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Abstract

In this paperwe presentthe designand implementation
of RVision (Remotevision), an openarchitecture, high con-
figurable tool for clustermonitoring We focuson the de-
scriptionof it' s modulararchitecture, emphasizinghe new
conceptswe are introducingfor cluster monitoring sud
asmonitoringsessiongndthe supportfor dynamiclinking
of monitoringlibraries. In addition, we measue intrusion
with several bendimarksand applicationsunder different
scenarios.RVision distinguishestself from otheravailable
tools for cluster monitoring becauseof its openarchitec-
ture, high configubility, andlow intrusion. It is beingused
in productionmode in our reseach centerandhasproven
itself as a powerful alternativefor cluster monitoring es-
peciallyin hetengeneouslustess and clusterof clustes.

1. Intr oduction

Clustersof workstationsare nowadaysone of the most
usedalternatvefor parallelsystemsonstructiommainly be-
causeof its high scalabilityandexcellentcost-performance
ratio. However, the effective use of clustersdependson
efficient resourcemanagementind detailed systemtun-
ing, which requirethe obsenationandoptimizationof sev-
eral parameterssuchas CPU utilization, network utiliza-
tion, 1/0 actwity, application parallelism, multiprogram-
ming level, etc. In orderto be ableto obtainhigh through-
put and/orhigh responsdime on clusters,systemadmin-
istratorsneedtools for monitoring the performanceof the
systemactivities andfor diagnosingperformanceroblems.

In this paperwe presentedRVision, an openarchitec-
ture high configurabletool for clustermonitoring. RVision
providesflexibility in selectingeventsto be monitoredand
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allows userdo expandthemonitoringcapabilitieswith self-
definedproceduredor monitoringof specificsystemhard-
ware or systemevents. An additionalfeatureof RVision
is its flexibility in allowing the monitoringof distinctclus-
ters, clusterof clusters,and heterogeneouslusters. The
main contributionsof RVision, describedn this paper are
the new conceptsheingintroducedfor clustermonitoring,
namelymonitoring sessiongnd supportfor dynamiclink-
ing of monitoringlibraries.

Theremainderof this paperis organizedasfollows. We
begin in Section2 with a brief review of systemperfor
mancemonitoringandsomeissueshat shouldbe takenin
considerationwhendesigningandimplementinga monitor
ing system.In Section3 we addresgelatedwork. In Sec-
tion 4 we describehe mainaspect®f the RVision's design
andimplementation.In Section5 we presentsomeperfor
mancemeasurementskinally, we summarizeour conclu-
sionsanddirectionsfor futurework in Section6.

2. Monitoring

Systemperformancemonitoringis the act of collecting
systenperformancgarametersuchasnodes CPUutiliza-
tion, memoryusage,l/O and interruptsrate, and present
themin a form that can be easily understoodby the sys-
temadministratof4]. This serviceis importantfor the sta-
ble operationof large clustersbecausét allows the system
administratorto spotpotentialproblemsearlier Moreover,
other partsof the systemssoftware can also benefitfrom
theinformationprovided. For example theinformationcan
be usedto modify the taskschedulingjn orderto improve
load balancing.We review next someimportantissueshat
shouldbe consideredn the projectandimplementatiorof
suchmonitoringsystems.

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



the monitoring systemhassomeprocessingandcom-
municationcostsandit will competewith the running
application.Thereforefo enablehigh performancex-
ecutionin the presencef monitoring,the monitoring
tool shouldhave low intrusion,producingminimal in-
terference.

Network Traffic: The network is one of the main bottle-
necksin most parallel systems. The following tech-
niguescan be usedto reducenetwork intrusiveness
generatedby the monitoringsystem:

¢ Adjusting the monitoring frequeng: with prop-
erly monitoringfrequeng adjustmentshe mon-
itored datawill be deliveredin larger periodsof
time.

e Datasetselection: the definition of the needed
monitoring informationin a caseby casebasis
decreaseshe amountof datasentfrom the re-
sources.

Web Technology: Sincethe adwentof the Internet,anin-
creasingnumberof applicationsare designedto en-
ablethe utilization of Webtechnology Following this
trend, mary monitoring systemsprovide an Internet
layerto enableremotemonitoring. This allows a user
to monitor a clusterfrom ary place, just needingan
Internetconnection.

3. Related Work

Thereare several clustermonitoring tools freely avail-
able. The mostusedare Bwatch[1], PARMON [7], and
SCMS [14]. BWatch (or beoWatch) is a simple Tcl/Tk
programthat produces screershaving load andmemory
statisticsfor eachnodeof the system. It doesnot useary
daemonsn the clusternodes;insteadit acquiresheinfor-
mationexecutingremoteshell (rsh) commandgo all nodes
listedin aconfiguratiorfile. Theinformationacquisitionis
triggeredby anexplicit userrequesyi.e., theinformationis
acquiredvhentheuserpushegherefreshbuttonshovedin
the BWatch graphicalinterface)or whenthis is automati-
cally doneby a definedautorefreshdelayin the configura-
tion file.

