich: Lglng| a tielert MitidM\PaidRNE a6 value The

run VO , produces K clusters of docunents and ]?.
m'fr'aémae%m%&dbxﬂ'ue( getegrines dhe hibefte JAPSIM 3PAP§NSE [Favpich the
doBlimérm @GS Scarf@l @drind@usterindutlion aitfict iRGurhaletenyiies which (if any)

cl uster jndex assigned to e t h, cJust roowi,t
ocal I e oL, ey repH e 8 BFved 11 SRS e e the
clistering @lgefhtn Rllg W iniphsve Bdeausd io has bedomeitmapkd within one or more

IoJaPmm?rWa ng relationships will hold true:

In the example embodiments, a deterministic cluster compdsition technique is
implemented. The final sets of K clusters produced by each of the M individual runs
within VRLS are treated as the candidate nodes of K potentially complete graphs, with
each graph ideally comprising of M nodes. Given a VRLS algorithm configured to
produce M “voters” or “runs’, the set R representing all the clusters in all the runs may
be represented by: |

R={R, :0<i<M)} o

Where each run/voter, R;, produces K clusters of documents and is represented by:

R =%c¢.:05 ‘<K§
N {I J ] H (8)
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sefegfialt input Qq@ljne«mﬂ fo
: rel!aﬁHn%ﬁuE@Gﬁll'HHHtﬂfe the clusters 1 and ri2ck wll result

and: rncnri2ct { }:0<ratri2<R0<J5Ek=<KYV

il = 2, j k (10) Conceptually, each of the K
Wpoens4sal | y conpl ete graphs represents a set BET/84:2008/000220

nodes (one from each run), that best represents a

single, shared topic across the Mruns. The intricacy

of the concept arises when 2t is taken into

consi deration that the construction of any one of the

K potentially conplete graphs is inter-dependent with

the construction of every one of the other K-1 graphs.

SonEapatnogeuist islentifiedy by i & eayf, of fndicesnheingd e fdenby and the

(argalﬁgmbﬁ’s&fgnﬁtécr g?ﬁe x1d) aJss@ﬁ&ﬂon\e jtth %ItMéf Wltﬁfnsruh n Iﬂ&%—@ké X as the

ent %ot er voter.
8

W%@Bmﬁm‘dthﬁf’ er Aot fhefollowing

I'n a set whose magni tude can vary anywhere fromO

(i.e. the enpty set) tomn( |{r G }|, |{ ri2ck }|).

This means that for arLy_zthree cl usters, 1§, rj2ck and

ri 3¢ , all frodeff:e rgng (i.e. rM ri2 ri3) ,

it wll be possiblée th ’tcilw’e |ntersect|on of either of

the first two clusters™Rith the third cluster will )
an Eoth produce non enpty sets. Therefore, it vvi Il not be

nown if ri3q should becone a node in the

coptanmieg 24 G0 <mt2ek <ok, n‘élft,he’f‘i K stV 5 ik (10)

whi ch the decision of which of two or nore eX|st|ng '

graphs a node ri3C|] is to be added to is determ ned by

t he Cohesphall, ééUh afethg it potertiatiyn eomplete graphee expradeats aseteof M

nd, any. ot her t t has alre e e
nodfy (GF e 650 S8 b PRgHEPRATS Aot elen ey Soicyfrbine
rut) € hesiatieadgesfvibe rcoangpt tarseslwhée litein ttakeminfo tonsideration that the

coaétgeﬁgrbgf %r&t on N tﬁé‘ﬁ(&t?\’&?m&@: cf‘rOﬁqé)%?] gl%'gﬂé % m@r—d%pﬁﬁd%hﬂnth the

| at'ed divi
cohsttuetiore of every swe offthe ethardfi graphsr Somewbat esuntaiantyifively, this

mt?v\?\%é}%efﬁuslﬁ% id A& fo M@'fé’plﬂ %ﬂ?a-ﬂégcl% bitke ¥ O&Q&tlﬁ‘ vhﬁé‘i‘f—‘ fidepehdent of

r's across erent runs can thus
evenyatiearaoted and a sorted |ist of such pairs creat ed.
This link strength, s, between any two cl usters j 1 &

j2, indifferent runs, i & k, is defined
When 1y # ri;, Equation (10) will no longer hold true. Instead the intersection of

the clusters ri;c; and rixc, will result in a set whose magnitude can vary anywhere from O
(i.e. the empty set) to min( |{ ric; }I, K rzci }I)- This means that for any three clusters, ric;,
ri2Ck énd rsc, , all from different runs (i.e. ry # rp # rs), it will be possible that the
intersection of either of the first two clusters with the third cluster will both produce non-
empty sets. Therefore, it will not be known if rsC should become a node in the graph

containing ’rncj, riCk Or neither.

A strategy in which the decision of which of two or more existing graphs a node
rsC is to be added to is determined by the strength (or weight) of the link between that
node and any other node that has already been added to the any of the existing graphs
was implemented to address the issue.
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s(hefl rkcj 2) J rkcd2\:i 1CL Ob ,J2 <K and the

sorted list of such pairs, S, wll be: ={p .p
WR29/1545m ) p { G. : )L (P )>0 s(P s(p ) (1rQr/3G2008/000220
"the exanpl e enbodi nent, the restriction that each

potentially conplete graph, G can only be forned by

taki ng exactly one cluster 22om each unique run, is

expressed as: G{ } rtcbr ¢c 2 eG i KkLOLk <M.O ‘

B%twéé? nf e &lffé’rgﬁtl s, tﬁé)lln’?("s@r'eﬂ tﬁ%@ﬁJe%H%hy ey Gf)a!lisvdf%mts

‘ e restriction
riciq &}rqum;an egscalegried y dividing the ize B\@t'@tﬁﬁeﬁmngﬁ% Ssiogyraents
repdé<aR{Ed byR B(e Mbeﬁb mS, 15/ tR&F 88lon. ARRURK Qﬂeﬁgﬂﬁﬁetﬂ@er@éﬂﬁmchlusters

set of % i S maintained, the
acresx:plffsrenf kte]szganot us Re@numarAted g3 aroes "§to9ft%8hm%§§ ctgated.
This Bk SrélRfie &, Betwebh aBy a:ﬂhau:{t&}s Wid |2, hedifisentabes] i Bk, is defined -
first graph in which both g 1 and rkcj2 can be menber s
asof Wit hout violating the aforenmentioned restrictions

quati on & (14)]gq.0on that gra
E’é‘émﬁké'u ng%’t eq‘ﬁ(ﬂcs)l/ tfircaph) ?fbrgt}?/vﬁ %Jﬂmﬁw
Equations (13) & (14) are sati Sfl ed by both nodes- of

inter-run cluster pair (HG 1, rkcj2) , the pair is
an%%@oh@&%t%@ @Jh%ja.rbné% éS a new edge. Conversely,

enever suc a palr , kajZ) i s encount ered
{Siailprion, w50k abe. 4 phell, Equit ) o 1P ror o 42505 (12)
when {G is initially enpty), it is then sinply used
as the seed for a new graph. The new graph is then

In ﬁ@@gmb@ drivsodhsht Otﬁetréls‘-tndtlbﬂ @ﬁaf@aélﬁbotélﬁtlagy a@hﬁletel.gislbﬂ \G, can

Ss i.S repeated ter-run clust

0C
only b 1Ged 194120 S0 P FHSBSTR PF . 5 RpgSteed as:
cempj et e aphs of _ t N
r éﬂ{-‘t g7 ¢ er*éknﬁy ?Jepﬁg‘ln’génﬁ{lé a"?]OKﬂ{Ephs with the(13)
nunber of nodes steadily decrea5| ng fromMdown to 1
in the ordered set {'GE. To reach the target nunber of
Additiorallyrte aveid congirugting trivighgpehs the 'spistioRre gat her ed
iteratively, one group at a tine, starting fromthe
conpl ete apEs with M nodes, then the grap with M1

(1)

nodes (G @Egy. 80 QWEWJ#dhE& | e ;e rnpgr of
graphs t hat at Iégast as Iarggn}éis Kﬁls reached. - (14)

was imposed.

