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Abstract

Due to its high protocol overhead,both in data traffic
andin round-trips,JavaRMIl is poorly suitedfor communi-
cation over slow wirelesslinks. However, its performance
can be enhancedvithout breakingcompatibilitywith Java
RMI specification,and with minimal changesto existing
softwae and networkhosts. This paperanalyzeshe rea-
sonsfor the poor performanceof Java RMI, outlinesa so-
lution basedon mediatortechnology and evaluateshe per-
formanceof a prototypeimplementinghe solution.

1. Introduction

RemoteMethod Invocation (RMI) [20] is the object-
oriented version of the well-known Remote Procedure
Call[7]. RMI is essentiallthesameconcepthatallowsthe
programmeto transparentljnvoke methodson objectsthat
resideon anothercomputer In thisway, the object-oriented
paradigmis preseredin distributed computing. Thereare
severalimplementatiorarchitecturegor theremotemethod
invocation. The most well-known one is CORBA [23],
which has several commercialimplementationsavailable.
However, with the succes®f the Javalanguage Java RMI
is earningmoreandmoreattention.In contrasto CORBA
thatis programmindanguagdandependentJasza RMI only
worksbetweenJava programs Ontheotherhand JaszaRMI
is far moreflexible thanCORBA. Jini ConnectionTechnol-
ogy [2] andmostAgentPlatformsuseJava RMI asa com-
municationframework. The importanceof Java RMI also
increaseslueto theannouncementsf mary mobiletermi-
nal device manufcturerghattheir equipmentwill support
Javain thefuture.

Currentand forthcomingwirelessdataservices—GSM
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Data Service, GPRS,UMTS, wireless LAN—enrich the

options for communications. Unfortunately the current
Internet-basedolutionsarenot ableto fulfill all the needs
of nomadicusers[21]. The environmentof mobile com-

puting is very different comparedto today's ervironment
of traditional distributed systemsn mary respects.Band-
width, lateng, delay error rate and interference,among
otherthings, may changedramaticallyas a nomadicend-
usermovesfrom onelocationto another—from anerviron-

mentto another:from awired LAN via awirelessLAN to

a GPRS/UMT Snetwork for example.

Todaythe Internetoffers a communicatiorbackboneo
an ever-increasingamountof informationservices.In fact
somepersons(not necessarilyaddictedbut primarily due
to their professionhave becomencreasinglydependentn
accesgo thoseservices By usingwirelessnetworks,those
personganutilize network informationservicessvenwhen
they are on the move. However, currentcommunication
servicegdo notwork well in amobile environmentbecause
applicationsand middleware products,on which the appli-
cationsrun, weredesignedor fixed, reliablenetworks. The
problemsare due to manifold reasons;including sudden
lossof connectvity, low bandwidth high lateng, andhigh
costof wirelesscommunicationMany of the problemscan
be solved by using light-weight, mobile-avare protocols
andmiddlewarein thewirelesservironment.

Given that Java RMI is gaining popularity it is only a
matterof time beforethe performanceof Jasa RMI over
wirelesslinks becomedmportant. We have analyzedand
measuredperformancecharacteristicoof Java RMI over
GSM Data Service and High SpeedData Service [10].
We examinedtwo platforms—Linuxand Windows NT—
and several variationsof a commercially available GSM
HSCSD.Theresultsarenot encouragingJava RMI works
poorly in slow wirelesservironments. This is dueto the
well-known poor performanceof TCP in a wirelessenvi-
ronmentbut alsodueto the Java RMI protocolitself.



In this paperwe proposea mediatorbasedsolution to
overcomethoseproblems. Mediators—knevn as perfor-
manceenhancingproxiesin IETF [8]—are widely usedto
improve TCP/IP performanceon communicatiorpathsin-
cluding a slow wirelesslink. Examplesinclude Indirect
TCP by RutgersUniversity [3], Snoopby the University
of California at Berkeley [5], Mowgli by the University
of Helsinki [16], and TACO by the University of Copen-
hagen12]. Mediatorsarealsousedto improve application
level protocolslike HTTP [17, 28]. In addition,the WAP
architecturd30] is alsobasedon mediators.

