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Abstract

In this paperwepresentthedesignand implementation
of RVision(RemoteVision),anopenarchitecture, highcon-
figurable tool for clustermonitoring. We focuson the de-
scriptionof it’ s modulararchitecture, emphasizingthenew
conceptswe are introducingfor cluster monitoring, such
asmonitoringsessionsandthesupportfor dynamiclinking
of monitoringlibraries. In addition,we measure intrusion
with several benchmarksand applicationsunder different
scenarios.RVision distinguishesitself fromotheravailable
tools for cluster monitoring becauseof its openarchitec-
ture, highconfigurability, andlow intrusion.It is beingused
in productionmode, in our research center, andhasproven
itself as a powerfulalternativefor clustermonitoring, es-
peciallyin heterogeneousclusters andclusterof clusters.

1. Intr oduction

Clustersof workstationsarenowadaysoneof the most
usedalternativefor parallelsystemsconstructionmainlybe-
causeof its high scalabilityandexcellentcost-performance
ratio. However, the effective useof clustersdependson
efficient resourcemanagementand detailed systemtun-
ing, which requiretheobservationandoptimizationof sev-
eral parameters,suchasCPU utilization, network utiliza-
tion, I/O activity, applicationparallelism, multiprogram-
ming level, etc. In orderto beableto obtainhigh through-
put and/orhigh responsetime on clusters,systemadmin-
istratorsneedtools for monitoringthe performanceof the
systemactivitiesandfor diagnosingperformanceproblems.

In this paperwe presentedRVision, an openarchitec-
turehigh configurabletool for clustermonitoring. RVision
providesflexibility in selectingeventsto bemonitoredand
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allowsusersto expandthemonitoringcapabilitieswith self-
definedproceduresfor monitoringof specificsystemhard-
ware or systemevents. An additionalfeatureof RVision
is its flexibility in allowing themonitoringof distinctclus-
ters, clusterof clusters,and heterogeneousclusters. The
maincontributionsof RVision, describedin this paper, are
the new conceptsbeingintroducedfor clustermonitoring,
namelymonitoringsessionsandsupportfor dynamiclink-
ing of monitoringlibraries.

Theremainderof this paperis organizedasfollows. We
begin in Section2 with a brief review of systemperfor-
mancemonitoringandsomeissuesthatshouldbe taken in
considerationwhendesigningandimplementingamonitor-
ing system.In Section3 we addressrelatedwork. In Sec-
tion 4 we describethemainaspectsof theRVision’s design
andimplementation.In Section5 we presentsomeperfor-
mancemeasurements.Finally, we summarizeour conclu-
sionsanddirectionsfor futurework in Section6.

2. Monitoring

Systemperformancemonitoringis the act of collecting
systemperformanceparameterssuchasnode’sCPUutiliza-
tion, memoryusage,I/O and interruptsrate, and present
them in a form that can be easily understoodby the sys-
temadministrator[4]. This serviceis importantfor thesta-
ble operationof largeclustersbecauseit allows thesystem
administratorto spotpotentialproblemsearlier. Moreover,
other partsof the systemssoftware can also benefitfrom
theinformationprovided.For example,theinformationcan
beusedto modify the taskscheduling,in orderto improve
loadbalancing.We review next someimportantissuesthat
shouldbeconsideredin the projectandimplementationof
suchmonitoringsystems.

Intrusi veness:To obtainthehighestpossibleperformance
in a cluster, the parallelapplicationshouldbe ableto
get all of the available processingpower. However,



themonitoringsystemhassomeprocessingandcom-
municationcostsandit will competewith therunning
application.Therefore,to enablehighperformanceex-
ecutionin thepresenceof monitoring,themonitoring
tool shouldhave low intrusion,producingminimal in-
terference.

Network Traffic: The network is oneof the main bottle-
necksin most parallel systems.The following tech-
niquescan be usedto reducenetwork intrusiveness
generatedby themonitoringsystem:

� Adjusting the monitoringfrequency: with prop-
erly monitoringfrequency adjustmentsthemon-
itored datawill be deliveredin largerperiodsof
time.

� Data set selection: the definition of the needed
monitoring information in a caseby casebasis
decreasesthe amountof datasent from the re-
sources.