The sét of K potentially complete graphs may then be created. Assuming that an
ordered set of graphs {G} is maintained, then, for each pair, (ricji, rccp) of inter-run
clusters in sorted list S, the ordered set of graphs {G} will be searched for the first graph
in which both ricj; and rcc; can be members of without violating the aforementioned
restrictions [Equations (13) & (14)] on that graph. Upon encountering the first graph, G,
for which both Equations (13) & (14) are satisfied by both nodes of inter-run cluster pair
(ricit, NCi), the pair is then incorporated into G as a new edge. Conversely, whenever
such a pair (ricj1, 1) is encountered that does violate either Equation (13) or (14) (or

when {G} is initially empty), it is then simply used as the seed for a new graph. The new

graph is then added to the end of the ordered set of graphs. Lastly the process is
repeated for all inter-run cluster pairs in S.
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The actual conposite clusters can then be created by
constructing the conposite cluster centroids out of

WQ p@f1sudle/i dual docunents recorded wi t hi n eachPCl/862088/000220
(fromdifferent runs) associated with the top graph.
It should be noted that the assimlation of each
docunent into a conposite cRuster's centroid takes the
formof a "fuzzy" summation, as the nunber of

i nstrﬁgg.gém% fBBYe RINELR .H'g fMpite QapHE 6f 04 cisen bl ga). In
realityr dsere amayOb@rmaw oeie thﬁnéf géaghs phithy thel ymbes| S pdes steadily

_ de%!aéﬁ%ir@mclﬂm' {081 & Wt @rﬁérehns& |{‘G} ePAFERLIE T RPGHt HRIber of

traction For one exanple a Term Extraction
clugietsh&d thpinast sapPiste ataphs e getyewﬁelter%tWﬁ#vEﬁﬂ? SEQuprat a time,

sta%% fro'h'?tfhe cBMPRtd @raﬂ?éiﬁith_rlﬂrﬁéﬁg&tlﬁéiﬂhé f?ap'ﬁb Wik 911 nodes and so
Uni't hood And Ter nmho Uni fication

on AT BARRRYTIEER WHOS oS OFARF 13t It '%(aﬁ o4 o a5 R e bl

reference Proceedi ngs of the 3nd Internatl onal Joi nt

Conference on Natural Langya n CNLP- 08

T 5015 COPBRE SURRIR BRI e T B UGHER fs fomposie
cIu@@ﬂS:bﬁthﬁds)f)uﬁ giothet |ﬁ@|9|duéﬁ1dbcﬂrrbefs etededrakithin eswh dbster (from
various S ui s
dlffﬁﬁnk rL51|s)§ 8'8%‘1 ghg hﬁ gp rﬁlp Sléslg?ﬂjcﬁﬁlé ﬁgteésl’&g the ?%&mllatﬁn of
eauﬁwidohumemtdlmtate$ombos1mr |ctmuter’b| Cepptrosit takeﬁatheefoma offr @ fUZZY

ifie , \ . s

su BB s e cTuoiber B HRUE or 3 SFlle”Beds 8elling within the
complefer ga'qpbmﬂyvarwbemwll Mtandal. |beothat wﬁsj@wd@cmmé garedn effect

ol BER S eyl cobit v Spensa,

are many nethods under st ood by a person skllled in the

Extddfiosy i nprove this .second step. Sone of them
orrowt?]e metrics fromiInformation Retrieval to
eval uate how i nportant a termis within a docunent or

a Cebpske exghﬁﬁ@of@férhcéd@&t%nﬂﬂétﬁbd:m%ﬁ ﬁ—‘rﬁ‘é}'}ﬂel RMESISY the Term
Docunent Frequency (TF/ }?ﬁ N(g % [
Extracst,ero?%e reisEgnee, s dparle E?faf fracyipn f?flghn[{@?@ dAnd, Terghood
UrfificBgdn (ALK YUE AGTi AW'SIMliﬁJ |ZBIAN£H) Eoitents of whidh areintladdebyncross

e PSS! o SO Shash 20 MUSRAOR Gl ancusge

Prdatksing (0CNDND-0B), lrﬁﬁ)i)ﬂan.mea C-Val ue/ NG Val ue Met hod of
Automatic Recognition for Multi-word ternms. Journal on
Research and Advanced Technol ogy for Digital
Li bAagenesl Tiéarh dixtraetion. methad ticensistSop hwva stepanT hedtingt stapdnakes

usg u&i sg}ioulsag&rées 2119 %ﬁguigtr&ahltérﬂbr Eédé!?%aﬂlotﬁ-gﬁeech tagging, phrase
chunking etc.), through which candidates of various linguistic patterns are identified (e.g.
noun-noun, adjective-noun-noun combinations etc.). The second step involves the use
of frequency-'or statistical based evidence measures to compute weights indicating to
what degree a candidate qualifies as a terminological unit. There are many methods
understood by a persoh skilled in the art that may improve this second step. Some of
them borrow the metrics from Information Retrieval to evafuate how important a term is
within a document or a corpus. Those metrics are Term Frequency/Inverse Document
Frequency (TF/IDF), Mutual Information, T-Score, Cosine, and Information Gain. There
are also other works e.g. A Simple but Powerful Automatic Term Extraction Method. 2™
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nmet hods to weigh the termcandidates. In Term

Extracti on Through Uni thood And Termhood Unification ,
WO/RP0BHS4RIT0 | nt roduce a termre-extraction proceEGT/SGREWOOZZO
using Viterbi algorithmto augnent the local Term

Extraction for each docunent in a corpus. TREM

i mproves the precision of t&4ns in |ocal docunents and

al so i ncreases the nunmber of correct terns extracted.

Inte\{H?t?otnaWWﬁJksc'rﬁogD oﬂp% ta‘ﬁﬁh%ﬂ?rtrﬁin& ' R@Lt hfiroShi I\lﬁakagawa

ue ne in conb I Ni.Ng

Tatsheort dforih @002;f eﬁﬁjﬂéé?'lﬁ@@ Valued/htboﬁe@fhwomm iRecognition for
Mu-lfl—ﬁﬁrart@'msa Jd nEh@rP Ref&MHInfd AbWHCBE "I’ebmdbl‘ﬁ%rt Di@ltélq_"lffhnes

resu ntent Alignment Gve
Kateripe (T. égﬁ@csiopi@atﬁé}amaﬁgm O@degum@ha'sgu p?% rpa‘;ﬁ@t[pgg@e other
meiﬂb%s@?w&iaﬂfthe%thMaté@dul e 206 (Figure 2) then -

performs content alignnent. Figure 4 illustrates the
schemati c di agram of an exanpl e enbodi ment of the
ConfrememiN Exarabiomt Thiodgh einiBbod BinguTemtipod Rinifcatiora, VU et al

. Bil | Clust

b3t LS o BB A0S G PR G4 43hER e
lockNTérAeERTacadn Forre@bimgecntertt i mcofmpseTREMeimiprdvies gheaprecision of |
ten%mlﬁir? Iq%rafﬂch%’séﬁ% e@p atslerléncrfpé?e gu(ﬁ H}d{mﬁgrd éfo orr?ét tgrmﬁ extracted. Vu
et dii al$¢ proposea.méthod toecombites thed/ieveluawith Wﬁ@m altis NTCValue

nmen r ' I e
meﬁi&dg iR ﬁ&%BM‘?\%EthS tén&n%q@g fg%ht%l tﬁe?ﬁg t(g/ﬂ? F%ﬂﬁ(jt mth T-Score a
unittidog eaiurepftithenimpraye thestery rankhlg.reﬂtﬁ'fese ext ract ed
aligned texts have high simlarities in the subject ,
matter cited. Heuristic rules such as, but not limted

to, simlarities of high frequency terms, time w ndow,

Coﬁ{&,t@n{gﬁtused in the ali gnment process. In the
exanp enbodi ment, the Bilingual Custer Mapping

Modul e 402 builds up a relationship network conpri sing

a hewenohil Qldste'ﬂé}utﬂblr Cré ﬁ\ie f@ﬁﬁ}oloﬁl’é% @ﬂGUéTQJI’\Iot Em@;uage the
Par a%haph

Coptap g MR 205 (S8Mecp) s PROGT S CHF RrAIBHER T Eigure 4
illuStrétes méﬁh@ﬁ@tlfﬂbgtaﬁi ofT. érﬁ@ﬁérﬁfblmeﬁﬁﬁﬁ)nemo ofT’fhéS(Eﬂrdaent Alignment

SRR Bk ot RS YRR g s o cusrs

of GotEments erarresmédﬁ\}e lasglistjeg tagthe i chosegre rirl dimet papd languadez osform
res%é?tgp rﬁlh‘{%t %rs,r es mﬁ‘f‘\etgrm EQ Srn)gg HHE/QF 9&9 Qijs?rﬁ)ruﬁgr( qx@nristic
rules mnd dror bilingua! dictionaries. Further, the Document and Paragraph Alignment
Module 404 performs high-level content matching between the bilingual clusters to
extract aligned documents or paragraphs. These extracted aligned texts have high
similarities in the ‘subject matter cited. Heuristic rules such as, but not limited to,
similarities of high frequency terms, time window, etc. may be used in the alignment

process.