In a mediatorbasedsolution thereare accessnodesin
thefixednetwork thatsene themobileterminalsby provid-
ing themwith an accesoint to the fixed network. Each
application,thatis not mobile aware, requirestwo media-
tors: An agent, which is locatedin the mobile terminal,is
boundwith the terminal part of the application(usuallya
client), anda proxy, which is locatedat the accessode,is
boundto the fixed network part of the application(usually
asener).

All communicatiorbetweenthe terminal and the fixed
network partof theapplicationgoesvia theagentandproxy,
which collaborateto optimizethe communicatiorover the
wirelesslink.

Therestof this paperis organizedasfollows. In Section
2 wegive backgroundnformationonhow JavaRMI works,
andwhy it workspoorly in slow wirelesservironments.In
Section3 we presenbur approacho optimizing Java RMI,
usinga solutionbasedon mediatortechnology In Section
4 we evaluatethe performanceof our approachWe briefly
summarizerelatedwork in Section5. Finally, Section6
stategheconclusions.

2. Background and Motivation
2.1. Java RMI Protocol

Jara RMI wasdesignedo simplify the communication
betweentwo objectsin different virtual machinesby al-
lowing transparentalls to methodsin remotevirtual ma-
chines.Oncea referenceof a remoteobjectis obtained,t
is possibleto call methodsof that objectin the sameway
asmethodof local objects.Sincetheremoteobjectresides
in adifferentvirtual machineanRMI Rajistryis neededo
manageremotereferences Whenan RMI sener wantsto
male its local methodsavailableto remoteobjectsiit regis-
terstheobjectsto alocal registry. A remoteobjectconnects
to theremoteregistry, whichlistensto awell-known soclet,
andobtainsaremotereference.

Java RMI is built ontop of atransportlayer, which pro-
vides abstractRMI connectionsbuilt on top of TCP con-
nections WhenanRMI connectioris openedthetransport

Client Virtual Machine Server Virtual Machine

Client Object (2] Registry

Remote Object

Skeleton

Figure 1. Java RMI Protocol

layer eitheropensa new TCP connectionpr reusesan ex-

isting oneif afreeoneis available.If thereusedconnection
hasbeenidle for more thanthe time of a round-trip, the

transportlayer first sendsa ping paclket to make surethe

connectionis still working. Oncean acknavledgmentfor

the ping pacletis received, the new RMI connectioris es-
tablished. If a TCP connectionhasnot beenusedby ary

RMI connectiondor awhile, it is closed.

The general Jwva RMI architectureis depicted in
Figurel. Firstasener createsaremoteobjectandregisters
it to a local Registry (1). The client then connectgo the
remoteRegistry (2) and obtainsthe remotereference. At
this point, a stub of the remoteobjectis transferredfrom
the remotevirtual machineto the client virtual machine,if
the stubis not yet present. Whenthe client (3) invokesa
methodat a remoteobject, the methodis actuallyinvoked
at the local stubh The stub marshalsthe parametersand
sendsamessagé4) to theassociatedkeletononthesener
side. The skeletonunmarshalshe parameteraindinvokes
theappropriatamethod(5). Theremoteobjectexecuteghe
methodandpasseshereturnvaluebackto the skeleton(6),
which marshalsit and sendsa messagéo the associated
stubon the client side (7). Finally the stubunmarshalshe
returnvalueandpassedt to theclient (8).

2.2. RMI| Problems

2.2.1. RMI Use of TCP Connections

Thereuseof TCP connectiongn thetransportayeris com-
mendablebecauset savesresources However, theimple-
mentationcausedrequentping messagesrhisis problem-
atic with high-round-tripwirelessconnections.

