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1 Introduction

This reportpresentsheresultsof a multicastperformancenalysis.Performancén this context means
the throughputof the multicastsystem which dependsot only on the available network bandwidth,
but alsoonthespeedf themulticastgroupmembersThesegparametersmaychangeovertime, because
thebandwidthcanvary, andtheworkloadof thegroupmembersnayvaryaswell. Thus,thethroughput
is time-dependentlo performrun-timeanalysisof a multicastsystem a datafusion systemis usedin
this project.

“Mr. Fusion”is adatafusionmiddlevareframenvork [AMBO02]. It is usedto collectdatafrom multiple
clientreplicas,andcateyorizethesedataascorrector incorrectaccordingo a setof well-definedrules.
Theincorrectdataarethenstoredaserroneouss/aluesin a multidimensionahierarchicaldatabasea
datawarehouse Datafusionis performedby aggreatingthe collecteddata. Querieson the datacan
beansweredy thedatawarehouse.

Mr. Fusionconsistof two basiccomponentgheFusionCore,andtheFusionStatusServic AMBO0?2].
While theformercomponents responsibldor collectingdatafrom thereplicasandcategyorizingthem,
thelatteris thedatawarehous¢hataggregateshecollectedvaluesandanswerghequeries.TheFusion
StatusServiceis presentedan [M02].

In this projectMr. Fusionwill be usedto detectslowdown failuresof subscriberso anatomicmul-
ticast. In [BHO+99] it hasbeenshavn that the multicastthroughputdramaticallydecreasedf even
oneclient suffersfrom a slowdown failure. This is dueto the factthat ACKs aresentlate by the slow
recever, andthe multicastsystemasawhole slows down becausef that.

In orderto beableto detectslowdown failures the FusionStatusServiceneedsnformationaboutthe
responsgimesof theclients. This canbeinferredfrom ACKs thataresentby the clientsor by ballots
of onedatafusionsession.Thenthe FusionStatusServicecanbe usedto queryfor slow clientsby an
appropriatequery

This reportis organizedasfollows: Section2 introducesthe multicastsystemthat is usedanddis-
cussedts properties Section3 presentshesoftwarearchitecturef themulticastperformancenalyzey
andsection4 demonstratethe systemin a samplesession.Finally, section5 shows the resultsof the
project.



2 TheMulticast Service

The multicastsystemthat is usedin this projectis GroupComdevelopedby K. Dorow. It provides
a totally orderedatomic multicastservicé. Thesepropertiesare definedas follows (see[VR01)):
A multicastsystemhastotal orderingif ary two messagesleliveredto ary pair of participantsare
deliveredin the sameorderto both participants.It is total if it is atomicandreliable,i.e. all messages
arerecevedby all membersn exactly thesameorder

Total order canbe achieved by differentalgorithms(see[VRO01]), for exampleby usinga uniform
consensualgorithm(total orderinganduniform consensuareequialent)or by asequencealgorithm.
Themainfactis thateachrecever of amessagéasto sendanacknavledgementnessag€ACK) back
to the sender This ACK is fundamentallyimportantin this project,becauset is usedto measurghe
time thattherecever needso procesgheincomingmessageln anatomicmulticastthe sendemeeds
to wait in orderto collectall ACKs from thereceversbeforeit proceedsthusthe performanceof the
multicastsystemdepend®on the reply timesof therecevers. In [BHO+99] it hasbeenshowvn thatthe
multicastperformanceslows down if evenoneof thegroupmembersuffersfrom a slowdown failure,
i.e. if oneof thereceversneedamoretime to answertheincomingmessagethanthe otherrecevers.

GroupComis written in Java, andit usesalot of parallelthreads- about200—in its implementation.
The consequencef this designchoiceis thatit is very slow on certainmachines.From JDK Version
1.3 on eachJava threadruns as a native processin the OperatingSystem. This is especiallyslow
whenrunning underLinux, because.inux doesnot have a light weight threadmodel. As a result,
eachthreadthe multicastsystemspavnsis acompleteprocesof the OperatingSystem.This doesnot
happenunderSolarisor Windows, which have a differentprocessnodel,andthusGroupComis much
fasteron the latter OperatingSystems.The slow behaior canonly be compensategartially by using
fastercomputers.

3 Architectureof The Multicast Performance Analyzer

The globalarchitectureof the multicastperformancenalyzersystemis shavn in figure 1. It consists
of onesendern recevers,the MulticastPerformancévonitor, andthe FusionStatusService.

