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INFORMATION SEEKING CAN TAKE

many forms, from a search to find an itam THE TETRAFUSION SYSTEM DESCRIBED HERE SUPPORTS

known to exist to an explorative investiga- KNOWLEDGE DISCOVERY FROM THE WEB BY HELPING
tion into a new domain. When the collection
of objects being searched is textual in nature, USERS PERFORM DATA-MINING OPERATIONS ON SETS OF

information-retrievaitechniques can serv HARVESTED URLS. POTENTIAL APPLICATIONS RANGE
to find known items or items potentially rel-

evant to a user’s known information need. FROM DOMAIN OVERVIEWING TO SCIENCE MONITORING TO

When a user explores a new domain, at- COMPETITIVE INTELLIGENCE
tempting to summarize the essence of an area '

previously unknown to the user, we call this

knowledge discoveryror this task, where the edge-discovery task cannot always be basédxbth high precision and high recall in a Web

user does not know the area, let alone knoan an exhaustive analysis of many individuasearch because of the size and diversity of the

what to look for, IR techniques are of onlytext documents. If the IR operation presentd/eb’s contents and the fact that no singl
limited value. many documents to a user that are not relédex of the Web’s contents can claim to b

Knowledge discovery from text collectior)svant to the information-discovery task or fajlsexhaustive. Even the major Web searc
involves a user navigating through a text cplto locate and present documents that are|re&ngines have limited coverage, so in usin
lection, reading, summarizing, browsing, ancevant to the task, the user-formulated domaithem we are always faced with the problem ¢
generally surfing through the collection toabstraction will be inaccurate. choosing appropriate search terms.
form an abstraction of what that new domain One of the most useful sources of infor- As a support to the knowledge-discovery
is all about. The task might involve conven-mation to arrive in recent times is the Webtask, IR systems such as Web search engin
tional IR functions to direct the user’s bro

ing and restrict the set of text objects beingant for information discovery is that the rangelo not provide efficient aggregation of results.

browsed. However, IR only partly supportsof domains it covers is huge, which meandVith an IR system, a user must read a fu

the knowledge-discovery task, as all of thehat no matter what subject you're researcldocument to determine its contents, whereas

navigation, abstraction, and assimilation|isng, there is bound to be something on théh a knowledge-discovery task a user migh
left to the user, in addition to the responsibilsubject on the Web. While the size angbrefer to have a time-saving summary or &
ity of having to formulate an IR query thatbreadth of the Web’s contents are a bonus faverview of the document contents.

encapsulates the domain in which the knowkhose performing information discovery, there Together, these points contrive to illustrate
edge discovery is to be performed. Furtheris a price to pay—the difficulty of locating all that knowledge discovery is an important kind

more, because we are usually operatjngnd only those Web pages relevant to sogn@ information seeking, especially when
within limiting time constraints, the knowl- topic. In essence, it is impossible to achievapplied to text documents on the Web. Rely
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ing soley on IR systems to help useper
form this taskhowever, is inefective and an
inefficient use ofeésoucesAs this aticle will
shav, our TétraFusion system adessed
mary of these waknessesthuilding a rum-
ber of layers of information hawesting and
analsis on top of the simple IR functions.

Approach

TétraFusion combined twexisting sys
tems,Tétralogie and Fusion2gpeiating a
IRIT in Toulouse France and Dullin City
University in Dulin. Ead system has bee
opemtional on easonhly large scalesdr
some time Like its pedecessor Fusion
Fusion2 is &Veb metaseah engne tha has
been saring useWeb queres for more than
two yeass ! Tétralogie is an inbrmation-min-
ing tool tha was initialy developed obr
knowledge discaery from well-structured
documents suitas biliographic recods?
More recenty, Tétralogie has golved to take
into account sowes thaare not vell-struc-
tured, sud as the Interet3 The two individ-
ual systems ere first combined dumg 1997,
producing the systemewnaw call TétraFu
sion. Since thergad of the tvo component:
has been especigltevised to yield a mar
integrated and combined tool.

