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ABSTRACT
Digital Libraries have gained tr emendousinterest with
numerous research projects addressing the wealth of
challengesin this field. While computational intelligence
systemsare being used for specific tasks in this arena,
the majority of projectsrelieson conventional techniques
for the basic structur e of the library itself. With the
SOMLib project we createa digital library systemthat
usesa neural network-based core for library represen-
tation and query processing. The self-organizing map,
a popular unsupervised 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 popularunsupervisedneuralnetwork ar-
chitectureproviding a topology-preservingmappingfrom a
high-dimensionalinputspaceontoa two-dimensionaloutput
space. It is usedto structuredocumentcollectionson a 2-
dimensionalmaplocatingdocumentson similar topicsclose
to eachother. Documentsaretransformedinto avectorspace
representationandusedfor network training. To allow the
creationof largelibrary systems,insteadof traininghugesin-
gleSOMs,individualmapscanbeintegratedto form asetof
referencinglibrary maps.Thevarioustopicalsectionsin the
library arelabeledautomaticallywith thekeywordsassigned
by theLabelSOMmethod.Last,but not least,the libViewer
providesan intuitive userinterfaceemploying Dublin-Core


basedmetaphorgraphics.For the experimentspresentedin
this paperwe usetheclassicTIME Magazinearticlecollec-
tion consistingof 420 articlesfrom the TIME Magazineof
the1960’s.


�


2 SOM AND DIGITAL LIBRARIES
Theself-organizingmap(SOM) [2] is anunsupervisedneu-
ral network modelthatprovidesa topology-preservingmap-
ping from a high-dimensionalinput spaceto a usually 2-
dimensionaloutputspace.It consistsof a grid of unitswith
� -dimensionalweight vectors. During the training process
input dataarepresentedto themapin randomorder. An ac-
tivationfunctionbasedon somemetric is usedto determine
thewinningunit. Next, theweightvectorsof thewinnerand
of neighboringunitsaremodifiedto representthepresented
input signalmoreclosely. The SOM hasbeenappliedsuc-
cessfullyto text classification,cf. [1, 3]. Text documentscan
be thoughtof topical clustersin the high-dimensionalfea-
turespacespannedby theindividualwordsin thedocuments.
Full-termindexing is usedto representthedocuments,using
a
�����	��
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, i.e. termfrequency timesinversedocumentfre-
quency, weightingscheme[6]. A trainedSOM thusrepre-
sentsa topologicalorderingof thedocuments,meaningthat
documentson similar topicsarelocatedcloseto eachother
on the 2-dimensionalmap. This is comparableto what one
canexpect from a conventionallibrary, wherewe alsofind
thevariousbooksorderedby somecontents-basedcriteria.


A query presentedto a SOMLib is mappedonto the cor-
respondingmaplocation,retrieving the documentsmapped
ontotherespectiveunit andfacilitatingintuitivebrowsingof
similar documentslocatedon neighboringnodesdueto the
clusteringcapabilityof the SOM. Again, this is what com-
monly happensin a conventionallibrary whenthe librarian
pointsyou to thesectionof your interestin thelibrary build-
ing.


3 DISTRIBUTED COLLECTIONS
For traininga SOM it is assumedthatall input datais avail-
ablelocally to bepresentedto themap.Thisis not thecasein
therealworld wheredocumentcollectionseitherexist assev-
eralindependentlibrariesor arereleasedatdifferentpointsin
�
The article collection as well as the experimental results de-


scribed in this paper are available for interactive exploration at
http://www.ifs.tuwien.ac.at/ifs/research/ir.
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Figure 1: Labeled 10
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timelikeperiodicals.In bothcaseswewantto integratethese
distributedcollectionswithouthaving to facetheoverheadof
trainingthewholeSOM network again.Furthermore,asthe
numberof topicsto berepresentedby theSOMincreases,the
mapalsohasto grow, leadingto very big mapswith all the
problemslike long training timesetc. incurred. Both situa-
tionscall for away to integratedifferent,independentSOMs
asopposedto otherapproachesrelying on onecentrallarge
SOM.


To allow theintegrationof distributedlibraries,insteadof us-
ing thevery documentrepresentationsasinput to theSOM,
weusetheweightvectorsof existingSOM-basedlibrariesto
train a higher-level SOMLibmap,thusallowing the conve-
nientandindependentintegrationof distributedlibraries[5].
Every usercanchooseto createa personallibrary basedon
her individual interestsby integratingvariousmapsor even
just partsof maps.An examplefor suchan integratingmap
is provided in Figure1, integrating6 independentlytrained
maps. Eachof these6 mapsrepresentsbetween53 and87
articlesfrom the TIME Magazine, with the integratingmap
representingthewholearticlecollectionof 420articles.


4 LabelSOM: LABELING THE LIBRARY
While the SOM providesan intuitively orderedrepresenta-
tion of thedata,interpretinga trainedSOM remainsa some-
what tedioustaskin spiteof the recentdevelopmentof en-
hancedvisualizationtechniquesfor SOMs. This is because
thereasonsfor a specificclusterassignmentarenot explicit
in thestandardSOM representation,requiringthemapto be
labeledmanually. TheLabelSOMmethod[4] addressesthis
problemby automaticallyassigninglabelsto theunitsof the
SOM describingthefeaturesof thedatapointsmappedonto
therespectiveunit. This resultsin a labeledSOM giving the
contentsof the documentsin the variousareasof the map,
allowing the mapto be actually readsimilar to a mapof a
conventionallibrary. Figure1 providessomelabelsautomat-
ically createdfor theTIME Magazinemap,clearly identify-
ing thetopicsof thevarioussectionson themap.


Figure 2: Visualizing metadata of documents


5 libViewer: VISUALIZING THE LIBRARY
The libViewer moduleprovidesanintuitive userinterfaceto
theSOMLibsystemby combiningthespatialorganizationof
documentsprovidedby the SOM with a graphicalinterpre-
tationof metadatabasedon theDublin CoreMetadata.Doc-
umentsareassigneda physicalrepresentationtemplatesuch
asbooks,binders,papersetc.,with furthermetadatasuchas
language,dateof last referenceetc. beingencodedby a set
of additionalmetaphors.An exampleof a libViewer library
representationis providedin Figure2, usingdifferentphysi-
cal representationsfor thevarioustypesof documentsin the
library, with additionalinformationlike language,amountof
information, last time of referenceetc. being visually en-
codedusing different colors, thicknessof documents,dust
andspiderwebsetc.
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