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ABSTRACT
This paperpresentsa comprehensive summaryof the insightsand
experienceswhich a teamof computerscientistsandcommunica-
tionsengineersgainedduringtheambitiousthree-yearprojectHey-
wowin the�eld of mobileandubiquitouscomputing.Theproject
hadstartedwith apurelyarchitecture-drivenapproachandwith the
goal to demonstratethebene�tsof a mobilecomputinginfrastruc-
ture appliedto real-world showcases. The paperdescribeswhy,
during the courseof the project, the architecture-driven approach
sometimesprovedto beunsuitableto tacklereal-world constraints
andrequirements.Severalreasons,e.g.frequentlychangingdevice
road-maps,madearchitecturaladaptationsnecessary. This resulted
in a trade-off betweendesirablearchitecturaldesigniterationsand
inevitabledesigncircumventions,which �nally led to anarchitec-
tureandsoftwarecomponentsthatprovedto be�e xible, robustand
�t to meettherelevantreal-world requirements.

1. INTRODUCTION
Ourprojectstartedin 1999with theideaof designingandbuilding
a platform in orderto showcasetheservicesfor theneedsof peo-
ple on themove [1]. Theobjective wasto setup an infrastructure
which provideslocationandcontext awareservicesfor mobilede-
vices,ef�ciently combiningnovel navigationandcommunications
technologies.

At that time, projectssuchasCooltown[2], EasyLiving[3], Cen-
taurus[4], Ninja [5] or MOCA[6] startedwith similar goals.Un-
like someof these,Heywow beganwith “real world requirements”
meaningwewantedto demonstratethefeasibilityof animplemen-
tationwith standardoff-the-shelfcomponents.Themainfocuswas
on themobileuser's device (which we call WID - WirelessInfor-
mationDevice). Of course,laptopsor tosomedegreepersonaldigi-
tal assistants(PDAs)with reducedform factorwouldhaveprovided
thegreatest�e xibility . Questioningourselveswhetherit would be
likely to seepeoplewalking aroundwith largedeviceswe decided
not to rely on theannuallyshrinkingform factorsof thesedevices.
Instead,we focussedon upcomingsmartphones,an evolution of
mobile phonestowardsmore �e xible andprogrammabledevices.

Thiscoincidedwith therequirementto beableto usecommercially
availabledevices,which areeasyto con�gure anduseableby non-
expertsby thetimeof theshowcasestowardstheendof theproject.

Althoughour�rst ideaswerebornwhile investigatingtheJini spec-
i�cations [7], it turnedout, that it is not just aboutbringing nav-
igation capabilitiesinto an existing serviceframework like Jini.
Most serviceframeworks, including Jini, weredesignedwith the
characteristicsof classicaldistributedcomputingenvironmentsin
mind, i.e. they implicitly assumetheexistenceof a reliable,wired
network which interconnectsall hostsinvolved in distributedser-
vice interactionsandlargelyneglecttheissuesarisingfrom mobil-
ity, adaptation,context-awareness,zero-con�guration,local intelli-
gence,andothers[8]. Thus,oneof our projectgoalswasto re�ect
therequirementsresultingfrom theevolutionfrom distributedcom-
puting via mobile computingtowardsubiquitouscomputing(see
�gure 1).
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Figure1: Ubiquitous Computing Evolution Chain

This paperis organizedas follows: In the remainingpart of this
sectionwe will give anintroductionof our maindesigngoals,fol-
lowed by someconsiderationsof the impact of external effects
while “ramping up” an operationalsystem. In section2 we give
somedeeperinsight into importantsystemcomponentsand how
we organizedthem in the architecture. The overall information
distribution model is heavily in�uenced by the characteristicsof
mobile computingenvironmentsas we show in section3. Sec-
tion 4 presentsour approachof displayingbuilding or areamaps
on mobiledeviceswith limited screensizes,beforewe summarize
our paperwith a conclusionin section5. Throughoutall sections
we emphasisethe differencesbetweenthe designandthe lessons
learnedduringtheimplementation.