In the example embodiment, the Bilingual Cluster Mapping Module 402 builds up
a relationship network comprising a host of bilingual cluster maps. The Document and
Paragraph Alignment Module 404 uses a linear mbde| comprising a diverse set of
attributes.which includes e.g. Discrete Fourier Transform (DFT) to measure document
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- conertsacse twpirgarped clustan dnaps: tai

content across two mapped cl uster maps obtained from

the Bilingual Custer Mpping Mdul e 402, assum ng the
W@ pwons4570 f r equency of the extracted terns to BPEI/&G2008/000220

signal and utilises signal processing techniques e.g.

DFT, to conpare the two .frequency distributions, for

docunent alignnent purposes25 Docunent and Par agraph

Ali gnrrent Modul e 404 works on two set's of conparable

smﬁgﬂglblaE%W gr‘fi‘ltheCrQBRﬁlﬁaﬁJé?tterﬁﬂd!Jﬁ?est é;dl?%ﬁ\fgf &ach&r 1 documents.

ocunents rrses ree conp onents:
Thnsanelardmd;el isclapguage Mepamctem pnd wtiliggs eheapi c!:bfﬁlonarhrdesources The

Dofdh t%ﬁ%a?%r@ﬁﬁ éoéhéngﬁrl\ﬂjdo@%t £04GARA hihed da_ctl@ne?l‘t’sgbvﬂmsmllar

In the exanple e ment first enerates a se
g figmithe Eaingusl e Mgpping
MOHUI% maémnﬁrigfﬁ.@ chI.h f ?r\é@énb& bethe exfracledtimeas @élabﬁghal and

bel ow: W ndow Filter: ConstralnstE&il ?
utiliges c%l%ﬁ da'tOégssw é%%‘ﬂﬂ#ﬁ@ 2 At RPPRAS; e QW requency
disfDOiGHaL foF okt alighhiemEpitpédescat i on date though they '
reside in two different corpora. (b) Title-n-Content
Filter: As the Date-Wndow Filter constrains the
al i Qaﬁﬁﬁéntcaﬁwlﬂb&h@spmuﬁlghmebawumﬂ 4a0dnporial on two sets of

mati on. wi t hout expl oi.ti nt.e
compashipero-uL perE, < firerd e ol o pfRf oBEiRents.
cordpriszsdeftthee tchaponsriter cafdidats| gepketionr tattidbes peractiay, and
tea f basing on the potential content simlarity.
Ca'l’f‘g T’ﬁ?g&%ason a Title-n-Content filter is further
applied to gauge the potential content simlarity

' Capgﬁ*gnte‘%oﬂocunent s. This filter credits alignnent
ose translation of any of its title word

i s found in the content of the other docunent.

At t Uéﬁ/@teﬁ%(tlﬁ qfd '&Q%Pfe §ﬁ|59£ﬂﬁ’1eﬁlt ﬁ%t e%@n@?éﬂiéss al ESt of possible

di f eret attri utes or each candi d tes
aligrieent candidates using filtersdp (adyce thessaaFrshosRase.. Thmgvo ters used are

deédribbd BEb®S 1 nclude but are not limted to: (a)
Title-n-Content which scores the simlarity of two
docunent s based on the ability to find the

(a)t DRABNiRH6W 'ﬁlier ECHsHaihe fitee Aurhibdrvef eandibiates ibly| samithgndvicaoments
with 5|m|Far contfent to%ave a close publication date though they reside in two different
corpora.

(b) Title-n-Content Filter: As the Date-Window Filter constrains the alignment candidates
purely based on temporal information without exploiting any content knowledge, the
number of candidates to be generéted is thus dependent on the number of published
articles per day instead of basing on the potential content similarity. For this reason, a
Title-n-Content filter is further applied to gauge the potential content similarity between
two documents. This filter credits alignment candidates whose translation of any of its

title word is found in the content of the other document.

Attribute Extraction
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docunents. (b) Linguistic-Independent-Unit which is

defined as a piece of information witten in the sane
waaofisns7di f f erent | anguages (c) Simlarities PEI/SG2008/000220

Monol i ngual Term Di stribution which is neasured based

on frequency distribution correlation using D screte

Fourier Transform (DFT) (d)26rhe nunber of Aligned

Bi |l i ngual Terns between two docunents (e) Ckapi score -

( Ok ) e(:ﬁ( f’é[p %Qﬁiacé Ltﬁ%ftﬁﬁ‘éréént %Me@%%@&?@aH&HQG and

Lerur snoot met hods _f or
commﬁgmﬂ;yesm@rse%pbpaniwualoatmumcTgﬁﬁgf'h’#&?ﬁ #iglude but are not
imk&ftol €eval , Proceedings of the 24th annual

i nt er nati onal ACM S| Gl R conf erence on Res

h
(a) Jitleen-Epnient whigh seares Hex foierite et M&Poﬂcumeataebégéqw af? 5 abilty to

findthd SRnShHIAF eqdVAdhcesCostdbélintige S8k esHdl AniInTkRentbhtnal the two
score for each ali-gnment candi date is conputed based

dogynentshor mal i zati on nodel where all the attribute
b)smglﬁétucaﬁ@péamtmm wHidHDis alefifiddoatea pizoe of infsmatiormngritesacin the

attribut ndependent, for sinplicity, the
sara?yv'ay&ndgf }aé"g 8 normalized to make it |ess

(c) Shfigdrities/ iy Mﬁndllhguaih':eﬂh Distritudibo evhiobtisi measurby baseshon frequency
ut e cor e. I ted b d

d'sﬁ'ﬁ?gt'oc?o%rﬁ 8” Ff'ﬂ%ﬁas e&? &?r%s ?Lag’s'kﬂﬁ gﬁgdet exfl zef r gnm

(d) Dhe momber afridigied Biingyah Tédrisgretwaen twpdgctenem Bi I i ngual

o 55, B RGO B s sl g

stuby | df ngroedthidg onetbods yorblangeagey medelsi arplied dp ni\dh d*%m@fa@ﬂon

retﬁ’ébalﬁ OpBE&Yi O(fn&e tHeanthg?ﬁl‘uﬁp int8MaeHaN AEN eSI@'IfQOéb‘ﬁerence on

ocat es two nmutual translations in an al
Resesieh and developmest ipiinfaimation retrigvah Leuisiapa| Yniteg Sﬁ%eﬁr@%ﬁl
transl ati ons. The techni ques and al gorithns for
extracting bilingual termnol ogies given two aligned
Capdidate Selectiont |inited to those di scussed above.
Further, the bilingual term nologies found in this
process are use exa iment to

he B0l rseBodoiCeet GHAP ol GadPRE NG EIPARE oooed on 2

nor?ﬂléllgétlmﬁhod&d&ﬂe&e a0 Ghe bittutd boeby aie s@hbfinathintd aamique score.
opt.i mum

AsgiRing eeaﬁl?e Ep?lfqﬁg'ﬁafn%?@?rfﬂgﬂgl fé’ger ﬂg %f‘ﬂﬁ?b&%oﬁcoms are

nofnhdliged € Makaritlegs satsitvet foethe absolute \(alue returned by each attribute

score. Candidates are then selected based on the computed final score.

Using the aligned texts from Document and Paragraph Alignment Module 404,
Bilingual Term Extraction Module 208 (Figure 2) discovers new bilingual terminologies
not found in the bootstrapped bilingual dictionary by using machine learning methods on
co-occurrence information, assuming the frequent collocates of two mutual translations
in an aligned text with same similar content are likely to be mutual translations. The
techniques and algorithms for extracting bilingual terminologies given two aligned texts
are not limited to those discussed above. Further, the bilingual terminologies found in
this process are used in the example embodiment to augment the bootstrapped
dictionary used in the Content Alignment Module 206, iteratively itself until an optimum is.

found.
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extracted bilingual term nologies 110 fromthe
Bi I i ngual Term nol ogy Dat abase CGeneration nodul e 102

W@ 200pa8457@& nul ti |l i ngual term nol ogy dat abase 1RAT/SG2008/000220
dat abase connects the same termnol ogi es expressed in

~different |anguages through the termnol ogies of an

Interlingua or identified p2%¥ot |anguage. I n doing so,
it further inproves the quality of the extracted
bi i ngual term nol ogi es using the constraints given by
a third |l anguage. This bilingual term nology fusion
nmodul e 104 outputs the multilingual term nology