While Java RMI is not optimal for wirelessnetworks,
neitheris TCPuponwhich JavaRMI is built. Theproblems
with TCPin awirelesservironmentarewell-known[16, 9].
Especiallyin JDK1.1, RMI and TCP conspireto produce
bad results. RMI writes headerdata byte by byte, and
becausef the slow startalgorithm[14], TCP hasto wait
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Figure 2. The trace of the “sayHello” remote
invocation

for an acknavledgmentonceit hassentthe first sggment
containingonly one byte. This meansthatit takesa full
round-tripbeforethe secondsggmentcanbe sent.

In JDK1.2(Javal ™ 2), datais no longerwritten byte by
byte, and the performanceis much better However, the
protocolitself still enforcesmary round-tripsfor a single
invocation(duemainly to the ping paclets).

2.2.2. Analysisof an RMI Call

In this sectionwe will shov an analysisof a simple RMI
call. Themethodis called“sayHello”. As returnvaluethe
methodreturnsthe String“ Hello World".

In ourtestthestubclasswvasalreadypresenpntheclient
side,sotherewasno needto downloadthe stubclass.The
traceof the call is outlinedbelow (seeFigure?):

1. Thefirst round-tripis betweerthe client andthe Reg-
istry on the remoteside andusesa newv TCP connec-
tion(TCPJ. Theregistry returnsan acknaviedgment
of the RMI protocol and what it believesto be the
client's IP addresgEPId). It shouldbe notedthatthis
first round-triphappengverytime anew connectioris
opened.

2. In the secondround-trip, the client requestgand ob-
tains)theremotereferenceof thedesiredremoteclass.

At this point, the RMI connectionis closed,logically
closingthe TCP1connection.

3. Openinga secondTCP connectionTCPZ the client
connectswith the sener. Sincethis is the first RMI
call a headerand a protocolacknavledgmentare ex-
changed.

4. Theclient-sideDistributedGarbageCollection(DGC)
requestgrom the sener aleaseof therequiredremote
referencehrougha Dirty() invocation. The RMI con-
nectionis closed,logically closingthe TCP2connec-
tion.

5. At thispoint, the Client musttell the DGC of the Reg-
istry thatit obtaineda remotereferencesoit opensa
new RMI connection.Thefirst round-tripbetweerthe
clientandthe Registry is a ping: in this way the client
verifiesthatthe TCP connectionwhich waslogically
closedbefore,is still alivel. Having verified this, the
clientcommunicateso theRegistrythatit hasreceved
aleasefrom the senerwith a DGCAck messagé.

6. In parallelwith the previous point, the client canin-
voke the remotemethodon the sener. But, sincethe
RMI connectionwas closed,a ping round-trip takes
place. After this, the client invokesthe methodand
obtainstheresultsof theinvocationasreturnvalue.

7. Whenthe client doesnot needthe remotereference
ary more,usuallywhentheremotereferencas locally
unreferencedt sends “clean” messagéo the sener.
This exchangeis precededby the usual ping round-
trip.

Datatraffic is summarizedn Table 1. In eachrow is
given the amountof data(and percentagesiransferredn
eachtransferpattern.

On a slow wirelesslink the amountof datathatis sent
overthelink is important.In this example,the actualinvo-
cationtakesup only 5% of the total transmitteddatawhile
69% was relatedto the DGC protocol. This meansthat
thechanneis primarily usedfor auxiliary data,makingthe
invocationexpensve.

Anotherimportantissueis the high numberof round-
trips. Onslow links, like GSM, evenasinglebyteexchange
like ping causesdelaysdue to the long lateng timesin-
volved (around-tripover GSMis typically aroundonesec-
ond). In thisexample six round-tripswerenecessarpefore
theinvocationwascompletednot countingthe two round-
trips causedoy TCP handshaking However, only two are

INote that a ping doesnot occurif the TCP connectiorhasbeenidle
for atime lessthana ping round-trip.

2Before this acknavledgmenthas beensent, the Registry must not
releaseits sener reference sincethat might causethe sener to wrongly
concludethattherearenoreferencesn use.