1.1 DesignCriteria
The penetrationof smart mobile devices like mobile phonesor
PDAs is growing rapidly. They typically providecircuit andpacket
switchedaccessto theInternetvia public mobilenetworks. By us-
ing methodsimplementedtoday, mobiledevicesenabletheuserto
accessWeb-baseddatafrom almostanywherein the world while
online by usinga Web- or WAP-browseron their device. From a



network operatorcentricviewpoint,thiswouldhavebeensuf�cient
for providing accessto location-basedservices:GPRSprovidesIn-
ternetconnectivity and the mobile networks facilitate subscriber
localization. However, this would have causedtremendousopera-
tionalcostswhichenduserswouldnothavebeenwilling to accept.
Evensupportthroughadvertisingrevenueswould not have leadto
a viablebusinessmodelfor a successfulcommercialintroduction.
In contrast,whenof�ine (e.g. in a plane,wheretheusageof wire-
lessconnectionsis currentlyprohibited),the useris unableto ac-
cessonline servicesandhe or sheis restrictedto executeonly a
smallsetof of�ine applicationsstoredandrun on thedevice itself.
Note that our de�nition of a serviceis not limited to information
services.We de�ne a serviceasa nameableentity beingrespon-
siblefor providing informationor performingactionswith speci�c
characteristics[9], which requiresfor instancesomekind of life-
cycle-managementon thedevice [10]. Thus,oneof thechallenges
wasto designanarchitecturewhichprovidesservicediscoveryand
executionmechanismsoptimizedfor onlineandof�ine conditions
in a besteffort senseusingondevice processingandstorage.

The upcomingsmartphonesaddedIrDA andBluetoothfor short
rangeconnectivity, providing no-costdatatransferandinherentlo-
cation information. WirelessLAN was reserved to more power-
ful devices- both in termsof processingpower andpower supply.
Also, infraredplaceda too high challengeon makinga full duplex
datalink work without modi�cation to consumerdevices(e.g. by
addinglenses).Bluetoothpromisedto bethemore�e xible solution
even if this meantdevelopingour own accesspoint infrastructure
dueto a mismatchof Bluetoothpro�les betweenthe mobilesand
commerciallyavailableaccesspoints.

Realizingthat smartphonesusuallyhave morethanoneinterface
for network access,it becameobvious that we would like to use
any of themwhereappropriate.Appropriatenessis determinedon
severaldimensionssuchasavailability andcoverage,transmission
bandwidth,transmissioncosts,importanceof the datato transmit
andsoon. In doingso,theheterogeneityof thedifferentnetworks
(Bluetooth, GSM-CSD,GPRSor even a docking cradle) turned
out to be an advantage.That means,if for instancea high band-
width at low transmissioncostconnectionlike Bluetoothis avail-
able, it is usedfor “data refueling”. If only a low bandwidthsz
high transmission-costconnectionlikeGSM-CSDis available,this
connectionis usedfor high priority requestsonly. And even the
no-network situationshouldbe coveredin our systemin termsof
a combinationof cachingandsmartprefetchingalgorithmsaswell
aspartialautonomyof theon-device services.

In oursystemlocation-awarenessisseenaspartof context-awareness.
Following asensingmetaphor, positioninginformationis sensedas
any otherkind of context informationusingeithera physicalor a
virtual sensor. In the caseof positioninginformation,a physical
positioningsensormay be an integratedor attachedGPSreceiver
providing WGS84coordinatesor themobilephoneitself reporting
Cell-IDsor Gauß-Kr̈uger-coordinates.A virtual positioningsensor
canbeasoftwaresuperposingandre�ning valuesof subsidiarysen-
sorsinto adequatecontext informationsimilar to thesoft-location
conceptproposedin [11]. Context-awarenessshouldbe an inher-
ent part of the serviceplatform. This requiresa well de�ned but
yetextensiblecommonmodelof whatcontext is andhow it canbe
used. The basemodel is designedto cover any dimensionof the
situationspace(we call themaspects) suchasthecurrentposition,
the currentnetwork situation,speci�c device characteristics,user
preferences,the history etc. The platform shouldprovide access

methodsto any kind of context informationthroughanAPI aswell
asnecessaryfurther infrastructureelementssuchasa monitoring
andeventgenerationcomponent,enablingcontext-awarenessdur-
ing servicediscovery andserviceexecution.

To achieve goodenduseracceptanceduringall showcases,we de-
cidedearlyonto providenotonly someselectedservicesto demon-
stratethe platform's features.Whenever possiblewe approached
contentprovidersto getrealworld contentfor resourcelimited de-
vices. To obtainhigh quality content,we optedto contractthird
partieswhenever thiskind of contentcouldnotbeproducedby any
of the participatingprojectpartners.In this sensenonsystemex-
pertswereenabledto provide contentfor oursystem.

