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Abstract

We envisionafutureof heterogeneousobiledevicescollaboratingspon-
taneouslyandbringing corvenienceo life. Takinga practicalapproachye
study the feasibility of integrating limited devicesinto the Jini, Java, and
Linux paradigm. With careful evaluationand systemhacking,we manage
to fit the softwarestack,excluding Jasa’s RemoteMethodInvocation(RMI)
support,in a small 1.85-Mbytespace. However, we also identify that in-
cluding RMI supportwill exhaustall the remainingspace.We proposeas
ashort-termsolution,to re-implementlini with light-weightcommunication
alternatvesandto usea hybrid lookupsenerto inter-operateRMI- andnon-
RMI-supportedievices.For thelongterm,we adwocateminimalismandcall
for community-widestandardizatioreffort to the systemsoftware develop-
ment.

1 Introduction

We ervision a future that computersand electronicswill be mobile and collabo-
ratespontaneous)yoringing corvenienceto life. Two immediateproblemsbefore
realizingsucha future arewaysto handleheterogeneitgndmobility of thesede-
vices. Thesedevices, for examplemini-laptops,mobile phonesandhomeappli-
anceshave very distinct hardware and software profiles. The taskof configuring
andinteroperatingthemwill betoo difficult for averageusersnotto mentionthat
thesedevicesarelikely to be mobile andwhenever they entera new ervironment
they needto bere-configured.



To countertheproblemsf automatiaconfiguratiomrmndseamlesmteroperation,
the industry andresearclcommunityhave offereda few solutions[?, ?] thaten-
compasgq1) a resourcediscorery/managemenprotocol and (2) a framework of
uniform programminginterface and code base. One prominentexampleis the
Jini [?7] and Java [?] combination. In the Jini/Java paradigm,devices can come
anddiscover (or be discoreredby) resourcen the network automatically While
respondingthe devicesregisterproxiesallowing othermembersn the network to
operatethem.

As afeasibility study we arebuilding sucha Jini/Java-basedspontaneouset-
work with varioustypesof devices, mainly full-fledged computersmobile PCs,
andlimited electronics.Connectindgimited electronicds the mostinterestingand
challengingcase.By limited electronicswe meanpersonalhome,or office elec-
tronics. They areessentiallymicro-computersvith compactsystemarchitectures
andlimited flashmemory andsometimeslsoreferredto asembedded systems.

Taking a hands-orapproachyve setourselhesoff to install the Jini/Java stack
on adevelopmentboardfor embeddedystems.This turnsoutto be a non-trivial
taskandgivesriseto a serioussystemsoftwareproblem-—its size. It is profoundly
difficult just to fit a native Jini/Java/Linux stackonto a typical embeddedystem
board,notto mentionextra applicationgequiredto run ontop of the systemstack.

After intensve systemhackingand careful evaluation,we find bottleneckof
the sizeproblembeingJara’s RemoteMethodInvocation(RMI) support.lt is hu-
mongousyelatively to otherparts,andcurrentimplementatiorof Jini depend®n
it. While RMI offerselaboratedemoteexecutionsupportjt is notreally necessary
for communicationn Jini which canberatherprimitive.

We proposeasa solutionto scalesystemsoftwaresize,alight-weightJini im-
plementatiorbasedon IP soclet or XML. Thatis to implementJini without using
ary RMI interfacesandavoid includingRMI supportn thesoftwarestackatall. To
warrantbackward compatibilitywith existingimplementationye take ahybridap-
proachto differentiateexisting RMI-basedandthe light-weightimplementations,
thusenablingexecutionof non-RMI proxieson RMI-supporteddevicesbut notthe
otherway around.

More importantly we call for standardizatiomctvities towardsdefiningmin-
imum systemsoftware stackfor mobile devices. In the meantimewe urge devel-
opersto refrainfrom RMI andthe communityto re-examineits scalability

In short, our contribution includesa) a successfuport of systemkerneland
free-license/M for limited devices,b) a qualitatve andquantitatve evaluationof
aminimumsoftwarestack,c) a35%reductionof the Jini/Java/Linux stackwithout
RMI supportto 1.85 Mbytes, andd) alight-weighthybrid Jini solutionto overcome
the systenmsoftwaresizeproblem.