Table 1. Invocation data traffic (bytes)

Clientto Senerand
Senerand Registry Total

Registry to Client
Registry 55 (6%) 276(42%) 331(20%)
Lookup
Invocation 41 (4%) 37(6%) 78 (5%)
Data
DGC 831(85%) 305(46%) 1136(69%)
Data
Protocol 52 (5%) 40 (6%) 92 (6%)
Overhead
Total 979(100%) | 658(100%) | 1637(100%)

really needed oneto getthe sener referenceandanother
for theactualinvocation.

3. The Monads Approach
3.1. Optimizations

Optimizationof Java RMI for wirelesslinks meansare-
ductionof protocoloverheadandthenumberof round-trips.
We have two ways to reachthis goal: The first oneis to
changeheimplementatioritself,i.e.to changelDK system
classesThedisadwantages thatmodificationof bothclient
andsener hostsoftwareis necessaryand that makesthis
solutionunattractve. The secondsolution,presentedhere,
attemptsto presenre the original implementationsupport-
ing it with the useof mediatorsandcompressiorio avoid,
where possible,every redundanttommunicationbetween
the client side and the sener side’. The solution usesa
mediatorarchitectureyith anRMI agentin themobileter
minalandanRMI proxyin thefixednetwork. Theproposed
optimizationsareoutlinedbelow.

Data compression — The serialization protocol used by
Jara RMI producesa large amountof overheadn the
invocation.Sincewe do notwantto modify thesource
code theeasieswvayto reducethis overheads to com-
pressthe datausinga genericcompressioralgorithm.
In our prototypewe usethe GZIP standardile format.

Protocol Acknowledgment — The acknavledgmentsare
handledby the RMI proxy, anddo not crossthe wire-
lesslink.

Registry lookups — When a client doesa lookup for the
first time, the remotereferencas cachedocally, and
the original referencein the Registry is marked as
cachedby the mediatoron the other side. Mediators

SNote that RMI is usedsymmetrically—amobile terminal may have
bothRMI clientsandseners. This symmetrymustbe presered.
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Figure 3. Using mediator s to optimiz e the re-
mote invocation

synchronizecachedreferencedy notifying their peer
when a referencemarked as cachedchanges.To re-
duceinitial cachemisses the referencecachecanbe
initialized with frequentlyusedreferencest startup.

Distributed Garbage Collection — This protocol intro-
ducesheavy dataoverheadandits usein a wireless
ervironmentis lessmeaningful,sincethelink is sub-
ject to suddendisconnectionghat can be handledat
the transportlayer To avoid its redundang andhigh
numberof round-trips the clientandthe sener canbe
decoupledTheuseof mediatordor this decouplings
explainedin the next section.

3.2. Use of Mediators

Therole of theRMI mediatorss shavnin Figure3. The
RMI Agent captureghe invocationmadeby the client. A
lookuprequests first checledin thelocal cacheandonly
if theremotereferencds unknownis therequesforwarded
to thesener.

DGCinvocationsareoptimizedby decouplingclientand
sener. The RMI proxy keepssenersalive by periodically
renaving theleaseslt will only stopdoingsooncethe RMI
agenttells it thatno morereferenceso the sener exist on
the otherside. In this way the DGC semanticsare loos-
enedto suit the needsof wirelesscommunicationwithout
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modifying client or sener code. No leaserequestgdirty()

invocationseedto be sentoverthewirelesslink, sinceall

leasesare managedn the fixed network side. In this way
thenumberof round-tripsis minimized. Theamountof data
transferrecbverthewirelesdink is alsoreduced Of course,
cleanrequestsstill have to be sentto inform the otherside
thatnoreference$o asenerexist arylonger An optimized
datarepresentatiorcan be usedfor theserequestsfurther
reducingDGC overhead. The Figures4 and5 outline the
differencebetweenour RMI optimizationand the normal
RMI.

4. Perfor mance Evaluation

The performancef our optimizedRMI implementation
was measuredn field trials. The objectve wasto study
how our systembehavesin differentcircumstancesindto
compardts performancevith regularRMI.