1.2 Ramping up a RealSystem
While looking for adequatescenariosand locationsto ramp up
a demonstratorwhich is optimal in the senseof maximizing the
demonstrationeffect by using alreadyexisting infrastructureand
content,our initial intentionwasto approachanairportor individ-
ual airline operators,theadministrationof a capitalcity or evena
tradefair - anything thatis availablein thevicinity of Munichclose
to our researchlab. Obviously, a demonstrationin collaboration
with oneor moreof thepartiesmentionedabove would have been
bene�cial in termsof visibility, toughandthusauthenticrequire-
mentson the performanceand stability of the productsto show,
anda reasonablenumberof users.

But dueto their attractiveness,thepartiesandlocationsmentioned
above are “saturated”by the amountof cooperation-requeststo
demonstratesomethingontheonehand,andallocateahugeamount
of time for administrationandnegotiationon theotherhand.

Thus,we decidedto searchfor an attractive locationwith similar
characteristicsasmentionedabove, with lessadminstrative draw-
backs. We found this location in a small Bavarian town named
Landsberg am Lech (populationapprox. 27.000inhabitants,city
area58 ����� ). This town hasnumeroushistoric siteswhich are
concentratedmainly in theold town area,which coversabout0.35

���

� . Furthermore,it hasawell settledretail andtourismindustry,
which is openmindedtowardsnew ideasto make their city even
moreattractivefor bothtouristsandlocalcitizens.Importantly, the
city administrationsupportedour concernin variousways,either
in termsof manpower, by establishingcontactsor by providing ac-
cessto valuablecontentlike mapsfrom the landregistry of�ce or
accessto thedatabasesof thetourismof�ce. Moreover, oneshould
not underestimatethe advantageof having the city administration
asacommittedpartnerwhenenteringpublicdiscussionsregarding
electro-magneticemissionconcernsdueto moderncommunication
techniques.

Another very importantissueof our real world requirementwas
thedevice roadmapof theeligible vendors.Not every device that
is announcedwill beavailableto themarket or evenfor thedevel-
opercommunity, morethanever not in time. Thesetof featuresof
deviceson themarket is severelyreducedcomparedto theonesof
thedeveloperversion.Thedocumentationis – if availableat all –
incomplete,deceptive andsimply wrong,makingthedevelopment
processeverythingelsebut effective. Promisingtechnologiessuch
asaccessto theBluetoothstackoutof Java in themobilephoneas
speci�ed in JSR-82[12] arepostponedagainandagain,andonce
availableit turnsout to beuselessdueto somemajordesigndraw-
backs.



2. ARCHITECTURE AND SYSTEM COM­
PONENTS

2.1 Devices
Thedevicesdeployed in thesystemmaybecategorizedinto three
groups:enduserdevices,servicepointsandthebackboneinfras-
tructure. Following our real world requirement,most hardware
componentsarecommonoff-the-shelfcomponents.To cover the
heterogeneityof the devices in use,an early designdecisionwas
madeto useJava asa commonprogramminglanguagefor all of
thedevices,hopingto increasethere-usabilityof any written code
within in eachof thethreegroupsandoptionallybetweenthegroups.
In the remainingpart of this sectionwe will introducethe main
componentsof the architectureon a moredetailedlevel anddis-
cusssomeof thelessonslearnedduringtheprocessfrom designing
thesystemuntil theready-to-usesystemin Landsberg hadbeenset
up.

2.1.1 EndUserDevices
Weemployedcommerciallyavailablemobileenduserdevices(Wi-
relessInformationDevice, WID) suchassmartphonesandPDAs
from differentvendors.Smartphonesarestandardmobilephones
which additionallyprovide limited processingandstoragecapabil-
ities for third partysoftware.Most phonesprovide differentlevels
of accessibilityto theunderlyingsoftwarestack,rangingfrom full
accessto the operatingsystem,suchasSymbianOS,up to some
scriptingof GUI widgetsonly. Industryhasapproachedthis prob-
lem by creatingstandardsfor theapplicationenvironment,e.g. by
implementingfunctionalitypro�les onsimilardevices.