WebTechnology: Sincethe adventof the Internet,an in-
creasingnumberof applicationsare designedto en-
abletheutilization of Webtechnology. Following this
trend, many monitoring systemsprovide an Internet
layer to enableremotemonitoring. This allows a user
to monitor a cluster from any place, just needingan
Internetconnection.

3. RelatedWork

Thereare several clustermonitoring tools freely avail-
able. The most usedare Bwatch [1], PARMON [7], and
SCMS [14]. BWatch (or beoWatch) is a simple Tcl/Tk
programthatproducesa screenshowing loadandmemory
statisticsfor eachnodeof the system. It doesnot useany
daemonsin theclusternodes;insteadit acquiresthe infor-
mationexecutingremoteshell(rsh)commandsto all nodes
listedin a configurationfile. Theinformationacquisitionis
triggeredby anexplicit userrequest(i.e., theinformationis
acquiredwhentheuserpushestherefreshbuttonshowedin
the BWatch graphicalinterface)or whenthis is automati-
cally doneby a definedautorefreshdelayin theconfigura-
tion file.

PARMON usesthe client-server model. It allows the
monitoring of systemresourcesin three different levels:
entire system,node, and componentlevels. Monitoring
multiple instancesof the samecomponentsuchasCPU in
a SMP (SymmetricMultiprocessor)nodeis alsopossible.
Theparmon-serverrunsoneachmonitoredclusternodeand
providessystemresourceactivities andutilization informa-
tion. It wasdevelopedin C, usingPOSIX/Solaristhreads.
Theparmon-clientis aGUI basedclient,developedin Java,

responsiblefor the interactionbetweenthe parmon-server
andtheusers,for data-gatheringin real-timeandpresenting
informationgraphicallyfor visualization.

SCMS (SMILE Cluster ManagementSystem) is an
open-sourcemanagementandmonitoringtool for beowulf
clusters.It providesa setof toolsandsubsystemssuchas:
real-timemonitoring system,alarm systemservices,per-
formancelogging, parallel Unix command,systemman-
agementtools, and Web, VRML based,monitoring tool.
Its monitoring architecturecan be divided in threemod-
ules: the Control andMonitoring Agent (CMA), the Sys-
temsManagementAgent (SMA), andthe ResourcesMan-
agementInterface(RMI). TheCMA runson eachnodeand
collectssystemstatisticcontinuouslyfrom a softwarelayer
calledHAL (HardwareAbstractionLayer). This informa-
tion is collectedby theSMA module,which actsasa cen-
tralize resourcemanagerand helps to keep track of sys-
tem information for later retrieval. The upperlevel mod-
ule,which consistsof anAPI calledRMI, is responsibleto
provideaccessto thesystemmonitoringservices.ThisAPI
interfaceis availablein C, TCL/TK, andJava.

Thesetools representthe currentstateof the art in the
usualimplementationof Linux clustersmonitors.However,
they areonly ableto monitora pre-definedsetof informa-
tion selectedfrom a hard-codedlist andthis informationis
acquiredat thesamemomentin all specifiednodes.More-
over, usersarenot ableto easilyexpandthe monitor with
additionalacquisitionroutinesfor specificsystemhardware
for systemevents. The informationacquisitionroutine is
usually initiated by the host and relative to all of the se-
lectedinformation,and it is not possibleto have different
acquisitionmethodsfor differentsetsof information.

4. RVision’s Designand Implementation

4.1 Moti vation

The main motivation for the developmentof RVision
wastheinflexibility of thefreely availableclustermonitor-
ing tools. RVision’s openarchitecturesupportsgenericin-
formationmonitoring,which allows the utilization of user
defined acquisition libraries in the monitored resources,
as well as, communicationto userdevelopedmonitoring
clientsthatconnectto themonitoringkernelover theInter-
net. In addition,several informationacquisitionandtrans-
port mechanismsaresupported.This high level of config-
urability paysoff especiallyin the monitoring of hetero-
geneousclustersandclusterof clusters. Differentsetsof
informationto be monitoredmay be definedwith specific
frequency acquisition.Thesesetsarethenassociatedto the
monitoredresources,beingeven possibleto have multiple
setsassociatedto thesameresource.