PARMON usesthe client-sener model. It allows the
monitoring of systemresourcesn three different levels:
entire system,node, and componentlevels. Monitoring
multiple instancesf the samecomponensuchasCPUin
a SMP (SymmetricMultiprocessor)nodeis also possible.
Theparmon-sergrrunson eachmonitoredclustemodeand
providessystenresourceactiities andutilization informa-
tion. It wasdevelopedin C, using POSIX/Solaristhreads.
Theparmon-clienis aGUI basectlient, developedin Java,

responsiblgor the interactionbetweenthe parmon-serer
andtheusersfor data-gatheringn real-timeandpresenting
informationgraphicallyfor visualization.

SCMS (SMILE Cluster ManagementSystem) is an
open-sourcenanagemenand monitoringtool for beowulf
clusters.It providesa setof tools andsubsystemsuchas:
real-time monitoring system,alarm systemservices,per
formancelogging, parallel Unix command,systemman-
agementtools, and Web, VRML based,monitoring tool.
Its monitoring architecturecan be divided in three mod-
ules: the Control and Monitoring Agent (CMA), the Sys-
temsManagemenfgent (SMA), andthe Resourcedan-
agementnterface(RMI). The CMA runson eachnodeand
collectssystemstatisticcontinuouslyfrom a softwarelayer
calledHAL (Hardware AbstractionLayer). This informa-
tion is collectedby the SMA module,which actsasa cen-
tralize resourcemanagerand helpsto keeptrack of sys-
tem information for later retrieval. The upperlevel mod-
ule, which consistsof an AP calledRMI, is responsibldo
provide accesgo the systemmonitoringservices.This API
interfaceis availablein C, TCL/TK, andJava.

Thesetools representhe currentstateof the art in the
usualimplementatiorof Linux clusteramonitors.However,
they areonly ableto monitor a pre-definedsetof informa-
tion selectedrom a hard-codedist andthis informationis
acquiredat the samemomentin all specifiednodes.More-
over, usersare not ableto easily expandthe monitor with
additionalacquisitionroutinesfor specificsystemhardware
for systemevents. The information acquisitionroutineis
usually initiated by the hostand relative to all of the se-
lectedinformation,andit is not possibleto have different
acquisitionmethoddor differentsetsof information.

4.RVision’s Designand Implementation
4.1 Motivation

The main motivation for the developmentof RVision
wastheinflexibility of thefreely availableclustermonitor
ing tools. RVision's openarchitecturesupportsgenericin-
formation monitoring, which allows the utilization of user
defined acquisition libraries in the monitored resources,
aswell as, communicationto userdevelopedmonitoring
clientsthatconnecto the monitoringkernelover the Inter-
net. In addition,severalinformationacquisitionandtrans-
port mechanismsre supported.This high level of config-
urability paysoff especiallyin the monitoring of hetero-
geneou<lustersand clusterof clusters. Different setsof
informationto be monitoredmay be definedwith specific
frequeng acquisition.Thesesetsarethenassociatedo the
monitoredresourcesbeing even possibleto have multiple
setsassociatedo the sameresource.



4.2 Conceptsand Features

During the RVision designsomenew monitoring con-
ceptshave beenintroducedo enhancehe systemfunction-
ality. Theseconceptsre:

Monitoring SessionsThemonitoringsessioris aselfcon-
taineddedicatedmonitoring environmentspecifiedin
a configuratiorfile. Thesesessionhave all theneces-
saryinformationto startthe monitoring, like a list of
monitoredresourcesthe informationto be monitored
in eachresource,andthe acquisitionmechanisnfor
eachdata. After a sessioris defined,monitoringmay
be startedand stopped.Online reconfiguratioris also
possiblewith changesakingeffectafterarestart.

Monitoring Library The monitoring library consistof a
collection of routinesresponsibléefor informationac-
quisition. Theselibrariesmay be implementedoy the
userto add functionality to the monitor and are dy-
namiclinkedto the architectureat runtime. The main
adwantageof this approachis the separatiorbetween
themonitoringmechanismdik einformationtransport
andmonitoringfrequeng, andthe informationacqui-
sition, the latter being dependablen resourcepecu-
liarities.

