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Abstract

Java mirror objectsare building blodks for integrating
web-basedvith high performanceapplications. This pa-
per demonstatesthe utility of mirror objectsfor construc-
tion of remote‘portals’ via which scientistsor enginees
can view the resultsof ongoinglarge-scalesimulationsor
physicalprocessesand evencontmol them,froma wideva-
riety of remoteplatforms.A sampleportal constructedvith
mirror objectsis the RTTBdesignworkbent, which con-
trols component®f the RTTBrapid tooling and prototyp-
ing testbed. Here, mirror objectscontinuouslymirror the
statesof potentiallyremoteRTTBsoftwae or hardware en-
tities, thereby enablingremoteinspection. Remotecontrol
is enabledby automaticallypropagatingtheoperationsper
formedon mirrors to theseentities. Asa result,mirrors ef-
fectivelyvirtualize remoteentities. In addition, the IMOSS
mirror objectimplementationdescribedand evaluatedin
this paper exhibits functionality that is importantfor mo-
bile portals,includingtheir interoperation with a high per
formance CORBA-basedmplementatiorof mirror objects
and their customizationof mirroring so that workbent
uses can continuetheir PC-basedonline interactionsvia
handhelddevicesusedon the shopfloor

1. Intr oduction

Thelnternethascreatechew opportunitiesor remotein-
teractionandcollaboration.Scientistsaandengineersvork-
ing in geographicallydifferent locations remotely visu-
alize the resultsof their large-scalesimulations[14, and
their models use real-time information capturedby re-
mote instruments[}. In addition, real-time collaboration
tools[4 permitevaluationanddiscussiorof resultsandin-
sightswith remotecolleagueq10]. Finally, modernportal
technologies[111] andtheir underlyingpublish/subscribe
communicationinfrastructures[518] not only enablethe
real-timeviewing andinspectionof the resultsof remote
simulationsand/orinstrumentsput alsotheir online steer
ing andcontrol[14 17].
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Portals and Virtual Workbenchesfor Scientistsand En-
gineers. The purposeof portalsis to give usersremoteac-
cessto resourcesangingfrom digital library data[1], to
remoteinstruments[}, to informationproducedy running
simulations[14 or evencapturecbn the shopfloor This pa-
per usesthe term virtual workbend ratherthanportal, in
orderto indicatethe importancewe placeon users’abili-
tiesto bothaccesandmanipulateremoteentitiesvia these
interfaces. As an example,we presentan interactve ‘De-
signWorkbench'for theRapidTooling Testbed(RTB)[16]
andusedby researcherm MechanicaEngineeringat Geor
gia Tech. The RTTB permitsengineergo rapidly design,
simulate,and prototypenen mechanicaparts. The ‘De-
sign Workbench’presentgo suchusersa virtualization of
theRTTB, which enableghemto (1) remotelyinteractwith
ongoingdesignsimulationsandwith the softwarepackages
implementingthosesimulations,(2) utilize graphicalinter-
facesto interactwith instrumentedoortions of the physi-
cal RTTB (e.g.,camerassiewing rapid tooling machines),
and (3) usediverseinterfacesrangingfrom web browsers
or Java-basedvisualizationsto high end 3D graphicsdis-
playsthatrenderin real-timethe potentiallylarge amounts
of databeingproducedandevaluatedby the RTTB. More-
over, such interactionsmay be maintainedeven as end
usersmove from oneinterfaceor accesglevice to anothey
perhapsinitially inspectingan ongoingdesignsimulation
from their office machinesput thencontinuingtheir work
while inspectingthe associategrototypemanufctureon
the shopfloor usinghandheld wireless-connectedevices.
Finally, aswith most high performancecomputations[1D
or Internetresourcesthe designworkbenchassumeghat
simulationsand prototyping processesre distributed and
concurrenttheformertypically comprisecbf multiple soft-
warecomponentgxecutingin parallelon multiprocessoor
distributedmachinesthelatterinvolving multiple prototyp-
ing andmanufcturingmachineson the shopfloor