Fusion2 is a metasefrengdne tha oper
aes in dient-sexwer modeA text-quely input
by the user ges to our Fusion2 sar, which
broadcasts it in patlel to six populaiVeb
seach engnes.The top-anked URLSs fom
the sixWeb seaches ae combined using
data-fusion tebniques into a consolitked
ranked list tha Fusion2 pesents to the use
As uses viewv URLSs,they are invited to mak
some as beingetevant to their quer After
some hge been so méed, the user can
invoke a quey-expansion pocess \kereby
the knavn relevant URLs ae anayzed word
stems ag identifed and anked in oder of
their potential usefulness as s#atems,and
the top-anked sub tems ae presented bac
to the uses. This piocedue lets usexr man
ually select nev seach tems to ad to the
original quey, which is then ebroadcast to
the undelying Web seach engnes to gner
ate a second or subsequent set of URIts
the uses to view.

Uniquely among metaseen engnes,
Fusion2 incoporates the conga of rele-
vance éedbak, which allows a uses quey,
as epresented pthe set of seah tems,to
be refined in light of identifed relevant

URLs—a tetinique knavn to improve
effectiveness in IR onlosed collections of
documents.

Tétralogie is a knwvledge-discoery sys
tem tha can use anstructured textual infor-
maion as an infrmaion souce Omaniza
tions sut as Cedocainria, Nestlé Toulouse
University Library, and othes curently use
the systemmostly for bibliographic and sei
ence-monitang studiesTétralogie has been
suppoted by the Fench Secrétdat Généal
de la Déénse N#donale and Conseil Ré
gional de la Haute Ganne

TheTétralogie system taés as input an

nraw structured information tha has been
retrieved or havested using either a spécif
. sewer or an IR enige. The systemifst pre-

FUSIONZ LETS USERS OR
OTHER AGENTS QUERY
SEVERAL DIFFERENT SEARCH
ENGINES IN PARALLEL AND
USES DATA-FUSION CONCEPTS
TO FUSE THE RESULTS
RETURNED.

treds this ew information to reduce its ol-
ume and to hongeniz it when necessaf
This petreament equires an inbrmaion-
extraction pocess toxract pedefned ele
ments sule as author nameauthor afilia-
tions,dae and place of puizcation of the
I paper, and a set ofapresentdve phases
from the document x¢. Tétralogie then
reduces documents using co-ogemce
functions on thesexéracted elements an
stores them as 2D and 3D contérgy tables.
These maices in tun seve as the input tg
the mining pocesswhich is used to disa@r
global pdtems and hiden inbrmation from
the document set and taopide an eerview
of this disceered information. For example
the mining pocess lets ussrdiscaer the
main subdomains ém within a feld, col-
laborative work as @idenced  collabora-
ftions betveen autha and diliations,a the
matic mgp for the havested documentand
so on.The mining pocess elies on tassif-
cdion methods andaftoial-analsis fune
tions. Rnally, the system @sents the da-
mining results to the user irrgphical form.
This gaphical epresentiion does not con

d

sist soley of stdic objects bt has associed
with it facilities for uses to bcus on spedit
elementsto chang the viev they have on
the results,or to perbrm diill-down or oll-
up opeations to and fom documentsThe
Tétralogie software interice can incquorate
the knavledge-discwery process into the
framevork of a loop intuding the bur main
tasks (inbrmation filtering, information
reducing information mining and knaevl-
edee visualizéion)® to adieve useful user
directed knwledge discwerly.

Compaed to other kneledge-discoery
systems,Tétralogie allows intemactive, as
opposed to ste, knowledge discaery with
the systens modules collaorating for im-
proved eficiency. The informaion souces
can be eitheraictual déa or fiee text. The pe-
treament of the fee text includes tebniques
commony used in IR (stemmindgem con
flation, and so on)while the petreament of
other stuctured elements is also penfned
In addition, Tétralogie lets uses anayze tem
poral information and hae 4D visualizéon,
a paverful representtion tha lets uses
visualizz moe subtle and hidken types of
information.

