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Weervision afutureof heterogeneousmobiledevicescollaboratingspontaneouslgndbringing
corvenienceto life. Takinga practicalapproachye studythe feasibility of integratinglimited
devicesinto the Jini, Java, andLinux paradigm.With carefulevaluationandsystemhacking,
we manageto fit the software stack,excluding Jasa’s RemoteMethod Invocation(RMI) sup-
port, in asmall 1.85-Mbytespace.However, we alsoidentify thatincluding RMI supportwill
exhaustall the remainingspace. We propose,as a short-termsolution, to re-implementJini
with light-weightcommunicatioralternatves andto usea hybrid lookupsener to interoperate
RMI- andnon-RMI-supportedlevices. For thelong term,we advocateminimalismandcall for
community-widestandardizatioeffort to the systemsoftwaredevelopment.

1 Introduction

We envision a future that computersand electronicswill be mobile and collabo-
rate spontaneouslybringing corvenienceto life. Two immediateproblemshefore
realizing sucha future are waysto handleheterogeneityand mobility of thesede-
vices. Thesedevices, for examplemini-laptops,mobile phones,and home appli-
anceshave very distincthardwareandsoftwareprofiles. Thetaskof configuringand
inter-operatingthemwill betoo difficult for averageusersnotto mentionthatthese
devicesarelik ely to bemobileandwhenererthey enteranew ernvironmentthey need
to bere-configured.

To counter the problems of automatic configuration and seamlessinter-
operationtheindustryandresearclcommunityhave offereda few solutions!»2 that
encompasg$l) a resourcediscorery/managemergrotocol and (2) a framework of
uniform programmingnterfaceandcodebase.Oneprominentexampleis the Jini 3
andJava* combination.In the Jini/Java paradigm,devices cancomeanddiscover
(or bediscoveredby) resourcen the network automatically While respondingthe
devicesregisterproxiesallowing othermembersn the network to operatehem.

As afeasibility study we arebuilding sucha Jini/Jasa-basedspontaneouset-
work with varioustypesof devices,mainly full-fledgedcomputersmobile PCs,and
limited electronics.Connectingimited electronicds the mostinterestingandchal-
lengingcase By limited electronicswe meanpersonalhome,or office electronics.
They areessentiallymicro-computersvith compacsystemarchitecturesndlimited
flashmemory andsometimeslsoreferredto asembeddedystems

Taking a hands-orapproachwe setoursehesoff to install the Jini/Java stack
on a developmentboardfor embeddedystems. This turnsout to be a non-trivial



taskandgivesrise to a serioussystemsoftware problem- its size. It is profoundly
difficult just to fit a native Jini/Java/Linux stackonto a typical embeddedsystem
board,notto mentionextra applicationgequiredto run ontop of the systemstack.

After intensie systemhackingand careful evaluation, we find bottleneckof
the size problembeingJava’s RemoteMethod Invocation(RMI) support. It is hu-
mongousryelatively to otherparts,andcurrentimplementatiorof Jini depend®nit.
While RMI offerselaboratedemoteexecutionsupport,t is notreally necessarfjor
communicatiorin Jini which canberatherprimitive.

We proposeasa solutionto scalesystemsoftwaresize,a light-weight Jini im-
plementatiorbasedon IP soclket or XML. Thatis to implementJini without using
ary RMI interfacesand avoid including RMI supportin the software stackat all.
To warrantbackward compatibility with existing implementationyve take a hybrid
approacho differentiateexisting RMI-basedandthe light-weightimplementations,
thusenablingexecutionof non-RMI proxieson RMI-supporteddevicesbut not the
otherway around.

More importantly we call for standardizatiomctiities towardsdefining mini-
mumsystenmsoftwarestackfor mobiledevices.In the meantimewe urgedevelopers
to refrainfrom RMI andthe communityto re-examineits scalability

In short, our contribution includesa) a successfuport of systemkerneland
free-licenseVM for limited devices,b) a qualitatve and quantitatie evaluationof
a minimum softwarestack,c) a 35% reductionof the Jini/Java/Linux stackwithout
RMI supportto 1.85Mbytes andd) a light-weighthybrid Jini solutionto overcome
the systemsoftwaresizeproblem.