Mirr or Objects— Building Blocksfor Distrib uted Work-
benchesand Portals. Mirror objectsare the key build-

10therresearchgroupshave formulatedsimilar characterization$or
scientificor engineeringworkbenchesbr ‘portals’ [11, 2].



ing blocks usedto realizethe RTTB workbench,because
they ‘mirror’ thosebehaiors of the target applicationbe-
ing viewed or controlledthat are importantto end users.
Specifically a mirror objectis a CORBA- or Jasa-based
representatiof an applicationcomponenthat may itself
not be structuredasan object.Theideais to ‘cast’ into the
structuredforms of objectscomponentof an engineering
or scientific applicationwritten in Fortran or C. This in-
volvesinstrumentinghe componentsuchthat (1) any up-
datesof their statesmportantto remoteuserstrigger con-
sequentipdatesof the mirror objects’statesand(2) when
invoked, operationsexportedvia the mirror objects’ class
interfacestrigger updateson the correspondingpplication
components.In this fashion,operationgperformedon the
remoteworkbenchs mirrorsareturnedinto operationger
formedonthetargetapplication thusmakingmirror objects
into virtualizationsof applicationsccomponents.

JMOSS Java Mirr ors. The useof mirrors acrossthe In-
ternetand from mobile devices requiresnovel capabilities
from the Jara-basedIMOSSmirrors describedn this pa-
per:

Mobility — IMOSSmirrors canbe migratedat ary time,
withoutlossof messages transit. This facilitatesthe im-
plementatiorof functionality in which an endusermoves
hisinteractiondrom a desktopto amobiledevice andback
to the desktop,thus enablinghim to freely move between
lab andshopfloor for instance.

Customizedirroring and Migration — IMOSSmirrors
can be customized,and mirror migration specializedthe
former permitting usersto have differing views of an ob-
ject’s state the latter permittingmirror stateto be changed
during migration. Customizedmigration is importantin
mobile systems,wherthe objectstatebeingmigratedmust
be adjustedto the differing capabilitiesof remotedevices
like desktopsrs. handhelds Customizedmirroring is crit-
ical wheninsufficient communicatiorbandwidthspreclude
the transferof entire mirror states. Customizatiorpermits
Java-basednirrorsto '’keepup’ with the high performance
RTTB simulationby only transmittingand corverting the
datacurrentlymostimportantto anenduser

Interoperability with non-Javasystems- JIMOSSmirrors
interoperatewith the MOSS CORBA-basedrealizationof
mirror objectsdevelopedin our previous work and shavn
usefulfor the runtimemonitoringandsteeringof high per
formanceapplications[§. They alsointeroperatewith ex-
isting engineeringor scientific applications,by automatic
conversionof their typed outputdatato Java objects(and
vice versa).Our resultsshav thatthe corversionof typical
workbenchdatafrom its native form to Java objectstypi-
cally addslessthan15%to datatransfercosts.

Technical Contrib utions. Our previous work hasdemon-
stratedthe utility of the MOSS CORBA-basedrealization
of mirror objectsfor theruntimemonitoringandsteeringof

high performancepplications[§.This paperfocusesonthe
propertiesof mirrorsrequiredfor their useacrosshe Inter-
netandin mobilesystems(1) theability to migratemirrors,
(2) the customizatiorof mirroring andof mirror migration,
and (3) interoperabilityof Java- with non-Jaa-basednir-
rors. Toward theseends this paperemploys both CORBA-
and Java-basednirror objectsfor remoteprograminspec-
tion and control,wherethe IMOSS Jasa mirrors are used
to extendmirroring into Internet-connectedndmobile de-
vices.