A natural evolution of Tétralogie is to
apply its information mining to URLs har
vested fom theWeb. We would like to en
sure tha these URLs & diverse—not just
the ones thiacontain the mostumber of
occurences of the usarinitial seach tems.
This ciiterion would not be agieved y using
a corventionalWeb seach engdne, but is
adieved ly integrating Fusion2 (with auto
mdic rather than mamal relevance éedbak)
andTétralogie into the system &/callTétra-
Fusion. kgure 1 shavs a functional eerview
of TétraFusion.

Harvesting URLs from the
Web with Fusion2

Fusion2 lets useror other gents quey
several different seach engnes in paallel
and uses da-fusion concpts to fuse the
results etumed thus impoving the seath’s
overall quality. Since the aginal version of
the system was launbed inAugust 1996it
has sered thousands of Inteet seathes.

Metaseath engnes accpt queres just
like ary other seath endne, but instead of
maintaining their wn daabase of indeed
documentgthese sefices ely on other rter-
nal seath sewices to povide the inbrma
tion necessarto fulfil user queies.They all
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opete in essentiayl the same ay, query-
ing some undéying Web seach engnes in
parllel to ansver user quees,but differing
in the pocessing theperform on the esults
retumed ty theWeb seach engnes bebre
presenting them to the user

As we mentionega user inteacts with the
Fusion2 systemybenteing a quey, which
is sent to the Fusion ser, where it is boad
cast in paallel to sixWeb seach engnes.
The esults etumed fom eab engne ae
parsed to gtract document title4)RLs,and
rank positions.

After a time-out peod, the system per
forms a d#a-fusion opeation on the URL
lists retumed fom seach engnes a tha
point. This dda fusion perfrmed on our
server madine elies on ank position ather
than etrieval staus \alue (RSV) or URL]
scok, because not all sedr engnes etum
scoes. Duplicée objects hee their anks
summedand objects & penalied if they
have not beenatiieved ty a paticular seath
engne. The system then tek the fusecank
ing of URLs and sends it blato the dient
for displa to the uset

Fusion2s relevance €edbak and quey
expansion let usermodify their seah by
mairking selected documents as beietgr
vant to their inbrmation needThese URLS
then etum to the Fusion seer. Sut pajes

are retrieved from theWeb, after which their

text is anayzed by remaving HTML tags and
stopwords and the eamaining t&t is

stemmedFrom this the systemxdracts a list]
of candidée seath tems. Once these ha

been anked, the top-scaed etum to the user
for displgy. When the useleceves the list of
candidée ectra seagh tems, he or she can
select someor none of these They are

added to the aginal quey as aérm of quey

expansionand the user is asH to erun the
expanded quer

In the URL havesting @proad used in
TétraFusiona sequence of sedues using
the quey are sent to theetrieval endnes to
retrieve the top 10 documentaymbes 11
to 20,21 to 30and so onThis initial quey-
ing process is completetven the topanked
100 URLs hae been etumed flom eat
engne. This gproad is necessgrbecause
the undelying engnes etum 10 documents
at a time in esponse to incoming ques.
Figure 2 shavs the fow of contol of the
URL-hawesting system.

TétraFusion sends the initial set efumed
documentsdr tem anaysis as desived pe-
viously and automically adds the top 20
seach tems from these URLSs to theiginal
quer in a pocess callegpseudo elevance
feedbak. This tedinique causes qudatena,
which probably explains why it is not used in
cornventionaMWeb seaching. Nonethelesshis
technique has mven be useful in impring

Topic
URLs

Tétra-
logie

o Fusion

Figure 1. Functional overview of TétraFusion.

: a : _— :
Client — Fusion <= 5 engines — 50 URLs
Term anal ysi s
dient =—— 500 URLs = 5 engines — J

@ = QL + Top 20 terns

Figure 2. Flow of control for URL harvesting.

IR precision—inTREC,for example— vhich
is precisey why we used it i étraFusion (see
http://trecnist.gov). The expanded qugrthen
goes out,and 100 URLs & once gain
retieved from eab endne, as shan in Fg-
ure 2,this time based on theganded quer
The fnal set of URLs etumed fom these
seaches @ bad to the dient.

