1 1 APR 2005 WD 02/ 31697 PCT/ SG0/ 00172 A METHOD OF VI SUALI ZI NG cﬁu&ﬂgﬁgzgg
LARCE COL | OF TEXT DOCUMENTS Field of the invention This invention
relates to a nethod of visualizing clusters of |[|arge col | etl/samw/moof72t ext
docunents and refers particularly, though not exclusively, to a map facility
for the user to not only browse a text collection in an intuitive and

meani ngf ul manner but also to navigate and di scover useful trends fromthe
docunent col |l ection. Background to invention Text mning is the next wave of
research after data mning. It is supported by a nunber of technol ogi es such

as categorization,AM } BYdq i el SUAl ion, text
under st gnd: rz19, | i nfor ﬂﬂggL%%fégg& U @;%ﬁﬁ&fﬁ&t aa'_rsgal I

of existing techniques to Visua
traditional, and rather prelimnary. They are facing usability problens due
to the usability to neaningfully handle and display |arge nunber of clusters.
US Patent 5581797 discloses an interactive method and apparatus for

di spl ayi ng Faeld of the inventioncs, and characteristics of a | arge software
systens, i.e. of re._than one mllion |ines of code. This nmethod and
apparatus di spl ays'F ipSFREAR Lelates (ioe aamacthadaof stisuslizing cimsiees wher e t he

entire softughe g b vi,sual i zed as ,an entity. The visualization
techni que is fo ?%%%@@e%?rbfsferﬁtl ﬁ?‘*‘%‘&aﬁ@i _ngneefers meaticoderlyn thiomghar

geonetri ¢ shepeskdhayively,ato aURSE I | .reference frames, such as
substantial |y const arjt@ row hel hlt'r[}%ls(l,:1 lé%w?gﬁg’[%l ‘\7136]%?E egogpn[l)qgr% @ si ons can
be under st okt golleqtii HE WO 02AEL6872RETARARAMGAN" Zranner but also to

navigate and discover useful trends from the document collection.

nunber

Background to invention

Text mining is the next wave of research after data mining. It is
supported by a number of technologies such as categorization,
clustering, summarization, visualization, text understanding,
information e:I{traction, and so forth. There are a small number of
existing techniques to visualize clusters of documents. Most are
traditional, and rather preliminary. They are facing usability
problems due to the usability to meaningfully handle and display
large number of clusters.

US Patent 5581797 discloses an interactive method and
apparatus for displaying structure, statistics, and characteristics of a
large software systems, i.e. of more than one million lines of code.
This method and apparatus displays important structure and
statistics in a manner where the entire software system can be
visualized as an entity. The visualization technique is to represent
similar subdivisions of the code in similar geometric shapes having a
substantially equal reference frames, such as substantially constant

row heights, so relative sizes of the subdivisions can be understood.



2 In addition to the sizes, different shading and col ouring rmd&sl AR 2%
used to display changes, software errors and software corrections.

Furt her ,wDfozdatva of the various rel eases of a |large software system are
avai |l abl e, the evolution of the systemthrough its rel eadéd’SCANHa2
animated to provide a greater understanding of the history of the |arge
software system This is used in the area of visualising the status of
large software systens. The present ignvention is directed at text mning.
Furthernoye, the nunmber of rows displayed is at |east three, and each row

has about %t HelditiRm Freithht sized,t diiffdrenpretaeting! aMaNkd 100 it e, Juuber of T ows
and the row heights vary depending

wll be limte 0.a nageabl e nunber,

on the ar%% Lbsc,eglu{ﬁ gbel:g;ytqg?ltﬂe@sﬁ@f@afﬁmromtamﬁsu&a@rb%cﬁ‘?&ﬂﬁ&&@_ the

i nterfacemy, u ifferent. Al so, the docunent discloses the use of
di f f erent sﬁtaﬂdél} hgf éﬁé&’ O?&FSS?W%H@?&%S $plangecsnitigese systamatre errors
and sof t waralaisler Heet P8R ticN& P ivention proposes to use neani ngful
synbol s attached to each area tfo{ﬁ%g%l% gﬁﬁ% iR Ifqi%a%ﬁﬁdéﬁpybﬁg t ext
col | ecti ominGatesute previdses drenta&ehprddrefa9find Yt &S hi ' Lnto
sub-clusters, as well as personalization. Fi nlal Y, ?ﬁ%hlég‘%@l} ?lpégf’i on of
the pri or35gE SaltNaTssusteRe use of hi stograns to represent information

within each r ngl e. The. present invention makes use of neani ngful
synbol s. US Pa ef%t 9%49@#8”{) Fnafed ol gisialisag the- stather ofwhirgh is the

use of a BPtLEvHases i met.hod i operates in tine
proportional to the nunb’lj}?&%?@ oeunen st&ghlsadfrgr%%&]a%gﬁ?‘b%m%e
Scat t er - Gat herFumghieothdreg lthd estuniiepar iragfsaaigﬂia%alis 9f qﬁéé ng, ofe the
corpus using, for exgqrrpl e, an off-line conputational net oc]t; deéter ni ni ng a
sunmary 674 RRCPHOM hascrlrat tae samabeightpUFitH the ipreesaciiwainsd | i ty; and

providi ngng AW fdaer oL 8L LA OF it e, $9r Ry ?nalnégeAbeiezr?gmber, and the
row heights vary depending on the area occupied by the clusters. The
method used to generate the interface is thus very different.

Also, the document discloses the use of different shading and
coloring modes to display changes, software errors and software
corrections. The present invention proposes to use meaningful
symbols attached to each area to indicate changes in the underlying
text collection. Colours are used for selection of clusters, zooming
into sub-clusters, as well as personalization. Finally, the
specification of the prior art discloses the use of histograms to
represent information within each rectangle. The present invention
makes use of meaningful symbols.

US Patent 5442778 is in relation to Scatter-Gather, which is
the use of a computer based document browsing method which
operates in time proportional to the number of documents in & target
corpus. The Scatter-Gather method includes: preparing an initial
ordering of the corpus using, for example, an off-line computational
method; determining a summary of the initial ordering of the corpus

for interactive utility; and providing a further ordering of the corpus



WD 02/ 31697 PCT/ SG00/00172 3  usi ng, for exanple, an on-line 1 1 APR 2009
non-deterg@nistic nethod. The step of an off-line preparation of an
initial or P?”ﬂﬁ%f corpus is non-tinme- dependent, thus an g 5@&? initial
al o epe .Pé’flg 0172
ordering is prepared. The step of determning a summary includes
determning a summary of presentation to a user without scrolling on a
CRT. The step of providing a further ordering includes truncated group
average agglonmerate clustering, merging disjointed docunent sets, center

finding, assdigp- trer nd other refinenent nmethods. |nplenentations of
the above that %ppegrﬁaﬁﬁﬁ%ugﬁ Wiyh fosnggterministio gretindcrTiae & té of

.correspond & offriilec BatidiOWBVE! Wit h the .present invention the
graphi cal djsplay i sbb%?f ferent, %1 n‘é‘fg‘%ﬂogﬁgxgﬁgro- SOYIRR% a8 e ctitmye-

O oot oo™ ceonabe, mcblordeih | b S oL IS o O oS
: \

cluster. Tg% di scl.osure of the specification o
a cluster CHIFHPHEGENNR cFUBmaAsTer Mtadddes rdteesentnsi g | @il

Q
semantics et Hepnents of code with respect to both the p siggl
construct i gn of the co eaar}ﬁsetrh@’lﬁﬁ%‘éﬁ%rﬁglme@m ROGRT patfcorsreg by the

code. The peoeidaheda NgEhace en e or nore_ code segnents. Code
segnents to be anal yzed are r%ltr:(ge?-\ﬁ/rg% %&é‘%fééoﬁﬁﬁ{l&ﬁt%@sgmpsmmgd cal
i nternal iagglomeeradn chusbeti; tﬁﬂgr%{@éndﬁz& d ment. An external
metric i soﬁeaer ated which i s@gased on th %&%@a@?lzﬁgﬁr&t 5§19, c genter

i nf or mat i oN- ARG YENgenanryitand other eafifenic@ g Xt ernal metric

whi ch represent vmlarift. rel ati gnshi p between the inputed code segnments
based on the eXx ?)g%&’gat%ﬁlélfl§§?itgﬁla]?% #ppeariin pudiicatiorpirswuse of a

m xture of lisébex antkrfs&@eso LA he cluster interface, and is used in
a different context fromthe prsg’gég%/tc% ﬁ%%ﬁt#‘&ﬁ?er’rhe Tree- Map techni que, a

space-filling aPfpweach, with apel beesé®t invention the graphical display is
different, and each cluster is represented by keywords and/or a
summary, consisting of a list of summary points, of each cluster.

The disclosure of the specification of US Patent 5574837
reveals a cluster interface which is generated to represent similarities
of semantics between segments of code with respect to both the
physical construction of the code and the underlying operations
performed by the code. The generated interface represents one or
more code segments. Code segments to be analyzed are received by a
computer system. Statistical internal information is extracted from
each code segment. An external metric is generated which is based
on the extracted statistical information. An interface display is
created from the external metric which represents similérity
relationship between the imputed code segments based on the
extracted statistical information. As such, it makes use of a mixture
of bars and trees to display the cluster interface, and is used in a
different context from the present invention.