2. The Mirr or Object Model

Basic Functionality. The Mirror Object Model views all
application-leel entitiesas objectswith associatedneth-
odsandstate evenwhenthe applicationis actuallywritten
in Fortranor C. To implementmirroring, we thusrely on
thetargetapplicationsinstrumentationSinceautomatidn-
strumentatiomequiregoolsnotfreely available,instrumen-
tation is performedmanually for the RTTB workbench?
Mirror objectsare ‘linked’ to the target applicationsvia
eventsupdatingtheir statesn responséo application-leel
statechanges. Such monitoring events are generatedor
all statechangesn instrumentedapplication-leel objects.
Events are asynchronousjn that application-leel state
changesare not delayeduntil mirror-level state changes
have beencompleted. The motivation is to avoid impos-
ing unnecessargverheadsn the high performanceappli-
cationsmonitoredandcontrolledby mirror objects.

Sincemirror objectsareintendedto be faithful virtual-
izations of applicationcomponentsmethodsexecutedon
mirrorsthatchangeheirinternalstategeflectsuchchanges
on application-l&el components. This is done via syn-
chronousremotemethodinvocationsthattrigger ‘steering’
actionson applicationcomponents.

Mirror objects also contain the additional methods
and/orderived stateimplied by the rolesthey play in vir-
tualworkbenchesThey mayimplementcertainstatetrans-
formation of display methods,for instance,so that they
rendertransformedand not raw, unintelligible application
state[1418].

Application programsmay be mirroredmary timesand
in mary places,as per their instrumentation,and a sin-
gle application‘object’ may be associatedvith ary num-
ber of mirror objects.In both caseshy default, all mirrors
obsene the sameapplication-leel changesand an opera-
tion executedon a mirror is synchronouslyeflectedto all
application-leel objectsbeingmirrored.In addition,mirror
objectsthemselesmay be further mirrored, therebycreat-
ing hierarchieof mirrors. Thus,inherentin mirror objects
is basic supportfor multiple obsenersto view the same

2Betterinstrumentatiomethodsncludethesourcecodeannotations[6
8] usedin our own pastresearchcompilerandlinker support,or runtime
binaryediting[9.
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Figure 1. Mirror Object Architecture and Experi-
ment Configuration

data,eachin wayscustomizedo theirindividual needs.
Implementation. The EChoandJEChopublish/subscribe
eventinfrastructures[518] implementthe communications
within mirror object structures,as depictedin Figure 1.
Specifically each mirror object subscribesto the event
channelsto which the application-l&el monitoring events
they desirearesent.Thus,any onemirror objectcanreceve
eventsemanatingrom ary numberof applicationcompo-
nentsand/orremoteobjects,for instanceto track the du-
rationsof certainapplication-leel actions. Corversely to
propagateo applicationcomponentghe statechangege-
sulting from operationson mirror objects, mirror objects
useobjectinvocationlayersaccessiblén EChoandJECho
applicationswhichis the ObjectTransport_ayer (OTL) in
EChoandRMI in JEChobothusingIDL interfacedescrip-
tions.

Figure 1 depictsa scenarioin which a MOSS mir-
ror objectis further mirrored into the Javza domain, using
JMOSS EChoeventstransportapplication-leel updatego
the MOSSmirror, and JEChoeventstransportMOSS mir-
ror updategso IMOSSmirrors. Finally, it is the Java mirror
objectthat either actsas or interactswith somewired or
mobile Java-basediserinterface.

3. JIMOSS Implementation

3.1 BasicJMOSS Functionality

Inter operation of MOSS and JMOSS Objects. MOSS
and JMOSSobjectsinteractvia the Java native interface
(JINII). Specifically a MOSS mirror producesevents de-
scribedin somestandardhative form. This form is trans-
latedinto a Java objectby IMOSSS Java/natve translation
library. Corversely a Java mirror objectinteractswith a
MOSS object by calling native proceduresn the MOSS
library, againusingthe translationlibrary to createnative
eventsfrom Java objects.