This gpproac leverages «isting systems
to male eficient use of netark bandvidth
and esouces.This was the idea behind the
Harwest systemwhere brokers provided the
indexing and quey interface to the ghered
information 8 These bokers adieve this stp
by requesting irbrmation from information
gatherers and other lokers. In our system,
we use theasting Web seach engnes,
which have the esouces atheir disposal to
attempt to indg theWeb. By queying them,
we get a pool of URLsdr theTétralogie sys
tem to work with.

Analysis of URLs inTétraFusion elies on
the same @treament of the pges,daa min
ing, and fnally visualizaion for the user via
the same visuagpresentéon the theTétra
logie system uses—xeept tha in TétraFu
sion,we use diferent pedefned elements to
extract fomWeb pages.

Analyzing pages with
Téetralogie

Tétralogie provides diferent complemen
tary tools for miningWeb payes and etract
ing information from themWe'll now take a
step-by-step look a the way Tétralogie ana
lyzesWeb pages.

Information pretreament. Once URLs
have been identiéd and the pges daevn-
loaded diectly to Tétralogie, they must be
pretreaed to tun raw information into a
more stuctured form on which mining fune
tions can be pplied This pretreament
includes inbrmation extraction filtering, and
summaization tasks.

Information extraction. Information extrac
tion consists ofdracting pedetemined ele
ments of inbrmation. In pevious work with
the Tétralogie systemwe hare etracted
information from semistuctured biblio-
graphic ddaabases e the stucture of the
documents is m&ed up using a set of @r
defined tays# In the contgt of theWeb, most
of the documents amwiitten in HTML, which
provides tays to mak up stuctural elements
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of the documents (sh@as mettrgs and ef-
erence tgs). We use these ¢s to etract
some elements and alsktract iepresenta
tive phases fom the document content.

e Phrase atraction In IR, the use of
phrases as indéng items can impve
retrieval efectiveness. In a stydof the
usefulness of plases identiéd syntacti
cally versus those identdd by simple
word co-occurence Mandar Mitia and
his collegues bund stéistical and syn
tactic phases hadkout the same el of
improvement’ In our aproad, we base
phrase detection on a s#dical tedcinique
When the same combitian of tems
occus seeral times in document, is
consideed to be a plase because it i
most likely to corespond to aeal con
cept. Phases can be composed of mg
than two words,depending on their wrd-
combindion frequeng. In adlition, we
use a stop-list to delete ngseful tems
and Prter’s stemming algrithm to con
flate different \ariants of a vord to a sin
gle form.

< Citation and site gtraction We use the
tags povided by HTML to mak up the
hypellinks to etract either the full URLS
cited (for example http://mwwirit.fr/SSI/
ACTIVITES/EQ_SIG/Vélcome_a.html)
or the sever cited (http://wwwirit.fr) in
the havested document3he ldter ele

ment gves diect information on the aga-
nizetion cited (IRIT, France).

¢ Metainormation extraction.When aail-
able, metdags sut as the author ¢a
(<META NAME=Authors CONTENT=
“Dupont”>) are used toxract pede

fined elements &ém the documents.

Unfortunaely, sudh tags ae still not
widely used inVeb documentsalthough
as this banges,ther is ged potential br
using this inbrmation.

Information filtering. While values ae
extracted br predefned elements ém the
harvested documentshey can also beilf-
tered positvely or neatively. For example
it is possilte to gve a stop-list of tens or

s phrases thisshould not be consided duing

the etraction phase (mgtive filter), while

rit is also possile to enlist ony phrases thia

must be consided as a posite flter.