4.2. Conceptsand Features

During the RVision designsomenew monitoring con-
ceptshavebeenintroducedto enhancethesystemfunction-
ality. Theseconceptsare:

Monitoring SessionsThemonitoringsessionis aselfcon-
taineddedicatedmonitoringenvironmentspecifiedin
a configurationfile. Thesesessionshaveall theneces-
saryinformationto start the monitoring,like a list of
monitoredresources,the informationto bemonitored
in eachresource,and the acquisitionmechanismfor
eachdata.After a sessionis defined,monitoringmay
bestartedandstopped.Onlinereconfigurationis also
possible,with changestakingeffectaftera restart.

Monitoring Library The monitoring library consistof a
collectionof routinesresponsiblefor informationac-
quisition. Theselibrariesmaybe implementedby the
user to add functionality to the monitor and are dy-
namiclinkedto thearchitectureat runtime. Themain
advantageof this approachis the separationbetween
themonitoringmechanisms,likeinformationtransport
andmonitoringfrequency, andthe informationacqui-
sition, the latter being dependableon resourcepecu-
liarities.

Themainfeaturesprovidedby RVision are:
� Multiple Monitoring Sessions: when a monitoring

clientconnectswith themonitor’skernelanindividual
monitoringsessionis created.Severalsessionsmaybe
active at thesametime (from differentclients).These
sessionsmay have several distinct monitoringconfig-
urations,calledsections.This approachenablesparal-
lel monitoringsessionsusingdifferentconfigurations
which aredescribedin a Monitoring SessionConfigu-
rationfile (MSC file). An exampleof theMSC file is
presentedbelow:

BEGINLIBDECL # Monitoring Libraries used
# <index> <monlibname>
0 librvision

ENDLIBDECL

BEGINMONSESSION ONLINE # ONLINE or POSTMORTEM
# Collection of sections

BEGINSECTION
NODES # Nodes to be monitored

# <node-name>
node01
node02
node03

TYPE # Monitoring type
# cyclic <period> - period in seconds
# client-request <group_id> - group id as an integer
# alteration <period> <percentage> - period in
# seconds and percentage as a real number

cyclic 4.0
INFO # Information

# <monlibname> : <infoname>
librvision : cpuused
librvision : memused

ENDSECTION
ENDMONSESSION

Between the “BEGINMONSESSION” and
“ENDMONSESSION” tokens, several concurrent
monitoringsectionscanbe defined. The information
to be monitoredis declaredwith the corresponding
library name and its identifier (describedbelow in
the MLD file). Both namesareusedby the monitor
kernel to identify the informationwhensendingit to
themonitoringclient.

� Generic Information Monitoring: if a monitoring
client wants to acquire information that is not im-
plementedin RVision’s default monitoring library
(librvision), it mayincludeanew library with the
neededfunctionality to the system. This new moni-
toring library will be dynamically linked to RVision
by demand. This featureallows the developmentof
specificlibraries for new hardwaretechnologies(e.g.
Myrinet [9] andSCI [11] network boards).Themon-
itoring library needsto define a vector with void
pointersnamedfunctions to enablethe dynamic
linking with the RVSpy, eachfunction of this library
needsto bedeclaredin this vector. Themonitoringli-
braryusesa monitoringlibrary descriptionfile (MLD
File) to identify the availablemonitoring information
to thesystemandactsasthelink betweentheinforma-
tion identifier andthe correspondentfunction pointed
by the functions vector. An exampleof a basic
monitoringlibrary headeris presentedbelow:

/* Monitoring Library Header */
int function_1();
double function_2();
char *function_3();

void *functions[] = { function_1,
function_2,
function_3 };

The presentedmonitoring library has the following
descriptionfile (usedtype substitutionsin the MLD
showedin Table1):

# Monitoring library description file - MLD
# <index> <type> <identifier>
# where:
# <index> is the position of the function pointer
# in the functions vector
# <type> the type returned (see Table 1)
# <identifier> identifier to the function, usually
# the information name
0 int info_1 # provided by function_1
1 double info_2 # provided by function_2
2 string info_3 # provided by function_3

� Instantof InformationAnalysis:RVision supportson-
line and post-mortemmonitoring analysis. Online
analysiscorrespondsto the visualizationof the infor-
mationbeingmonitoredduringthemonitoringsession.
Post-mortemanalysisstoresall informationmonitored
in a file calledpost-mortemfile (PM file), makingthe
monitoringsessionlessnetwork intrusive,sinceit does
notsendthemonitoredinformationto themonitorker-
nels over the network. On the other hand,the mon-
itoring client hasaccessto the PM file only after the
monitoringstops.