Fusion Status Service Performance Monitor Sender Receiver 1 [ X X ) Receiver n

CORBA TCP/IP Multicast Service over UDP/IP
Figure 1. Sthemaof theglobal architecture of the Multicast PerformanceAnalyzer

Thewayall thesegprogramsnteractis thefollowing: Themulticastsendesendglatato then recevers
in the form of messagesThe propertiesof uniformity andtotal orderingof this multicastsystemare
describedin section2. The recever programsreceve the messagesand they deliver themto the
applicationlevel with respectto the correctordering. They respondto eachmessagavith an ACK
to indicatethatthey recevedit correctly Therefore the senderis ableto measurehe time thateach
recever requiresto sendthe ACK back. Dependingon the systemload of the recever this cantake

Lt is currentlystill underdevelopmentput mostpartsarealreadyworking.
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moreor lesstime.

Oncethe sendemhascollectedall ACK repliesfrom the multicastrecevers,it sendsthe information
how long eachrecever neededo the performancenalyzer

The multicastperformanceanalyzeris the centralpart, becausat is inbetweenthe multicastsender
andtheFusionStatusService.Thetaskof the performancenalyzeiis to evaluatethetime information
thatit obtainsfrom the senderandto inform the senderaboutslow sendersFor the evaluationit uses
the FusionStatusServicefor 3 main reasons.First, the Fusion StatusServiceprovides datafusion,
i.e. it automaticallyaggregatesthe time information. Furthermorejt providesthe possibility to use
differentcriteria for evaluatingthe aggregyateddata. Differentqueriescanbe definedto analyzethe
data.And finally, it is possibleto subscribeo events,andwhene&er sucha userdefinedeventoccurs,
the subscribeis informed. As a simplequeryto askfor slow multicastmemberss to checkif thereis
areceverthattook morethantwice the averageof all reply times. The FusionStatusServicesendghe
aggreatedreply timesbackto the performancenalyzer

Thenext stepis thatthe multicastanalyzerninformsthe sendemboutslow recevers. Thisis donevia
an event mechanismandthe senderthat subscribedo this eventremovesthe slowestrecever from
the multicastgroup. Whenthe eventof a slovdown failureis fired, the performancenalyzerdoesnot
know, which of the clients suffers from a slowdown failure. Therefore,it queriesthe FusionStatus
Servicefor all responsegimesof all clients,andusingthatinformation,it removesthe slowestrecever
from thegroup.

The actualimplementationof the whole multicastperformanceanalyzersystemconsistsnot only
of the multicastperformancemonitor, but alsoof a senderanda recever. They usethe GroupCom
multicastserviceto transfera file, andthey interfaceto the performancenonitor. An abstractiorayer
is usedbetweenthe sender/recger and the GroupCommulticastserviceso that anothermulticast
servicecouldbeusedinsteadof GroupCom.

To simulatea slowdown failurethe multicastrecever useswo delays:First,eachmessagés delayed
by a specifiedime, andsecondtherecever goesto sleepfor aspecifiedpercentagef its CPUtime.

4 Sample Session

The distributed systemthat is usedin this samplesessions shawn in figure 2. For this sessiorthe
computersof the researchHabs at WashingtonStateUniversity are used. The directoriesthat contain
the files for this projectandthe Fusion StatusServiceneedto be installedto an arbitrary placethat
can be accessedy all of the machines. The configurationis completelydonein the Makefi | e,
i.e. the directory pathsandthe namesof the machiness setup there. The only exceptionis the file
db_properti es, whichis in the FusionStatusServicedirectory The settingsareself-explanatory
andthey are alreadysetfor this samplesession. It is importantthat the Fusion StatusServiceand
the performancemonitor needthe Jara Developmentit 1.4, becausehey usethe CORBA and XML

featureghatarenew in this JDK release.