Themainfeaturerovidedby RVision are:

e Multiple Monitoring Sessions: when a monitoring

clientconnectswith themonitor's kernelanindividual
monitoringsessions created Severalsessionsnaybe

active at the sametime (from differentclients). These
sessionsnay have several distinct monitoring config-
urations,calledsections.This approactenablegaral-
lel monitoring sessionausing differentconfigurations
which aredescribedn a Monitoring SessiorConfigu-
rationfile (MSC file). An exampleof the MSCfile is
presentedbelow:

BEG NLI BDECL # Monitoring Libraries used
# <i ndex> <nonl i bname>

0 Iibrvision

ENDL| BDECL

BEG NMONSESSI ON ONLI NE # ONLI NE or POSTMORTEM
# Col | ection of sections

BEG NSECTI ON
NCDES # Nodes to be nonitored
# <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 nunber
cyclic 4.0
I NFO # Infornation
<monl i bname> : <i nfonanme>
l'ibrvision : cpuused
l'ibrvision : nenmused
ENDSECTI ON
ENDMONSESSI ON

o

F*

Between the  “BEG NMONSESSI ON” and

“ENDMONSESSI ON” tokens, several concurrent
monitoring sectionscan be defined. The information

to be monitoredis declaredwith the corresponding
library name and its identifier (describedbelow in

the MLD file). Both namesare usedby the monitor

kernelto identify the informationwhen sendingit to

themonitoringclient.

Generic Information Monitoring: if a monitoring
client wants to acquire information that is not im-
plementedin RVision’s default monitoring library
(I'i brvi si on), it mayincludeanew library with the
neededfunctionality to the system. This new moni-
toring library will be dynamicallylinked to RVision
by demand. This featureallows the developmentof
specificlibrariesfor new hardwaretechnologieqe.g.
Myrinet [9] and SCI [11] network boards). The mon-
itoring library needsto define a vector with voi d
pointersnamedf unct i ons to enablethe dynamic
linking with the RVSpy, eachfunction of this library
needgso be declaredn this vector Themonitoringli-
brary usesa monitoringlibrary descriptionfile (MLD
File) to identify the available monitoringinformation
to thesystemandactsasthelink betweertheinforma-
tion identifier andthe correspondentunction pointed
by the f uncti ons vector An exampleof a basic
monitoringlibrary headeiis presentedbelow:

/* Monitoring Library Header */
int function_1();

doubl e function_2();

char *function_3();

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

The presentedmonitoring library has the following
descriptionfile (usedtype substitutionsin the MLD
shovedin Tablel):

# Monitoring library description file - M.D

# <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 infornati on 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 supporton-
line and post-mortemmonitoring analysis. Online
analysiscorrespondso the visualizationof the infor-
mationbeingmonitoredduringthemonitoringsession.
Post-mortenanalysisstoresall informationmonitored
in afile calledpost-mortenfile (PM file), makingthe
monitoringsessioressnetwork intrusive, sinceit does
notsendthemonitoredinformationto the monitorker-
nels over the network. On the otherhand,the mon-
itoring client hasaccesdo the PM file only afterthe
monitoringstops.



Table 1. Type Substitutions in the MLD File

Numberof | Typein
CType Bytes | MLD File
unsignecchar 1 uchar
char 1 char
unsignedshort 2 ushort
short 2 short
unsignednt 4 uint
int 4 int
unsignedong 4 ulong
long 4 long
float 4 float
double 8 double
char* 255 string

e Monitoring Frequeng: the monitoringfrequeng can
be selectedbetweerclient requestregulartime inter-
val, or percentuathangen value. Theformeris client
initiated, while the latter two are initiated in the re-
sourceside.In theclientrequesimode,themonitoring
client sendsarequesto theresourcesvhentheinfor-
mationis needed.Two messageéthe requesiandthe
reply) aresentoverthenetwork. In theregulartimein-
terval mode,theresourceside sendshe needednfor-
mationto the monitoring client periodically after the
startof a monitoring session. Sincethe time control
is donein the resourceside,only onemessagdo the
monitoringclientis needed.The percentuathangen
valuemodeworkslik e theregulartime interval mode,
butit only sendgheinformationwhenavaluechanges
by morethan a thresholdspecifiedin the sessiorfile
(e.g.,CPUusagechangednorethan10%). Sincethe
thresholdcontrolis donealsoin theresourceside,only
onemessagéo the monitoringclientis needed.

4.3 Designand Implementation

The RVision architectures basedn the classicmaster
slave model[10] utilized by mostof the resourcemonitors
foundin theliterature. This centralizedapproachwascho-
senbecausét is lesscomplex thena distributedmodeland
thereforemore efficient in small and midsize clusters. It
hasbeenimplementean Linux/GNU usingtheC language.
The architecturds composedf five modulespresentedn
Figure 1. Theimplementationof RVision is OpenSource
andusesthe GPL License.