A typical representative of sucha pro�le is the Mobile Informa-
tion Device Pro�le (MIDP) basedon the ConnectedLimited De-
viceCon�guration (CLDC)of therespective Javaeditionfor smart
phones.In theory, any phoneimplementingapro�le suchasCLDC/
MIDP shouldprovide the samefunctionality to a third party soft-
ware,whichmakesthissoftwaredeviceandvendorindependent.In
practice,theheterogeneityhasbeenshiftedto a softwarelevel due
to thedisadvantageousratioof mandatoryandoptionalelementsin
thepro�le speci�cation.

(Pure)PDAs differ from smartphonesin termsof the userinter-
faceandconnectivity, but areaffectedby thesameproblemsw.r.t.
third party software. Someprovide direct accessto the operating
systemsuchasPalmOSor Pocket PC,whereasotherslimit access
to the API speci�ed by a pro�le suchasthePersonalPro�le (PP,
the successorof pJava) on top of the ConnectedDevice Con�gu-
ration (CDC) of therespective Java edition. An upcomingtrendis
theconvergenceof smartphoneswith PDAs.

Following our designdecisions,we implementeda life-cycle-ma-
nagementapplicationaswell asselectedservicesto berun on the
devices in Java. At this point we were alreadyaffectedby two
differentpro�les anddozensof specialcasesto cover the manda-
tory/optionalmismatches.This resultedin a stackof interacting
softwaremodulescoveringtheJava andnetworking capabilitiesof
thedifferentenduserdeviceswhich is exemplarilyoutlinedfor the
CityWalk tourguideapplicationlaterin �gure 5.

2.1.2 ServicePoints
Servicepointsarenetwork accessdeviceswhich additionallypro-
vide arearelatedservices.We distinguishbetweenLocal Service
Points(LSP)andGlobal ServicePoints(GSP), dependingwhether

they areequippedwith short rangecommunicationfacilities such
asBluetoothor with wide areacommunicationfacilities, particu-
larly public accessnetworks,to give enduserdevicesaccessto the
Heywow infrastructure.TheLSPsarefurtherdistinguishedby the
typeof connectivity towardstheHeywow backbone:

� LSP ClassA for stand-aloneoperation.Only initial or rare
contentupdates,whichmaybeuploadedusingWIDs.

� LSPClassB with temporaryand/orlow-speedbackbonecon-
nectivity suchasGSM-CSDfor scheduledcontentupdates.

� LSPClassC with high speedbackboneconnectivity suchas
DSL or evenLAN for spontaneouscontentupdates.LSPsof
ClassC mayactasfull Internetaccesspoints(Hot-spot).

Thedevelopmentbasisfor ourLSPwasarobustsmall-sized,fully-
integratedsingleboardcomputerrunningLinux. To prevent fail-
uresto duemechanicalwear, a fan-lessversionwaschosenandthe
harddisk wasreplacedby a compact�ash moduleof 256 MB or
512MB. In futureversions,a notebookpower supplywill replace
the currentone to allow quiet operation. Mostly standardcom-
ponentsare usedfor the compositionof the LSP (wirelessLAN
cards,commoninterfaces)to remain�e xible to possiblehardware
changes.The most importantrequirementwas to have accessto
nearlyall partsof thesoftwarecomponentsinside.Becauseof this
we did notchooseany of thecommerciallyavailableBluetoothac-
cesspoints, as they often usespecialhardware or own protocol
stackswith no or only sparsedocumentation.We decidedvery
early to usethe BlueZ Bluetoothprotocolstackfor Linux, which
– althoughstill underdevelopment– hasachieved a very stable
andcomprehensive statusduring2003.TheBlueZBluetoothstack
interconnectsthe Java Native Interface(JNI) of the Java Virtual
Machinewith theHostControllerInterface(HCI) of theBluetooth
hardware. We decidednot to usethe also available JBlueZ JNI
classesbecauseof a limited set of implementedHCI functions.
This way we could de�ne our own JNI classesaccordingto our
requirements.This protocolsits on top of the BluetoothL2CAP
layer. The LSP periodically scansfor available mobile devices
(inquiry) and checksfor a customBluetoothdevice class. Once
successfullyidenti�ed, the LSP initiates a L2CAP connectionto
the WID andexchangescon�guration data. The MP on the WID
andthe RP on the LSP arenow connectedvia an error corrected
L2CAP link - readyto transferdata.As thepower consumptionof
a Bluetoothdevice in periodic inquiry modeis muchhigher than
in discoverablemode, we decidedto let theLSPlook for available
mobiledevicesandnotviceversa.Thismodesigni�cantly extends
thestandbytime of theWID.