Table 1. Type Substitutions in the MLD File
Numberof Typein

C Type Bytes MLD File
unsignedchar 1 uchar

char 1 char
unsignedshort 2 ushort

short 2 short
unsignedint 4 uint

int 4 int
unsignedlong 4 ulong

long 4 long
float 4 float

double 8 double
char* 255 string

� Monitoring Frequency: the monitoringfrequency can
beselectedbetweenclient request,regular time inter-
val, or percentualchangein value.Theformeris client
initiated, while the latter two are initiated in the re-
sourceside.In theclient requestmode,themonitoring
client sendsa requestto theresourceswhenthe infor-
mationis needed.Two messages(the requestandthe
reply)aresentoverthenetwork. In theregulartimein-
terval mode,theresourcesidesendstheneededinfor-
mation to the monitoringclient periodicallyafter the
startof a monitoringsession.Sincethe time control
is donein the resourceside,only onemessageto the
monitoringclient is needed.Thepercentualchangein
valuemodeworkslike theregulartime interval mode,
but it only sendstheinformationwhenavaluechanges
by morethana thresholdspecifiedin the sessionfile
(e.g.,CPUusagechangedmorethan10%). Sincethe
thresholdcontrolis donealsoin theresourceside,only
onemessageto themonitoringclient is needed.

4.3. Designand Implementation

The RVision architectureis basedin the classicmaster-
slave model[10] utilized by mostof theresourcemonitors
foundin theliterature.This centralizedapproachwascho-
senbecauseit is lesscomplex thena distributedmodeland
thereforemore efficient in small and midsizeclusters. It
hasbeenimplementedonLinux/GNUusingtheC language.
Thearchitectureis composedof five modulespresentedin
Figure1. The implementationof RVision is OpenSource
andusestheGPL License.

4.3.1 RVCore

TheRVCore,presentedin Figure2, is the monitoringker-
nel, which correspondsto themasterof thearchitecture.It
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Figure 1. RVision Architecture.

realizesthecontrolof all monitoringsessionsandsendsthe
monitoredinformationto therespectivemonitoringclients.

The kernel is divided in RVCore Manager, Authentica-
tion Module, Monitoring SessionManager, RVSpy Group
Manager, andDataReceiverModule. It is implementedus-
ing POSIX threads[12] andGNU/Linux sockets. Control
messagesbetweenthe RVCore andthe monitoringclients
aresentusingtheTCPprotocol.Datamessagescanbesent
with TCP or UDP. The transportmechanismis chosenby
the monitoringclient during executiontime. All commu-
nication betweenthe RVCore and the RVSpy’s (resource
side)utilizestheUDPprotocol.Thechoicefor communica-
tion usingtheUDP protocolis dueto it’s low overheadand
becauseclustersare usually connectedby LAN networks
wherepackagelossis minimal [13].

The RVCore residesin the host machine,waiting for
connections. When a connectionis established,the RV-
CoreManagercheckstheuserlogin andpasswordusingthe
AuthenticationModule. It usesthe passwdfile or shadow
dependingonwhich authenticationmechanismtheRVision
hasbeencompiledwith. After theauthentication,if theuser
andpassword arevalid, it createsthe Monitoring Session
Managerasanotherthreadandpassesto it the socket for
client communicationasan argument. If the password is
not valid the connectionis closed. The Monitoring Ses-
sion Managerwaits for monitoring requests(describedin
Section4.3.4, which presentsthe monitoring client inter-
face). If the requestis for configuringthe transmissionof
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themonitoringdatato theclient, it just receivesandstores
thevalues.Whentherequestis for a sessionconfiguration,
it parsesthe file indicatein the argumentandaccumulates
theconfiguration.Whentherequestis for a sessionstart,it
createsthe RVSpy GroupManagerandthe DataReceiver
Module. The RVSpy GroupManageraccessall RVSpy’s
for eachnodeindicatedin the MSC File, passthe config-
urationfor eachnodeandstartsthe monitoring. The Data
ReceiverModulewaitsfor dataandforwardsit to theMon-
itoring Client, actingasa proxy. Whentherequestis for a
sessionstop,the RVSpy GroupManagersenda requestto
stopthemonitoringfor eachRVSpy andsuspendstheData
Receiver Module. If the requestis a client request,it just
forwardstherequestto theRVSpy’swith thecorresponding
client requestgroup. Finally, if the requestis for session
close,it freesall memoryutilized, closesthe connection,
anddestroys themonitoringsession.

