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ABSTRACT

Digital Libraries have gained tremendousinterest with

numerous reseach projects addressing the wealth of
challengesin this field. While computational intelligence
systemsare being used for specific tasks in this arena,
the majority of projectsrelieson cornventional techniques
for the basic structure of the library itself. With the
SOMLIib project we createa digital library systemthat

usesa neural network-based core for library represen-
tation and query processing The self-organizing map,
a popular unsupelrvised neural network model, is used
to automatically structur e a documentcollection. Based
on this core, additional modulesintegrate distrib uted li-

braries and create an intuiti ve representationof the li-

brary, automatically labeling the various topical sections
in the documentcollection.
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1 INTRODUCTION

The SOMLIb digital library systemis basedon the self-
organizingmap, a popularunsuperviseceuralnetwork ar
chitectureproviding a topology-preservingnappingfrom a
high-dimensionainput spaceontoa two-dimensionabutput
space. It is usedto structuredocumentcollectionson a 2-
dimensionamaplocatingdocument®n similar topicsclose
to eachother Documentsaretransformednto avectorspace
representatiomnd usedfor network training. To allow the
creationof largelibrary systemsinsteadof traininghugesin-
gle SOMs,individual mapscanbeintegratedto form a setof
referencindibrary maps.The varioustopical sectionsn the
library arelabeledautomaticallywith the keywordsassigned
by the LabelSOMmethod. Last, but not least,the libViewer
providesan intuitive userinterfaceemploying Dublin-Core

www.ifs.tuwien.ac.at/~dieter

basedmetaphomgraphics. For the experimentspresentedn
this paperwe usethe classicTIME Magazinearticle collec-
tion consistingof 420 articlesfrom the TIME Magazineof
the 196051

2 SOM AND DIGITAL LIBRARIES

The self-organizingmap(SOM) [2] is anunsuperviseteu-
ral network modelthatprovidesa topology-preservingnap-
ping from a high-dimensionainput spaceto a usually 2-
dimensionabutputspace.lt consistsof a grid of unitswith
n-dimensionalweight vectors. During the training process
input dataarepresentedo the mapin randomorder An ac-
tivationfunction basedon somemetricis usedto determine
thewinning unit. Next, theweightvectorsof thewinnerand
of neighboringunits aremodifiedto representhe presented
input signalmore closely The SOM hasbeenappliedsuc-
cessfullyto text classificationgf. [1, 3]. Text documentgan
be thoughtof topical clustersin the high-dimensionafea-
turespacespannedby theindividualwordsin thedocuments.
Full-termindexing is usedto representhe documentsusing
atf x idf, i.e. termfrequeng timesinversedocumentfre-
queng, weightingschemg6]. A trainedSOM thusrepre-
sentsa topologicalorderingof the documentsmeaningthat
documentson similar topicsarelocatedcloseto eachother
on the 2-dimensionamap. This is comparabldo what one
canexpectfrom a corventionallibrary, wherewe alsofind
thevariousbooksorderedby somecontents-basedriteria.

A query presentedo a SOMLib is mappedonto the cor

respondingmaplocation, retrieving the documentsnapped
ontotherespectie unit andfacilitating intuitive browsing of

similar documentdocatedon neighboringnodesdueto the
clusteringcapability of the SOM. Again, this is what com-

monly happensn a corventionallibrary whenthe librarian

pointsyou to the sectionof your interestin thelibrary build-

ing.

3 DISTRIBUTED COLLECTIONS

For traininga SOM it is assumedhatall input datais avail-
ablelocally to bepresentedo themap. Thisis notthecasdn
therealworld wheredocumentollectionseitherexist assev-
eralindependeniibrariesor arereleaseatdifferentpointsin

1The article collection as well as the experimental results de-
scribed in this paper are available for interactve exploration at
http://www.ifs.tuwien.ac.at/ifs/research/ir.
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Figure 1: Labeled 10 x 15 SOM integrating 6 maps

timelike periodicals.In bothcasesve wantto integratethese
distributedcollectionswithouthaving to facetheoverheadf

trainingthewhole SOM network again.Furthermoreasthe
numberof topicsto berepresentetly the SOMincreaseshe
mapalsohasto grow, leadingto very big mapswith all the
problemslik e long training timesetc. incurred. Both situa-
tionscall for away to integratedifferent,independenSOMs
asopposedo otherapproacheselying on one centrallarge
SOM.

To allow theintegrationof distributedlibraries,insteadof us-
ing the very documentrepresentationasinput to the SOM,
we usetheweightvectorsof existing SOM-basedibrariesto
train a higherlevel SOMLib map, thus allowing the corve-
nientandindependenintegrationof distributedlibraries[5].

Every usercanchooseto createa personalibrary basedon
herindividual interestsby integratingvariousmapsor even
just partsof maps.An examplefor suchanintegratingmap
is providedin Figure 1, integrating6 independentlytrained
maps. Eachof these6 mapsrepresentbetweens3 and 87
articlesfrom the TIME Magazine with the integratingmap
representinghewholearticle collectionof 420articles.

4 LabelSOM: LABELING THE LIBRARY

While the SOM providesan intuitively orderedrepresenta-
tion of thedata,interpretinga trainedSOM remainsa some-
whattedioustaskin spite of the recentdevelopmentof en-
hancedvisualizationtechniqguedor SOMs. This is because
the reasondor a specificclusterassignmenéare not explicit
in the standardSOM representatiorrequiringthe mapto be
labeledmanually The LabelSOMmethod[4] addressethis
problemby automaticallyassigningabelsto the units of the
SOM describingthe featuresof the datapointsmappecdonto
therespectie unit. Thisresultsin alabeledSOM giving the
contentsof the documentdn the variousareasof the map,
allowing the mapto be actuallyreadsimilar to a mapof a
corventionallibrary. Figurel providessomelabelsautomat-
ically createdor the TIME Magazinemap,clearly identify-
ing thetopicsof thevarioussectionson the map.
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Figure 2: Visualizing metadata of documents

5 libViewer: VISUALIZING THE LIBRARY
ThelibViewer moduleprovidesanintuitive userinterfaceto
the SOMLibsystemby combiningthe spatialorganizatiorof
documentgprovided by the SOM with a graphicalinterpre-
tationof metadatdasedn the Dublin CoreMetadataDoc-
umentsareassigned physicalrepresentatiotemplatesuch
asbooks,binders papersetc.,with further metadatasuchas
languagedateof lastreferenceetc. beingencodedy a set
of additionalmetaphors.An exampleof a libViewer library
representatiors providedin Figure2, usingdifferentphysi-
cal representationfor the varioustypesof documentsn the
library, with additionalinformationlik e languageamountof
information, last time of referenceetc. beingvisually en-
codedusing different colors, thicknessof documentsdust
andspiderwebstc.
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