The Tree-Map technique, a space-filling approach, is applied to

hierarchical databases. It is useful for displaying large hierarchical



hi erarchical databases. It is useful for displaying |arge hierafchiffR 28in
APR 2005 WD 02/31697 PCT/ SG00/ 00172 4 structures in a limted space. The
deri vat i o @f31493e visual interface is fromtree diagranms to Venn diagrans,
to a nested/un-nested tree map. Wth the present inventif&/SGipaR72

di agrans/venn di agrans are not used as wth themclusters of docunents are
not necessarily hierarchical. Wth the prior art the organization of the
rectangl es corresponds to the hierarchy of the tree, whereas with the
present invention clusters with repeated keywords are preferably together. .

The KohoneHractsetes-ior gdimitidgsiaes THOWprivatianoshare kol inpagss (4! 1 ng
met hod of .represent,i ngg clusters of text docunents. The regions of the two
di mensi on&° ﬁre\;afi}a TR5 70 Yedrs ipgramsortdi agnestediom-he ey '
docunent s | sl rrespondi.ng thene, occur within the collection.
Regi ons a?gé char act{e}?‘? %é.%g?ﬁgégﬁﬁ?#éoamtﬁ%e dirgrsaraseanniagiatisaara| ust er s
are pl acethoddihi8€d s 1itBa¢he R ved over a docunent region
causes th}e]b;tﬁj t ﬁsg:ragf t he dgcu%%?tse%sm@tjaégpo G ALS FPLIEHETHFLALE he

regi on t ohbwrarphiddli gWith theopient=st R BeoASSAGLAL e than one
region. O her SOM based. i ngl_ enent ations i ng%ude cmp,ggé%a%&géafﬁni cal

Tabl e of EBHCERPRASTH thies hirranchyeofothd lires, t whienéagiavits fHeaprédgie i S No

systenati . oceeding thro the clusters. Reading the Ilabels in
each ot he%iﬂl ci u':sl(?ljérC P‘ﬁ%teaﬁiW%ﬂﬁgﬁﬁag%rg?Wﬁéfiﬁi%ﬁlm‘?fﬁi’@@é}mggetheer whel i ng,
or cluttered TAENKbRBHOHTD Be10rEhBhEE Mbis! Qi) gsmggggg%gg hoyvery

| arge collections. This is becauseé every c

size of t#RagLYjugsmdtesd il ropresentiabllubeiees e fxd A6l ghge of the
cluster, whi.ch cr?g.n be m s]eading to users. Context is also not maintained

when a usEE988 MK Pkt 5ve Siglegbimiay vary bt siteeadidsgiaye according
to how frequently documents assigned to a corresponding theme

occur within the collection. Regions are characterized by single words
or phrases and similar clusters are placed adjacent to each other. A
cursor moved over a document region causes the titles of tﬁe
documents most strongly associated with the region to be
highlighted. Documents can be associated with more than one
region. Other SOM-based implementations include cMap, ETMap,
Graphical Table of Contents.

The disadvailtage of this technique is that there is no
systematic way of proceeding through the clusters. Reading the b
labels in each other cluster is quite haphazard. The display becomes
overwhelming, or cluttered, Whgn the number of clusters is large,
particularly with very large collections. This is because every cluster
is displayed. Also, the size of the polygons does not accurately
represent the actual size of the cluster, which can be misleading to
users. Context is also not maintained when a user zooms info a more
detail view of the display.

With the present invention, clusters may be represented in a

systematic manner such, for example, left-to-right, top-to-bottom, to



Wth the present invention, clusters nmay be represented in a s¥s{ekiR izfl>
top-to-bottom to 1 1 APR Z005 WO

manner sug@_ ;éwxarrpl e, left-to-right,

02/ 31697 ;] 00172 5 facilitate readi ng and sear chi ngCT/E@&z@t ed
keywords are preferably grouped together to reduce the users ne 2k
wor kl oad. It provides a way of limting the nunber of clusters displayed

to reduce clutter due to many small clusters. The size of each cluster is
represented accurately within the displ®y. Context is maintai ned when nore

detai |l of afadilisder résd Ay enes e i s _another nethod to display
cluster information oni(ihétgt rra;?—e%?eﬁgc Miiger FeReatedt kagwerds geegpaghiga)

_map- | i ke i nBEYpe@ togetitirsy) B GEAISHET tal eaks denote clusfers of
interest but there is no accurately de ﬁrxg{%ﬁﬁﬂﬁg’@f%ﬁ- Bauovidester .

Thenescape RP¥oChiiBiEng Hbeusember merSh@deH?&ghaﬁﬂﬁftonﬁéiu% u(gtrég _
0 ere is

keyword perggluster, Thi S%f'aﬁ t he sane problem ds one
no systemati ¢ way BHG5TAYH il ustesse Teakizecblisheh)cltgtdhg rg‘&éits'e Repeat ed
ec

keywor ds cagtchga@elht rt,.on, the display. The displa
over whel mi ng, or ?P’Lt tlfé%%%%nﬁs?w-nﬁ:ﬁ’ﬁé%toﬂs wiadistainsdi syHA! GQor

parti cul ar Idetadltdf a ehystearigenali&eti ons, as every cluster is di sp?ayed.
In addition, the boundaries for each cluster are not accurately defined

. . : . , KRtk g
e o B Eh ko s ke
Phéweer ds chyo antboviratld! | G¥ninklT OBSHLAQN, It 1S inplenented for
gfgc(lzf dg?;’r e%{e?s%%gehglsgr:lifu?; the user t dafy e Chter
o vary the display of more than one
keyword per cluster. This has the same problem as Kohonen’s SOM.
There is no systematic way of going from one peak (cluster) to the
next. Repeated keywords can be quite far apart on the display. The
display becomes overwhelming, or cluttered, when the number of
clusters is large, particularly with very large collections, as every
cluster is displayed. In addition, the boundaries for each Cl{,lStEI‘ are
not accurately defined which means that the size of each cluster is
not obvious. Context is also not kept when a user zooms into a more
detailed view of the display.
SmartMoney Map is a two-dimensional visualization algorithm
for presenting detailed information on hundreds of items while
emphasizing overall patterns in data, It is a modification of the Tree-
Map display and makes use of both hierarchy and similarity
linformation. It is implemented for stock data whereas the present
invention is for document collections; and makes use of rectangle of

varylng sizes to group together similar stocks whereas with the

present invention clusters are organized with similar keywords by

rows/columns.



invention is for document collections; and nakes use of rectand] ¢ ¢PR 2005
varying sizes to group together simlar stocks whereas wth the present

i nvent i onwel aaghi@rs are organized with simlar keywords by rows/colums. |
1 APR 2000 WD 02/ 31697 PCT/ SG00/ 00172 6 Wcal 5, 918,236 F4ds&ioies:a
display in the formof a tree representation. That is, fromthe initial

| ist of categories at the top |level, the user can decide to show t he next

| evel of detail until the Ilevel of thegindividual docunment is reached. It
is only at this_|level that it shows a summary of the docunent. Unlike the
present invent Woigalig, |931&BB%desd&'bé@@U@@pp@/iiﬁeghgr%ﬂ)ljlrtg— %Ia egori es
rather th rundefiged/ supervi sed grouping clusters. Croso 9/ 67727
describes tHE AFEHFEIN; 1 tatelS drparothe initialelist mf cxetaboticaraOrhEi gyl ar
format. Itjdvara eqgor.i.es, a cj.usters. Conrad 6,028,605 describes
a system t%égﬁl’eil?fgzﬁ (?re saaede StPogg%’leQ%e sexgoeupknf sletaleuntd uHes can be
grouped i nleyBE of ah® Bidividy i he display is mainly in_the form of
lists. Jorna 6,029, 172 desc@?gggﬁgqer%t%ogéeocﬁqeﬁ%ovéilﬁgo%iy Rf dha davelal | y

cl assi fi edthit abesleowy ansenantaryeby @iesRiiMAERR ﬁﬁiﬁga%%pgﬁ% on of the

classification ,schene of the database as category nanes egory
nanes. |t GEPEYs Edp fPé\Féf?-d@fm@bkﬂum’vi%cbggg@piﬂgoaa%goﬁgsrpé@fggd by its
sub- cat egqy uh@le er forns. Chen 6,009,442 describes a conputer based
el ectronic  document andFETREpLieheupBgcimstersmanagenent appl i cati on

Cearchos, retriovee R MOOPIPIZTE, qEATHRS sl e i o sumert
tree representation or circular format. It is also for categories and
clusters.

Conrad 6,028,605 describes a system that exiracts metadats
for a set of documents. The results can be grouped in the form of
categories. The display is mainly in the form of lists.

Jorna 6,029,172 describes a method of browsing a
hierarchically classified database by interactively displaying a
relevant portion of the classification scheme of the database as
category names and sub-category names. It displays top level
categories in bigger fonts, surrounded by its sub-categories in
smaller forms.

Chen 6,009,442 describes a computer based electronic
document and/or paper-based document management application
program that automatically imports, indexes, categorizes, stores,
searches, retrieves, manipulates and archives electronic documents.
It makes use of conventional list boxes.

