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Abstract

Weenvisionafutureof heterogeneousmobiledevicescollaboratingspon-
taneouslyandbringingconvenienceto life. Takinga practicalapproach,we
study the feasibility of integrating limited devices into the Jini, Java, and
Linux paradigm. With carefulevaluationandsystemhacking,we manage
to fit thesoftwarestack,excludingJava’s RemoteMethodInvocation(RMI)
support,in a small 1.85-Mbytespace. However, we also identify that in-
cluding RMI supportwill exhaustall the remainingspace.We propose,as
ashort-termsolution,to re-implementJini with light-weightcommunication
alternativesandto useahybrid lookupserverto inter-operateRMI- andnon-
RMI-supporteddevices.For thelongterm,weadvocateminimalismandcall
for community-widestandardizationeffort to the systemsoftwaredevelop-
ment.

1 Introduction

We envision a future that computersandelectronicswill be mobile andcollabo-
ratespontaneously, bringingconvenienceto life. Two immediateproblemsbefore
realizingsucha futurearewaysto handleheterogeneityandmobility of thesede-
vices. Thesedevices,for examplemini-laptops,mobilephones,andhomeappli-
anceshave very distinct hardwareandsoftwareprofiles. The taskof configuring
andinter-operatingthemwill betoodifficult for averageusers,not to mentionthat
thesedevicesarelikely to bemobileandwhenever they entera new environment
they needto bere-configured.
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Tocountertheproblemsof automaticconfigurationandseamlessinter-operation,
the industryandresearchcommunityhave offereda few solutions[?, ?] that en-
compass(1) a resourcediscovery/managementprotocoland (2) a framework of
uniform programminginterface and codebase. One prominentexample is the
Jini [?] andJava [?] combination. In the Jini/Java paradigm,devices cancome
anddiscover (or be discoveredby) resourcein thenetwork automatically. While
responding,thedevicesregisterproxiesallowing othermembersin thenetwork to
operatethem.

As a feasibility study, we arebuilding sucha Jini/Java-basedspontaneousnet-
work with varioustypesof devices,mainly full-fledgedcomputers,mobile PCs,
andlimited electronics.Connectinglimited electronicsis themostinterestingand
challengingcase.By limited electronics,we meanpersonal,home,or office elec-
tronics. They areessentiallymicro-computerswith compactsystemarchitectures
andlimited flashmemory, andsometimesalsoreferredto asembedded systems.

Takinga hands-onapproach,we setourselvesoff to install theJini/Java stack
on a developmentboardfor embeddedsystems.This turnsout to bea non-trivial
taskandgivesriseto aserioussystemsoftwareproblem– its size.It is profoundly
difficult just to fit a native Jini/Java/Linux stackonto a typical embeddedsystem
board,not to mentionextraapplicationsrequiredto runontopof thesystemstack.

After intensive systemhackingandcarefulevaluation,we find bottleneckof
thesizeproblembeingJava’s RemoteMethodInvocation(RMI) support.It is hu-
mongous,relatively to otherparts,andcurrentimplementationof Jini dependson
it. While RMI offerselaboratedremoteexecutionsupport,it is notreallynecessary
for communicationin Jini whichcanberatherprimitive.

Wepropose,asasolutionto scalesystemsoftwaresize,a light-weightJini im-
plementationbasedon IP socket or XML. Thatis to implementJini without using
any RMI interfacesandavoid includingRMI supportin thesoftwarestackatall. To
warrantbackwardcompatibilitywith existingimplementation,wetakeahybridap-
proachto differentiateexisting RMI-basedandthe light-weight implementations,
thusenablingexecutionof non-RMIproxiesonRMI-supporteddevicesbut not the
otherwayaround.

More importantly, we call for standardizationactivities towardsdefiningmin-
imum systemsoftwarestackfor mobiledevices. In themeantime,we urgedevel-
opersto refrainfrom RMI andthecommunityto re-examineits scalability.

In short,our contribution includesa) a successfulport of systemkerneland
free-licenseVM for limited devices,b) a qualitative andquantitative evaluationof
aminimumsoftwarestack,c) a35%reductionof theJini/Java/Linux stackwithout
RMI supportto 1.85 Mbytes, andd) alight-weighthybridJini solutionto overcome
thesystemsoftwaresizeproblem.
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2 Approach

Jini devicesrequirehardwareplatformswith network connectivity andtheability
to executeJava code. Two differentminimal hardwareapproachesarepossible.
Thefirst solutionis anembeddeddevicewith network connectivity thatrunsaJava
Virtual Machine(VM) on top of any kind of operatingsystem.Typical embedded
devicesof this kind aretheDeveloperBoardLX from Axis [?] andtheNetSC520
DemonstrationPlatformfrom AMD [?]. Both platformsrun embeddedLinux and
communicatevia Ethernet.The secondsolutionis to useembeddedboardswith
Javaprocessors.Unliketraditionalmicroprocessors,whichmustconvertJavabyte-
codeinto the processor’s native language,theseprocessorscan operatedirectly
from Java byte-code.aJileSystems[?] providesa developmentboardwith their
Java processorcalledaJile. Anothersolutionis provided by Systronix[?]. They
developedahardwareJava platformwith their Tiny Network Module(TINI).