4.3.2 RVSpy

The RVSpy is the slave of the architectureandresideson
eachnodeof the cluster. It is responsiblefor dataacqui-
sition andtransmissionto the RVCore. It is implemented
usingPOSIXthreadsandGNU/Linux sockets(UDPproto-
col) beingdivided in theRVSpy Manager, DataCollectors
Manager, DynamicLinker, anda groupof DataCollectors.

Whena packet arrivesto oneRVSpy, it createstheData

CollectorsManager, receivesthe monitoringconfiguration
for the node,executesthe dynamiclinkage,andwaits for
the monitoring starting signal. When this signal arrives,
it createsthe Data Collectors,which are implementedas
POSIX threads. EachData Collector is responsiblefor a
differentmonitoringfrequency, andcanmonitormorethan
oneevent.They areimplementedasa loop thatcatchesthe
informationandsendsto theRVCore,whenit is configured
for online analysis,or storesit on a file, for post-mortem
analysis. When the percentualchangein value mode is
used,it computesthe thresholdandsendsthe information
only if the diferenceis higher thanthe thresholdspecified
by theuser. After that,theDataCollectorcanrealizeoneof
two operations:sleepfor somedefinedtime (regular time
interval andpercentualchangein valuemodes)or wait for
a signalto sendmoreinformation(client requestmode).If
theDataCollectorsManagerreceivesa stopmonitoringre-
quest,it cleansuptheusedmemory, andstopstheDataCol-
lectors.
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4.3.3 Monitoring Libraries

TheMonitoring Library is responsiblefor thedataacquisi-
tion in theclusternodes.It is dynamiclinkedto theRVSpy
at runtimeso that several librariesmay be availablebeing
only loadedif the functionsthey containarereferencedin
a monitoringsession.This openendenablesthe monitor-
ing of additionalinformationwith no modificationsin the
RVision code.



TheMonitoringLibrary consistsof anusualLinux/GNU
sharedlibrary using somedefinitions to enabledynamic
linking anda descriptionfile to provide informationabout
the compiled library to the RVCore. The RVision moni-
toring tool providesa basicmonitoringlibrary calledli-
brvision. It acquiressystem information from the
/proc directory[5]. Thislibrary enablesthemonitoringof
usualsysteminformationsuchas:CPUutilization,memory
utilization,swapspaceandnetwork utilization.

4.3.4 Monitoring Client Interface

TheMonitoring Client Interfacedefinesthe functionalities
providedby theRVCoredescribingfunctionparametersand
returnvalues.Thesefunctionsaresentto theRVCoreusing
sockets. The functionsprovided by the monitoringclient
interfacearepresentedin Table2.

Table 2. Monitoring Client Interface Functions

Commands Parameters
RECVCONFIG protocol,port

SESSIONCONFIG MSC file
STARTMON –
STOPMON –

CLIENTREQ groupid
CLOSESESSION –

TheRECVCONFIGcommanddefinestheprotocol(TCP
or UDP) and port utilized by the client for receiving the
monitoring data. This information is sentto the RVCore
as two integers,the first one indicatesthe protocol,while
thesecondidentifiestheport. TheSESSIONCONFIGcom-
mandspecifiesthemonitoringlibrariesusedfor monitoring,
the type of monitoring(online or post-mortem),the moni-
toringfrequency, andthenodesandinformationmonitored.
This information is definedin the MSC file, describedin
Section4.2. Theclient sendsthe nameof the MSC file as
a string. TheSTARTMONandSTOPMONcommandsstart
and stop the monitoring, and the CLIENTREQcommand
grabstheclientrequestinformationdefinedin theMSCfile.
Thiscommandtakesoneparameterto indicatetheclient re-
questgroupto be captured(i.e., differentgroupsof infor-
mationcanbedefinedandcapturedusingexplicit client re-
quest).WhentheRVCorereceivesthisvalue,it justsendsto
themonitoringclient theinformationdefinedin this group.
TheCLOSESESSIONcommandclosesthemonitoringses-
sion.