Martz 5,986,673 discloses cltister display for relational data,
which is unlike the present invention which 1s for text documents.
The cluster display is in form of hierarchical dendrograms.

Prager 5,943,670 describes a system and method to enable an

object (e.g. a document) to be classified in more than one category.



It makes use of conventional |ist boxes. Martz 5,986, 673 di scl o$e$ ARRUSTEY

di spl ay fg{oég%]gti onal data, which is unlike the present invention which
is for te fents. The cluster di splay is in form of P&?fséﬁ&&%ﬁa'

dendrogranms. Prager 5,943,670 descri bes a system and nethod to enabl’e an
object (e.g. a docunent) to be classified in nore than one category. 1 1
APR 2005 WD 02/ 31697 PCT/ SGOQ 00172 7 Krellenstein 5,924,090 describes a

met hod and apparatus to search a dat aba¥%e of records and then assign the
Zhao 5, 920, 864

search result inQp e is a list of folders.

describes a system g?lsg@l?rlul%??%}e@é& Ciﬁﬁ?&%ﬁe@' acmatford 2ed hppavshls to

'navi gat i on sebfglasakdatatitik? 8 daaG! 4 i nf.ormgti on search and
collection nmethod. It is mainly fo(rz'\S %12 Zdé%?li BESIER Wi sertrs resulisiaso
general | y PetaiCaorY.0 GUEIY ndist off follgdrs. Nining, not text nining. It relates

to the determnation of "categorical clusters" from databases. Egger

5, 832, 494 descr %‘E WO »,23Rptherdesssibach tysterhosf al ﬁgﬂﬁ_q@ds&?{m-gg, and
di spl ayi ng.g r?z%raIBPl ied to.the legal domain. The GJ 1s a*two 8¥ three
di nensi on dlg%%ay Showi'ig" A YI8REPE- of searched documents along a time bar.
system which is capabl e of

Duke- Moran 5, 818f; S ¢ er
Mna ront raroret: BRBSbeSu3h altrapation schngu aci ng

searchi ng nedi a and text

them i nt o peléeigien methbd: aleofi 8]y B MeoBfiescat egories is in the form of
lists. Vait hyangi han 5,819, 258 descri bes a~top-down clustering nethod, not

vi sual i zat i on. RPBTS, P5384.30 M egodradly aclmichodof CheChefd | 58 g0g,
mining, not text mining. It relates to the determination of “categorical
clusters” from databases.

Egger 5,832,494 describes a computer research tool for
indexing, searching, and displaying data as applied to the legal
domain. The GUI is a two or three dimension display showing
clusters of searched documents along a time bar.

Duke-Moran 5,819,259 describes an expert system which is
capable of searching media and text information such as newspaper
items and placing them into predetermined categories. Output of
categories is in the form of lists.

Vaithyanathan 5,819,258 describes a top-down clustering
method, not visualization.

Shakib 5,752,025 describes a method for creating and
displaying a categorization table. Display is in the form of
collapsible/expandable hierarchical folders.

Homma 5,179,643 describes cluster analysis as applied to
merchandise information. Displays of clusters are like scatter plots

or two dimension graphical plots.

Summary of the invention



di spl aying a categorization table. Display is in the formof cdl ljapghblief
expandabl e hi erarchical folders. Homma 5,179, 643 descri bes cluster anal ysis

as appl i adote/31a%er chandi se i nformati on. Displays of clust %rs are like
scatter plots or two di mension graphical plots. Summary OFTEREYPHIzNti on 1

1 APR 201V5 WO 02/ 31697 PCT/ S&0/00172 8 1In this invention, we disclose a
net hod to generate a display that ains to solve the above nentioned

probl enms. The display is a space-filligg visualization technique that has
a sinple int erffalce;t&Ii rranage.s | ar ge_nunber of clusters nore effectively,

di spl ays meani nyf'tHS i'RVERRRE: oFE disglosgc Imethad tbr gewsémge o RiiggRlist i on, it
extends t hg gk [ users with the neans to discover “trends
fromthe clusters tﬁfghgﬂeolt’tﬁé %g%veofn%%?n%‘%fﬁr@éﬁe%aﬂfmfd;isplaszyisbaj s; and
support f ospaer-fitihed | #RAU0F AR WP nid¥d hipt.ne ;present. i nvention these is
provi ded an organi z]led and systerraet ?glﬁ\%eﬁ%cé{)atso q VKB tRECTERERt er ed
out put of Rayageseriange ahgnrbdrhnof AbhestetaNegerd t i Vi n Qverview
of the entire .collectjon, as well as their rellz';ltisie‘f@%( ﬁésl érgig?gé’éf.s | t

pr ef er abl yPFATH 1R PRt yend famlitetts abhowbaig.| eMeladafitibAf oxmati on
regar di ng t . _pbef.ore proceeding with the re-clustering of clusters
havi ng a Iﬁg;rjE géagnﬁ{r%épp%%fga%c@w@ﬁ??. eTg‘ée’é%HYléIRtﬂ’@ﬁ meansit® disfeeabl y

al ways keptends GrdRetis @l Sieey! rogel Logt. At | so_al | ow

know edge discovery of clust er@rgﬁggotg%rr{élﬁ?so%t‘ﬁ§%"ﬁﬁggégg Ijeanyail)

synbol s, symabelsabines spppsonfor petddhliZAtioherdhiasdd ng of clusters, and
Furthernore, the display of |arge nunber of

clusters produbban B SFESFe sntegoribenn |
or odu ¥eriigortheheds mmypvitedranagaghriveg Afd ectivel y
by systematic interface to look at the clustered output of a clustering |
algorithm. At a glance, it may provide an overview of the entire
collection, as well as their relative cluster sizes. It preferably includes
the ability to look at a higher level of information regarding a cluster,
before proceeding with the re-clustering of clusters having a large
number of documents. The context of view is preferably always kept,
so the user should never get lost. It may also allow knowledge
discovery of clusters of documents through use of special symbols,
and enables personalization in the tracking of clusters, and defined
user profiles.
| Furthermore, the display of large number of clusters produced
by clustering algorithms may be managed more effectively by
grouping clusters with repeated keywords, or other characteristics,
together so as to reduce the users mental workload of grouping it
themselves.
Clusters may be arranged in a systematic manner to facilitate
reading, and the handling of more clusters. This may be left-to-right,
top-to-bottom, if arranged by row, and top-to-bottom, left to right if

arranged by column.



| grouping clusters with repeated keywords, or other characteristicy APR 2003
t oget her as to reduce the users nental workload of grouping it

t hemsel ves O t43189%rs may be arranged in a systematic manne% flngﬁ%%i_Jﬁittate
readi ng, and the handling of nore clusters. This may be Ie?- o-rlb :
top-to-bottom if arranged by row, and top-to-bottom left to right if
arranged by colum. 2U05 A 1 APR WD 02/31697 PCT/ SGOQ 00172 9 The nunber
of rows/colums nmay be fixed to display9the clusters at a nunber that the
user considers ej nageabl e, conceptually. By using such a displ ay,
di scovery of a oc%rr%n?ﬂtg%ll cFOBH/ colmpe  mmyarkee ditey dbadggsa9Vveret | NE,
.through t helusieref at reaMABEH {LSY I uch as, for exanple, tine-dependent
synbol s and cluster char acterlhstir?él%s?}s Ibl??%’é@ea%)}?ﬁiﬁgsmwgmable

cust omi sabicenggpthellyser. The display may be personalizable to track
changes in any _particular cluster or clusters of interest. Description of
drawi ngs In ordety tHifSt frchng edisplay, ndiscoeefuldiya Lﬂ}g{-ﬁ{:ﬁ%ﬁ@%(ﬁj&#&gdl ly
put into p 'B?l eEf’Il'Faeﬁte there_shall now be described by way of non-
limtative exanple only %C}JI‘ eFPEBEsHh OUrFebimef threughesidpt usévent i on,
the descri pidGfink@hNGyWhboisr & &L ence-1o th cc anying illustrative
drawi ngs in \é/ni c%ﬁlFi édljf# e 1 gﬁgﬁmgginfoé'x?‘r riné‘)?%f dspendent sysnbals
architectuand FEluptee clsdemseAstitni d@bold € lysters: Figure 3 shows a
"vi ew sum‘rarg/" of clusters; Jiftbold. S rRsé Synibols may be
customisable by the user. '

(1)

The display may be personalizable to track changes in any

particular cluster or clusters of interest.