2. BiingpalsterminplegyfusippMadile t he equi val ent translation .
of a given term nology in all |anguages processed by

the_system In enbodi nents of the pre ent |nvent
in Ebﬁrﬁllmgpﬂl Temminglegy, Hysiom; M?q‘ﬂﬁ 104riEigure, o poﬂvalgamates the

eﬂ%&b&ﬁlﬁm@u&l@emﬁr’(mﬁé iMQUNomT ahei BlihQay Tatgiiniogyb astsbase

es 1 n

PR e R G T —

cohtidctd Zh&%aﬁ@&aﬁnﬂﬂgl@%@é%j tio diffehente larigaagesTitiough the

iR oo efiba os TORMRER, ey TarSyeaBodl Mau 1§ furner
|mﬂ'rbeed\4hbtqublmgﬂﬂde extreleted mdinyial dérenirddyiessesng the constraints given

o8 i, B, ) SR SR BB, ALpCHRbES, B e e

muttilingidl teroiralogy detabasﬂ $14athet pr@wdbsethemﬂueln@nt té@hsmtlph QfJa given

| h hi
ety Ty HLaRGleck PRSeEH i Hitem ST 00 oa- by most

of the current query translation nultilingual

| nf gf 'éﬁﬁob&% ngét & ﬁ\\éaﬁre %rﬁtl%tlorll NinCMhE&RHY the JahSus Bilingual

exanple e I'ment, such direct translation nodel
Tesyisplogy DatebasasatQc ther Bilingyaberminglegy  Fusigpdyieduie, 04 may reduce

th@‘?é%@é‘ndi&emdhfaﬁﬂcﬁﬁihni' FREPHRHIE BetweBR tRe tﬂlﬁ‘aﬁtf?rdﬂ |&fuRg¥s by

first "translated” 1nto the res ectlvenutlt e of

Ut'|'%%?£§eé§lab@7%\f'@9§d%§%'ﬁ%me RuLpRar &apﬂﬁg%\ﬂaﬁxﬂ“ﬁ “Euage to
mdliisiduBgeiRimifeiegyipsleadset s. I n the enbodi ments of the

present invention, multilingual information access is

achi eved t hrough t he corpus- based strategy in which
3. mﬂlﬁlldguagudéxmgmdmd ogies are firstextracted from

corpus, organized and integrated in a universal

mul tilingual term nology index object to be used for

al | Thamuitdiggual dtdekieg Moduleatlt useks thd mnljlingual teneirology database

11rée<fs|"€at§§%9ttﬁaﬁ%l%'uglgfeéﬁg\r pﬂg%‘%@én@w@@%ﬁ%i fetrieve multilingual
documents and can be implemented without using a direct translation model, such as
machine translation or bilingual dictionary, adopted by most of the current query
translation multilingual information retrieval systems. In contrast to the example
embodiment, such direct translation model systems are characterised by a clear
separation between the different languages, where the terminology ié first “translated”
into the respective multitude of languages before subsequent retrieval using multiple

monolingual documents sets.

In the embodiments of the present invention, multilingual information access is
achieved through the corpus-based strategy in which multilingual terminologies are first
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di fferent docunents associated with the index object.

Each docunent is also linked to the aligned docunents
w@emwenasedd by the Docunent and Paragraph Al i gnP@&H8G2008/000220

Modul e 404. Monol i ngual term nology index trees are

built for each | anguage and point to.the sane

mul tilingual index object. 3a&e Multilingual |ndexing

Modul e may al so include a word index for each | anguage

exttr&it%:@fr% Jogfusns ahigé Oﬁ@ |n@%fat@9'in h%hfé@%ﬂn’fuﬁmﬁqﬂél terminology

termno
lndaawm@qtaﬂo ke dised fonall ManganEn@tr@lvalReEaChemaiﬂ? gl fnslex gebject

. redpfédfts J‘uﬁqﬁ@t@ﬂhh&%@éxﬁﬂé@é& in &ﬂé&eﬁﬁlﬁﬁgdé@@s GH@ﬂ'ﬁéir llnks to the

eterm nes the er | angua ooks up the re| ey

diffegnnd IdpeHTRAtS Aranciatad with 1 'a&wmeqth'éa%wqumeﬁbﬁaﬂ'so linked to
thé Bﬁb%d Yk@hnts @@ﬁ’erﬂféﬁ%yt the DBubnehi awabrag%ﬁmnghnnemt Module

etrieve multili ocu q : 0
4°écM8h%lP9%a'dF’H§'P°A?ﬂYdF %tr%%?a?fﬁr@ %f?s& U%ﬁe ?wﬁé@ ottt the
saMiIniuitling@dl MdeRebjetteval Modul e 108. The Query Engine

502 tunes the query to produce a query termfor
optimumretrieval performance. It includes, but is not
[ nﬁhedmhlﬂlir@i'&lalmﬁdégn@mdodimgnm alsbcinclodie tzhevoad imglemaflor each
uery, text. rnatively..s I .
argiieged o o PR S, e s o PGy e 08 fngex

Docunent Retriever 504, the termmy returned to the

) i considered to be a new term
4'@@§H%P§Fgﬁgﬁﬁ? éﬁ@#\ | anguage via a boot strapped
dictionary or Term Tr ansl ation Model 508 . The query
I
CJﬁEﬂI\?ﬁt&,ﬁsyﬁg?%bQ@HHEa{% RGPS - mdlihg ua‘ Gery, arg)alyses |

uses the query tern1p uced

the queeryy dsterminegithee B languags: iaoks yp the ielevasicnaralipgual ingex tree
to S%I'netﬁgmllﬁw&uél h’%eﬁl lé%{e%t ahd o8l fRhatiIMgusiNRdeX" fo retrieve

I nvention usé the nultilingual |ndex object to

mttlnilegw%lng%lgeenéﬁ f Figyren e Shayet \K}é%rﬁctBS'é‘aPFerﬂ'igra’Fl P%ta" %@"P'e

enfbé8iment 6f the wdnﬁ@h@plemeval MddaR 108nol i ngual index tree
in the determ ned | anguage. |If the query termis found

in the nonolingual index tree, a nmultilingual index

obj geé Qlierpkﬂnginéeid)zatﬂdeslﬂ'fédqde@y ke prddave at query term for optimum
tilin

retjeal prisatiaace. IR Bybft Aoiaed e et it Sha JeafiEitatipR of the

onginar judrg testapitdrnativelyushadd thee hery Geren ywotbgifoundsid2thamelevant

man? r&gugﬁngg{( ér?e%%?l o%u%gﬁﬁgﬁlg\%?lb%w ﬂ'[é M%aﬁr@ﬁjmed to the

anguage ore
Que=npErgjoe 602 yncsmlde[edtth be Roruntern translated |nto another language via

a bootstrapped dictionary or Term Translation Model 508 . The query may be in keyword
or natural language.

Next, the Document Retriever 504 uses the query term produced by the query
engine 502 to obtain all the documents that correspond to the query. Embodiments of
the present invention use the muitilingual index object to bridge the language differences
between documents. First, the query term is looked up in the monolingual index tree in
the determined language. If the query term is found in the monolingual index tree, a
multilingual index object is obtained and used to retrieve the multilingual documents via
the multilingual index. As described earlier, if the query term is not found, the query term
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Retriever 504. Finally, the retrieved nmultilingua

docunents are sent to a Feedback and Ranki ng Modul e
wWGRBIMMsth defines the order anong the documeneGI/SG2008/000220

according to their degree of simlarity and rel evancy

to the user query based on sone ranking nodels. The

model s may be but are not |2%ited to supervi sed and

unsupervi sed nodel s utilizing various types of

may HedeRF RSy t'or{fgjé &%r‘@i’rﬁ{ 5% adedndl8sd, batdd /6 H'T_rm Tlganslatlon

eat ures, ures. The performance of
Madig| 598, intey aa|alt¢re@trvreémuae%rbeéﬂr§6 %&ut@ﬁﬂ%ﬁm'éaei‘HPéhLﬂgHO%"em
Retrfth&f st i ve and nul ti-pass process for the user to
refine the query. Miltilingual Content Presentation
System The semantics of the multilingual document sets

af t ?fnaﬂ)h %@l%frleﬁéd MUt UBESSIuR@niSare 8siititd b&‘féedﬂﬂaokmddlmnklng
102, 104 108 can be resentég in the. f

Mogiugy 56 whith definetdia GHer SPesitb aprancrds abdiiing o, felichires of
sinilafity Ll relédv Aty do Whes Usdr queryrisedhiontsome rahkibd) emodels UTiennodels

e Gt B Ul RerER B e Rt SRR B g {dfbus es
of evidendes dneudiny genterd| featatesspstsuatire rfeattmelsl anflgliery deatgres. The
peta hrhgqlflmg? gg Itl%:*il,J f%lgll Fr?%lafﬁéér{f‘e;\]/glar blggtﬂe Q}g\%nc&oﬁﬁ'&]&w AP Meractive

rng or

and preultapassiprocere fop thesuset totretne theduery. descr i bes t he
~relationships of the docunent sets in clusters of
ternms and docunents with rich user interface features