Measurementsof the LSPsdeployed in Landsberg showed some
surprisingresults.Weusedpower class1 Bluetoothtransceiversat
theLSPsto provide accessto WIDs which aretypically equipped
with powerclass3 transceivers.1 Althoughoutof theWID' snomi-
nalrange,wewereableto establishandoperatelinks betweenWID
andLSPon a distanceup to 40 m. Sincewe currentlylack a more
plausibleexplanationfor thisobservation,weascribethisincreased
rangetoapotentiallyhigherreceiversensitivity of thepowerclass1
devicesusedin theexperiment.Furthermeasurementsconcerning
1 power class1: up to 100mW (20dBm),

nominalrangeup to 100m
power class3: up to 1 mW (0dBm),

nominalrangeup to 10m



thethroughputwerealsoremarkable.As seenfrom �gure 2, GPRS
transferratesof up to 42kbit/swereachieved(2 proxiesinvolved),
while transferratesvia Bluetoothof approximately300kbit/swere
achieved(2 or 3 proxiesinvolved).
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Figure2: MeasuredThr oughput via Multiple Proxies

However, as�gure 3 shows,multipleconnectionsatoneLSPshare
thistotalbandwidthwithoutmajorloss– thereforethetotalthrough-
putperBluetoothdeviceremainsthesame(To increasethroughput
andthe numberof simultaneoussupportedusers,additionalUSB
Bluetoothdevicescansimplybepluggedinto theLSP).For amore
comprehensive analysisof thepotentialimpactof this observation
see[13].
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Figure3: Bluetooth Thr oughput

2.1.3 BackboneInfrastructure
Thebackboneis essentiallya virtual privatenetwork (VPN) span-
ningacrosspublicmobilenetworks,corporatenetworksandtheIn-
ternet.WIDs accessthis network eitherusingpacket basedpublic
mobilenetworks,dialinginto corporatenetworks(circuit switched)
or usingBluetoothto communicatewith a LSP which themselves
accessthenetwork using�x edor wirelesslinks.

Figure4showsthenetworkasit is currentlydeployedfor theLands-
berg showcase.Within this �gure,
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showsWIDs communicating

with LSPsof ClassA,
� ���

refersto fully connectedLSPsof Class
C in Landsberg with mirrors

� ���

within our researchlab for test-
ing purpose.A W-LAN infrastructurecoveringthecity centrewas
setup to serve both asbackbonefor LSPsindicatedby

�	�

andto
provide Internetaccessto laptopsandPDAs with W-LAN option.
Directionalantennason theLSPsallow for extendedcoverage.

Finally, few LSPsof ClassB
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with GPRSuplinksat remotelo-
cationsaredeployed. GPRSis alsouseddirectly by theWIDs
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while outsideof theBluetooth/W-LAN coverage.In this casethey
communicatewith a GSP

� ��


locatedwithin ourcompany's LAN.

DLR
Intranet

heywow.com

DNS

 Laptop

Heywow NET
(VPN based)

Firewall

LSP Type B

LSP Type C

GSM / GPRS /
UMTS

W-LAN
Router

WID

WID

WID

WIDRouter LSP Type C

Content Provider

Content Provider

Network
Operation

Center

GSPLSP Type A

WID

Bluetooth

GSM /
GPRS

W-LAN

Access
Router

(Landsberg a. L) ADSL

ISDN (BRI)

DFN
WinShuttle

WID DFN (STM-1)

Internet
(DFN/Geant)

Central Proxy (CP)

LSP Type C

WID

1

2a

3

4

2b

5'