Description of drawings

In order that the invention may be fully understood and readily
put into practical effect, there shall now be described by way of non-
limitative example only a preferred embodiment of the present
invention, the description being with reference to the accompanying
illustrative drawings in which:

Figure 1 shows an example of the overall system architecture:

Figure 2 shows an initial view of clusters;

Figure 3 shows a “view summary” of clusters;

Figure 4 shows a view of a subcluster;

Figure 5 is an overview of the method used to generate the

map of Figure 2;

Figure 6 shows a sample map file and how it corresponds to a

typical prior art map;

Figure 7 is a flowchart for drawing a map display;

Figure 8 is a flowchart for displaying subclusters;

Figure 9 is a flowchart for displaying time-dependent symbols;



Figure 4 shows a view of a subcluster; Figure 5 is an overview ¢f {t heR 2005
nmet hod used to generate the map of Figure 2; Figure 6 shows a sanple map

file and NYW3/316¢0rresponds to a typical prior art map; F 7 .is a
flowmchart for drawing a map display; Figure 8 is a flomh%‘fg#gg%grm]?z

di spl ayi ng subclusters; Figure 9 is a flowhart for displaying

ti me-dependent synbols; 1 1 APR 2000 WO 02/ 31697 PCT/ SG00/ 00172 10 Figure
10 is a flowhart for displaying clusteggcharacteristic synbols; Figure 11
is a flowchart flgr tra%i ng cluster; and Figure 12 is a flowhart for
defini ng user profii8s!Vossér figmcdmrotiopr displayinge nhoteredtiathecBresent

I nvention is bui%ﬂmgglé.he assunption that there is a clustering algorithm
that clusters a I'arge docunent collection into clusters and provides a

summary of each Kikusterl isTAgIRFE$EH for | e} kes use of the output of
these algorithms. Figure 1 shows an g)iatprr%@ghgfcqyﬁ”gero@é’r Il system
architecture. THigupe dokint aiffovectiaarfoe deding NeserDephay” box. The

pre-processing stage takes care of all the Conputation needed to create
the visual display. The display step is an initial output 10 as shown in

Figure 2, piglp £ | wgonal area, in this case a rectangle,
gi %fﬁmﬂﬁle£€9ég?ﬁg\mﬁpéas, again rectangles, in this

havi ng a nunber conttai né

Cooe oy angeC e Pl 5615y B AT ) ekt O
rect angul ai, Clistemingraigoritbtrhéhapelygersla FMREdSHGT AR odiflction into
clusters and provides a summary of each cluster. The present
invention makes use of the output of these algorithms.

Figure 1 shows an example of the overall system architecture.
The present invention covers the “Display” box. The pre-processing
stage takes care of all the computation needed to create the visual
display.

The display step is an initial output 10 as shown in Figure 2,
which shows a first polygonal area, in this case a rectangle, having a
number of contained pelygonal areas, again rectangles, in this case,
arranged in a plurality of rows 12. The display area is subdivided
such that each area 14 represents a cluster. Each area 14 may be
rectangular, as shown, or other polygonal shape such as, for N
example, triangular, hexagonal, and so forth. Within each rectangle
14, it displays the top three keywords 16 of each cluster. | The
number of key words may be predetermined. This may be by the
user, if desired. Furthermore, the number of key words may be
varied. Clusters (e.g. 18, 20) with repeated top three keywords are
grouped close together. The arrangement is from left-to-right and
top-to-bottom. The size of each rectangle 14 corresponds to the

relative size of each cluster with respect to the whole collection. The

actual number of documents in each cluster is also displayed in



exanpl e, triangular, hexagonal, and so forth. Wthin each rectahd] &PR1&}iIi t
di spl ays \)@5}0}&%9.} hree keywords 16 of each cluster. The nunber of key
e

wor ds nmay predeterm ned. This may be by the wuser, if dggjk %/00172
Furthernore, the nunmber of key words may be varied. Custers ?e.g. 18, 20)
with repeated top three keywords are grouped close together. The
arrangenent is fromleft-to-right and top-to-bottom The size of each
rectangl e 14 corresponds to the relativd size of each cluster with respect

to the wholleranildtectithm <He§ of _docunents in each cluster is
al so displayed in .1 1 APR ZJW&ﬁ%@g{?ep@%@tﬁmﬁmlmd bracket s

Wi thin eacHertangleglld, 1. pofep dRBIGH H | aced over a _rectangle 14, a
popup displ ay.shows the top nurrt)ergfég)}]tl keym%ﬁ%‘g %%W €Tt kém@pj e, five

repr esent ed R pRador exsreple, dzevedpressnidie in dRGY @'géte?it %&- ngra%?t Ve
S, e user

14 that ar 1. to_di splay the necessary wor €nove
t he cursor%igt\?glgngﬁg Ss}%?'egf)édpeﬁ%‘&gleﬁolﬁcﬂiataaae tthe mgupt@icﬁgb@? ﬂ%[ e
as, for

di spl ay 10neseksitt el abl e nunher of rows 12 such
exanpl e, seven t%it}%s ngk?’hgh% he é\gicér\ﬁ HYP %6t thg Gerearsoveratisgsalobe=d Ahes | ast

row 22 gat h@ra@tiadattetthes;ﬁ)phplﬂigﬁg&y\_/vi th a predetermned, relatively small
nunber of docunents such as, for “exanple, three, into a single cluster.
The pr edet er ni nddrendifday Iyis Bimeétedr &s sethaafagzabl hiffind, Jfree as a
per cent agesﬂ{:ht he g.nurrber of docunents in the collection & ¢gOMo%t2 1f the
nunber of °clustdr s n° XM Plasseyew ﬂ“su%mekﬁhget,heoﬁriévhﬁg“ﬁ‘bﬁhsg&s

' and

rect angl esmikfhg ssi red rm ned nupber can be change
reclustering take pl ac’gﬁ? ofajgg‘?vgo‘g lﬁatt?\ﬁﬁﬁ chlli thesssidlpstemd with a gl ance,

the user cpredeseriiredglraldtivrelsi #@3 10 cleuster in a docunent
collection, that is, an overvi%w of t&éﬁ?é% Oéo??%%‘f“ie&ji.s such as, for

example, three, into a single cluster. The predetermined number
may be expressed as a unit (e.g. three) or as a percentage of the

number of documents in the collection (e.g. 1%). If the number of

clusters in the last row is €xcessive, or the number of rectangles 14
excessive, the predetermined number can be changed and
reclustering take place to give a result which is easily used.

At a glance, the user can see the relative sizes of each cluster
in a document collection, that is, an overview of the text collection.

With this information, the user may decide to or not to read those

clusters with very small areas.

Clusters with repeated keywords are grouped together to
reduce the users’ mental workload of grouping it themselves. In the
example display of Figure 2, documents related to different car
companies are placed next to each other.

Clusters are displayed in a Systematic left-to-right, top-to-

bottom manner to facilitate reading. This enhances a user ability to

read and thus handle more clusters. Existing clustering displays like
SOM/Themescape become very hard to read when the number of

clusters is large, as every cluster is displayed.



Wth this information, the user nmay decide to or not to read th¢s¢ APR ZL0H
clusters with very small areas. Clusters with repeated keywords are grouped

t oget her ™0 0srderce t he users' nental workload of groupi ng%z'r,_# t hensel ves.
In the exanple display of Figure 2, documents related to or P& %car
conpani es are placed next to each other. Clusters are displayed in a
systematic left-to-right, top-to- bottom manner to facilitate reading. This
enhances a user ability to read and thgs handle nore clusters. Existing
clustering displays.|like SOM Thenmescape becone very hard to read when the -
number of cl ust®¥ slif¥tng jhe guaberyof| uster 12s tdi bpl ayeslaydd, ARR2ufl ~a

WO 02/ 31697, - SO, (2,12 By limting the nunber of rows 12 to be
di spl ayed, ng%%bu%%%'gég r%PFE‘?rSCJf%?E@?% REyé vhistentat thelbotem 40, t he

bottom 12, ciatietice! t198 i &Pl i $ reduced. The View Summary (Figure
3) of a cluster can be a%%iagvg%)h%fe&g%%cz‘cti ng the desired cluster or

clusters. To actiheaMewaSpapmnupy EHire0s) %?téeﬁll%ﬂe?‘c%ﬂcn IbieS%?ljé%V%;st%kayed.
e

When Vi ew Suima_ry option_is chosen, a w ndow 24 opens to
summari es PEIAEE the dnsiraskrbisted ol alsseess. Avd attigat@pa %po{lthﬂ%ﬁf 2 is
t h

resi zed to_angfher art.of the screen, but is not overlapped w e new
wi ndow 24 oahge)&ée%i {mg-ﬁnoggl%e’én displeyefe Whegi NatwsSueemat9 dpsiohean

reduced i nchgkis j I e,.display. Each sunmary in window 24 is
made up of “a nunbg?“%ﬂfl&?ﬁeﬁn‘%sgﬁssggéiég?%%a% SEIPRALIRFe tphidhe cl ust er
i s about. btlectedhlctushassd eeonvigwd e Bpiak! 5 &f -&ash; 9f, &ggwtheﬁes by

sel ecting the View Detail ed Summary menu opti on. IS summry ©n gives
the user nBREL ChfiyemieTesm. abulitis nbk ovkvisperedotvitocteents, hehane bhe user

deci des tow/RQk if:’ltcahhge as%te%'laéhat the original screen 10 has been reduced in
size to right half of the display. Each summary in window 24 is
made up of a number of themes 26 so as to advise the user what the
cluster is about. It is also possible to view the details of each of the
themes by selecting the View Detailed Summary menu option.

This summary option gives the user more information about
the cluster of documents before the user decides to look at the actual
documents within the cluster. This is particularly useful if the
collection is large,

By making use of a separate window 24 to display the
summaries, the visual display 10 is not cluttered. This allows the
user to make use of the visual display to jump’ quickly to any cluster
of interest, as opposed to scrolling down as in Scatter/Gather
displays.