4.1. Test Arrangements

In the measurementsye useda configurationspecified
in Table 2. The mobile node was connectedo the Ac-
cessNode using GSM HSCSDdataservice. Technically

Table 2. Hardware used in the measurements

Mobile Terminal Toshiba Porege 7020CT (Intel Pentium

11/1366MHz; 128MbMain Memory)

AccessNode Compag DeskPro EN6350 (Intel Pentium
11/400MHz; 128MbMain Memory)

GSMPhone Nokia CardPhone&.0 (Prototype)

AccessNodeModem | Multitech MT2834ZDXI (28.8Kbps)

the HSCSDconsistsof two parts: multislot capabilityand
the modifiedchannel-codingcheme The former provides
the useof several paralleltime slotsperuserwherenormal
GSM canuseonly one. At the beginning of the HSCSD
service,the maximumnumberof time slotsis mostly lim-

ited to 3+1 (asymmetricaktonnection threetime slots for

downlink) and2+2 (symmetricatonnection). Themodified
channel-codingschemeprovidesthe userwith a datarate
of 14.4kbpsinsteadof the original maximum9.6 kbps. In

orderto achieve higherbit rates,amoreefficient puncturing
methodis used.This,ontheotherhand,decreasetheradio
interfaceerrorcorrectionperformance Thereforethe 14.4
kbpschannelcoding cannotbe usedwhenthereis a lot of

noiseandinterferenceaffectingthe quality of theradiosig-
nal. Dependingon connectiontype andthe capabilitiesof

the network infrastructurethe maximumuserdataratecan
be 28.8 kbps usinga modemconnection,38.4 kbps using
anISDN V.110protocol,or 57.6kbpsusinganISDN V.120
protocol.

We performedthe measurementasing a modemcon-
nection,thushaving 28.8kbpsasmaximumuserdatarate.
The following combinationsof channelcoding (CC) and
time slots were used: 1+1 (96CC; original GSM), 1+1
(144CC),2+2(96CC),2+2(144CC),and3+1 (96CC).The
measurementaere conductedn a normal office environ-
mentwith goodHSCSDradiolink conditions.

The software packageusedin the testwas the KaRMI
benchmarksuite provided by the Institute for Program
StructuresaandDataOrganizationof the University of Karl-
sruhe[22]*. Thetestcasesisedareshavn in Table4. Each
testwasrepeate®0 timesin every configuration.

Sincethe implementationof the Java Virtual Machine
andthe underlyingTCP/IPimplementatioraredifferentin
differentoperatingsystemswe conductall theexperiments
in a Windows ervironmentandin a Linux ervironment,as
describedn Table3.

4.2. Summary of Performance Results

4.2.1. Lookup results

In the lookup case we measuredhe time to getthe refer
enceto a remoteobject. In our optimizedimplementation,

4Softwareavailableat http://wwwipd.ira.uka.de/ haurfifficientRMI/



Table 3. Test Environment

| Client | Sener
Windows
0s Windowvs98 | Windows NT (SP6)
JDK | SunJDK1.2.2 SunJDK 1.2.2
Linux
oS Linux 2.2.14 Linux 2.2.14
JDK | SunJDK1.2.2 SunJDK 1.2.2

Table 4. Test cases set

Name Parametersype | Returnvalue
Void null null
ReturnPing Byte[500] Byte[500]
Pinglmage Byte[5998] null
PingText Byte[9689] null
Return®ext Byte[9689] Byte[9689]

we did not measurehe casewhenthereferencas foundin
theRMI Agent'sreferencecachejn this casethereference
is foundin a few millisecondsdependingon the speedof
theunderlyinghardwareandJavaimplementation.