Java Objects and JIMOSS Mirr ors. IMOSSmay be used
to mirror Java objectsor MOSS’ CORBA-basedobjects.
Thefollowing processs usedo ‘ready’ anexisting Javaob-
ject for remotemonitoringandsteeringandthencreateits
mirror object.First,the Java objectis 'wrapped’. Eachsuch

wrappercontrolsaccesgo the objects internalstate. Such
stateis readby calling the wrappers ‘get attribute’ meth-
ods,andit is updatedwith ‘set attribute’ methods.Second,
the wrapperpropagatestateupdatedo all IMOSSmirrors
associatedvith this object, by creatingappropriateevent
channelssubscribingto suchchannelsasa provider, and
publishing statechangesto all IMOSSmirrors that have
subscribedo the channel. Third, all changedo the Jara
object’s stateare mediatedby the wrapper therebyensur
ing thatits stateupdatesanbe propagatedo its dependent
mirrors.

JMOSSprovidesthe jmosswwrappergeneratortool to
assistuserdn the creationof wrapperdor existing Java ob-
ject. IMOSSmirror objectsaregeneratedisingthejmossm
tool. Oncecreatedthey receve stateupdateshy subscrib-
ing to appropriateJEChochannelscreatedby their wrap-
pers. Steeringoperationsare accomplishedoy invoking
the wrapperobject's methodsusing RMI. Furtherdetails
of the IMOSSimplementation,includingamplecodeseg-
mentsfor the RTTB designworkbenchappeain atechnical
report[3.

3.2 AdvancedJMOSS Functionality

Customized Migration. JMOSSmirror objectscan mi-
gratewhile in use and ensurethat additional updatesre-
ceivedduring migrationarenotlost. Customizednigration
involves (1) customizingthe amountsof statetransferred
during migration, (2) controlling the ways in which state
is restoredat the target, and (3) changingthe target ob-
ject’s behavior in comparisorto the original one. For (1)
and(2), usersmay provide their own serializationand de-
serialization,by implementingthe jecho.JEChoObjedn-
terface. This interfaceis similar to the java.io.Externizable
interface, exceptthat it usesJEChos optimized and cus-
tomizedobjectstream. The usercandeclareonly certain
objectfieldsto be serializedandotherfields to beignored.
At thedestinationduringdeserializationthe userprovided
proceduresnayrecomputeahevaluesof fieldsthatwerenot
migrated.For (3), themigrationfacility permitsthe classof
the target objectto differ from that of the original one, so
that the new object may useimplementationf methods
bettermatchedo the migratedobject's new tasks(e.g.,for
renderingdataon a smallhandhelds display).

Customized Mirr oring. Customizedmirroring controls
how stateupdateson mirror objectsare performed. This
is in contrasto previously explainedcustomizednigration,
which permitschangesn theamountof statemigratedand
thewaysin which stateis initialized andusedat the target.
Customizednirroring is importantbecausenirrors areup-
datedcontinuouslyin accordancavith changesn thetarget
applicationcomponenbeingmirrored. It permitsthedevel-
oper, for instanceto ‘move’ at runtimean averagingcom-
putationbeingperformedon two valuesfrom the mirror to
theobjectbeingmirrored,therebyreducingcommunication
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Figure 2. RTTB workbenc h
overheadstthecostof only slightly increasegerturbation
in the objectbeingmirrored. This is particularlyimportant
for mobile mirrors, wherelarge-scaledatatransfersshould
be preventedfrom crossingwirelesslinks.

Customizednirroring is implementedusinglower level
supportfor handlermigration offered by the JEChoevent
transportfacility (see[18]). To usesuchsupport,JMOSS
allows eachmirror objectto definea ‘policy object’ that
controlshow stateinformationis transmittedrom thetarget
to the mirror object. This policy objectis the entity being
moved by JEChos lower level supportfor event channel
customization.

Concurrencyand ConsistencyControl. Thereis alsocon-
curreny andconsisteng controlin JIMOSS.