It is possible to view a subcluster if a cluster represented is too
large, and it would be more practical recluster only that cluster to be
able to see a finer granularity of subclusters within it. To do so, the
user can select the desired cluster and select the View Subcluster
menu option. The selected cluster is expanded to show subclusters

28 as shown in Figure 4. The rest of the clusters 30 are collapsed



par

docunents within the cluster. This is particularly useful if thel tdiPReéitiion

Is | arge. Bwomgébgg use of a separate wi ndow 24 to display the sunmaries, the
vi sual displ ay I's not cluttered. This allows the user te@ciRgHHS,Of the
visual display to junp' quickly to any cluster of interest, as opposed to
scrolling down as in Scatter/ Gather displays. It is possible to view a
subcluster if a cluster represented is tqgg |l arge, and it would be nore
practical recluster only that cluster to able to see a finer granularity

of subcl ust easdwptikhadi to the 8808 f . n,.sel ect the desired cluster
and sel ect the View Subcl uster grrenuﬂg%tqlgﬁg&T 121 XS Eeag theusisht padexpanded
to show subcPREPBYsand gepsestrimd im aFlifisrend or T t%?%l&%r theClusters 30 are
col I apsed 1 .} APR 25135 W0.02/ 31697 PCT/ SG00/ 00172 13 and pushed' i fhe edge
of the displ ayﬁ(l © RS EdsEt t P o gireardvelbaift vievinpduterLeseRt 8 i a

different orpd iy C r.thus giving a_. "fish-eye [ens" effect. to three
| evel s of viewi ng vgelgj%% &gtaér Ty 'S sEonghhHarkay e thereréserenqugh di spl ay

area to reprisitistdie. Bt eLS , higher |evels of view ng may be
used, if desired. The user nay n&he‘m#/g\ril\%ye?% g};e"qswnghgl%cb@reﬁsgdj nifa cl uster
If it has éielsal‘rflgb nunber of docunents. By reclustering, it enables the user

to decide which g(ﬁ'xbd uster is nore interesting to |look into, thus reducing

the tine taken fdrRUFSEMEY Nl Wratdotdre alkthesdoaimeaes BN 3 A/Yégf}?ver the
not get |lost as the lfl‘ll gher | evel

i e B SRSy UL e AR, B oS e oo 1 e
(r:]gcvt ext of userdosfdcide WHRHILSBERYstERYs B&, 2L g0de! rggo o llcl)gl\{NiLgor, t(il'litfscover v of
reducing the time taken for a user to retrieve the necessary
documents. Whenever the user zooms into a subcluster, they should
not get lost as the higher level clusters 28 are collapsed to the edge of
the display, thus maintaining the context of the display.

The display may be extended to allow for discovery of new
information, especially if the underlying text collection is constantly
changing. This is done by applying different types of symbols to each
of the clusters.

For example, in Figure 3, there is displayed three legends: a
seed 32 to represent a new cluster (day), a seedling 34 to show a
cluster that has been appearing for a short time (week), and a tree 36
to represent a cluster that has been appearing for a long time
(month). However, any form or number of symbols may be used, and
any lengths of time may be used. Alternative intuitive symbols could
be used or chosen by the user. The duration of day/ week/month is
user customisable as well. These time-dependent legends may only
appear the second time the user views the collection. This is so that
the initial display of Figure 2 remains uncluttered by symbols.

In a News Watch application, for example, the present

invention display enables the user to spot new topics that are



i nformation, especially if the underlying text collection is conkthdfRy2085
changi ng.w'll(')g]i s is done by applying different types of synbols to each of

t he cl ust 2/3% exanple, in Figure 3, there is displaye ends: a
seed 32 to represent a new cluster (day), a seedling 34 tgjctsti%c’:/%iﬁjgéﬁgl ust er
that has been appearing for a short tinme (week), and a tree 36 to
represent a cluster that has been appearing for a long tine (nonth).
However, any form or nunber of synbols by be used, and any |engths of

time may b . rpati.ve intyitive synbols could be used or chosen by"
t he user. %ﬁg’%ggirnﬁb\:%ﬁ @P&{dﬁW eﬂ?"rm?ﬁeﬁisi $2,user actepionicfaineeasine! | .
These ti neadieprivie l&aspds appear .the second tinme the user .
views the collecti % Thi sgi %{r;ﬁ%ogagf%tafﬁeﬁ‘ L aice i'c%jﬁsa%oﬁ‘hﬁi gaee 2

remai ns_ unolay tertedahy oy Il st thosd e LelappLLAaLLO, Lo exam e,

the present invention display enables the user to Spo &pi X hat are
| 1 APR 2UBES Wrpbabhn eBi taetsS@0/ 00172 14  appearing by | ooking at the
seeds 32, or a 21gic of, increasing attention by |ooking at those

rectangl es wit h-sedfili Ngarastershe siwmbolsmyakeusant infprhepfortaddigse t hat
Char act or 1 o1 Crashrs ¥ 32 dRne Bl SohhBRRIhY cHodbsiaeids B aoussiersisi n a

characteristic synbols nmake use 0

docunent twohidl invdwgigigempgdecide if a cluster is worth investigating. For
exanple, in the News Watch application, each rectangular area 14 could use

a speci al symhofFox gxeheple; finathraNemaUMaltchl aspBEaiicn, BREE ARt ggunent s
t hat come gl_re%ng%he%@%? source or froma variety of sources. s may help
e BFE dbSPEEiRl siymbek t showrshe i mamtibular ichasteeljgst er ; or

a user to as$
to deci de mhdel lipt BE HQRGWIRBYLS that come from the one source or from a

variety of sources. This may help a user to assess the reliability of
the news mentioned in that cluster; or to decide if all fhe documents
in that particular cluster need to be read, in which case the user can
select one document to read. Also, if it is reported by many sources,
it could indicate a hot topic, as opposed to being reported by only a
single source.

The time dependent symbols enable a user to view document
collections that change, ¢.g. news. To date, existing clustering
visualization techniques offer only a snapshot of a document
collection but no information of how it differs from a previous
collection. Cluster characteristics symbols help a user to discover
more information about a particular cluster, as well as enabling the
user to decide if a cluster is worth investigating. A combination of
time-dependent and cluster characteristics gives important
information about a cluster. For example, a cluster with syrﬁbols
‘seed’ and ‘variety of sources’ indicates a new, hot topic.

Personalization features are options to customise the present

invention to suit the personal needs of the end user.



in that particular cluster need to be read, in which case the ugeJ %D% 26y
sel ect ongyges t toread. Also, if it is reported by nmany sources, it

could indicate a hot topic, as opposed to being reported si ngl e
source. The tine dependent synbols enable a user to view 3%%@%%{0%172
collections that change, e.g. news. To date, existing clustering
visualization techniques offer only a snapshot of a docunent collection
but no information of howit differs frédma previous collection. Custer

characteristics byrnbatk hHepgriagpr i scover re informati on about a
particul ar cluster, as welell£ as enabﬁlpgggfh € user r}g_@t dsdsate afclastduster is

worth inve ?ﬁati%.usercmm resflécn a0fmeddiy B e nt.and cl uster
characteri %%ﬁ%s ives inportant _inf or?ralflrgﬁﬂgﬁo[hqga %PﬁgPé‘?Trqr&)- dkanpl e,
a cluster wi TBoPEPS Sgedo alaw vheiaser ab SAMEESS cAAG] Gal €3, 8 new,

hot topic. iFeISENA) i feat.ures are options to custom Se Fh8 resent
invention to sui tﬁ% héag%)%(?fsé&?\almﬂ’éeg@sofcmﬁ@renkn uBtrel WheRR U0

02/ 31697 PEarSCOMH00kTR15 a particular cluster, the user first
selects a ¢luster. Next,e ?ﬁeglggslréé&gﬁgms‘gfse CIRERLS opthon the. duster

Opt i on- >Tr B&KY inpreatieal /atpdrexs@@Pst ol t he .user to select a col our
or other indicia to associat e@\ﬂ/))m)th thiHs% %éﬁ%@&‘?gﬂﬁ ‘E}?‘é?emﬁ@}@elrer t he

parti cul ar “CHYSIHR onsthagsiryeal disphdy.i s, docunents within the cluster have

i ncreased/ decr ef\ﬁgq% erit will be highlighted in the chosen col our or
indicia on the visuarcdFapi&po tgePreidn of e Hefivaed aopiQf W}ﬁfﬁf t he
keywor d t opiessardiigterekh&y il &4l ested in tracking, and it w al | ow
systemto highlight those lﬁll %g}tﬂe};lgé’i %n(g % oridupilew t¥iens do ' Isighlighte. The
f1 onchar t $hoPemlgatars 51 aaoloahof the ARSI Eyice.

The flowcharts of Figures 5 to 7 show a possible

implementation method of generating the maps discussed above.