4.3.5 Monitoring Client

The monitoringclient is responsiblefor datapresentation
anduserinteraction. It usesGNU/Linux socketsfor com-

municationwith theRVCore. Usersareableto implement
their own monitoring clients building on RVCore func-
tionsaccessedthroughthemonitoringclient interface(Sec-
tion 4.3.4).Thestructureof abasicmonitoringclient is pre-
sentedin Figure4 andconsistsbasicallyof two threads:one
for managementandtheotheronefor datareception.Figure
5 displaysa screenshotof theMonitoring Client developed
for theCPAD maincluster(http://www.cpad.pucrs.br).

RVCore

Monitoring
Client

Monitoring
Manager Receptor

Data

Figure 4. Basic Monitoring Client Architecture

Figure 5. CPAD Monitoring Client

5. PerformanceMeasurement

The main concernwhena tool is usedto monitor some
resourceis how much the readingsare being affectedby
this tool. Beinga parallelapplicationitself, themonitoring
tool, whenactive, is consumingclusterresourceslike node
CPU andnetwork bandwidth. This is calledintrusionand



shouldbe minimizedto guaranteethat the monitoreddata
is accurateand that the behavior of the other application
runningin theclusterarenot considerablyaffected.

We measuredRVision’s intrusiondefininga monitoring
sessionwith 12 valuesfor all clusternodesand request-
ing this datausing online monitoring with a regular time
interval. Dif ferentapplicationsareexecutedin the cluster
with andwithout monitoringandwe comparedthe execu-
tion times. We variedthe time interval from 5 secondsto
500 millisecondsto simulatea worst-casescenario. Data
wasacquiredfrom the/proc file with thelibrvision
monitoringlibrary andthesessionconfigurationfile usedis
presentedbelow.

# Monitoring Session Configuration File
BEGINLIBDECL
0 librvision
ENDLIBDECL

BEGINMONSESSION ONLINE
BEGINSECTION
NODES
cpad01 cpad02 cpad03 cpad04
cpad05 cpad06 cpad07 cpad08
cpad09 cpad10 cpad11 cpad12
cpad13 cpad14 cpad15 cpad16

TYPE
# cyclic <variable period of time, 0.5 - 5.0>

cyclic 0.5
INFO
librvision : usercpu_perc
librvision : nicecpu_perc
librvision : systemcpu_perc
librvision : idlecpu_perc
librvision : cpuused_perc
librvision : usedmem_perc
librvision : freemem_perc
librvision : sharedmem_perc
librvision : buffersmem_perc
librvision : cachedmem_perc
librvision : usedswap_perc
librvision : freeswap_perc

ENDSECTION
ENDMONSESSION

To evaluateRVisionunderdifferentworkloadsfour MPI
applicationswith differentcharacteristicswereusedfor per-
formancemeasurements:Povray [2], IS andEP from the
NAS parallelbenchmarks[3], andLinpack [8]. Povray is
a ray tracerbasedin the master-slave model. The sizeof
thetestimagewas800x600pixels.IS sortsavectorof inte-
gersusingdataparallelcomputationswith synchronization
points. In our testwe usedIS with classC. EPis a random
numbergeneratorbasedin the master-slave model. In our
testwe usedEP with classB. Finally, Linpack is one the
mostusedbenchmarksto evaluateclusterperformanceim-
plementingan LU factorizationon a matrix usingparallel
datacomputationwith synchronizationpoints. In our test
we usedthe values5000,32, 4 and8, for the variablesN,
NB, P andQ respectively. IS is network boundwhile EP
is CPU bound. Linpack andPovray have a goodbalance
betweencalculationandcommunication.

The testswere conductedon the CPAD main cluster,
which has16 dual-processor(PentiumIII-550MHz) nodes,

eachnodewith 256 MBytes of main memory. It utilizes
two typesof interconnectionnetworks, Myrinet andFast-
Ethernetboth switched. Since,RVision usessockets, the
measurementsweremadewith theapplicationsrunningon
Myrinet andonFast-Ethernetto seehow thisaffectedintru-
sion,while we ranRVision only onFast-Ethernet.