Informaion summaization. After filtering,
our system summies emaining inbrma
tion into the brm of a contingngy table tha
is a paverful 2D-knavledge representtion.®
A 2D contingng table summaizes a
weighted elaionship betveen tvo kinds of
extracted elements (theeletionship 1s_
Treated_By between phases and authey.
Let T =[t;;] be sut a contingngy table; t;

comesponds to theumber of documents

whetr the elementaluei of the frst element

'
G |G (b |ty |6 (L | L (L | L | Ty i
Classe @ '
t, | @ 7 8 1
'
t, 5 2 '
1, 21 7 | 3 |10 :
'
t| 7 9 8 1 -
t 2 1 !
t; | 8 8 11 1 0
t; 2 1 4 , :
! :
te ! 8 2 7 Classe o2 | AN E
L |1 3|1 1 2| 4 ; !
| 1 !
tio 10 7 10 | '
1 2 0
ot
Eachg represents ;h_e;{&'-al-:fe_d-p_hras e

Figure 3. Example graph-based classification applied to a co-phrase contingency table.

D

(theith phiase) and the elemergluej of the
second element (thth author)co-occur In
fact,the two elements wolved in a elaion-
ship can be of diérent types or of the same
type (for instancethe copubshing relaion-
ship among authey.

Mining functions. Tétralogie integrates dif
ferent mining functions to accompliskas
sification and corelaion-detection tasks.df
classifcation, it uses thee kinds of assif-
cation, both superised and nonsupésed
For ead of thesethe elements tolassify
comrespond to theows of the contingng/
tables and the distance measused is based
on variables epresented as the columns. Or,
the other handthe corelaion discaery
relies on &ctoial anaysis. These a@ the
methods used:

» Hierarchical ascendantlassifcation is
a nonsupefised dassifcation methodAt
the frst stg, Tétralogie reduces lkasses
to singletonswhere eab dass contains a
unigue atracted elementalue It then
aggregates theselasses ecusively in
pairs accoding to their distance with the
closest tvo dasses meged This piocess
repeds until all the elements belong to g
single dass.The lesult of this is a &e tha
can be cuttaary level accoding to the
number or the s one vants br the
classesAny kind of distance function can
sewe to @aluae hav close two dasses
are, such as Eulidean orX2.

e Classifcation by pattition (CP) is a
supevised dassiication where the user
gives the nmber of tasses xpected as
well as a epresentéive element of edrc
class. CP is an itative processand a
ead iteration, ead item to be lassifed
is associted with the sest tass epre-
sentdive. Then,for eat dassthe iepre-
sentdive element is ecomputed @r
instancethe center of gvity). The iter
ations stop wen the lasses a stdle—
when thee ae no moe element shifts
from one tass to another

¢ In graph-based kassiication, the con
tingeng tables of co-elements (shas
phrase-to-phaise tales) ae tumed into
graphs where the ‘ertices corespond to
the etracted alues.Two vertices ae
linked with an edg if and ony if their
cell value is lager than a tleshold which
the user can select (semgire 3).With
regard to factoial-anal/sis methodsye
can viav the contingngy tables as items
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(rows) descbed in ann-dimensional
space with edtdimension caespond
ing to a columi¥.Factoial-anay/sis meth
ods educe the umber of these dimen
sions to something mermangeéble
without loss of inbrmation.

» Principal component angbis (PCA)
reduces da dimensionality into space
that are the most impadant as detenined
by the eigrvalues of the aniance/cwoari-
ance méix of the tdle using Eulidean
distance

» Correspondencattorial analysis(CFA)
is perbrmed the same ay as PCA is,
except tha the distance measiused is
the X2 distanceThis has the nthemai-
cal popety of allowing representtion of
both lows and columns of thelifes in the
same space and thus canwlibe asso
ciations betveen pws and columns.