5
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2.2 Software Components
This sectionwill show our hybrid “medium client” approachem-
ploying standardcomponentsanddedicatedapplications,particu-
larly on theWIDs. We rely on standardWAP/HTML browserand
mediaplayerapplicationsto rendermuchof theapplicationcontent
andnecessaryuserinteraction– only if timeor GUI constraintsare
severe,werely onadedicatedapplication(suchasamapvieweror
autonomoustour guideapplication,see�gure 5). By introducing
theconceptof applicationlayerHTTPproxieswecanstill delegate
mostof therenderinganduserinteractionto the(usuallybuilt in)
browserandplayers,but let theactualapplicationlogic andcontent
resideasmuchon thedevice asnecessary.
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In orderto provide a transparentanddevice independentsolution,
anapplicationlayerapproachwaschosen:TodayaWebbrowseris
the typical applicationfor accessingcontent.Webbrowserscom-
municateusingtheHTTP [14] protocolto retrieve datafrom Web
servers in the Internet. In order to control andmodify the infor-
mation�o w, HTTP proxiesareput in betweenthecommunication
�o w, which is illustratedin �gure 6. In general,a client applica-
tion (CA) retrievesdatafrom server applications(SA). In orderto
supportmultiple communicationlinks for costeffective switching
[15] betweenWID andany LSP/GSPandfor statisticalanalysisfor
optimizing dataretrieval (e.g. pre-fetching[16]), a CentralProxy
(CP) is placedwithin the infrastructure. Details of the so-called
Split ProxyConceptcanbefoundin [17].
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This chosenapproachprovidessupportfor

� retrieving contentlocatedat the mobile device, the LSP or
theInternet

� provisioning of the MIDP applicationto the mobile device
(downloadof .jad/.jar�les)

� communicationof theMIDP andpJavaapplicationCityWalk
with theback-endapplication

� communicationlink selectionbasedondecisionsderivedfrom
userpreferences,datastatisticsanddevicefeedbackonacost
controller

� pre-fetchingin orderto optimizedocumentretrieval time

3. INFORMA TION DISTRIB UTION
As alreadymentionedin section1, wefollowedour“goodenduser
acceptancerate” designcriteria by approachingandinterconnect-
ing to real world contentproviderswhenever possible.Thus, the
�rst dimensionof theinformationretrieval designwhich resultsin
our data�o w model is determinedby a selectionof appropriate
contentproviders. A seconddimensionis determinedby the in-
frastructure,both setup by andwithin the administrationdomain
of Heywow (seesection2) aswell asgivenby thecontentproviders
andoutsidetheadministrationdomainof Heywow. A third dimen-
sion is determinedby the intendeduseof thedata,e.g. a speci�c
serviceor application.

The overall data�o w model is heavily in�uenced by the charac-
teristicsof ubiquitouscomputingenvironments(see�gure 1). The
most importantonesassociatedwith the designof the data�o w
modelare:

� Mobile Networks& Mobile InformationAccess:In mobile
networks spectralbandis a limited and thus expensive re-
source.Theamountof dataexchangedshouldadaptto this
fact in termsof transmittingonly if necessaryandaccording
to the user's (or the entity who paysfor it) policies. This
includesrefrainingfrom transmittingeven during coverage
unlessa cheaperoption is available [15]. This resultsin a
store-and-forward like transmissionpattern,whereasdirect
transmissionpatternscannotbe guaranteedfor any point in
time. Notethatstore-and-forwardpatternsareproneto data
inconsistencies.The accessto the datashouldbe indepen-
dentfrom thekind of accessnetwork asmuchaspossible.

� Adaptive& Context-AwareApplications:Any applicationin-
volvedin thedata�o w maymodify thedatato adaptto user
preferences,device capabilities,network situationor in gen-
eralthecontext of theinteraction.Thismayincludeomitting
or transformingpartof thedataduringtransmission,aswell
ascachingor hoardingandpre-fetchingdatabasedonusage
andaccessstatistics.

� SmartDevices: The processingandstoragecapabilitiesof
the devices involved in the data �o w can be usedto shift
computationasclosedto theenduseraspossiblewhich en-
ablesat leastpartialautonomy. Thisallowsparticularlyfor a
mediumclientapproachasdescribedin section2.2.

Figure7 givesanoverview for thedata�o w modelfrom different
contentsourcestowardsa mobile end-userdevice, which we will
describehereasanexamplewith theCityWalk tourguideapplica-
tion in the background.In this example,the CityWalk tour guide
applicationis designedandimplementedfor CLDC/MIDP Javade-
vices.Becauseof theclosedlate bindingparadigm[9] of this Java
derivative, it is not possibleto addor changethe class�les after
installing thepackagecalledMIDlet Suiteontoa device. Thus,in
contrastto otherJava versionsit is not possibleto extendthefunc-
tionality of thesoftwareat runtimeby addingsomenew bytecode
to an alreadyexisting package.Unlike the code,the datamay be
modi�ed anytime.