2 Approach

Jini devicesrequirehardware platformswith network connectity andthe ability
to executeJava code. Two different minimal hardware approachesre possible.
Thefirst solutionis anembeddedievice with network connectiity thatrunsa Java
Virtual Machine(VM) ontop of ary kind of operatingsystem.Typical embedded
devicesof thiskind arethe DeveloperBoardLX from Axis [?] andthe NetSC520
DemonstratiorPlatformfrom AMD [?]. Both platformsrun embeddedLinux and
communicatevia Ethernet. The secondsolutionis to useembeddedoardswith
JavaprocessorsUnlike traditionalmicroprocessorsyhichmustcorvert Jasabyte-
codeinto the processos natve language theseprocessorgan operatedirectly
from Java byte-code.aJdile Systemq?] providesa developmentboardwith their
Java processocalledalile. Anothersolutionis provided by Systronix[?]. They
developeda hardware Java platformwith their Tiny Network Module (TINI).

We decidedto usethe DeveloperBoardLX from Axis for our furtherimple-
mentations.This boardprovidesthe bestscalabilityregardingresourcessize,and
price. It hasthe following features:100MIPS32 bit CPU, EthernetL0/100Mbps,
2 RS-232serialports,2 parallelports,2 Mbyte FLASH and8 Mbyte DRAM. The
FLASH sizecanbeupdatedo 4 Mbytes.

OperatingJini on this platform with restrictedresourcegequiresstrict size
limitations regardingthe operatingsystemandthe VM. Linux suitswell astamget
operatingsystemfor our device. The two main reasonsare the compactsize of
Linux andits openlicensepolicy. We usea Linux portasoperatingsystem.

DifferentJava versionsrom differentpartiesarecandidates$o be portedto the
developerboard.SunMicrosystemsntroducegheJava 2 Micro Edition (J2ME)[?]
asJava platformfor limited devices. J2ME s dividedin two complementargon-
figurations: the Connected_imited Device Configuration(CLDC) andthe Con-
nectedDevice ConfigurationCDC).Both configurationsntroduceanew VM. The
CDC containsthe C virtual maching(CVM) andthe CLDC containstheK virtual
maching(KVM). CLDC would probablybettersuitfor the developerboard.

Kaffe [?] is an openimplementationof Java for embeddedand desktopsys-
tems.It is animplementatiorof the Personalda 3.0 specificatiorandrequiresno
sourcecodelicensedrom SunMicrosystems.The majoradwantageof Kaffe are:
compactsize, easines®f porting to new platforms(operatingsystemsandarchi-
tecture) andit is opensourcesoftware. For thesereasonswe decidedo useKaffe
insteadof J2MEfor ourimplementation.
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3 Evaluation

Themaintaskof this work is to fit the requiredsoftware on the 4-Mbyte FLASH
ROM. Therequiredsoftwareincludesthe operatingsystem\VM, Jini coreclasses
andJini serviceclasses.

Embedded Linux. The CPU onthe developerboardis the ETRAX 100 LX.
The sourcecodeof Linux 2.4includesthe CRIS architecturdor ETRAX 100LX.
Axis providesa small distribution of Linux for their developerboard. We have
optimizedthisdistribution andreducedhesizeof theoperatingsystemkerneland
basicutilities) to 800 Kbytes (55 % of the original size).Breakdavn of component
sizesin the FLASH ROM is depictedn Figurel.

Kaffe VM. As describedn the last section,we useKaffe asJava VM. Kaffe
hasnot beenportedto the CRIS architectureyet andit is part of our contrikution
to portKaffe to this new architectureThe classesn Kaffe arebundledin eightjar
files. The coreJava classesrepartof the Klasses.jafile. Theoriginal classesire



shavn in Tablel.

For memorysaving reasonswe portonly asubsebf thecoreJavaclassesThe
awt, applet,beansmath,andsql packagesreremoved sincethey arenot useful
for thegivenboardasaJini device. Tablel shavsthesizeof thedifferentpackages
andtheremoved packagesThe original sizeof the Java coreclassesn Kaffe was
886 Kbytes.We couldreducethe sizeof the coreclassedo 525 Kbytes.

The VM wascompiledwith the gcc-criscross-compiler gcc-crisis a port of
the GCC[?] to the CRIS architectureWe hadto compilewith staticlibrariessince
thereis no supportfor sharedibrariesat the currenttime. The executableKaffe
VM for the CRIS architecturdakesabout400 Kbytes of memoryspace.Figurel
shawvsthesizeof theKaffe VM andtheJava classesn respecto thewholeFLASH
ROM.

Jini. Jini is just a setof additionalJava classes.The basicJini classfiles are
pacled in threejar files: jini-core.jar jini-ext.jar, and sun-util.jar The Jini core
classesare part of jini-core.jarandjini-ext.jar. The classesn sun-util.jararenot
part of the official Jini distribution. Theseclassesare helperclassesrom Sunto
helpdevelopersto write their servicesandclients.