Table 3 presentsthe intrusion resultsfor all test cases.
In eachcasethe testapplicationwasexecuted10 timesfor
eachtime interval with monitoringturnedon. With thetime
interval of 1 secondintrusionwasaround10%for all appli-
cations.Thisis averygoodresultconsideringthelargecon-
figurationfile usedandthat in somecasesapplicationand
monitor use the samenetwork for communication(Fast-
Ethernet).We observe alsothat intrusionis higheron Lin-
packandIS applications.Thisis expectedbecausetheseap-
plicationshavehighernetwork usage.To havesomeworst-
caseresultswe reducedthe time interval to 0.5 seconds.
Even in this caseintrusion resultswherelower than10%
exceptfor LinpackandIS.
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Figure6 presentsintrusionresultsfor IS andEP appli-
cationsin relationto the time interval. Theseapplications
have beenspeciallyanalyzedbecauseof their characteris-
tics asnetwork bound(IS) andCPUbound(EP).Fromthe
resultswe concludedthat in our experimentnetwork inter-
ferencewasmuchgreaterthanprocessorinterference,with
IS generating3 timesmoreintrusionthanEP.



Table 3. Applications Intrusion Measurements
Povray IS EP Linpack

Time Fast- Fast- Fast- Fast-
Interval (sec) Myrinet Ethernet Myrinet Ethernet Myrinet Ethernet Myrinet Ethernet

5.0 0.90% 0.90% 1.99% 2.17% 0.19% 0.51% 0.87% 2.17%
4.5 1.07% 1.14% 2.08% 2.68% 0.41% 0.57% 0.92% 2.68%
4.0 1.08% 1.35% 2.37% 2.80% 0.81% 1.14% 1.10% 3.45%
3.5 1.27% 1.58% 2.98% 3.33% 0.85% 1.58% 1.28% 3.79%
3.0 1.73% 1.99% 3.89% 3.79% 1.00% 1.52% 1.45% 4.05%
2.5 1.85% 2.17% 4.73% 4.42% 1.29% 1.73% 1.92% 4.42%
2.0 2.47% 2.69% 5.34% 7.64% 1.94% 2.02% 2.64% 6.41%
1.5 2.73% 3.33% 7.81% 8.18% 2.10% 2.56% 3.37% 9.25%
1.0 3.52% 4.22% 11.34% 15.10% 3.45% 4.20% 5.36% 13.74%
0.5 7.64% 8.18% 25.43% 32.93% 6.30% 6.61% 12.06% 29.35%

6. Conclusionand Future Work

Dueto its favorablecost-performanceratio,clustercom-
puting is becomingmoreutilized in severalapplicationar-
eas. This higherutilization increasesthe needandimpor-
tanceof clustermonitoringfor systemtuning andapplica-
tion development. In this paperwe presentedRVision, an
openarchitecturehigh configurabletool for clustermoni-
toring,whichprovidesflexibility in selectionof eventsto be
monitoredandallow usersto expandthemonitoringcapa-
bilities with self-definedproceduresfor the monitoringof
specificsystemhardwareor systemevents. An additional
featureof RVision is its flexibility in allowing the moni-
toring of distinctclusters,clusterof clusters,andheteroge-
neousclusters.In our experimentsusingRVision themea-
suredintrusionwasaround10%with thedefaultmonitoring
library (/proc) for differentkindsof applications.

RVision hasbeing usedat our researchcenter(CPAD)
in productionmodefor the last six months.New develop-
ment is underway, someof themare: including a mecha-
nismfor dynamicconfigurationduring themonitoringses-
sion,defininga moregenericrepresentationof thereturned
valuesby themonitoringlibrary functions,enablinganex-
tendedsetof datatypes,suchas“structs”,suportingto PAM
(PlugableAuthenticationModule) in the options for sys-
tem authentication,andchangingthe format of all config-
uration and output files to the XML standard[6]. There
arealsomonitoringclientsandmonitoring librariesunder
development,suchasa monitoringclient applet(for Web-
pages),amonitoringlibraryusingSNMPlibraryandamon-
itoring library for Myrinet technology. More information
aboutRVision andthe packagefor downloadareavailable
in http://www.cpad.pucrs.br/rvision/index.html.
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