MUY Chitdnt PréléRtitio YerffN2Ngi Ng rel ated
rru'l"?q'ﬁ nguaﬁtn %ér mat ?‘orgs elg{%gures 6a shows a vi ew of
the presentation nodule in an exanple enbodi ment in

~the S’é&mgﬁ‘l%’of ﬂfé‘ﬂ?ulhlﬁig[]ﬂ cfoﬁuﬁéntrgétsrhﬁéﬂﬂ@ seried Bprbédiding as
panel 602 al lows the user to key in the erylﬂmtﬂaémofa

deggribeg ipoodde Wid 1;9I45 d06 Angeft %tcaﬂ pP§ RS tﬁ‘,’h'na

MUEHIRG G CORRIPEPRREMAIh Sfdtem ﬁﬂﬂ‘ohb@th‘é(ﬂsbr Witlla Vis0él répresentation
results. Wen_the user is al so

of theclospmept W?’}‘Faélmbﬁ’db‘?'\é% 'P’e %(5‘@”?9?0? g%t ing the

progress of the sear ch The user rray al so cancel the :

search at tinme e _can but t N 10. The

oo RErerieEL reseRar siefam BT do MeVdY g meghe) R egpigre taroe
coltsptiomee bf multitingual Gekds _thndsughhvmnﬂllzé‘tlohrmdqnmmgatloﬁ' lopseontent maps
geFmgrSayeldt ?)ric‘;lr_r B meogégrgﬁ‘lhé/ e&rbeo%ﬂs do@e?&ioﬁp%teegreééntgm module
describes the relationships of the document sets in clusters of terms and documents with
rich user interface features to provide the dynamically changing related multilingual

information.

Figures 6a shows a view of the presentation module in an example embodiment
in the text-mode, comprising three main panels.

The ihput panel 602 allows the user to key in the query in the query box 604 and
also to select options such as the search scope optidns 608, and the sort order of the
results. When the query is entered, the user is also presented with a progress baf 606
indicating the progress of the search. The user may also cancel the search at anytime
via the cancel button 610.
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search progresses. The results on display may be

generated dynam cally based on the sel ect options
WQe@WONsHsS@ i n t he i nput panel 602. For exanpl e, PCT/SG2008§/000220

the English scope is selected in 608, the docunent

result panel 612 will only display the search results

fromthe English docunent s¥t. The "aligned docunents"”

links e.g. 616 Iist docunents in other |anguages but

with simlar content as the retrieved docunent 613 as

identified fromthe alignnment by the Docunent an

Par Bhg detumgnt geswinrangbg élsplemaausé of1 gl th%dmug!ﬂnés £g- 613,
wmIH%T?Eﬁttﬁé? quéyt Tﬁésfée}esﬁﬂs‘la%‘ﬁr‘&?re@sﬂ/él?tloéﬁedaﬁﬂd E;SH%ted as the

result. terns are_assoc
seqrﬁeprosmse%Jﬁeewltsmék@'%n%b%%fﬁteﬁ @Mféam'ca"y based on the

selbdt FpAOR! ﬂr@ﬂﬁe&fn th@ ﬂﬁpﬂﬂ nél 667, IIﬁor ékdﬁhdlé‘rlf oréy m& ENglish scope is
related terns. ation

selpsied INGHOB, s Gaumeatres ARy W QDR GPIo i Sor B Asuts rom

theTErﬁgl"sI$|d6burﬁéﬂ\tt Qét LTisd "afighed G&&Jrﬁéiwfﬁhnas lei. gst616fllsaldocml’newts in
simlar terns

n r
oSt s ST i B b 08 G ol 65,38 e
from@rthe diigieizint byl tHel BoqyrephambiParagraph lignmoete Matialep(coraparg 404 in
th(se mai n panel s. The graphical panel 620 displays
overview of the different |anguage repositories.
g)p;:urrent s within each repository are organi zed into -
[ [ , c t b IS e
S| ngli %ri%tl x;tr Egn éﬁcgﬁ%vg & ﬁ%g‘?(fggltl tlg%g%%ﬁt fehfk ‘which are
assdmatadsmtrstherquarysn e mputdoxefiOd. Tidsgdersrs may @éluée translations of
the ﬁ%ﬁféﬁﬂtélﬂﬁar%m &Grelald (}éﬂn@ IT@t"m R@B{.&{lhs@m@ﬁmé Hows a list

['anguages are in simlar colours
of thaireletet termsi Qféhfbﬂuetrh terg 'UlﬁpérTetﬁfBJSé’@t'afF)éb'Fteﬁ"é?rﬁ g1% ﬂ@ws a list

ofélﬂhétsin'\ﬂ @Mébﬁhe%hé@té\‘rﬁuh'eﬁﬂ he repositories. The
terminto panel 622 panel shows a |list of the nost
representative ternms. on the selected repository or

Cl Ungﬁfes Bh oW ENieWBYthE rdseRtatiSremBalile i MPétantpld amnbodiment in
diisplay a list of the multi|ingual docunents

thea&,rgwaéﬁléatevwﬂet%w('@f‘%hfﬁe PR RAYESent i nfo panel
624. The docunent list is progreSS|ver | oaded and

Upgt e Sl o, g e PERLEAT A Bt e

~ regosigtizd. IDelcombstg ewithin (eh):h Depaditage ate stganRed\intwe diffptenb reiuster

objectssg sﬁggedtln%lfﬁe?eorﬁ %IZ% a“ng Rolors. Each cluster object contains documents

in a similar domain. Cluster objects representing clusters of similar content across the
different languages are displayed in similar colours, while the size of the cluster object
represents the relative cluster size within the repositories.

The term info panel 622 panel shows a list of the most représentative terms on
the selected rebository or cluster. The user may further select a particular term to display
a list of the multilingual documents associated with the term in the document info panel
624. The document list is progressively loaded and updated as the search is being
performed.

The interaction between the panels is explained in the legend below
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information to be displayed in the graphical pane
620. (2) Colored cluster bubble : Each bubble
W@ 200pa8450hds to a cluster of docunments w thin PEESG2008/000220
respective | anguage repostitories . Custer bubbles in
different repository circles share the sane col or
based on the host of bilingdhl cluster maps. (3) Teris
item Display the terns with descending rank values in
the selected cluster in (2). (4) Search keyword :
"Provide a field to enter the interested keyword to-
Legektrain the list results in the info panel 622. This

(17DYtaB8sd Bt DI ank to shapyia bpidhs té Ssedttife topé bethe
(5 oeeumetbs | Tes o Py s e85 Seoh o b pane
cunents item [
the selected termin (320.(6) Repository circle : Each
repository circle corr ds to one | gnguage. It
@&lRred st eEbRRIB oo orAFTREPEROTESORE 1 Pastern ! deguments
gh?fcl ust e(rjs of vari ouswithirmbides redpectiveunarguage nrepostitories .
ifferent domains (e.g.~education).. T O
t he nmouse cursor noves %'U%Fr Qchq?%?)s'Pgif,Fe}ea{'T?%c?% {tﬁ% CWM\P$Qhare
appear to display the fthatsange \color drased darhitte dbsts vk bilingual
If the nouse is clickeqj@ eg$%¢fluster, this tooltip
I : _

Wi ll remain on display unti e user clicks
()Tesmstitene. (8) J uster Diappy the tevns withyirsaendirg Fankswalues in

is clicked on a cl usterth?tsggctga%ggginl(bpes bet ween
mapped clusters and the feature vector tooltips of the

(4rBgapchikeywesder s wi | | apgpevide a field to enter the interested keyword to
constrain the list results in the info panel 622. This

may be left blank to show all the results of the
selected type in (2) under the scope selected in (1).

(5) Documents item: Display documents associated with the selected-
' term in (3). ,
(6) Repository circle: Each repository circle corresponds to one

language. It envelops the bubbles of different sizes
representing the clusters of various numbers of
documents in different domains (e.g. education).

(7) Tooltip : When the mouse cursor moves over a cluster, a
tooltip will appear to display the feature vector of
that cluster. If the mouse is clicked on the cluster,
this tooltip will remain on display until the user
clicks elsewhere.

(8) Cluster mapping info : When the mouse is clicked on a cluster, the linkage
lines between mapped clusters and the feature
vector tooltips of the mapped clusters will appear
and remain on display until the user clicks
elsewhere. |

(9) Display Document (View) : Double-click the selection allows the selected

documents to be viewed in a pop-up window.
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and remain on display until the user clicks el sewhere.