The major problemwe encounteredvith the Jini core classeds thatthey re-
quire RemoteMethodInvocation(RMI). Our light-weight Java port doesnot sup-
port RMI. RMI requiresoo mary computationatesourceso runontheboard.In
Table2 and3, the corepackage®f Jini arelistedwith their RMI dependence.

Our solutionis to remaove the RMI dependenc&om the Jini classesandto re-
placeRMI’ s functionalitywith othermechanismshatscalefor embeddedlevices
andour Kaffe VM. Regardingthe sizerestrictionswe have to fit the light-weight
Jini andserviceclassesn around2.3 Mbytes of memoryspace.Next we discuss
thesolutionin detail.

4 Solution

To solwe the sizeproblem,we can,on oneextreme,addmorememoryon the lim-
ited devicesor on the otherextremetake the surrogateapproacH?] thatsuggests
to leave the limited devicesasthey areandto enabletheir participationthrougha
Jini-capabledelegate. Adding memoryresultsin highermanugcturingcostwhich
is notdesirablérom theindustrys pointof view. Thesurrogatepproachalthough
solvesthe size problem,requiresconfigurationof the Jini delegateon limited de-
vices,which bringsus backto the configurationproblemthat Jini is designedo
eliminateat thefirst place;thusnot desirablefrom the users’point of view.

We proposea hybrid solutionthatsolvesthesize,cost,andconfigurationprob-
lems. Having identifiedthe bottleneckof the systemstack,we suggesto replace



package | package size [K] jar- removed
compressed
size[K]
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

Tablel: PackageSizeandReconfiguratiorof Kaffe




Package Function RMI
net.jini.core.disceery supportfor unicastdiscovery yes
net.jini.core.entry definition of Entry objectsfor | no
typedefinition
net.jini.core.gent supportof remoteevents yes
net.jini.core.lease support classesto implement| yes
leasing
net.jini.core.lookup interface and supportclassedo | yes
communicateo the lookup ser
vice
net.jini.core.transaction supportclassedor clientsof the | yes
transactioormanager
net.jini.core.transactiogervel supportclassedor servicesthat | yes
participaten transactions
Table2: TheJini TechnologyCorePlatform(JCP)
Package Function RMI
net.jini.admin interfaceto provide commonwaysof admin- | yes
istrations
net.jini.discaery supportfor unicastandmulticastdiscovery yes
net.jini.entry utilities for Entry objects no
net.jini.event classeselatedto theeventmailboxservice | yes
net.jini.lease renaval of leases yes
net.jini.lookup assistingclassesfor lookup servicejoining | yes
andcommunication
net.jini.lookup.entry | attribute typesthatservicescanusefor regis- | no
trationwith thelookup service
net.jini.space JavaSpacesupport yes

Table3: The Jini TechnologyExtendedPlatform(JXP)




communicatiorpartof Jini implementationcurrentlydoneby heary-weight Java
RMI, with light-weightalternatves, suchas|P soclet or XML. In Table2 and3,
we list the RMI-dependensubsethatwe intendto tackle. Changeso ensuremin-
imum discovery and maintenancavill influenceboth the limited devicesandthe
lookup sener. Thus,a hybrid lookup sener, referredto asLUS+, needsto bein
placeto handlebothnative Jini andnon-RMI Jini devicesin thenetwork. In casea
non-RMldevicejoining aJini network whichis notcapableof handlingRMI-based
andnon-RMI-basedliscorery, onewill haveto fall backontheadd-more-memory
or surrogateapproach.

Thereis yet a backward compatibility problem. In caseof a non-RMI device
joining a Jini network assumingRMI fully supporteda LUS+ may naively pass
RMI-basedproxiesto the non-RMI device andexpectthemto work. The solution
will beto filter out RMI-basedonesatthelookupsener solimited deviceswill not
receve proxiesthatthey could not handle.Note thatfiltering of non-RMI proxies
is not necessaryDeviceswith RMI supportwill not have ary problemexecuting
thenon-RMI proxies.

It is obviousthatwe cannotafford to communicatéimited devicesusingspace-
hungry RMI. Although the proposedight-weight hybrid solution helpsalleviate
the problem,thereremainsseveral critical questiondo address.For instance do
we absolutely need RMI as a means of communication in the context of Jini oris
RMI inevitably large in size? For themomentwe would urgedeveloperdo refrain
from RMI, but for thelong term,the communityneeddo take a closelook at the
scalability of RMI andto work towardsdefininga minimum setof communica-
tion interfacesso thatlimited devices (animportantelementin the future mobile
network) canmove andcollaboratesffortlessly
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