Figures 5 to 7 shows how the map of Figure 2 is generated

Essentially, use is made of a standard Koﬁonen algorithm to

generate a placing for each of the cluster on the display within a
fixed number of rows. The mput to the Kohonen algorithm is a
matrix of clusters versus distinct words, where each row is g cluster

vector, and each column corresponds to a distinct word. A cluster

vector contains a “1” j 1 i
17 in a given column if the corresponding distinct

word occurs in the keywords for that cluster, and a “0”

' otherwise.
Following Kohonen’s algorithm:

. cach feature corresponds to a distinct word:-

. each cluster is an input vector;

. after training, each cluster is mapped onto a grid node

as shown in Figure 6 {right).
This output is converted to a map file as shown in F igure 6 (left)

where the single numeral 6 indicates the number of rows. This is

used to generate the display of Figure 2.



i npl enentation nethod of generating the maps di scussed above. i QukRs 7805 o
7 shows how the map of Figure 2 is generated. Essentially, use is nade of a
standard R@@dper9al gorithmto generate a placing for each 8f t he cl uster
on the display within a fixed nunber of rows. The input tBCTREY@MEen
algorithmis a matrix of clusters versus distinct words, where each rowis
a cluster vector, and each colum corresponds to a distinct word. A
cluster vector contains a "1" in a givgg colum if the corresponding
distinct word ogcurs in the keywords for that cluster, and a "0"
otherwise. Fol | OW'HE RoMem®s' kowl ther suhreluseac bf gt e COTHEPRpMp Lo a

di stinct woggd, ster is an input vector; after tradlning, €ach
cluster is rrfajapnbdeg o%ﬁégé%érrlg oteﬁﬁﬂéqu%& qRoWAcdn VAthutlee GexXaepytuty .thER S

out put is careeer EBdsioh & 8L fth! wn,.i n, Fi e 6 (left) where the
single nuneral 6 indicates thétbr?g)rl‘rl%gﬁéo er%ﬁgl.ayrﬁféh‘? §lugissst to generate

the display of Hfigwre 2. shosARBw2Q85 B1/9 0/ 00172 16 Figure
o et Z}qg@{{ lg%ed ﬁpéyl?ér ering

8 shows how,the sub-cluster of Figure 4 i's genera

t echni ques dte T§eq, agPeht tive thic dpt ﬁmnth&alhrg@étedaox,dk@ﬂéjeoqhgsd% dto

col | apse ttlﬁgg}gr&l: ag cg tt he.l%Frst rs. Figure 9 shows how tine-dependent

symbol s are di sptayéd “CHRmeE nafispslatergininigsifi the nop herdder@eaindex.

where the [ | rmned, after determining if the top

pr edet er mi ﬁ%ﬁbﬁﬁ%ﬁl@éo 8%%,%8?%2’%58{ ei%@%&l 5erork the cugtars, thed

clusters, dhd retdvarrieyenasl i§méaphs§%nfeaeéh&%ﬁ%gﬂgg &%&%\e map di spl ayed.
r

In Figure 10, there is shown the techhiques use ing cluster

characteristic $)rgrss Iahere ihehbangtsd tduhnieerkahsas E‘&edisplaying
cluster characteristic symbols. Again, the largest box contains the
description on what is done. As can be seen, single or multiple
arrow symbols are used to indicate clusters with a corresponding
number of unique sources of a document in the document list, prior
to the map being displayed. 1In this way, a user can readily
determine the relevance and/or importance of the document.

The tracking of a chuster is shown in Figure 11. After a new
map of the current set of documents is generated, the previously
stored cluster information, including keywords and marked clusters,
is retrieved and the marked clusters compared with the new map.
For each positive cluster, the new map is displayed with the positive
clusters highlighted.

To define user profiles one follows the procedure of Figure 12.
Like the tracking of a cluster, a new map is generated for the current
set of documents. The previously stored user profile is retrieved.
The user profile contains, for example, keywords, colours, and so
forth. For each chaster in the new map, a check is conducted to
determine if the user's preferred list of keywords appears in the
cluster. For each positive response, the user's selected colour is

assigned to that cluster, and the map displayed.



description on what is done. As can be seen, single or multipl e1 M%MMS
synbol s ar\polﬁﬁg 5o indicate clusters with a corresponding nunber of
uni que sources 0f’a docunent in the docunent list, prior b &E@wﬁﬁ? bei ng
di splayed. In this way, a user can readily determne the rerevance 4nd/ or
i nportance of the docunent. The tracking of a cluster is shown in Figure
11. After a new map of the current set of docunents is generated, the
previously stored cluster information, L7ncl udi ng keywords and mar ked
clusters, is reWHhigte e rked clusters conpared with the new map.
For each pofglirﬂtf i Ié%d cl u%ta}a%%dt talé Rggvnn‘g%sqréb‘?ﬁ 4Bl Hyedomgdinghdepasptibue
.clusters hi tgrdeambddinehits @ fyher iLes one foll ows the procedure of
Figure 12. | Li flgﬁ the tracking of a CI:I)I{UaétQéF ﬁge%%ﬂpnﬁpmlgbﬁéh@dmﬁdoﬂor t he
current sel ofNeRumkHlad The theevieohsloYos} Okgs: USE, Oﬁrofil .is retrieved.
The user prIHBHJiﬁ:aCLPOnt ai.ns, for, exanple, keywords, cO ra T Oforth.
For each cluster dm thé™n %:hrfﬁﬁal sledade kmiay dnanﬁu@(ﬂ@dnitﬁouqe&gﬁéﬁl ne i f the
user's prefiimehd pdscdf GUURLAS appears in the cluster. For ea e
positive response, the user § Selfected colour is assigned to that cluster,
and the map displayed. 1 1 APR 2005 WD 02/ 31697 PCT/ S&0/ 00172 17 Wil st
there has been described in the foregoing description preferred enbodi nents
of the present invention, it will be understood by those skilled in the
technol ogy that many variations or nodifications in technical details may
be made wi thout departing fromthe present invention. |I APR 2005 WO

02/ 31697 18



PCT/ SO0/ 00172 The Cainms 1. A graphical user interface to di sp] ag/ f:‘gﬁugﬂ%rs
of a text collection on a display screen including a first two di nensi onal

pol ygonal Yé®@ 8231697 t he di splay screen, and a plurality of c¢ontained two
di mensi onal areas contained within the first two di mensi ohGQf/SGP¥®17% he

plurality of contained two dinensional areas being arranged in a fixed
nunber of user-defined rows, each row having varying hei ghts dependi ng on
the nunber of said plurality of contai d& two-di nensional areas

represented in each row 2. A graphical user interface as clainmed in claim.
1, wherein the maxi mnum nunber of the plurality of contained two

di rensi onalThe &laig@ responds to the nunber of clusters generated by a
clustering algorithm 3. A graphical user interface as clainmed in claim1,

wherei n each ofA t Brapbitadi nestrt vimtehfEBES k@ Ntk as.;represents a cluster
and the size of t@gpgéea of each of the cont aillsr@(%ﬁt \7\%118 Telsi 8nadlc=hr eas

wi thin each row% Bt désplay saieaniineludinges frst ko

cluster with re?e} %o%e?l t he totfal nuné),er of d%%mants iﬁ%ﬁ%&’gﬁgbﬁ

col l ection. 4. gf pii cd sl itherdigplatassarieanyredniin | ghrality Wher i n
each said cont abagshrdesorgdh I reas has a description of the
cluster; whereby each descrir%??%lg&%%r#girﬁ%s SOptaigedewiihiatherfirstemwmf t he

most occurring Képeasienalepresenhat gty tdrat .uster d the nunber of
documents in that cluster. 5. A gr a%hi cartyusero?%lég‘#a%o tadgnm%samagl

clusters of a t&k§as bsingarrangod m di AREANSEIRENof BELHe %et &%‘k}gt two
and a plurality™of 1 1

di mensi onal po | area of the display screen,
APR 2UU5 WD 02/ é%%g[}%w Taving varying héights depending on the number of

said plurality of contained two-dimensional areas represented
in each row.

2. A graphical user interface as claimed in claim 1, wherein the
maximum number of the plurality of contained two
dimensional areas corresponds to the number of clusters
generated by a clustering algorithm.

3. A graphical user interface as claimed in claim 1, wherein each
of the contained two dimensional areas represents a cluster
and the size of the area of each of the contained two
dimensional areas within each row corresponds to the relative
size of its represented cluster with respect to the total number
of documents in the text collection.

4. A graphical user interface as claimed in claim 1, wherein each
said contained two dimensional arcas has a description of the
cluster; whereby each description contains a predetermined
number of the most occurring keywords representative of that
cluster, and the number of documents in that cluster.