Tables5 and 6 shaw the resultsof lookup testsin Win-
dows andLinux respectiely. As expected,our implemen-
tationis significantlyfasterdueto the reductionof unnec-
essaryround-trips(seeFigure6). Usingthe original GSM
(1+1, 96CC) our implementationis more than four times
fasterthanthenormalRMI in a Windows ervironment,and
morethanfive timesfasterin Linux. An interestingresult
is thatin HSCSDdataserviceusingthe 14.4kbpschannel-
codingschemethe round-triptime is slightly higherthan
using the original 9.6 kbps channelcoding. Sincefewer
round-tripsareneededn ourimplementationywe gainmore
when 14.4 kbps is usedas shovn in Figure 7. The ac-
tual throughputdoesnot significantlyaffect lookup results,
sincethereis only a small numberof bytesto sendbothin
ourimplementatiorandin the original Java RMI.
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Figure 6. Summary of the lookup test in a
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4.2.2. Invocation results

In theInvocationcase we performedanextensve studyus-
ing differentkernelsfoundin the KaRMI package Table4
summarizeshetestcasesve used.

First,to evaluatebasicoverheadcausedy RMI, weused
a simple remote method; with no parametersor return
value. Theresultsaregivenin Tables7 and8 for Windows
and Linux respectiely. As thereis only a few bytesto
transferin both directions,the differencebetweenour im-
plementatiorandoriginal RMI is insignificant. In our im-
plementatiorthereis someadditionalprocessingverhead,
asall invocationgjothroughtheRMI Agent. However, with
theslow wirelesscommunicatiorpathbeingthebottleneck,
thisis notaproblem.In Figure8, theresultsof theWindows
ervironmentareillustrated.

Next we evaluatethe casewherethe remoteobjecttakes
anarrayof bytes(500)asanargumentandasareturnvalue,
returnsthe samearrayback. Tables7 and8 summarizeshe
resultsof this testcasein Windows andLinux respectiely.
In this case thereis now moredatato send,andtherefore
usingcompressioraffectsthe resultssignificantly Thisis



mainly dueto the contentof thearray;in the KaRMI pack-
ageall arraysarealwaysinitialized with zeros.

In orderto evaluateour implementatiorwith morereal-
istic data, we useda casewherethe client sendsa file to
the sener asa parameteof a remotemethod,andanother
casewherethe sener alsoreturnsthe samefile asa return
value. As the contentof the file affectsthe resultsof our
implementatiorsignificantlywhencompressiotis usedwe
selectedwo files with very differentcontent;the text file
usedwasaHTML pagewith size9689bytesandtheimage
file usedwasa GIF imagewith size5998bytes.Thegeneral
purposecompressioralgorithmwe areusingis not ableto
compress$GIF images.As aresult,we arenot gainingary-
thing from using compressiorwith very randomdata, but
on the other hand, the additionaloverheadneededn this
caseis not significant. Whenwe aretransferringtext data
for example,the compressiorworks well, and our imple-
mentationis significantlyfasterthanthe original RMI. The
summarie®f imageandtext transferresultsare shovn in
Tables7 and8. Theresultsaresummarizedn Figure9.

5. Related Work

Optimizing Java and Java RMI performancehave been
quite popularresearchtopics; seefor example[1]. The
work, however, hasconcentratedn high-speedhetworks—
to the bestof our knowledgethereareno publishedresults
yet on Java RMI performancen slow wirelessnetworks
(cellular networks). However, somework hasbeencarried
outfor CORBA in slow wirelessnetworks.

For the high-speednetworks UKA serialization and
KaRMI, developedatthe Universityof Karlsruhe[22], pro-
videamoreefficientRMI for Java. TheMantaproject(Fast
ParallelJava)in theVrije Universisteit Amsterdani19, 29|
hasdevelopedan efficient remotemethodinvocationbased
on a transparenextensionof Java for distributed erviron-
ments.The MantaRMI is a partof the Mantaervironment
andit cannotbeusedseparatelyAt IndianaUniversitythere
is a groupthat hasconductedan interoperabilityand per
formancestudy of remotemethodinvocation[6]. Another
performancevaluationstudy hasbeencarriedout by the
HORB projectin Japar{13].