Graphical representdion and manipula-
tion. A graphical iepresentéion of comple
information is intuitively easier ér a user to
compehendso all esults obtained @m the
document angkis ae displged in gaphi-
cal views. This gaphical gproad is simi
lar to tha taken by the Document Ex
plorersystemyhich is used to visual@Web
document sticture based on an awais of
the document contefitThe summared
information stoed in contingngy tables and
the gaph-basedlassifcation is displged in

hierarchical ascendantassifcation can also
be displged, while the fctoral-analsis
functions yield a set of points in a space

We developed a visualizeon tool tha can
visualize up to bur dimensions sinitane
ously. The frst two are thex andy dimen
sions on s@en.The thid is obtained using

sa pespectve view tha magnifies dose
objects or points an@ducesemote objects
while also modifying distances beden
objects dpending on theloseness of the
objects to the viger. The fourth dimension
is obtained using seral levels of gay to rep-
resent objectsead level of gray core-
sponding to aaue on thedurth axis.The
disposition of the aes—tha is to sg, the
azimuth used to obsee the dea—is dhosen
to visualiz as teally as possile the pati-
tion of the set of point3.

To fully exploit the addantayes of a 4D
visualizaion and let user really explore
information relaionships,we hae adled
dynamics to the dispjatha let uses mod
ify their point of viev on the esults set using
several kinds of methods or actionshese
actions induce ansbrmations on theepre-
sentdion of the set of points and ilicle the
following:

e Zooming aound a gven point The user
can bcus on some of the points th
appear most intesting

e Scanning the set of points usingesal

a speadsheet toolhe tee esulting fom a

angles Two points can seem to bbse

to eat other accating to a gven point
of view, whereas in &ct the might be &r
away. A scanning g rotation can mak
the coreldions betveen the points visual.
The user canhose a continous and ani
maed iotation in the space

* Modifying the visualizton space To
increase the amount of visuadi infor-
mation, it might be useful to incporate
other aes into the visualid spaceWe
provide a function thiaproduces a slid
ing of the ars with the ifst axis no
longer representedthe second axis be
coming axis amber 1,and so onThis
axis sliding caneaped until the whole
information content is visualizd and the
user can select grcombinaion of aes.

Another aspect of visualiian is the
selection of subsets of elements tleger
analsis.A user can gphically isolae some
data subset andoply the daa-mining fune
tions ony on the documentdtered accoa-
ing to this selection of iimation, thus gn
erating a nev graphical representéon for
usercontolled visualizéion. This last point
illustrates the wole aoproac we have talen
to mining and angking havested inbrma
tion. Itis the user o dhooses the combina
tion of mining and visualiz&on processes

a (filtering-mining-visualizéion), making the

Tétralogie's knavledge-discavery process
flexible and adptable. Figure 4 shavs an
overview of page anaysis inTétralogie.

i Extraction functions : Mining Graphical
1 - functions representations
; . o 1 11 Contigency
Extraction Semantic Filtering Pt tables
functions functions functions | {0 generation
/ C o o
P g — Classification { | o
\ . b methods e
State of Ej |} Ej |} L::
documents et :
| | Factorial
/// ) it Knowledge — analysis
s Information i} Extracting i base ' Filters bl methods
onthesourcesi! rules i (semantic i P
External i dictionaries) ! Lt
knowledge Extracted
values

iModule of CT building}

Figure 4. Page analysis in Tétralogie.
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See thé'Sample sessionsidebar for an
example ofTétralogie’s opestions.

ECAUSETETRAFUSION OPERtes
on theWeb, it is not constained ly subject
domain or gen ty the languge in which the
Web pages ae wiitten. TheTétraFusion sys
tem has marged to leverage two existing
systems,Tétralogie for daa mining and
Fusion2 br metaseanhing, into one inte
grated tool thais paticulady well-suited to

the knavledge-discaery task. Opeationally,
TétraFusion wuld be scalae to really large
usae because the componenttthizter
mines URLs ér havesting Fusion2 already
suppots mary thousands ofVeb seaches
and can easjlsuppot mary more, while the
actual URL haresting interactive dda min
ing, and knavledge-discavery component,
deiived from Tétralogie, is a pesonalizd
tool running on a uses’dient madine At
presentthe TétraFusion system is not puk
licly available, although ve ae planning to
include a ‘ersion for pulic use in futue
developments.®

Acknowledgments

This work was fcilitated by a joint CNRS-Br-
bairt Exchange piogram.