4. The RTTB DesignWorkbench

The workbench targets the RTTB(Rapid Tooling
Testbed),which intendedto be a distributed computing
ervironmentto supportproductdesign, prototyping, and
manufcturing[13. The engineeraisingit areexperiment-
ing with different design processesand different sets of
tasks personnelyendors software,andequipment?

The experimentswith the RTTB workbenchconducted
in thispapersefour softwarepackageso iteratively design
and analyzea new part. They arethe experimentdesign-
ing andparsingpackagd-eaGettthe GeometricModeling
packageProEngineerthe Finite ElementAnalysispackage
Ansys, and the responsesurface calculatingpackageFd-
Maxi. FeaGetandFdMaxi arelocally developedresearch
packagesTheothersarecommerciallyavailablecodes.

A typical sampleprocedureinvolves generatinga trail
file from a parametefile (FeaGett) executingthe simula-
tion program(ProE),thentheanalysigprogram(Ansys)and
computingthefinal result(FdMaxi). In our currentimple-
mentationall componentsisedin a sampleare ‘wrapped’
into objectsthatcontainall relevantattributesandstatusin-
formation. For eachsample we have a setof attributes,in-
cluding input parametersintermediateresults,final result,
currentstatusand a uniqueid. The usercreatesa mirror

3As partof the RTTB effort, multiple computinginfrastructureshave
provided communicationjnformationsharing,work-flow, anddistributed
computationcapabilities. The designworkbenchdescribedn this paper
constituteonesuchinfrastructure.

object, throughwhich enduserscaninitiate certainactivi-
ties, monitor and control their execution,andeven change
parametersn the ongoingexperiment. The userobsenes
the ongoingdistributedcomputationsnot only final results
but alsointermediatesteps.Full control over the computa-
tion is alsoenabledthecomputatiorcanbestartedpaused,
resumed,or stopped,parametervalues can be changed,
using local or browserbasedinterfacesthat employ mir-
ror objects. Intermediateresultsare typically quite large.
At ary onetime, engineersare interestedonly in viewing
small subsetsf theseresults,againusing mirror objects
and thereby reducingthe overheadsmplied by dynami-
cally viewing suchdata.

Theexperimentexecutesnultiple simulationsandanaly-
sesin parallel. Simulationsrun on parallelmachinesandon
workstationsconnectedsia 100MB Ethernet. Researchers
useboth networked, lab-residentvorkstationsandwireless
Linux-basedPAQ pocket PCsto controlandmonitorongo-
ing experiments.

Figure 2 depictsthe RTTB workbencharchitecturebuilt
using MOSS and JIMOSS, including the parallel natureof
ongoingsimulationsthemirroring thattargetsmultiple end
usersanduserinterfaces andthe online controlexertedvia
thoseinterfaces.

5. Performance Evaluation

5.1 BasicBenchmarks

Figurel depictsthebasicsoftwareconfigurationusedin
all experiments,nvolving a target applicationcomponent,
aMOSSmirror, anda JMOSSmirror. Thetimesmeasured
arelabeledwith T1-T4. Thefigurealsoshaws the software
beingexercisedjncludingtheeventtransporsystem&Cho
andJEChoandthe remoteobjectinvocationmethodsOTL
andRMI. All measurementare performedon threeUltra-
SparcStationg(Ultra 30) runningSolaris2.7,connectedy
100MbpsEthernet.