(9) Display Docunent (View) Double-click the selection
WQ@RMW0OWEH5SThe sel ect ed docunents to be viewed i NPEI/PGIH08/H00220

wi ndow. (10) Display Aligned Docunent (View) :

Doubl e-click the selection allows the aligned

docunments to be viewed in a3dop-up w ndow. An exanpl e

of this pop-up windowis shown in Figure 7. <TT> Term

(10l£)|?§;§ éhgﬂed D&Ldmérﬂ?erW) m tUo@B@LcﬂER fﬁ@%eféf:tldrm?lows the aligned

ermin based on the Miltilingual
Ter ni nol ogy Dat abase @thﬁé‘h@& \Eﬂ’&ﬂr@n? PEPyp window. An

list of aligned docuneniamplerd?aris PP VIhddWIR $HORMER Figure
i nvention seek to provide a new system and net hod for

mul tilingual informti dn access by deriving a
mul tilingual index fromsets of nonolingual corpus It

differs fromother syst in t It| .
<T2§53&H’éﬂ'f%"si?t5’"col | at ed Aj'gﬁ% E Sl!arﬁrléﬁoa{hg%ﬁ%ded term in (3)
di stinctive steps of trpzeed ahtherMaltithgualtTierrainalogy Dhiabase.

<Ak el oryment b e VT LA BPRERSRRT 1 | noual

i ndex object to retrieve the docunents. As the entire

i nd

SR 0 50 IS
forc onlitingLahtihfprrhatioe  acdess) oyl namummcmdmdlﬁlmb@aln@debdmn|a¢ts of
motngﬁrgugfjg&ﬂ'ﬁgg I?%Fffer ﬁhrﬁ AL Etdrile irP Hat HurliRge gjocuments are

ne trdansl ation systenm an
collated ae@ne@oddbwe@sema@@tlrpv%ﬂ@ns pﬁtrbmslatwgmd retrieval. This is

ac!q%fédcﬁpﬁﬁmmfmpt%rm a&ﬂﬁoﬂblﬁﬁ h§ uﬁﬁﬁiﬁgt Rl Eﬁ%%eQ% same

I ve system an |ngua

multinguatindes ebigetde sefrievgrhe Hoeumeie Aéﬁb? patieindex frrrinalqgips are

attBHed | ' *rérﬁgﬂ'%' BlpRs & tREBH s Ao, WA ﬁﬂéséﬁiuﬁi |lthe hdot@mehg Nsets,
simlarity in areas- of|nteres{9H|nthe

con%ﬂqgeratyéﬂadstaa@a'e likefiR@och g heig foHpd gy!?? %ﬂ?‘ﬁé s plyes the
ouﬁMdﬁ‘ Plobeflinkeing l’r‘?ﬁﬁcﬁﬁi@ﬂﬁaﬂﬁiaﬁbﬁ $ystepirand l&ﬁut@lysim:m coverage

prq élﬁi)ﬂggg;“ 3@8%/@/\/\58%5 tb maerﬁ%ﬁs%h ga%kﬂ,vgi& 3, effective

systemngnceathidd dorwimutilimguah ancm‘l‘qnun edcceyss tweintlB@an encipplied for

_ hap@fﬁtﬁgﬁu hlinrg];gﬁl é?%%?-a(ﬁ;ﬁ) ur¥ ggtasv}// ﬂ%l?aﬂg hta9e 'ﬁ%ﬂdéi'r%ﬁarftyﬁ'n areas-of-

- interest in the different language dataset.

The method and system of the example embodiment can be implemented on
a computer system 800, schematically shown in Figure 8. It may be implemented as
software, such as a computer program being executed within the computer system
800, and inétructing the computer system 800 to conduct the method of the example
embodiment.

The computer system 800 comprises a computer module 802, input modules
such as a keyboard 804 and mouse 806 and a plurality of output devices such as a
display 808, and printér 810.
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enbodi nent. The conputer system 800 conprises a
conput er nodul e 802, i nput nodul es such as a keyboard
w@oasd7irouse 806 and a plurality of output deeT/8@¥08/000220
such as a display 808, and printer 810. The conputer
nodul e 802 is connected to a conputer network 812 via
a suitable transceiver devid® 814, to enable access to
the Internet or other network systens such as

€.g.
Locﬂ‘ne@e élr trWQ&Ilﬂe (éﬂgl\ps chnng\.(,tQS t6" e?@omﬁbt@!?rﬁét\kw'\a‘}z via a

The conp he exanpl e I ncl udes a
suifablse éf§§§¢e"@[8de\a°@z§ﬁ dore RE’@B?S aggasdrlp emaNfe dotpragigory other

neffRAds (s YBERAY L6EPHre SR E0woR0 AL ARIE ATRS Wb SRIWAN).

al so 1 ncludes a nunber of Input/Qutput (1/0
interfaces, for exanple I/Ointerface 824 to the

di Smh@ko%%teraﬁ%dhreOsomtuﬁrthac&a&%et.ﬁcma& lkepheassbr 818, a

RaDGRInCARPSS MR CAND G458 3 HEe OBy oM 72 The

compatel Mciul BOR raldomstuded at hlempar sfompatOUlipat! (/@) interfaces, for

rel evant art c r m t I
exarTplB B 6igace i o heiye B, RIS Megrlacefisc hé keyboard
g8o4ncoded on a data storage nedlunlsuch as a CD-ROM or

flash menory carrier and read utilising a

correspondi ng data storage nediumdrive of a data

st- oﬂ'bgeodwmnemts&ﬁ(lhe ThepatepInmasile 862 yricalldrmonymynicate via an

: int?rg?nr?e%?%f 8¥ g? NE %th&pn g%th%'}?er&%rpglﬁﬁéo% tRd Pelevant

ermne orage o rogran1 ta ma
artacconpl i shed usi ng RAM 820. The net hod of the current
arrangenent can be inplenmented on a wirel ess device
900, schematically shown in Figure 9. It may be
i nplTbereapplication BODfaRR e, yRicRIN SPpied sonie asebpéé'ﬂ%ﬁpmputef

s QS:M”QO@%H&@@ oM Bhiskat &iBrae’ MeBRfn @ak¥h & 208D- RON/I or flash
Instructing the wirel ess device 900 to conduct

mqmrmamerr@%qamlg@gmaémreesgeod'ewaﬁ stocage 5\98@&96\‘6 of a

dafaég%h?};egtagwc%‘@lﬂonp%ﬁ 'Ebﬂlbaloﬁuﬁrbgmng 8% kéa@&dd%t#\tr@néb in its
out put. nodul e su as

eXGIHGN P P iPEOESRMNEl Bd Pgefg‘eafaﬁ%ﬁ&gg% PRI, SA fravbe

ac@ompllshed using RAM 820.

The method of the current arrangement can be implemented on a wireless
device 900, schematically shown in Figure 9. it may be implemented as software,
such as a computer program being executed within the wireless device 900, and
instructing the wireless device 900 to conduct the method.

The wireless device 900 comprises a processor module 902, an input module
such as a keypad 904 and an output module such as a display 906.

The processor module 902 is connected to a wireless network 908 via a
suitable transceiver device 910, to enable wireless communication and/or access to
e.g. the Internet or other network systems such as Local Area Network (LAN),

" Wireless Personal Area Network (WPAN) or Wide Area Network (WAN).
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sui tabl e transceiver device 910, to enable wrel ess

comruni cation and/ or access to e.g. the Internet or
W@eens4sza wor k systens such as Local Area Net we€kSG2008/000220

(LAN), Wreless Personal Area Network (WPAN) or Wde

Area Network (WAN). The processor. nodule 902 in the

exanpl e i ncl udes a processod4 912, a Random Access

Menory (RAM 914 and a Read Only Menory (ROM 916. The

pro I SO #AC I

“rﬁ%?ﬁ&cé&gP | r?tégr@afchg é*%ﬁﬁre%aua&ea Bfocessor 912, a

I npu t put exa

Randomr Aczses dlamery (RAMS Lhang 20Bead SR MROIH(RPMIIS. The

| pro%%g <fr°m551ﬁe kpyPRAsh HMudeEne nGRBBPBEMPEYOLtpLUN B/DY PERRes, for

e 902 typically conmuni cate via an interconn cted
examplegf® infada¢e 918 ﬁ%?(nﬁeﬁ'SRﬁm\ﬁRGt ane i @ péarsR 0 1o g Keypad
ookhe relevant art. The application programis typically
supplied to the user of the wirel ess device 900
encoded on a data storage nmedi um such as a flash

mMenThy oﬁﬁiﬁbg@nt@ fof ﬂ!li%‘fﬁfd,(:eéébgdﬁﬁddl@ boamfbfidfalyd:ouﬂhdmlea'te yia an
a correspon
mtarggpt&%;te_;ggus %2 agg r]en%ﬁ B?v&rbk [e poer?ogma%(qgeﬁ d|rs1tﬂ% &&vant

artcontrolled inits execut| on by the processor 912.