We decidedto usetheDeveloperBoardLX from Axis for our further imple-
mentations.This boardprovidesthebestscalabilityregardingresources,size,and
price. It hasthefollowing features:100MIPS32 bit CPU,Ethernet10/100Mbps,
2 RS-232serialports,2 parallelports,2 MbyteFLASH and8 MbyteDRAM. The
FLASH sizecanbeupdatedto 4 Mbytes.

OperatingJini on this platform with restrictedresourcesrequiresstrict size
limitationsregardingtheoperatingsystemandtheVM. Linux suitswell astarget
operatingsystemfor our device. The two main reasonsare the compactsizeof
Linux andits openlicensepolicy. WeuseaLinux portasoperatingsystem.

DifferentJava versionsfrom differentpartiesarecandidatesto beportedto the
developerboard.SunMicrosystemsintroducestheJava2Micro Edition(J2ME)[?]
asJava platformfor limited devices.J2MEis dividedin two complementarycon-
figurations: the ConnectedLimited Device Configuration(CLDC) and the Con-
nectedDeviceConfiguration(CDC).Bothconfigurationsintroduceanew VM. The
CDC containstheC virtual machine(CVM) andtheCLDC containstheK virtual
machine(KVM). CLDC wouldprobablybettersuit for thedeveloperboard.

Kaffe [?] is an openimplementationof Java for embeddedanddesktopsys-
tems.It is animplementationof thePersonalJava 3.0specificationandrequiresno
sourcecodelicensesfrom SunMicrosystems.Themajoradvantagesof Kaffe are:
compactsize,easinessof porting to new platforms(operatingsystemsandarchi-
tecture),andit is opensourcesoftware.For thesereasons,wedecidedto useKaffe
insteadof J2MEfor our implementation.
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Figure1: FlashReservation(4 Mbytes)

3 Evaluation

Themaintaskof this work is to fit therequiredsoftwareon the4-MbyteFLASH
ROM. Therequiredsoftwareincludestheoperatingsystem,VM, Jini coreclasses
andJini serviceclasses.

Embedded Linux. TheCPUon thedeveloperboardis theETRAX 100LX.
Thesourcecodeof Linux 2.4 includestheCRISarchitecturefor ETRAX 100LX.
Axis provides a small distribution of Linux for their developerboard. We have
optimizedthisdistributionandreducedthesizeof theoperatingsystem(kerneland
basicutilities) to 800 Kbytes (55% of theoriginalsize).Breakdown of component
sizesin theFLASH ROM is depictedin Figure1.

Kaffe VM. As describedin the last section,we useKaffe asJava VM. Kaffe
hasnot beenportedto theCRISarchitectureyet andit is partof our contribution
to portKaffe to thisnew architecture.Theclassesin Kaffe arebundledin eightjar
files. ThecoreJava classesarepartof theKlasses.jarfile. Theoriginal classesare
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shown in Table1.
For memorysaving reasons,weportonly asubsetof thecoreJavaclasses.The

awt, applet,beans,math,andsql packagesareremoved sincethey arenot useful
for thegivenboardasaJini device. Table1 showsthesizeof thedifferentpackages
andtheremovedpackages.Theoriginal sizeof theJava coreclassesin Kaffe was
886Kbytes.Wecouldreducethesizeof thecoreclassesto 525 Kbytes.

The VM wascompiledwith thegcc-criscross-compiler. gcc-crisis a port of
theGCC[?] to theCRISarchitecture.Wehadto compilewith staticlibrariessince
thereis no supportfor sharedlibrariesat the currenttime. The executableKaffe
VM for theCRISarchitecturetakesabout400 Kbytes of memoryspace.Figure1
showsthesizeof theKaffe VM andtheJavaclassesin respectto thewholeFLASH
ROM.

Jini. Jini is just a setof additionalJava classes.ThebasicJini classfiles are
packed in threejar files: jini-core.jar, jini-ext.jar, andsun-util.jar. The Jini core
classesarepart of jini-core.jarandjini-ext.jar. The classesin sun-util.jararenot
part of theofficial Jini distribution. Theseclassesarehelperclassesfrom Sunto
helpdevelopersto write their servicesandclients.

The major problemwe encounteredwith the Jini coreclassesis that they re-
quireRemoteMethodInvocation(RMI). Our light-weightJava port doesnot sup-
port RMI. RMI requirestoo many computationalresourcesto runon theboard.In
Table2 and3, thecorepackagesof Jini arelistedwith theirRMI dependence.