Wirelessaccesandterminalmobility issuesn CORBA
hasbeenstudiedin the EC/ACTS projectsDOLMEN [18]
and OnTheMove [27] as well asin the Alice project at
Trinity College Dublin [11]. Somevhat relatedwork has
alsobeencarriedout in the Rover projectat MIT [15]. In
addition,a mobile RPC proposalcalledM-RPC, hasbeen
doneby RutgersUniversity[4].

TheDOLMEN work ledto OMG TelecomDomainTask
Force actiities: An RFI [24] wasissuedin Junel1998,a
white paper[25] in November1998,andan RFP[26] in
May 1999. The OMG specifications expectedto be com-

pletedthis year It may have someimplicationsto the Java
RMI sincefuture RMI is expectedo usellOP.

6. Conclusions

Duetoits high protocoloverheadbothin datatraffic and
in round-trips,Java RMI is poorly suitedfor wirelesscom-
munication.However, it canbe optimizedwithout breaking
compatibility with Java RMI specificationandwith mini-
mal changedo existing software. New softwareis neces-
saryonly at the mobile terminaland at its accesgoint to
the fixed network. This is possibleby utilizing mediator
technologywhich is widely exploitedin wirelesscommu-
nications.Theresultsareencouraging.

In the future we will extendour implementatiorto sup-
port both personaland terminal mobility. Thesenew fea-
tureswill greatly improve the usability of Jaza RMI in a
mobile ervironment. The useof mediatortechnologywill
supportheimplementatiorof thesefeatures.
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Figure 9. Figure (a) shows the invocation times of uplink image transf er using diff erent link speeds
in Linux environment. Figure (b) shows the invocation times of uplink text transf er while Figure (c)
shows the invocation times of two-way text transfer in Linux environment. Figures (d),(e), and (f)
show the corresponding times in the Windo ws environment




Table 7. Comparison between normal RMI and optimiz ed RMI in the Windo ws environment

Original RMI MonadsCompressed MonadsUncompressed
Min [ Max [ Median | Average| Min | Max | Median | Average| Min | Max [ Median | Average
ComparisorbetweemormalRMI andoptimizedRMI for the Windows\Void case

1+1(96CC) 650 1380 710 719 650 720 660 662 600 880 660 651
1+1(144CC) 760 1980 825 867 710 2040 770 835 710 2030 770 826
2+2(144CC) 710 1980 770 821 650 720 660 681 710 770 720 722
3+1(96CC) 650 1370 660 697 600 660 660 654 650 660 660 659

ComparisorbetweemormalRMI andoptimizedRMI for the WindowsReturnPingcase
1+1(96CC) 1640 | 1710 1650 1672 710 820 770 749 1530 | 3400 1540 1689
1+1(144CC) 1480 4060 1540 1649 820 1480 855 881 1420 5540 1455 1667
2+2(144CC) || 1100 | 1590 1150 1193 710 | 1210 770 804 1090 | 3790 1100 1301
3+1(96CC) 1370 | 1540 1430 1437 650 | 2580 685 782 1310 | 3460 1320 1529

ComparisorbetweemormalRMI andoptimizedRMI for the WindowsPingimage case
1+1(96CC) 6260 | 13900 6535 7382 6150 | 15980 6510 7475 6150 | 16090 6370 7352
1+1(144CC) 5210 | 33940 5245 8436 5220 | 11210 5325 5989 5160 8680 5440 6031
2+2(144CC) 3020 4510 3075 3238 3070 | 4720 3130 3202 3020 6810 3080 3477
3+1(96CC) 6200 | 16750 6310 7780 6150 | 12580 6205 6541 6150 | 10380 6285 6755

ComparisorbetweemormalRMI andoptimizedRMI for the WindowsPingText case

1+1(96CC) 9450 | 17300 | 10050 10488 | 3350 | 6590 3400 3576 9390 | 19230 | 9915 10840
1+1(144CC) || 7250 | 10270 | 7335 7563 2960 | 6420 3050 3298 7140 | 8240 7225 7296
2+2(144CC) || 3950 | 4330 3960 3990 2690 | 5380 2960 3125 3950 | 7960 4010 4399
3+1(96CC) 9440 | 12360 | 9530 9897 3350 | 6260 3435 4248 9440 | 11640 | 9500 9625