Thesequencef shellcommandshatneedto beissuedare’:

1. StarttheFusionStatusService:
sands-12% cd PerformanceAnal ysi s

’Notethatthepathsmayvaryif localloginsareused.This exampleassumesemotelogins(usings| ogi n, for example)
to all machines.



sands- | 2% set env PATH $PATH/ | ocal / j 2sdk1. 4. O/ bi n:

sands-1 2% set env DI SPLAY some- X-server: 0.0

sands-1 2% make db

sands- | 2% make startsvrgui Now click on“StartJava ORBD” and“Start Sener”

2. Startthe MulticastPerformancévionitor:
sands-12% cd PerformanceAnal ysi s
sands-1 2% make runnonitor

3. Starttherecevers:
ni f-c6% cd PerfornmanceAnal ysi s
ni f-c6% make runrecei verl

nif-c7% cd PerfornmanceAnal ysi s
ni f-c7% make runreceiver?2

ni f-c21% cd PerformnceAnal ysi s
ni f-c21% nmake runreceiver3

4. Startthesender:
sands-1 1% cd PerformanceAnal ysi s
sands-1 1% nmake runsender

All thesecomputergun Linux. The
machinesands- | 1 andsands- | 2
arerunningwith 1.5 GHz, andthere-
forethey areusedor theheary-loaded
programs,whereasthe recevers run
on slower machineswith 600 MHz.
In this example,recever 1 is delayed
500ms(50%), recever 2 is delayed send response times of receivers inform about slow receivers
10ms(1%), andrecever 3 is delayed Performance Monitor
100ms(10%). Thus,recever 1 is the sands-12.eecswsu.edu
slowestone,butit will notberemoved send response times aggregated performance data
from thegroup,becaus¢hesendepro- aueny for aggregeter 29
cesds donetoofastto noticeit. When
changinghedelayof thesendein the
programfile Per f or ranceAnal -
ysi s/ Sender . j ava from
Thr ead. sl eep(200); to
Thr ead. sl eep(1200) ; ,thenthe
sendemoticesthe slov memberandremovesit from thegroup.

In this example,the standardcriteria is usedto detecta slow groupmember It considersa group
memberfailedif its responsdime is morethantwice the averageresponseime of all recevers. The
XML codeis writtenin thefile Per f or manceanal ysi s/ query. xm ,andit is asfollows (for an
explanationsee[M02]):

Receiver 1 Receiver 2 Receiver 3

nif-c6.eecs.wsu.edu nif-c7.eecs.wsu.edu nif-c21.eecs.wsu.edu

send data to replicas

Sender

sands-I1.eecs.wsu.edu

Fusion Status Service

sands-I2.eecs.wsu.edu

Figure 2: Settingof the samplesession.Theboxesdepictthe
computes, andthetext in themdescribegheir role andname
Thearrowsindicatetheinformationflow.



<?xm version="1.0" encoding="utf-8 ?>
<expr >
<query type="tine">
<queryReq unit="all Replicas" neasure="replica"/>
<queryReq unit="tine" nmeasure="reason"/>
<queryReq unit="al | Sessi ons" neasure="all"/>
</ query>
<t herels@&/>
<expr >
<query type="tine">
<queryReq uni t="al | Replicas" measure="all"/>
<queryReq unit="tinme" nmeasure="reason"/>
<queryReqg uni t="al | Sessi ons" measure="all"/>
</ query>
<mul t/>
<int value="2"/>
</ expr>
</ expr>

For theMulticastPerformancélonitor to obtaininformationabouttherespons¢imesof all recevers,
the query from the file Per f or manceAnal ysi s/ query-al I replicas. xm is used(for an
explanationof the XML codesee[M02]):

<?xm version="1.0" encoding="utf-8 ?>
<expr >
<query type="xm">
<queryReq unit="all Replicas" neasure="replica"/>
<queryReq unit="tine" nmeasure="reason"/>
<queryReq unit="all Sessi ons" neasure="all"/>
</ query>
</ expr>

5 Resaults

The goal of this projectwasto analyzethe multicastperformancevhenat leastonerecever suffers
from a slowdown failure. This resultis yet to come,because¢he GroupCommultcastsystemcurrently
supportsunorderedand FIFO (first-in first-out) orderingonly. Sofar it canbe obsened thatthe mul-
ticastsendercarrieson sendingdespiteof the slov member The slov members ignoredandaftera
timeoutit is assumedo befailed. This behaiour would not happenf totally orderedatomicmulticast
wasused becauseéhe sendemwouldwait for eachreceverto make surethatthemessagavasdelivered;
it would ensurereliabledelivery.

Another limitation that this projectis suffering from is the slow performanceof Java when multi-
threadedprogramsare used. The sendemustslon down to a maximumof 10 messageper second
(each7 KB long) in ordernotto betoo fastfor therecevers.



Apartfrom thesdimitationsthe multicastperformancenalyzemworks. Themainresultof the project
is thatthe FusionStatusServicecanbe usedto detectslov membersof the multicastrecevers. This
fulfills the expectationspecausehe FusionStatusServicewasdesignedor aggreatingdataat run-
time.
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