Internedi ate storage of program data may be
acconpl i shed using RAM 914. Figure 10 shows a
fl O\Mhbaanphdﬂm prdgrt riat typigatiyheupplietidg ther usgri efnthegwireless

tg'Obletrr]\ggé%i &1 '&tc?ﬁé nggggé ﬂ'ﬁe%?ﬂrﬁ'gu %é 'alflagﬁ Y&dmory module or

I ngua
memmqam/stgy a@eltra@rhg@wmr%cq&s@padlal mefmw éeafasygiter of a data

st&é#é AOHA 9b LT Fha %Fg%étGﬁzﬁc\%?téﬁ i@FSRLhRY ESntFNER R Itd ¥Recution

I'n a-pivot one or nore terns in
byath@pmeswrﬁguagaterme @tesgtonamwf Rfegrappfiatapnay beageomplished
us@grmm@mgy dat abases are conbined to forma.

['tilingual term nol ogy database, wherein the
mul tilingual term nology database associates terns in

Flgﬂlrlérﬂf Shdwd QM@?Q& 008 ﬂlbﬁréﬁh@%e'nﬁ’éﬁ@%@@@r élgﬁnﬂ‘@ muttilingual
W appreci ate erso e t he

copieat HemaRBE0y T HBtAHS SBRTFTHS nbb o atfoan dnnibiep piingual
terﬂ’ﬁﬁ’@ogpd&tbsaﬁs&&r%rgenlgmemtwmemseabh (imgual tehminslogy idatabase

t. depar.t.in h [ 0

ac0cies FRFBINY 574" B Bach 5P hese L e 5P i s&insy i M baner
Iamy’(hgdl Aestep H04, mum@foongualtterrbueologmdameels iare gbinbined to
form eS:;Pe(:tlﬁlngual terminology database, wherein the multilingual terminology

database associates terms in different languages via the pivot language terms.

It will be appreciated by a person skilled in the art that numerous variations

.and/or modifications may be made to the present invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.
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2. for Thesp‘edtqd\/eaSblclalmgdlaln

be illustrative and not restrictive. CLAIMS 1. A net hod
for aligning nmultilingual content and indexing
worgeopiib4sAgual docunents, the net hod conpri si ngP€T8G2008/000220
steps of: generating multiple bilingual term nol ogy
dat abases, wherein each bilingual term nol ogy database
associ ates respective terns33n a pivot |anguage with
- one or nore terns in another |anguage; and conbi ni ng
cLAmsul tiple bilingual term nology databases to forma
mul'tilingual term-.nol ogy database, wherein the
- multilingual terninology database associates terns in
~different |anguages via the pivot |anguage terns. 2.
The nmethod as clained in claiml1, further c qprisin%,
i ndéxm'r‘@h?fhef%uP{'QW'“%gﬁ‘ﬁl""'%&mﬁﬂ?@"k t'ﬂ‘gﬁ ing, Jputtilingual
do&iﬁéﬁt&ltﬁs%thwwng ﬁmelsmesi@@d to one or nore terns

in the pivot |ang imed in . ..
cl agpRerating wltl%gﬁgglﬂal d@mp%lpg\t]ég?%@s%lwhﬂpg each bilingual
terMildicyUddtab@icThsialcgss d3badthecemsipai mest lahduggength one or
f or reslgectt:qve bilin uaé pairs of one of the other:
mare lyms e 8NaRET PRAYAAS, 8P9| anguage, the content of
docosrabinihgathe eadtipleibilinggalaernpiaoliogy datababes teefolmod @msltilingual

B b Be B g VL RIS, B AL s

termfs in differgnt targsisges)vie duhpigét lahguage! tei'nh$ ngual docurrent S;
extracting respective nonolingual terns fromeach of
the pre-processed multilingual docunents; aligning,
I@%Ims 1of fusther oc;omm@urtg H exing the
5 .| t
G R AR e e et TGl AR 8 Indhed fo one or
marg termslie thst wrpﬁde@aua{gérm nol ogy dat abases based on
extracted respective terms fromthe aligned docunents

of each bilingual pair. 5, The rreth d as clai ne
3. ¢l aiThg methpd AS, clmmdefrhclg,m@ﬂ, A2 ’ %prquégﬁgeﬁtlog the multiple

‘ blllhguélﬁgﬁﬁholﬁgy G&tdb%séé"@oﬁﬁnédé%l@hh@ foraagpeaties biingualipairs of

co
one of the othgr Iagguages and {I]’\e plvotolfanguage the content of documents of
each bilingual pair.

4. The method és claimed in claim 3, wherein generating the multiple biljngual
terminology databases comprises the steps of:

pre-processing each of the multilingual documents;

extracting respective monolingual terms from each of the pre-processed
multilingual documents; | »

aligning, for respective bilingual pairs of one of the other languages and the
pivot language, the content of documents of each bilingual pair; and

generating the multiple bilingual terminology databases based on extracted
respective terms from the aligned documents of each bilingual pair.

5. The method as claimed in claims 3 or 4 , wherein aligning, for respective
bilingual pairs of one of the other languages and the pivot language, the content of
documents of each bilingual pair comprises the steps of:
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docunments of each bilingual pair conprises the steps

of :building up a relationship network conprising a
Whaep/156570mi | i ngual cl uster nmaps; and m ni ng doRCIFEE2088/000220

with simlar content across respective pairs of napped

cluster maps. 6. The -nethod as clainmed in claimb5,

wherein the mning of the ddunments with sinilar _

content across respective pai rs of napped cluster maps

CONRY,:

oi QR P TR AL, Rl SR RS BT liRg e chster maps:
ands Di screte Fourl er Transformto conpare frequency

di Shﬁrﬁlpé‘tdo@%eﬁtfs WiNE snfiftP &ohter® defdskSrespectilBepdiR! BPfapped

as claimed in clainms 5 or 6, further conprising, for
clustet mapScument of a set of documents with sinilar

content, |inking said each docunent to the other

docurrentsmthe errethdas cl ai
6. one TEE AigiRoDas GIaV"e‘{/\HéS%Wg IHREERD '@e FH'@"%HIF U};ﬁ"¥s with
sintiRe @Bﬁt@hﬁaérdﬁ Repedtivgpairs esmappedidustep hmpalctotnprleés assuming
ex trees.in,r ect.i v anqua
a R, oL SRAERERT 19 o ol RS Lo iR R PG B suen
as mﬁétﬁeteelF dWFier MranstarnT eseamphra dreqoendy chlgtnlbbtlormde&theweepectlve
and wherein’each termin the respective nonolingual

PaIiFidex trees identifies a nultili ngual index tree
obj ect identifying the associated terns in the

7. A ThEL er?t'éthoangél arﬁ’%ﬁ‘ne\ﬁ' F‘t }:Fﬁn?'é’ A & 2Rgan ecogﬁ{rgﬁrg, Yor Rach

‘system I'ngual” content and I ndexi ng
domuhemﬂ dfragset|of doelu.memtsywtht similaryeaniant VNG sAichgachy document to

th@bthb P md e Fﬁ‘ttHQEQQy dat abase generator for

generating nu I'e bilingual termnology databases,
wherei n each bilingual term nol ogy database associ ates

8. " eSHRE! ¥holiCid RIdiMed iR aMt ohAREHAIE b t7h &Rl indekieg the
ternms in another |anguage; and a bili ngual t er mi nol ogy

mylilisoual dasHestst THRheIRORMISES the mul tiple bili ngual
ter %iﬁ@'@&Mra‘ﬂ@tcﬁbﬁ&ﬁb‘ﬁnél@alfrﬂf&thﬁm taspeb@ualbnguages such that
term nol ogP/ dat abas erei n the
each multilingu document |s "indexed to one or more terms in a corresponding
monolingual index tree, and wherein each term in the respective monolingual index
trees identifies a multilingual index tree object identifying the associated terms in the

different languages via the pivot language terms.

