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ABSTRACT

In this paperwe presentthe Company PositioningSystemCPS,
which enablesthe user to navigate interactively througha given
economicenvironmentandanalyzecompanies,trendsandpatterns
within that environment. We describehow the datais analyzed,
thestrengthsandweaknessesof CPSandsomeinterestinginsights
foundin thedataprovided.

CR Categories: K.6.1 [Managementof ComputingandInforma-
tion Systems]:ProjectandPeopleManagement—LifeCycle;K.8.1
[PersonalComputing]:ApplicationPackages—Graphics

Keywords: visualization,cluster, eigensystemanalysis

1 INTRODUCTION

Thedataprovided for the2005InfoVis contestconsistsof 87,659
technologycompanies.Attributesgiven werefor example: sales,
yearfounded,numberof employeesetc. In additionit waspossible
to usetheNAICS codeasa productgrouphierarchy. Thetaskwas
to visualizetrends,patternsandcorrelationsfoundwithin this data
set.

Patternanalysiswithin datasetscanbe achieved with different
tools. As componentsfor CPSwe selecteda generalizedeigen-
systemanalysisaspresentedin [2] anda clusteralgorithmbased
on randomwalksasdescribedin [1]. Thesecomponentstogether
with traditionalquerytechniqueswereusedto achieve an interac-
tive analysistool. For visualizationof the differentareasof inter-
estwe usedgeographicalinformation,color codingandrelational
highlighting.

2 STRENGTHS

2.1 Flexibility of data source

CPSis basedon an SQL databaseof relationaldata. This allows
a very flexible handlingof different datasettings. While we in-
cludedfor this paperonly the attributesprovided for the contest,
wecouldeasilybroadenthescopeof CPSwhenadditionaldatabe-
comesavailable.

2.2 Intuitive Color Coding

Resultsarecolor codedto facilitateintuitive perception.Different
genericschemeshavebeenimplementedfor colorcoding,e.g.sales
volume,numberof employees,numberof products,thusenabling
theuserto navigateamultidimensionalattributespace.As aspecial
featurethesalesperproductcanbeusedfor colorcoding.Sincethis
datais notexplicitely availablein thedata,weusetheassumptionof
w
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equallydistributedsalesvolumewithin acompany overits products
asafirst approximation.Thecolorcodingmechanismcaneasilybe
adaptedto new attributewhenthey becomeavailable.

2.3 Company - Products - Geography Relationship

To acquireanoverview of thedatathedefault view givenin fig.(1)
canbe used. In this main window the queryon the dataset can
be specified. As a result the geographicallocationof the queried
companiesand the productsmanufacturedby thosecompaniesis
visible. Theview canbe toggledto a flat arrayview. In this view
thegeographicallocationcanstill befoundby clicking onastateat
thebottomof thescreen.

Theseviews make it possibleto seethreekindsof correlations.
Theusercanidentify acompany andsubsequentlyseewhichprod-
ucts it sellsandwhereit is located. Also a productcanbe high-
lightedandthecompaniesthatproducethis productandtheir loca-
tion is given. As a third possibilitya statecouldbesingledout and
then the companieswithin that stateand their productsarehigh-
lighted.

2.4 Product or Company Clusters

Oneof the interestingquestionsconcerningthe dataset is which
productsweresoldtogetherandwhichcompaniesproducethesame
portfolios. Theresultof thesecalculationsaregivenin theProduct
Clusterview of CPS(fig.2). Here the usercan selecta level of
similarity andasaresulttheclustercentersandtheclustermembers
arecolor codedwithin theNAICS codehierarchy.

A resultthatcanbeobtainedin this view is for exampleto find
productsthat belongto no clusterat all. This canbe achieved by
choosinga clusterlevel closeto zero. Productsthat still show no
coloringdo not evenbelongto theoverall picture. Theseproducts
areoutliers,sincethey seemto beproducedwithoutany correlation
to other products. In the sameway companiescan be identified
whichbelongto noclusterandthuscouldbeseenasoutliers.