2 Approach

Jini devicesrequirehardwareplatformswith network connectvity andthe ability to
executeJava code. Two differentminimal hardware approachesire possible. The
first solutionis anembeddedlevice with network connectvity thatrunsa Java Vir-
tual Machine (VM) on top of ary kind of operatingsystem. Typical embedded
devices of this kind are the DeveloperBoard LX from Axis 5 andthe NetSC520
DemonstratiorPlatform from AMD ¢. Both platformsrun embedded.inux and
communicatevia Ethernet.The secondsolutionis to useembeddedoardswith Java
processorsUnlike traditionalmicroprocessorsyhich mustcorvert Java byte-code
into the processos native languagetheseprocessorsanoperatedirectly from Java
byte-code.aJileSystems’ providesa developmentboardwith their Java processor
calledalile.Anothersolutionis providedby Systronix®. They developedahardware
Java platformwith their Tiny Network Module (TINI).

We decidedo usethe DeveloperBoardLX from Axis for ourfurtherimplemen-
tations. This boardprovidesthebestscalabilityregardingresourcessize,andprice.



It hasthefollowing features:100MIPS32 bit CPU,Ethernetl0/100Mbps2 RS-232
serialports,2 parallelports,2 Mbyte FLASH and8 Mbyte DRAM. The FLASH size
canbeupdatedo 4 Mbytes.

OperatingJini on this platformwith restrictedresourcesequiresstrict sizelim-
itationsregardingthe operatingsystemandthe VM. Linux suitswell astargetop-
eratingsystemfor our device. Thetwo mainreasonsarethe compactsizeof Linux
andits openlicensepolicy. We usea Linux portasoperatingsystem.

DifferentJava versionsfrom differentpartiesare candidateso be portedto the
developerboard. SunMicrosystemsntroducesthe Java 2 Micro Edition (J2ME)?
asJavaplatformfor limited devices.J2MEis dividedin two complementargonfig-
urations:the Connected.imited Device Configuration(CLDC) andthe Connected
Device Configuration(CDC). Both configurationsntroducea new VM. The CDC
containsthe C virtual machine(CVM) andthe CLDC containsthe K virtual ma-
chine(KVM). CLDC would probablybettersuit for the developerboard.

Kaffe 19 is anopenimplementatiorof Java for embeddednddesktopsystems.
It is animplementatiorof the PersonalJaa 3.0 specificatiorandrequiresno source
codelicensedrom SunMicrosystemsThemajoradvantage®f Kaffe are:compact
size,easinessf portingto new platforms(operatingsystemsandarchitecture)and
it is opensourcesoftware. For thesereasonswe decidedto useKaffe insteadof
J2MEfor ourimplementation.

3 Evaluation

The main taskof this work is to fit the requiredsoftware on the 4-Mbyte FLASH
ROM. The requiredsoftwareincludesthe operatingsystem,VM, Jini coreclasses
andJini serviceclasses.

Embedded Linux. The CPU on the developerboardis the ETRAX 100 LX.
The sourcecodeof Linux 2.4 includesthe CRIS architecturefor ETRAX 100LX.
Axis providesa smalldistribution of Linux for their developerboard.We have opti-
mizedthis distributionandreducedhesizeof the operatingsystemkernelandbasic
utilities) to 800 Kbytes(55 % of the original size). Breakdavn of componensizes
in 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 partof our contribution to
portKaffe to this new architecture Theclassesn Kaffe arebundledin eightjarfiles.
ThecoreJava classesarepartof theKlasses.jafile. Theoriginal classesareshavn
in Tablel.

For memorysaving reasonsye port only a subsebf the coreJava classesThe
awt, applet,beansmath,andsql packagesreremovedsincethey arenot usefulfor
thegivenboardasa Jini device. Tablel shavs the sizeof thedifferentpackagesand
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Figurel. FlashReseration (4 Mbytes)

the removed packages.The original size of the Java coreclassesn Kaffe was886
Kbytes.We couldreducethe sizeof the coreclassedo 525Kbytes

TheVM wascompiledwith the gcc-criscross-compilergcc-crisis aportof the
GCC!! to the CRIS architecture We hadto compilewith staticlibrariessincethere
is no supportfor sharedibrariesat the currenttime. The executableKaffe VM for
the CRIS architecturgakesabout400 Kbytesof memoryspace Figurel shonsthe
sizeof the Kaffe VM andthe Jara classesn respecto thewhole FLASH ROM.