References

1. A.F Sme#on and ECrimmins,“Relevance
Feedbak and Quey Expansion ér Seach-
ing theWeb: A Model for Seaching a Dig-
tal Library,” Proc. First Euopean ConfDig-
ital Libraries Spiinger-Verag, Berin, 1997,
pp. 99-112.

2. J. Mothe T. Dkaki,and B Dousset;Mining
Information to Extict Hidden and Sategic

Sample session

To illustrate TétraFusion in opetion, let’s look & the ppcessing dr
a sample quer The aea we explore is epresented with the initial
quer “data mining” and“inf ormation mining’ which retumed a set
of 500 URLs after iteative Web seaching with Fusion2These vere

downloaded with on three documents not hassted due to connection

failures. Bebre stating the inbrmaion-pretreament pocessthe 495
documents (tw further documents &re eliminded due to HTML syn
tax erors) were filtered to leg only the URLs containingtdeast one
of the two phrases'data mining”or “inf ormation mining”

Information extr action. We perbrmed the petreagment on the 245
remaining URLsextracting diferent pedefned elementslable A dis-
plays the esults.

Summarization (contingengy tables).
To discaver the topics of interst r

accoding to the topicsThe distance beteen items isepresenttive of
probable item corelaions.At least fve distinct goups @pear in this
screenshotTwo distinct goup contents ardisplaed in RgureA. Tak-
ing the top ight group,we see seeral phiases and teA\Web sitesThat
means thiethese tw sites a mosty chamacteized by the linked
phrases. Both sitesecalls br paticipation on intelligent ayents,
knowledge mangementand so on.

Hierarchical ascendant tassification. We can displg another com
plementay view of the déa aygregated from davnloaded/\Veb pages
consisting of kustess of sites assed with plasesThe esult of the
classifcation is a tee (Fgure B1) thathe user can négate by cutting
at ary level to visualiz the content of nodesiffare B2).This dassii-

cation tree can help the user visit the minim rumber of sites and still

have the lagest werview. Suppose thave want to hae the lagest

Table A. Pretreatment results.

NUMBER OF DIFFERENT VALUES

MEANING

183 (36 sites are referenced
more than twice)

1,943 phrases and single terms

3,244 phrases and single terms

3,800 (1910 external http references)
624 occur more than twice

12,524 phrases and single terms

Document URL
Document site

Phrases extracted from the document
titles (tag <Title>)

Phrases extracted from the document
subtitles (tags <H1> .. <H7>)

URLSs referenced in the document set

Site of URLs referenced in the document
set

Phrases extracted from the rest of the
textual information

Table B. Crossing table results.

ead site and identify the imptant ATTRIBUTE
sites,we ciossed rtracted phases

and document seers. The cossing URLs 245
table lets us list the most singly Site

related topics or ead site and the )

results obtainedige the phases tha Ul
characteize eat souce. (SeeTable B SubTitles

for an éample)

We can assess the suminad infor- Links
mation by accessing the casponding Links-site
Web sitesAs an &ample when con
necting to http://wwwis1.co.ukwe see Text
that this site offers software and con
sulting sevices br daa mining

We then aplied seeral mining fune
tions to this apssing to povide comple
mentay knowledge from the analzed e

documents.

Torics

Correspondencedctorial analysis www.data-miners.com

FigureA displays the esults of the Ck.
This sceenshot oyl patly conveys the
detailed inbrmation shavn in a lve
interaction. It shas the distibution of
both the topics dracted phases) and

www.isl.co.uk
www.datamining.com
www.santafe.edu
www.europe.digital.com

Technology, data-mining, data-warehousing, business, product
service, company, marketing, order-book

Data-mining-consultancy

Discovery, decision-support

Technology, data-mining, kurt-thearling

Technology, information, solution, digital-data-mining, digital,
burgandy-bar

theWeb site in a space computed
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overview of information mining and de& mining hut still cannot &rd
to visit ary more thansay, 18 sites. If the sites can bevidied into 18
classesye can visit one siteepresenting an elemeniim eat dass.
In the kample one of the documentsaim the set w have highlighted
can dve a qui& idea of the goup content.