Therequirementfor a maximumsupportof adaptationtheneedto
maintainindependencefrom the accessnetwork and the demand
to do inconsistency checkingresultedin a XML basedapproach.
An XML schema2 consistsof CityWalk speci�c datastructuresas
well asaction(insert,update,deleteetc.)andaddressingelements.
Theschemaspeci�cationhassigni�cant advantagesfor versioning
andpartial validationpurposes,whereasthe actionelementsmay
beusedfor database-like datamerging operations.XML instance
documentsbasedon this XML schemacan be usedto be either
displayedin a browser(e.g. asHTML representationasoutputof
an XSLT processor)or incorporatedin an applicationsuchasthe
pJava or CLDC/MIDP basedCityWalk application. The markup
information containedin the instancedocumentsis essentialfor
adaptationpurposes.

2http://demo.heywow.com/schema/citywalk



A �rst rudimentaryamountof datafor an applicationis addedto
theJava archive duringthecreationof theMIDlet suite.This suite
creationprocessitself is usedto compose,personalizeanddevice-
optimizea MIDlet suiteby merging a life-cycle managementap-
plication, servicecodeandpro�le-adapteddatausinga web por-
tal3. Thus,thesuitecreationprocesstakescareof user- anddevice-
adaptationin the senseof the requirementdescribedabove. The
life-cyclemanagementapplicationenablespartialautonomyto any
servicewithin thesuite,notonly theCityWalk tourguide.Thepor-
tal providesalsomechanismsto downloadandinstall thesuiteonto
a CLDC/MIDP device, either over-the-air (OTA) or Web-based.
Theclass�le associateddataallows theapplicationto bootstrapits
internalcontentdatabaseby itself aftertheinstallation.

Figure7: CityWalk Data Flow Model

At runtime,this on-device contentdatabaseis updatedat irregular
intervalsby requestingnew datafrom any appropriateLSPor GSP.
This is enabledby several mechanisms.First, the mobile device
(or theuser)determinesthepointof timeof checkingfor new data,
which optimal in the senseof someaspectsof context-awareness
(network coverage,costs,priority etc.). Onemayrealizethesimi-
laritiesto checkingfor emailusingapull basedprotocollikePOP3.
Second,theXML instancedocumentscontaincontrolanddatain-
formation. By applying the control information,a traceable(but
not necessarilycon�ict-free) way of merging from severalsources
is provided. Third, accessingXML documentsandany otherkind
of resourcesvia URLsprovidesindependencefrom theunderlying
accessnetwork. This is usedfor instanceto accessareaor group
associateddocumentsusingthesameaccessinterfaceschema.

A componentof aGSPimportantfor theCityWalk applicationis a
gateway which is responsiblefor merging dataprovidedfrom pre-
liminary contentproviders.Oneof them,calledFDI, is responsible
for the websiteof the city of Landsberg 4. They provide a Lotus
Notesbasedcontentmanagementsystem,enablingthecity admin-
istrationstaff to edit andpublishthecontentof thecity's website
in a collaborative andcomfortableway. Givenour XML CityWalk
schema,they implementedan interfaceto create,manageandex-
portdatafor theHeywow system.Thecity administrationstaff may
createcontentfor theCityWalk tourguidein exactly thesameway
they createdatafor their website,including descriptions,images,
3http://demo.heywow.com
4http://www.landsberg.de

audio tracksetc. Another third party contentprovider we inter-
connectedis a company calledHumanizeIT. They implementeda
call centerapplicationallowing themto provide high quality loca-
tion basedpersonalizedlifestyle informationin cooperationwith a
lifestylecompany. In committingto ourschemathey feedtheHey-
wow systemwith restaurantandshoppingtips aswell asspecial
event information. All the datais collected,checked for consis-
tency andmergedin the gateway shown in �gure 7. The mobile
devicehasaccessto thisdatavia area,communityor personalkeys.

Even if this exampleusesthe CLDC/MIDP Java versionof the
CityWalk tourguideasareference,thedata�o w modelof thepJava
versionof theCityWalk tourguideis thesame.