Please see supplementary material on conference DVD.
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2.5 Shifts in Product Portfolios over time

In orderto detectany shifts in therelevanceof productsover time
CPSoffers the Eigenvector view (fig.2). In this view the eigen-
vectorsof theproduct-by-productco-manufacturedmatrix arepre-
sentedsuchthattheeigenvectorcorrespondingto thelargesteigen-
value(absolutevalue)is givenasthebottomrow. Thesubsequent
rows arethoseeigenvectorsbelongingto lower absoluteeigenval-
ues. The relevancewithin the eigensystemis encodedon the y-
axisasthecovereddatavariance,whichcanbecalculatedfrom the
respective eigenvalue. The most relevant productwithin a row is
color codedin redor cyan,dependingon thesignof theeigenvec-
tor component.With this view we candetecta shift in the areas
of operationsof companiesover time. This is achieved by calcu-
lating theeigensystemof eachyear. Whentheseeigensystemsare
thenanimated,any changeis the configurationof the eigenvector
componentsbecomesvisible, thusrevealingashift.

3 WEAKNESSES

As CPSnot only incorporatesintuitive crossreferencetechniques
but alsostateof theart clusterandpatternrecognitiontechniques,
it is nosurprisethattheuserhasto allow for a learningcurve. This
also holds true for the color coding, the highlighting, the useof
menusandtheappropriatenessof differentviewsfor differenttasks.

OnetaskthatCPSis not build to performis missingdataanaly-
sis.Theapplicationassumesthatthedatais completeandvalid and
allows interpretation.

4 EXPLORATION RESULTS

4.1 Correlations

We have found interestingcorrelationsin the data. They can be
found when using the map or flat view. We can show that there
seemto bestatesmorerelevantto certainindustriesthanothers.For
exampleCaliforniahasmany computerindustrycompanies,while
Texashasmany oil companies.Within thecomputerindustryfield
therearetwo statesthat featureonly onecompany, but with a very
differentsaleslevel. Theonecompany in Montanahasahighsales
level, while theonecompany in WestVirginahasa low saleslevel.

Anotherfindingmightpoint to taxdifferencesbetweenstates.If
we highlight for examplein the computerindustryfield the state
of California, we seethat all companiesregisteredtherearealso
locatedthere.This is not truefor Massachusetts.Many companies

registeredtherearenot locatedthere. This might point to the fact
thatMA hasdifferenttax regulationsthenCA.

4.2 Product clusters and unusual products

To seewhich productswhere manufacturedtogetherand which
productsaretheclustercenters,wechangeto ProductClusterview.
The level at which productsareclusteredcanbeadjusted.A level
closeto 0 helpsto checkfor outliers,while levelscloseto 100make
it possibleto identify productsthat arewithin denslyknit clusters
of co-manufacturedproducts. As findings we can statethat at a
level between93 and95 we find productgroups541(professional,
scientificandtechnicalservices)and334(computerandelectronic
productmanufacturing)asclustercentersandasstronglyconnected
within clusters.Productcodeswhich fell out of the clusteringal-
readyat clusterlevel 1, thusindicatinganunusualbehavior, canbe
describedasoutliers. Sincein the overall picture the datapoints
towardsthesoftwareandcomputerindustriesandthoseconnected
to it, it is not surprisingto find productslike 622210(Psychiatric
andSubstanceAbuseHospitals)or 327112(VitreousChina,Fine
Earthenware,andOtherPotteryProduct)asoutliers.

4.3 Trends: Shifts in areas of operation

As anexploratoryresultenhancingtheresultsof theproductclus-
tering,we have detectedwith theeigensystemanalysistheshift of
relevancefrom manufacturing(NAICS code3) to servicesandsoft-
ware(NAICS code5) aroundtheyear2000.In orderto geta more
detailedview thanthe1st-level of NAICS code,theusercanswitch
to the two digit level. Herewe cansee,that the productcode33
is connectedto the codes32, 51, 54 and 55. In 1999 the focus
switchesto code54 which respresentsa shift from manufacturing
to professional,scientificandtechnicalservices.If we evengo one
stepfurther to the threedigit NAICS codeview, it becomesclear
that the shift from 334 towardsservices(541) took place,which
couldrespresenttheinternetandsoftwareboom.

5 CONCLUSION

By usingthedifferentviews andmethodsof CPSwe have discov-
eredsomepatternsthatwouldhavebeenverydifficult if not impos-
sibleto detectwith standardtools.Theshift of theareaof operation
in theyear2000from productgroup3 to 5 aswell astheclustering
of productsand companiesin the ProductClusterview aregood
examplesof this. The possibility to constructquerieson the data
andanalyzethequeryor to look at thecompletedatasetseemsto
haveahighpotentialfor furtherinvestigation.Webelieve thatCPS
canalsobeusedto eitherdig deeperoncethedatabaseis enriched
by informationon salesby productetc.,or to evenshift to applica-
tions in thefield of market analysisor any othermultidimensional
problemthatcanbedescribedwith adatabaseof relationaldata.
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