Basic Measurements. The timesrequiredto completea
roundtripthrougha MOSS mirror andendingup in a Java
objectusingthe INI interfacearedepictedin Tablel. This
representshe minimum delay experiencedwhen viewing

and controlling a RTTB testbedsoftware componentvia
MOSSfrom someJava-basednterface. Eachtestis com-
prisedof a userlevel Java programinitiating somesteering
action, communicatingthis requestto the applicationvia
JNIandOTL, thenexecutingtherequestedtatechangesn

the applicationandfinally, sendingthe updatedstateinfor-

mationbackto the Jasa programvia EChoandthe C-Java
corverter

Resultsdepictedin Table 1 demonstratehe following.
First, basicround-tripcostsareroughly 2 milliseconds and
they increasesignificantly only when datasizes(the data
usedis an arrayof floats)exceed1Kbytes. SecondC-Java
corversioncostsareacceptabldor therelatively simplear-



| DataSize(Bytes)] MOSS(ms)| MOSS+Corersion(ms)|

| DataSize(bytes) | Wired(ms) | Wireless(ms)]

1K 73.202 100.013
10K 105.139 786.945
100K 262.811 4204.761

10 1.8857 2.3304

100 1.9945 2.4499

1K 2.3577 2.8180

10K 5.0484 6.2166

100K 27.970 31.118
Table 1. Elapsed real-time for MOSS(T1)and

MOSS+Conversion(T2)
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Figure 3. Elapsed Real-time for JMOSS Using Dif-
ferent Number of Mirror Objects

ray datastructuresusedin thesetests,addingno morethan
20% to the total costsof sucha round-trip (e.g., consider
thetableentryfor dataof size 10K, wherecorversioncosts
add1 millisecondto the5 milliseconddelayexperiencedy
the MOSSmirror). For complex nesteddatastructuresde-
ing transportedcorversioncoststendto increaseéby another
10-20%.

Scalability of Mirr or Objects. To supportcollaboration,
multiple mirror objectsmaybe createdor asingleapplica-
tion component.Figure 3 depictsIMOSSroundtrip costs
whenvaryingthe numbersof mirror objects.Resultsshov
that steeringlatengy doesnot vary significantly for up to
16 mirror objects. Measurementare performedon a clus-
ter of 300MHz dual Pentiumll Linux PC connectedwith
100MbpsfastEthernet.Eachmirror objectis locatedon a
differentmachine.

Comparison to Java Sockets. Resultsdetailedin [3]
demonstratehat IMOSSround trip timesare comparable
to Java socket communicationdelays,including for large
datatransfers.

5.2 AdvancedJMOSS Functionality

In the following measurementsan application ob-
ject runs on a workstation, and a mirror object resides
on an iPAQ H3650 running the Linux operatingsystem.
802.11bwireless LAN communicationdevices connect
both. (802.11bWavelLAN devices offer a maximum of
11MB/sechandwidth but the effective bandwidthachieved

Table 2. Migration Time
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Figure 4. Elapsed real-time of MOSS(T1),
MOSS+Conversion(T2), JMOSS(T3)  without

Custom Mirroring and JMOSS(T3) with Custom
Mirr oring

in our lab, dueto interferenceand shareduseby otherde-
vices,is typically no morethan300Kbytes/sec).
Customized Migration. Table2 shows the basiccostsof
mirror objectmigration, which includethe costof migrat-
ing the mirror objectitself andof migratingthe eventchan-
nel associatedvith it. In the first setup,the objectis mi-
gratedacrosswo workstationsconnectedsia 100MB Eth-
ernet.ThesecondsetupusesoneworkstationandoneiPAQ
H3650handheldevice connectedia thewirelessnetwork.
Again, we vary theamountsof objectstatebeingmigrated.
Resultsshav that migration costsstrongly dependon the
amountsof statemigrated. They alsoshow that migration
costscanbequite high, especiallywhenusingwirelessnet-
works. This motivatesour work on customizednmirroring
and migration, using which the amountsof statemirrored
or migratedcanbereduced.