S. A graphical user interface to display clusters of a text
collection on a display screen including a first two dimensional

polygonal area of the display screen, and a plurality of
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PCT/ SG00/ 00172 19 cont ai ned two di mensi onal areas within the #15tPRAGI
di nensi onal area, the nunber of the plurality of contained two dinensional

areas cor M3pBHEPhg to the number of clusters autonatical rated by a
clustering algorithm 6. A graphical user interface to di s%%ggggq%{?épers of

a text collection on a display screen including a first two dinensional
pol ygonal area of the display screen, and a plurality of contained two
di mensional areas within the first two 18 nensional area, each of the

contai ned two di gEhsi;pRal as;. representing a cluster and the size of the
area of each of the cc@)ﬁt aﬁr\ed Jigee IHE‘ﬁ‘gi GHERS arelbin orthes pfinsts tgot he

relative size ofiirhtssiveRiegent ¢d ith respect to the total nunber
of docunents i neé(_he col | ection’ 7?%&%%%%@:?0 e]ﬂ]g’é%ﬁffﬁpércpa@@iftﬁtﬁ tivepl ay
clusters of a teXmmensiohedt amasoroareisd Ghes 66 ingluding. a . first two
di mensi onal pol ygonal .area of the di S%F{ay Scr eg[%f,é a{nlglégfﬂ&q&i‘ilﬁ?r%f
contai ned two di %H‘a‘ﬁuﬁtgéél@r&mmbyabh;s‘téfiﬁgél‘g@ritﬁh{.mmi onal area,

each of the contai ?%plé di mensi.onal_areas having a description of the
cluster, whéreby e&cht dedtr (Pt orPieiéaeai ks digplaylechnstiened ofugbekxpf t he

most occurring JdegewBiceSoR &P ' of that cluster and the nunber of
docunents in thatqlcl ust er. 8&%8&2%%#%%Imﬁ g &FF%E‘EOﬁmminﬁmi n
clai m 6, wher ei pdyrgonaltaateanwibaheofqit I ity_of contai ned two

di mensi onal areas corresponds to the lnia%agrwor?g%i u%]?gr & an‘E & caf | y
generated by a EPHEREItg tebgodimhnsichalA greashi athiksetnd NtgLf ags, as

clainmed in clai -gxfngg.er in the otal_ nunber of the plurality of cont ai ned
two di nensi onal BE°@, each of the contained two dimensional areas

representing a cluster and the size of the ares of each of the
contained two dimensional areas corresponds to the relative
size of its represented cluster with respect to the total number
of documents in the collection.

7. A graphical user interface to display clusters of a text
collection on a display screen including a first two dimensional
polygonal area of the display screen, and a plurality of
contained two dimensional areas within the first two
dimensional area, each of the contained two dimensional areas
having a description of the cluster, whereby each description
contains a predetermined number of the most occurring
keywords representative of that cluster and the number of
documents in that cluster.

8. A graphical user interface as claimed in claim 6, wherein the
total number of the plurality of contained two dimensional
areas corresponds to the number of clusters automatiéally
generated by a clustering algorithm.

9. A graphical user interface as claimed in claim 7, wherein the

total number of the plurality of contained two dimensional



WO 02/ 31697 PCT/ SG00/ 00172 20 areas corresponds to the nunber $f1olﬁﬁi%t23@%
automatically generated by a clustering algorithm 10. A graphical user

i nterfacé¥a928168i red on claim 7, wherein each of the conh Jr d two
di rensi onal areas represents a cluster and the size of t gg&@%‘m&?z each of
the contained two dinensional areas corresponds to the relative size of

its represented cluster with respect to the total nunber of docunents in
the text collection. 11. A graphical u2€& interface as clained in claim®é,

wherein the co in two di pensional areas are arranged in a plurality of -
rows. 12. A grap elaécsal%%ﬁg%ﬁ‘pcfﬁ%rtpa@eaémémbtm chisteas nuitornheicaiky t he
A

contai ned two dédvRdiGi@Ady 4, arranged in a plurality of rows. 13. A
gr aphi cal ijgerc%nterfaceyag Cgﬁgfe?f{elggl O&T%rﬁ] 1, wherein the contained two
di nensi onalVar ehigrapticdirasgethtevitet Naty H%Stf wi;th the sane over] appi ng
keyword description will be placed a%lj§aca1én 8ne%%‘ﬂno?’h}§’i"eé‘?ﬂnt facBane row;
or the next adj¥cHit cargwingd tiver elinten dioRaBRYad r}e?}gsége@ 1‘[} &9raphi cal
user interface asy Ciﬂii med in claim®6, wherein the ont ai ne W) ©

a

di mensi onal ar éa¥ © aPPEng¥d teGctprenaft kesk ofi tthet hensan®OVaL appi ng
ent to each other on the sane row,

keyword descri pfij i b aced adja
g Rifh bl %ég[%e?%’rﬁ?%&?‘gﬁ FRanthe nrelpsiveowizel Sof Atgr aphi cal

or the next adjacent row I

user interfacerapredeaitetld diisedrai ¥ath in.thg contained fwo
di mensi onal areas are arranged such thﬂaé,tgs[eﬁosteé ﬁﬁ hgqq:ﬁ‘z ?é‘ﬁ’éé%\'/e@fappi ng
keyword descri &Mcwvms itpéhpltexiedolladj@meent row if there are too many in a

row, or thg next graphical user interface as claimed in claim 6, wherein the
contained two dimensional areas are arranged in a plurality of
TOWS.

12. A graphical user interface as claimed in claim 7, wherein the
contained two dimensional areas are arranged in a plurality of
TOWS,

13. A graphical user interface as claimed in claim 1, wherein the
contained two dimensional areas are arranged such that those

- with the same overlapping keyword description will be blaced
adjacent to each other on the same row; or the next adjacent
row if there are too many in the row.

14. A graphical user interface as claimed in claim 6, wherein the .
contained two dimensional areas are arranged such that those
with the same overlapping keyword description will be placed
adjacent to each other on the same row; or the next adjacent
row if there are too many in the row.

15. A graphical user interface as claimed in claim 7, wherein the
contained two dimensional areas are arranged such that those
with the same overlapping keyword description will be placed
adjacent row if there are too many in a row; or the next

adjacent row if there are too many in the row.
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PCT/SGDO/Q%&?Z 21 16. A graphical user interface as clainmed in claiml,
wherei n t NREVPFRI% ncl ude a | ast row, the | ast rom/represengkgg ao,8roup W th
| ess than a threshold nunber of docunents. 17. A graphi cal usef;?ﬂﬁé%face
as claimed in claim1l, wherein the area of the first two di nensional

pol ygonal area corresponds to the total nunber of docunents in the text
collection. 18. A graphical user interf&de as clained in claim1, wherein

the first 180 dAngnsiieRal R area i s responsive to a click- and
drag operation of a rouse to gi@gggﬂaﬁgﬁﬁ Eiﬂ;}fl?fﬁ A Haim W otiereld. th

.graphi cal user i¥aesfinchidsadast /B¢, itReqh g whereji.n the plurality of
cont ai ned two dimensional areas are adfuétgiega‘%ﬁrepm?%mi‘ﬁgt%ér@ﬂéwWEthgth and

new wi dth of sail§SPithen ebresholnminrizdr 6f @8curd@nté 9raphi cal user
‘interface ag;cl %g%gp{i %{/ai m 17, wherein the threshold of nunber of
docunents i's ‘adj ust abt8° uﬁ%ﬂ“iﬁé@@@ as2¢lairhedr apkigiah S BLERface as
claimed in clai @r%g"’f’@%%%t {vgg unber. of the plurality of rows is

adj ust abl e by user input. . éﬁgﬁﬂ%%ahﬁgb’goﬁ@éraﬁ‘aae:me@@m@qoi n

claim1, whereirnheh®tabauthBenbabR i ensj onal _areas belong to the
same class_ of polygon. 23. A grapﬁﬁ%%&ggp%en{eéﬁtf%&écgé)%l aimed in any

one of clailfs 14 graphicalhesed mtdréa AaNg -of ont ai ned
SIRON 10 ol 4 ﬂﬁeﬁel&r i cal

t wo- di nensi onal ._areas i s by colums instead o y TOWs.?
user interface Q%S‘El%&{%ﬁ%eﬁmla@lnmlygmmmagis rESEEh ST TRARS i L ack

t he changes in bhe ar3g Pe 8800 OF L ?r?ouse to give a new length and new
width.

19. A graphical user interface as claimed in claim 18, wherein the
plurality of contained two dimensional areas are adjusted in
rows to the new length and new width of said first two
dimensional area.

20. A graphical user interface as claimed in claim 17, wherein the
threshold of number of documents is adjustable by user iriput.

21. A graphical user interface as claimed in claim 20, wherein the
number of the plurality of rows is adjustable by user input,

22. A graphical user interface as claimed in claim 1, wherein the
said contained two dimensiona] areas belong to the same class
of polygon.

23. A graphical user interface as claimed in any one of claims 1to
22, wherein the arrangement of the contained two-dimensional
areas is by columns instead of by rows.