Our solutionis to remove theRMI dependencefrom theJini classesandto re-
placeRMI’s functionalitywith othermechanismsthatscalefor embeddeddevices
andour Kaffe VM. Regardingthesizerestrictions,we have to fit the light-weight
Jini andserviceclassesin around2.3 Mbytes of memoryspace.Next we discuss
thesolutionin detail.

4 Solution

To solve thesizeproblem,we can,on oneextreme,addmorememoryon thelim-
ited devicesor on theotherextremetake thesurrogateapproach[?] thatsuggests
to leave the limited devicesasthey areandto enabletheir participationthrougha
Jini-capabledelegate.Adding memoryresultsin highermanufacturingcostwhich
is notdesirablefrom theindustry’spointof view. Thesurrogateapproach,although
solvesthesizeproblem,requiresconfigurationof theJini delegateon limited de-
vices,which bringsus backto the configurationproblemthat Jini is designedto
eliminateat thefirst place;thusnotdesirablefrom theusers’pointof view.

Weproposeahybrid solutionthatsolvesthesize,cost,andconfigurationprob-
lems. Having identifiedthebottleneckof thesystemstack,we suggestto replace
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package package size [K] jar-
compressed
size [K]

removed

java
lang 428 97
awt 944 213 r
util 588 133
net 168 38
security 184 42
io 324 73
text 112 25
applet 20 5 r
beans 104 24 r
math 20 5 r
sql 80 18 r

kaffe
lang 76 17
awt 60 14 r
util 100 23
net 104 24
security 40 9
io 420 95
text 40 9
applet 36 8 r
beans 40 9 r
jar 12 3 r
management 12 3

Total 3920 886 525

Table1: PackageSizeandReconfigurationof Kaffe
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Package Function RMI
net.jini.core.discovery supportfor unicastdiscovery yes
net.jini.core.entry definition of Entry objects for

typedefinition
no

net.jini.core.event supportof remoteevents yes
net.jini.core.lease support classes to implement

leasing
yes

net.jini.core.lookup interfaceand supportclassesto
communicateto the lookup ser-
vice

yes

net.jini.core.transaction supportclassesfor clientsof the
transactionmanager

yes

net.jini.core.transaction.server supportclassesfor servicesthat
participatein transactions

yes

Table2: TheJini TechnologyCorePlatform(JCP)

Package Function RMI
net.jini.admin interfaceto provide commonwaysof admin-

istrations
yes

net.jini.discovery supportfor unicastandmulticastdiscovery yes
net.jini.entry utilities for Entry objects no
net.jini.event classesrelatedto theeventmailboxservice yes
net.jini.lease renewal of leases yes
net.jini.lookup assistingclassesfor lookup service joining

andcommunication
yes

net.jini.lookup.entry attribute typesthatservicescanusefor regis-
trationwith thelookupservice

no

net.jini.space JavaSpacesupport yes

Table3: TheJini TechnologyExtendedPlatform(JXP)
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communicationpartof Jini implementation,currentlydoneby heavy-weightJava
RMI, with light-weightalternatives,suchasIP socket or XML. In Table2 and3,
we list theRMI-dependentsubsetthatwe intendto tackle.Changesto ensuremin-
imum discovery andmaintenancewill influenceboth the limited devicesandthe
lookup server. Thus,a hybrid lookup server, referredto asLUS+, needsto be in
placeto handlebothnativeJini andnon-RMIJini devicesin thenetwork. In casea
non-RMIdevicejoiningaJininetwork whichis notcapableof handlingRMI-based
andnon-RMI-baseddiscovery, onewill have to fall backontheadd-more-memory
or surrogateapproach.

Thereis yet a backwardcompatibilityproblem. In caseof a non-RMI device
joining a Jini network assumingRMI fully supported,a LUS+ may naively pass
RMI-basedproxiesto thenon-RMI device andexpectthemto work. Thesolution
will beto filter outRMI-basedonesat thelookupserversolimited deviceswill not
receive proxiesthat they couldnot handle.Notethatfiltering of non-RMI proxies
is not necessary. Deviceswith RMI supportwill not have any problemexecuting
thenon-RMIproxies.

It is obviousthatwecannotafford to communicatelimited devicesusingspace-
hungryRMI. Although the proposedlight-weight hybrid solutionhelpsalleviate
the problem,thereremainsseveral critical questionsto address.For instance,do
we absolutely need RMI as a means of communication in the context of Jini or is
RMI inevitably large in size? For themoment,wewouldurgedevelopersto refrain
from RMI, but for the long term,thecommunityneedsto take a closelook at the
scalabilityof RMI and to work towardsdefininga minimum setof communica-
tion interfacesso that limited devices(an importantelementin the future mobile
network) canmoveandcollaborateeffortlessly.
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