Jini. Jiniis 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
classearepartof jini-core.jarandjini-ext.jar. Theclassesn sun-util.jararenot part
of the official Jini distribution. Theseclassesare helperclassedrom Sunto help
developerdo write their servicesandclients.

Themajorproblemwe encounteredvith the Jini coreclassess thatthey require
RemoteMethodInvocation(RMI). Ourlight-weightJavaportdoesnotsupportRMI.



package package size[K] jar- removed
compr essed
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

RMI requirestoo mary computationakesourcego run on the board. In Table 2

Tablel. PackageSizeandReconfiguratiorof Kaffe

and3, the corepackage®f Jini arelistedwith their RMI dependence.

Our solution is to remove the RMI dependencdérom the Jini classesand to
replaceRMI’ s functionalitywith othermechanismshatscalefor embeddedlevices
and our Kaffe VM. Regardingthe sizerestrictions,we have to fit the light-weight
Jini andserviceclassesn around2.3 Mbytesof memoryspace Next we discusshe

solutionin detail.




Package

Function

RMI

net.jini.core.disceery
net.jini.core.entry

net.jini.core.@ent

net.jini.core.lease

net.jini.core.lookup

supportfor unicastdiscovery
definition of Entry objectsfor type
definition

supportof remoteevents
supportclasseso implementleas-
ing

interface and support classesto
communicatdo thelookupservice

net.jini.core.transaction support classesfor clients of the

transactiormanager

net.jini.core.transaction.sesv | supporiclassegor serviceghatpar

ticipatein transactions

yes
no

yes
yes

yes

yes

yes

Table2. TheJini TechnologyCorePlatform(JCP)

Package Function RMI

net.jini.admin interfaceto provide commonwaysof administra-| yes
tions

net.jini.discovery 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 and | yes
communication

net.jini.lookup.entry attributetypesthatservicesanusefor registration | no
with thelookupservice

net.jini.space JaraSpacesupport yes

Table3. TheJini TechnologyExtendedPlatform(IXP)

4 Solution

To solvethesizeproblem,we can,on oneextreme,addmorememoryonthelimited
devicesor on the otherextremetake the surrogateapproach? thatsuggestso leave
thelimited devicesasthey areandto enableheir participationthrougha Jini-capable
delegate.Addingmemoryresultsn highermanufcturingcostwhichis notdesirable
from the industry’s point of view. The surrogateapproachalthoughsolvesthe size
problem,requiresconfigurationof the Jini delegateon limited devices,which brings




us backto the configurationproblemthat Jini is designedo eliminateat the first
place;thusnot desirableérom theusers’point of view.

We proposea hybrid solutionthat solvesthe size,cost,andconfigurationprob-
lems. Having identified the bottleneckof the systemstack,we suggesto replace
communicationpart of Jini implementationcurrently doneby heavy-weight Java
RMI, with light-weightalternatves,suchaslP socketor XML. In Table2 and3, we
list the RMI-dependensubsethatwe intendto tackle. Changego ensureminimum
discovery and maintenancewill influenceboth the limited devices andthe lookup
sener. Thus,a hybrid lookup sener, referredto asLUS+, needsto bein placeto
handleboth native Jini and non-RMI Jini devicesin the network. In casea non-
RMI device joining a Jini network which is not capableof handlingRMI-basedand
non-RMI-basedliscovery, onewill have to fall backon the add-more-memorpr
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 and expectthemto work. The solution
will beto filter out RMI-basedonesat the lookup sener solimited deviceswill not
receve proxiesthatthey could nothandle.Notethatfiltering of non-RMI proxiesis
not necessaryDeviceswith RMI supportwill not have ary problemexecutingthe
non-RMI proxies.

It is obviousthatwe cannotafford to communicatdimited devicesusingspace-
hungryRMI. Althoughthe proposedight-weighthybrid solutionhelpsalleviate the
problem, thereremainsseveral critical questionsto address. For instance,do we
absolutelyneedRMI asa meansof communicatiorin the context of Jini or is RMI
inevitably large in size?For the moment,we would urge developersto refrainfrom
RMI, butfor thelongterm,thecommunityneedgo take acloselook atthescalability
of RMI andto work towardsdefiningaminimumsetof communicationnterfacesso
thatlimited devices(animportantelementin the future mobile network) canmove
andcollaborateeffortlessly
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