ComparisorbetweemormalRMI andoptimizedRMI for the WindowsReturn&xt case
1+1(96CC) 18340 | 19220 | 18780 18691 | 6090 | 10930 6150 6657 18290 | 27080 | 18895 19811
1+1(144CC) || 13680 | 26920 | 13920 15027 | 5000 | 10990 5110 6072 13620 | 15050 | 13705 13841
2+2(144CC) 7190 9940 7250 7396 2910 | 6750 3075 3359 7200 | 10540 7250 7558
3+1(96CC) 12570 | 13290 | 12630 12682 | 4450 | 7580 5820 5836 12520 | 15220 | 12580 12715

Table 8. Comparison between normal RMI and optimiz ed RMI in the Linux environment

Original RMI MonadsCompressed MonadsUncompressed
Min | Max [ Median | Average| Min [ Max [ Median | Average| Min | Max [ Median | Average
ComparisorbetweemormalRMI andoptimizedRMI for theLinux Void case
1+1(96CC) 749 1543 779 809 699 720 719 716 699 719 719 717
1+1(144CC) 799 1663 799 844 759 2469 759 846 759 800 792 780
2+2(144CC) 710 1953 719 781 669 1899 719 772 679 720 719 714
3+1(96CC) 679 2744 694 891 639 1070 659 679 639 2016 649 847
ComparisorbetweemormalRMI andoptimizedRMI for theLinux ReturnPingcase
1+1(96CC) 1829 | 1879 1839 1846 800 868 800 803 1740 | 1837 1760 1756
1+1(144CC) || 1430 | 1507 1439 1446 790 898 800 805 1390 | 2210 1440 1466
2+2(144CC) || 1078 | 1119 1080 1089 720 | 1330 760 786 1110 | 1177 1120 1125
3+1(96CC) 1319 | 1379 1350 1352 700 | 2560 720 939 1300 | 3430 1320 1495
ComparisorbetweemormalRMI andoptimizedRMI for theLinux Pinglmage case
1+1(96CC) 6239 6340 6269 6276 6220 | 12660 6320 7126 6180 6241 6180 6191
1+1(144CC) 4629 5829 4669 4826 4590 | 12510 4714 5690 4600 4791 4639 4652
2+2(144CC) 2659 3189 2689 2742 2680 | 7200 2760 3170 2680 3200 2685 2771
3+1(96CC) 5779 6859 5800 5890 5740 | 8430 5804 5938 5739 9100 5780 6056
ComparisorbetweemormalRMI andoptimizedRMI for the Linux PingText case
1+1(96CC) 9479 | 10109 | 9529 9599 3460 | 5570 3480 3641 9420 | 9483 9450 9451
1+1(144CC) || 6789 | 7479 6840 6894 2720 | 3560 2720 2778 6750 | 7170 6760 6838
2+2(144CC) || 3712 | 5490 3764 3938 1719 | 3000 1720 1790 3750 | 3920 3760 3771
3+1(96CC) 8879 | 9809 8900 8963 3160 | 3209 3180 3178 8840 | 10300 | 8890 9203
ComparisorbetweemormalRMI andoptimizedRMI for the Linux Return'&xt case
1+1(96CC) 18740 | 18858 | 18765 18774 | 6331 | 6970 6360 6391 18719 | 19880 | 18749 18854
1+1(144CC) || 12829 | 13450 | 12840 12920 | 4600 | 10820 4655 5595 12750 | 16830 | 12800 13079
2+2(144CC) 6691 7131 6805 6816 2671 | 3920 2700 2762 6711 7190 6760 6806
3+1(96CC) 11759 | 12463 | 11804 11870 | 4100 | 4188 4122 4126 11729 | 15151 | 11766 12190
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