4. MAPS IN MOBILE DEVICES
Location-awarenessasaspecializationof context-awarenessin ubiq-
uitous computingenvironmentsis often coupledwith displaying
building mapsor areamaps.But mapsavailablein theWebandin
usemainly on desktopmonitorsareinsuf�cient for mobiledevice
screensdueto their limited sizeandresolution.

We approachedthisproblemin two steps:

1. We contractedan imageproductioncompany which is spe-
cializedin bitmapoptimizationto produceseveral versions
of areamapsof the old town of Landsberg. Thesemaps
varied in termsof �le formats, scaleand resolution,with
andwithoutanti-aliasing,color-coding,annotationof streets
andplacesof interest,etc. The objective of generatingthis
amountof variationshasbeentheevaluationof their respec-
tivesuitabilityfor beingusedonthedifferentsmartphonesin
our testbed(e.g.Sony EricssonP800(pJava&MIDP), Nokia
3650(MIDP)).

Froma questionnairewe consideredtheenduserexperience
of usingthe mapsfor pedestrianorientationandnavigation
purposed.Wefoundthataminimumscalingfactor(notto be
confusedwith theresolution)between1:10.000and1:6.000
is requiredfor theseapplications.

2. Mapscoveringa largeareaareusuallyof higherresolution,
whichmaynot �t thememoryrestrictionsof mobiledevices.
For moving mapapplications,whichindicatesthepositionof
auser/devicewith asymbolsuchasa little crossonthemap,
only a sectorof themaparoundthepositioningsymbolis of
main relevance. Thus,a large areamapmay be segmented
andonly a small amountof segmentsmay be availableon
the mobile device at any time. To enhancethe subjective
feelingwhenthepositionmarkermovestowardsthesegment
boundary, we appliedan overlappingsegmentationscheme
which is illustratedin �gure 8.

By approximationtheoptimumfor typicalscreenresolutions
of smartphones(e.g.MotorolaA920: 208x208,Nokia3650:
176x144,Sony EricssonP800: 208x203etc.) we chosea
segmentsizeof 200x200pixel whichcanbehandledonpho-
nesevenif they have a little lower resolution.

Whereasthe�rst onemaybetreatedasa studyonly becauseof its
expenses,thesecondonemaybeusedin combinationwith astrong
pre-fetchingandextrusionalgorithmto compromisebetweenthe



Figure8: Fragmentedmap of the city area

necessityof permanentonline accessandthe memorylimitations
of mobilephones.

Dueto thefactthatwehad(alreadyonthesourcecodelevel) differ-
entimplementationsof theCityWalk tourguideaccessingthesame
data,we areable to comparethe applicationenvironments. One
observation wasthat thespeci�cationsof pJava andCLDC/MIDP
Java areawkwardin somedetails.For instancetheMIDP specre-
quiresthePNGgraphicsformatasmandatoryonly, whereaspJava
supportsthe JPEG,GIF andBMP formats. Even if it is not ex-
plicitly forbiddento supportotherformatsin eitherspec,this is the
reasonthatthereis no commonlysupportedgraphicsformatin the
implementationsavailableon thesmartdeviceswe hadaccessto.
We approachedthis problemof format conversionas part of the
deviceadaptationtypical in mobilecomputing,implementedat the
gateway describedin theprevioussection.

5. CONCLUSION AND OUTLOOK
In the previous sectionswe describedthe experienceswe made
while rampingupamobilecomputingenvironmentwithin theHey-
wow project.

We introducedandgavereasonsfor ourdesigngoals,whichwhere
severely affectedby typical characteristicsof ubiquitouscomput-
ing environments. During all phasesof the developmentandde-
ploymentwe wereaffectedby minor andmajor obstacles,which
requiredsigni�cant re-designs.Severalpromisingdesigndecisions
suchasusingJava onall deviceswithin thesystemto dealwith the
heterogeneityof thecomponentshave proved to beunsatisfactory
to solve theproblemsarisingfrom heterogeneity.

Nevertheless,the systemis up andrunningandthe desiredfunc-
tionality canbetestedin Landsberg by thepublic. Wethink thatby
pointingto someof themajor trapswe have beenstrugglingwith,
onecandraw upon the lessonswe learnedto prevent themfrom
happeningto otherswho aredesigningandrampingup a similar
system.
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