9. A system for aligning multilingual content and indexing multilingual
documents, the system comprising: '

a bilingual terminology database generator for generating muitiple bilingual
terminology databases, wherein each bilingual terminology database associates -

" respective terms in a pivot language with one or more terms in another language;

and

a bilingual terminology fusion module for combining the multiple bilingual
terminology databases to form a muitilingual terminology database, wherein the
multilingual terminology database associates terms in different languages via the

pivot language terms;
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mul tilingual term nol ogy dat abase associates terns in

di fferent | anguages via the pivot |anguage terns; 10.
wabmogysvem as claimed in claim9, further conpeT/SGTIgs/e00220

mul tilingual indexing nodule for indexing the

mul tilingual documents such that each multilingua

docunent is .indexed to one 3f nore terns in the pivot

| anguage. 11. The systemas clainmed in claims 9 or 10,
1o""he‘?ﬁé > 0408 Y iRah clafth 8] mhegaorﬁaﬁswse gener at or

content a nment e for aligning, for

r espcmwltmngual lnriﬁgnmmtme fordndexing the mn@"wgﬁowments such
théé%aﬁ’\%ﬁlhmlté&ume\ﬁ@tls iRUKe8IR ohdorCRBFE RS in the pivot

ocunent s each bilingual pair. 12. The system as
languagered in claim 11, wherein the bilingual terninology

dat abase generator conprises: a pre-processor for

pre-processi ng each of the nmul tjlingual docunments
115ondhe FYEtEM e FiAMed Y §lams Pa&ft@n Wire,toe 5@?9?@] terminology
dafaBase Chenpatdp N@nmpidesl at eonenf raigneaah éduldiefor aligning, for

: re%gp@%@ﬁqesqiga{rgk I rlpé g]gfﬁ&rﬁtﬁgrclgg@?atq%%?ﬂggﬁg \%vo{ language, thc-?

colteht sfgivalimpaisiaf eath biiagadl palre ot her | anguages and t he
pi vot | anguage, the content of docunents of each
bilingual pair; and a bilingual term nol ogy extractor -
for generating the nultiple bilingual term nology
dat S S tra S e
| SHECSRE o BBl LR, RO Bt b 4o ] 38 R6iogy
data}oasegerwatdraonmdseﬂ ainms 11 or 12 wher ein the content
al i ! ' |t | Jé?&c%ifrw‘fet
s it i G TR R
docanmanglinguah termindlegy exiacen fcmw@ﬂrr\gsgﬁcht% mapoliggual
terﬂ‘[s fF@'H@S& V\tn & [pfé- pFBi‘:@§sed1—|41u|tlT atystanems; cl ai med in

aim1 erein the m ning t he docurrents W t

S Pl GantEn Al GRTeBNBRYS eisaBeiGy T saFReSiYE b liBgH pairs of one

of méJ SERF |1ARPBgED BRA itHE pivas iguBEe, &he dhter®lof Hbewhesiot®ach

be a signal and utilising signal processing

'b"'PQE‘HrHaHu% suchas Discrete Fourier Transformto-

CONpabRingL&I] YeRtiNolegpt &tthadtdrofisr @enéfating etheechultisle  bilingual
terminology databases based on extracted respective terms from the aligned

documents of each bilingual pair.

13. The system as claimed claims 11 or 12, wherein the content alignment

" module builds up a relationship network comprising a host of bilingual cluster maps;

and mines documents with similar content across respective pairs of mapped cluster

maps.

14.  The system as claimed in claim 13, wherein the mining of the documents with
similar content across respective pairs of mapped cluster maps comprises asspming

a chain of frequencies to be a signal and utiliéing signal processing techniques such



10

15

20

25

30

pairs. 15. The systemas clained in clains 13 or 14,
wherein, for each docunent of a set of docunments wth

W@ RMWPNIaS7cont ent, the content alignment nodul ePETBG2068/000220
| i nks said each docunent to the other docunents in the

. set. 16. The systemas clainmed in any one of clainms 10
to 15, wherein the nultilindal indexing nodule uses a
plurality of nonolingual index trees in respective

as IEGERIESUrRY §arisiRn ﬁaé‘tﬂnﬁﬁt‘étﬁéqhgﬂéyablsﬁi‘%ﬂw& he respective
i ndexed to one or nore terns in a correspondi ng

paigpnol i ngual index tree, and wherein each termin the
respective nDnoIinguaI index trees identifies a
mul tilingu i ndex tree object identif th

15555 bP SYEAM & HENISS IAAIE Fopeit. WaRIGladeeaph acHment of a

sep?i‘/ Gbcdnﬁ’é}ﬂé'a\ﬂlﬁ ;ﬂﬁ‘lﬂﬁiﬁcor&?nt &§Qméhﬁéllgmﬁéiﬁbh@dlﬂ@gmher links

or age nedi um having store reon conputer code
Saiae8 HoBma e SR Hoq T it e SRt Bl | ndox, g

nultlllngual docunents, the nethod conprising t he

103 i e ARSHB T b b T2 SRR Hanona

mc&&mgohedws us&pepmrahtys of monelirigmaainpev tees anggsagcilvw Iamguages

<ol o, B84, el PoFRAY T, FRABHRE, oBTW g, e i
corrai;pqridlnggmholir@uai mleugtyeedaarmbwerelwe@pbutnrm he the respectlve
#1 ddi q%@atrégg Hhahad% ﬂ\%&mh@&ﬁ ﬁé @r‘e@t&ﬁeéteﬁgﬁtlﬂ#ﬂg the

ren nguages Vvia t uage termns
ass@:latﬁd seyrmsemrfaﬂl geetslenwagysm,a thlelnlwg guesﬂwms for
searching, the system conprising: a display; a.
dat abase of indexed nultilingual documents, wherein
17eac A samputerireasiahle datrcsinaae mesiym Bavraistod dhrreen computer code

méa‘ﬁ%%r 'af’gzrﬂ'\goﬁ'ﬁ{mthnb@é]%@ﬂ&ta% fRinghAulthifg il ddtuments, the
ferent languages are associated via the pivot

meﬁﬁ?@&%@@”%‘%&ﬁ‘@“‘%&ﬁ‘e‘? ein the display is divided into
di fbéh@r@hn@ﬂﬁllti&élfﬁnlmgaé]fteﬁﬁﬁblog? datjaeesNivhagirdieach bilingual
luralit clusters of dexed rrultlllngaual
te a‘Bla?Jﬁ%)hf]é Bﬁsc-bﬁ%socnates respectlve erms in a pivot language with one or
more terms in another language,
combining the multiple bilingual terminology databases to form a multilingual
terminology databése, wherein the muitilingual terminology database associates

terms in different languages via the pivot language terms; and

18. A system for presenting multilingual content for searching, the system
comprising:

a display;

a database of indexed multilingual documents, wherein each multilingual
document is indexed to one or more terms in a pivot language and such that terms
in different languages are associated via the pivot language terms;

wherein the display is divided into different sections, each section
representing a plurality of clusters of the indexed multilingual documents in one

language;
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| anguage; wherei n respective clusters in each section

are linked to one or nore clusters in another section
wWaL@oss7or nore of the pivot |anguage terns; BEESG2008/000220

visual markers for visually identifying the |inked

clusters in the different sections. 19. The system as

claimed in claim 18, wherei®the visual markers

conprise a same display color of the linked clusters.

20. wﬂg%lﬁre%:gg Vel s TR gaéﬂ"sé‘éﬂ@h e ﬂfﬁ(e@rto ble oMifdr€iclusters

the visua er conprises displayed pointers between
in anather seictieon wlalme@rgnqrﬁ of terival danayage esi 87 of one of

t hevﬁbé’lshﬁrrl?ers Zbr VAN YEERIRIRD td AhREY dudtérBYinothe @ifferent

clains 18 to 20, further conprising text panels
Se@F@ﬁlayed on the display for displaying terns

associated with a sel ect ed cluster. 22. The system as

claipmed in claim?2 1, furt rises_anoth t ext

19panghefs@5§ ef gﬂcg/pﬁé in clajra qgo gmsg)m.mﬁ kY ers comprise a
samel dspl@bcalbustites linked dustesect ed one of the di spl ayed

terns. 23. The systemas clained in claim?22, wherein

sai d another text panel for displaying links to
20docElhensystefmra&e:tairdédphagiaims‘ 08 eradh, ddevzienthei vistidiemarker

sel.ec . .
cowgng?sn? ?%I%y%iéﬁmte bét@&e@é?rﬁ% |rl gﬁcg%g%% S|r§ ?e%BU'lsc‘e t(J ééﬂéﬂﬁnon of
one of the clusters.

21.  The system as claimed in any one of claims 18 to 20, further comprising text

_ panels displayed on the display for displaying terms associated with a selected

cluster.

22. The system as claimed in claim 21, further comprises another text panel for
displaying links to documents in the selected cluster for a selected one of the
displayed terms. -

23. The system as claimed in claim 22, wherein said another text panel for
displaying links to documents further displays, for each document in the selected
cluster or returned as search results, links to similar documents in other languages.