24. A graphical user interface as claimed in claim 1, including
tracking means to track the changes in the size of each of the

contained two dimensional areas.
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22 25. A‘%Faphi cal user interface as clained in claim1, wherein define

means are W B%316¥d to enabl e keywords to be tracked to be &e%l ned. 26. A
graphi cal user interface as claimed in claim6, wherein defIMe %8Rs are
provi ded to enable keywords to be tracked to be defined. 27. A graphical
user interface as clained in claim7, wherein define nmeans are provided to

enabl e keywords to be tracked to be deBRned. 28. A program storage device

readabl e bypm nmaghj i nel ydin rogram of executable instructions to
di spl ay on a di spl %y i %fgrggeﬁg%r gf’i“bﬁg% ag sgaimgdeifackiim Beedidange W th
any one or nor elafine heédls hrk Hrédfid thed for .obtaj ning textual

i nformation about at |east one(33 cl uset?cgrto ?P%l%?‘i?mqrfjﬁ 19r e |tragkads teach
represented in eb@pdaﬁab'dty of contained two-dinensional areas within a

first two i mensi onal, .po] ygonal area, including the steps of. (a)
sel ecti ng ?%e a[“‘k |FERhigR] T nterdateects alanhedt i eAREmORe %etrP&

cont ai ned two di i | area; (b), selecting a menu option'to select
desired detai | sﬂoggﬁ’t%h%{%nﬁ %E%PTS 1) ?n(ib?e Hegpoags g e sieeded 49\0
di mensi onal pol pgaheingdea in a first portion of the two di nensional
pol ygonal area; (d) reducing in area the contai ned two di nensi onal areas

such t hat 2¥heyAographicals eserdimpesid@n 1ef cidiend o; di HEDS on ax!vhexpgilnygonal

area; and. defi .
cline means are provided to enable keywords to be tracked to

be defined.

28. A program storage device readable by a machine, including a
program of executable instructions to display on a display
screen a graphical user interface in accordance with any one or
more of claims 1 to 27.

29. A method for obtaining textual information about at least one
cluster of a plurality of clusters each represented in a plurality
of contained two-dimensional areas within a first two
dimensional polygonal area, including the steps of:

(a) selecting the at least cluster via selection of at least one of the
contained two dimensional area;

(b) selecting a menu option to select desired details of the at least
cluster;

{c) displaying a second two dimensional polygonal area in a first
portion of the two dimensional polygonal area;

(d)  reducing in area the contained two dimensional areas such
that they occupy a second portion of the two dimensional
polygonal area; and ‘

()  displaying requested details of the selected at least one cluster

in the first portion.
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(e) displaying requested details of the selected at |east one CT uktﬁgr"- 2'1’“}‘?
the fi rs"gﬂ%iﬂs Ry, | 1 APR 2635 WD 02/31697 PCT/ SGOQ' 00172 23 30. A nethod
as clainmed 1 n c]l aim 29, wherein the requested details of therg&od gt one
cluster include one or nore display itens selected fromthe group
including: a summary of the set of docunents represented by the at | east
one cluster, a detailed summary of the mmry, and a list of titles of
docunents that appear in the at |least o cluster, 31. A nethod as clained

in clai m2$0wheheimethioe contahngddt wo o jongl areas are within a
region on at |east gne of the sides of 1 lgpm’stwalf‘%%i shesiveisted| ygonal

area. 32. A met 28l eff thered least loamemcRisteWhBERI: | visians. of the
second portion. 33. A ﬁg?ﬁjgdhgdggc ISPIRY i n

cluster are displayed i.n the )

clai m 32, wherei'n Sr%ﬁ&ﬁ@%?ﬁ%ﬁé@pdochmﬁn@ does not appear in the
second portion. z3&nfin s.clainged in claim?29, wherein at |east one
graphic synbol is di s%?g&ggh\%ﬁeﬁ:i%l PeRNd s gsprotentnd by thaldttlpasf
contai ned two diceneshwiet, areas to represent additional know edge about a
cluster. 35. A nmethod as clained in claim34, wherein there are nore than

one of said graghietadlesbstimmatiof the $ieasiagNeRf the contained
met hod as claimed in’claim34, wherein the graphic

di mensi onal areas.ﬁ?G. A

synbol s are cuét O8F Hdtiblgsaof socuraantsa thet hagsbeas &t aheedt 118261 40 29,

i ncl udi ng trackifgkhe

31. A method as claimed in claim 29, wherein the contained two
dimensional areas are within a region on at least one of the
sides of the first two dimensional polygonal area.

32. A method as claimed in claim 31, wherein subdivisions of the
cluster are displayed in the second portion.

33. A method as claimed in claim 32, wherein a row of unclustered
documents does not appear in the second portion.

34. A method as claimed in claim 29, wherein at least one graphic
symbol is displayed within at least one of the plurality of
contained two dimensional areas to represent additional
knowledge about a cluster.

35. A method as claimed in claim 34, wherein there are more than
one of said graphic symbols within at least one of the
contained dimensional areas.

36. A method as claimed in claim 34, wherein the graphic symbols
are customised by a user.

37. A method as claimed in claim 29, including tracking the
changes to the size of each of the contained two dimensional
area.

38. A method as claimed in claim 29, including defining the
keywords to be tracked,



changes to the size of each of the contained two di nensional ar daAPRENIR
nmethod as clainmed in claim?29, including defining the keywrds to be
tracked. WOPZAPAT 2505 WO 02/ 31697 PCT/ SGD0/ 00172 24  39. AciBEhfsh:

di splaying clusters of a text collection on a display screen, the nethod
including the steps of: (a) generating a placing for each of the clusters
within a nunber of rows of the displaggk(b) creating a contained two

di rensi onal area for each cluster by ermning the relative size of its

represent edocl ugt@letMbiihhr di8 ip t tqta u r docunents in the text -
col lection; (c) determ ni ng ?E%ﬁﬁgicgﬁ%begF OEI[E} Lc?fr]‘ugéq%‘é‘qrhoéﬁﬁh%iﬂab’he [ OWS;

(d) determ ni ngs¢ieemuhkeanctiod ilehRlifstBelgehy fach of the rows; (e) :
determ ning the width of each cluster I'n eacﬁ row, and (f) creating the

di splay. 46) A geRekading acpliaieg fon aidhi of $Be OBt St WRHIH D H e

cont ai ned two diimansi og&}h areas corresponds to the nunber of <clusters
generated by th% tYHEEC Figf{lﬁp tithm 41. A nethod as clainmed in claim 39,

Wher ot n 1D norpStle EMnilBel St oyl LG B fedhanienobi med
AL, | g o ot SR 7
containing a piespecetaithedomintremindr ddeumRats 9§ FHEERY cKBYNBETS
represent a[E:i ve (ggteg'gﬁ}lir% %ﬁé %reight of all clusters in each of the rows; |

(d}  determining the number of clusters to be in each of the rows;

(¢)  determining the width of each cluster in each row; and

() creating the display.

40. A method as claimed in claim 39, where the number of
contained two dimensional areas corresponds to the number of
clusters generated by the clustering algorithm.

41. A method as claimed in claim 39, wherein the number of rows
is fixed.

42. A method as claimed in claim 41, wherein the number of rows
is fixed by a user.

43. A method as claimed in claim 39, including the step of
including within each of the contained two dimensional areas a
description of the cluster; each description containing a
predetermined number of the most occurring keywords
representative of that cluster.

44. A method as claimed in claim 43, wherein the description
includes the number of documents in that cluster.

45. A method as claimed in claim 43, including the further steps
of: determining those clusters with overlapping keyword
descriptions; and arranging the resultant clusters in adjacent

relationship.



44. A nethod as clainmed in claim43, wherein the description i'acﬂu@P& 21“31'33
45. A nethod as clained in claim43,

nunber of ‘glﬂgy/?ﬁg%s in that cluster.
including the further steps of. determ ning those cl USterﬁc%&E/

over | appi ng keyword descriptions; and arranging the resultan YW%ers in
adj acent relationship. 11 APR 200 WO 02/ 31697 PCT/ SG0/ 00172 25 46. A

nmethod as clainmed in claim39, including the additional steps of:

determ ni ngﬁ}él | clusters with less than threshold nunber of docunents,
and conbi ni alf muethod ust elSni ynhal e,contai ned two di nensi onal area
in a last of thfﬁtgunbei[ dOf rows.em4??l %ieﬁ’gfﬂh% dacludingethe madiaiona9,
-wherein the di sptt&Pysi et aotermingde vill s wo_ dj nensi gnal pol ygonal
area whi ch corre&%&{lds o, the total nunberrgo¥ got(l:?ﬁﬁaghgni g thresheld

col l ection. 48. vy Ho éiéD_CblFlaﬁilﬂﬁj amd ct @i ditrs %eéﬁéﬂd&ﬁﬁtt hreshol d
‘nunber is obtainggd gyc&?gi |§put. 49. A method as cl ai ried i caithh &9,
wherein the generagl NG O The ¥ Semeg sienalyareacinist Ristner #op40E S0 A
met hod as cl ai med ro@scl ai m 43, wherein the predeterm ned nunber I'S user
selected. 51. A nethod as clainmed in claim43, wherein the predeterm ned

nunber is ¢dri abl enetirod Aasetladcheds ig! at 39 QAL wngreln the
generating of the t l acing is on a user-egggc'g% gﬁﬁ?ml bee. displan it hod as
claimed in any SHBIENCE withings first S0 dheeakidbndl o1y 09EaPLEY %rrlgljc%al
col ums.
corresponds to the total number of documents in the text
collection.
48. A method as claimed in claim 46, wherein the threshold
number is obtained by user input.
49. A method as claimed in claim 39, wherein the generating of the
placing is by a clustering algorithm.
50. A method as claimed in claim 43, wherein the predetermined

number is user selected.

S51. A method as claimed in claim 43, wherein the predetermined

number is variable.
52. A method as claimed in claim 39, wherein the generating of the
placing is on a user-specified template.

53. A method as claimed in any one of claims 39 to 92, wherein

the rows are vertical columns.