CustomizedMirr oring. Our final microbenchmarksval-
uatethe utility of customizedmirroring, using end-to-end
measurementetweena IMOSSJava mirror objectanda
native program.Thetimesshavn arethe delaysof MOSS,
MOSS+conrersionand JIMOSS(the sumsof MOSS, data
corversion,and JIMOSSdelays)for differentamountsof
data. Theseresultsindicatethat IMOSSmirror objectsare
somavhatimpracticalfor mirroring large amountsof state
(JMOSSlateng is more than 5 times larger than MOSS
for 100KB data),thusarguingfor customizingmirroring to
suppresaindesiredstateinformation. The simple demon-
strationof customizedmirroring usedin Figure4 is onein



| DataSize(bytes) | Wired(ms) | Wireless(ms)|

10 1.108 5.389
100 1.697 12.971

1K 3.024 84.299
10K 13.601 789.294
100K 118.135 7743.617

Table 3. Elapsed Real-time of JMOSS on Wired vs.
Wireless netw orks

which only 10% of total stateis mirroredfrom the MOSS
to the IMOSSmirror. This shavs that IMOSSresponse
timesaftercustomizednirroring arecomparabléo MOSS,
resultingin a reductionof total mirroring delay from ap-
proximate150 to 30 milliseconds. For designworkbench
endusers this would meanthe differencebetweenrecev-
ing whatappeargo be non-real-timevs. real-timeservice.
Mobile Mirr ors. Mobile mirrorsoperatén anervironment
wherenetwork lateng is high, bandwidthis low, andcon-
nectionsmay be intermittent. Table 3 lists the basiccosts
experiencedoy JIMOSSobjectswhenusinga wirelessnet-
work. In comparisonto the latenciesexperiencedover a
wired network, resultsshown that the lateng increasesdy
factorof morethan70. Thisis dueto thelimited bandwidth
availablein ourwirelessdomain typically lessthan300kbs.
In ervironmentslik e these functionalitieslike customized
mirroring andmigrationarecritical for achieving whatap-
peargo endusersreal-time,interactive mirroring.

6. Conclusionsand Related Work

This paperpresentghe conceptof mirror objectsand
their use for constructionof efficient remote portals or
workbenches.To addresghe potentially large datatrans-
fersrequiredfrom applicationgto portalsin the domainof
high performancecomputing two implementation®f mir-
ror objects,one CORBA-compliant, the other using Java,
interoperatein order to offer both high performanceand
flexible componentmonitoringand control. Furthermore,
JMOSSJava mirror objectshave propertieshatareimpor-
tantto their usewith portalsacrossthe Internetand/orin
ubiquitoussystems,including mobility, customizablemi-
gration,andcustomizablamirroring.

Mirror objectsmay themseles be mirrored, thus en-
abling the constructionof rich workbencheghat contain
‘mirrors’ of their target applicationsand also offer new
functionality. Furthermorepy supportingthe useof mir-
ror objectsin web browsers,remoteaccessand collabora-
tion supportcanuseinterfaceghatrangefrom highendma-
chinesto handheldr evensimplerweb-enabledlevices.
Related Work. The Diesel Comhustion Collaboratory
(DCC)[127 wasapilot projectto developanddeploy collab-
orative technologieso comtustionresearcherslistributed
throughoutthe DOE nationallaboratories,academiaand

industry Comparedvith the DCC, JIMOSSprovidesaddi-
tional supportfor mobility andfor customizingmirroring
andmigration. In addition, mirror objectsappearto match
well thefunctionalrequirement®f workbencheshatvirtu-
alize remotesoftware and/orhardware components Secu-
rity is akey aspecbf theDCC;wedonotaddresshisissue.
Deepviav[13] is aservice-baseftamenork for microscopy
that is distributed, extensible,and maximizesthe usesof
commonoff-the-shelfsoftware. It usesa standardCORBA
object systemimplementation. In contrastto CORBA-
basedmplementationof functionality akin to whatis of-
feredby mirror objects,MOSS demonstratesubstantially
better performancefor statemirroring[5, 6]. JEChoand
thus, IMOSSalso demonstratémproved performanceor
statemirroring comparedo otherJava-implementedvent
systems. More comparisonf relatedwork appearin a
technicalreport[3.
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