This example illustetes the kind ofesults a userejs when using
TétraFusionput stdic scieenshots cannot jgture the toe inteactive
naure of the interdce The tool ve pesent meets theitaria tha have
been dehed for visualizdion interfacessud as the possibilityof the
user to bcus @ention on cerin elements of the visuadid information
and to hae seeral levels of dstraction in the inbrmation being dis
played On the other hanthe information-havesting and mtreament
phases can be time-consumidgpending on theasponse time of the
queied severs. Thus,the o/erall system has a quelateng tha is
traded gainst a high dgree of document anadis. The selection of
URLSs to be anglzed including the pocess of pseudelevance
feedbak, could be speeded up grily using a cenéll index tha stoes
word occurence and other infmaion for eat indexed documentThis
information is generlly unavailable except by hawvesting the URLs
directly, which is what causes the quetateng in the frst place Oper
ating on sub a cental inde, as theTétralogie system doed étraFusion
would hare a \ery much reduced eecution time

Different domains hae been mined using tA&tralogie system.
Before an oganizdion anayzes a n& domain,it evaluaes the systers’
performance on a knven coipus to @am-
ine the esults obtainedOf couse this
assessment is diicult to quantify and
remains a qualitave ciiteria. For example
Tétralogie has been successjullsed to
evaluge the pubc image of a vell-known
intemational coporation by mining all
articles posted in nesgroups &out it. The
articles were filtered accading to the cor
poration’s nameacmonyms,and
distributed poductsAmong the ptiems
that emeged was the detection oftadks
from competing @anizaions.Another
compus mining has sk the infuence of
the use of onga3 (a fsh oil) on the &er-
ies and hearwhich is a eseath issue dis
cussed in manpulications. In mining

astonomical pubcations,we hae high

Gl s BN lighted e/olutionasy trends in astnomk

e nada cal literature—both copmpleted andwe

g advance reseach programs,new temminology,

i Co. AR ZONA. EDU obsevations,and so érth. In geneal,
retumed eperiences fom Tétralogie
end-uses shav tha classifcations and
clusteiing methods @ easy to use and

Graph-based tassifcation. To discaver subtopics within the dec
ument set (thizare all on the sameegearl topics) and their speaf
terminology, we studied coplase cossing Figure C displgs the co-
occurence maix as well as its global vie (in black and gay) where
ead point coresponds to a nondii value in the miix. Clustes hare
been highlightegand a tusters content can be listed lgraphically
selecting it. Notice thehe selected elements can then im toe used
to filter the document sethus,the user can dfdown to visualiz the
undetying information filtered by the selected elements.

These anaises open up theea of the initial querto let the user
explore teminology, seach among/\eb sitesand viev documents
in a knavledge-discwery task in vha might be a completglnen
domain br the user

TETRALOGIE PROJECTION 4D FICHIER: fusion/MTM-SO/AFC_I_V_1
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knowledge-managenen’
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instruction-author
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implementation-data-nining
systen-knowledge
business-science
requirement-data-mining
school-computing
science-simon
burnaby-bc
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data-analyst

key-technology

improve-business
Dresearcs tel-fax

inte call-participation

technique-applied
business-industry
i, BUSS. CO. UK
. DEMON. CO. UK

Figure A. Results of a CFA on phrases and sites crossing displaying site specifics. This figure displays some of the spe-
cific clusters that have been found.
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TETRALOGIE CAH (SUP) FICHIER : fusion/SO-MTM/SO-MTM

TETRALOGIE CAH (SUP) FICHIER : fusion/SO-MTM/SO-MTM
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Figure B. Sites and phrases classification tree: (1) befol

undestand The factoial-anaysis methods and visualtian seem to

need a little ma training to be easiland fully i

they seem to beerad to train because of the irease in alue obtained

using this teknique

re any cutting, (2) after cutting.

ntempreted ly uses, but

increase

As the discontentrgws with naigating and fnding information
on an inceasingy complex and gowing Web, the needdr tools
such as ous and the tolemce of inceased xecution time will also

3
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Figure C. Result from crossing phrases with phrases.
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