4.3.1 RVCore

The RVCore, presentedn Figure2, is the monitoringker-
nel, which correspondso the masterof the architecture It
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Figure 1. RVision Architecture.

realizeghe controlof all monitoringsessiongandsendshe
monitoredinformationto the respectie monitoringclients.

The kernelis divided in RVCore Managey Authentica-
tion Module, Monitoring SessionManagey RVSpy Group
ManagerandDataRecever Module. It is implementedis-
ing POSIXthreadq12] and GNU/Linux soclets. Control
messagebetweenthe RV/Core and the monitoring clients
aresentusingthe TCP protocol. Datamessagesanbesent
with TCP or UDP. The transportmechanismis chosenby
the monitoring client during executiontime. All commu-
nication betweenthe RVCore and the RVSpy’s (resource
side)utilizesthe UDP protocol. Thechoicefor communica-
tion usingthe UDP protocolis dueto it’s low overheadand
becauseclustersare usually connectedoy LAN networks
wherepackagdossis minimal [13].

The RVCore residesin the host machine,waiting for
connections. When a connectionis establishedthe Rv-
CoreManagercheckgheuserlogin andpassverd usingthe
AuthenticationModule. It usesthe passwdfile or shadow
dependingnwhich authenticatioomechanisnthe RVision
hasbeencompiledwith. After theauthenticationif theuser
and passwverd are valid, it createshe Monitoring Session
Manageras anotherthreadand passedo it the soclet for
client communicationas an argument. If the passverd is
not valid the connectionis closed. The Monitoring Ses-
sion Managerwaits for monitoring requestgdescribedn
Section4.3.4, which presentghe monitoring client inter-
face). If therequestis for configuringthe transmissiorof
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Figure 2. RVCore

the monitoringdatato the client, it just recevesandstores
thevalues.Whentherequesis for a sessiorconfiguration,
it parseghe file indicatein the agumentandaccumulates
the configuration.Whenthe requesis for a sessiorstart,it
createshe RVSpy Group Managerandthe Data Recever
Module. The RVSpy Group Manageraccessll RV/Spy’s
for eachnodeindicatedin the MSC File, passthe config-
urationfor eachnodeand startsthe monitoring. The Data
Recever Modulewaitsfor dataandforwardsit to the Mon-
itoring Client, actingasa proxy. Whenthe requests for a
sessiorstop,the RVSpy Group Managersenda requesto
stopthe monitoringfor eachRVSpy andsuspendshe Data
Recever Module. If the requestis a client request,t just
forwardstherequesto the RVSpy’s with thecorresponding
client requestgroup. Finally, if the requestis for session
close, it freesall memory utilized, closesthe connection,
anddestrgsthe monitoringsession.

4.3.2 RVSpy

The RVSpy is the slave of the architectureand resideson
eachnodeof the cluster It is responsiblefor dataacqui-
sition andtransmissiorto the RVCore. It is implemented
usingPOSIXthreadsandGNU/Linux sockets(UDP proto-
col) beingdividedin the RVSpy Manager DataCollectors
ManagerDynamicLinker, anda groupof DataCollectors.
Whena paclet arrivesto oneRVSpy, it createghe Data

CollectorsManager recevesthe monitoring configuration
for the node,executesthe dynamiclinkage, and waits for
the monitoring starting signal. When this signal arrives,
it createsthe Data Collectors,which are implementedas
POSIX threads. EachData Collector is responsibl€for a
differentmonitoringfrequeng, andcanmonitormorethan
oneevent. They areimplementedasaloop thatcatcheghe
informationandsendgo the RVCore,whenit is configured
for online analysis,or storesit on a file, for post-mortem
analysis. When the percentualchangein value modeis
used,it computeshe thresholdand sendsthe information
only if the diferenceis higherthanthe thresholdspecified
by theuser After that,the DataCollectorcanrealizeoneof
two operations:sleepfor somedefinedtime (regulartime
interval and percentuathangein valuemodes)or wait for
asignalto sendmoreinformation(clientrequesimode). If
the DataCollectorsManagerrecevesa stopmonitoringre-
guestjt cleansuptheusedmemory andstopstheDataCol-
lectors.

RVCore
A A
RVSpy
Manager<_
’ v
Data Collectors .| Dynamic
Manager o Linker
| pata |, "é"l- I
: Collector: n b
| i
'| Data | i|| t a
|| Collector| or
! LI ‘ r y
| I i
| Dpata |, || n
Information -—————= | Collector | g
_Collector Session >~ ——-—-—-— s =]
RVSpy

Figure 3. RVSpy

4.3.3 Monitoring Libraries

The Monitoring Library is responsibldor the dataacquisi-
tion in theclusternodes It is dynamiclinkedto the RVSpy
at runtime so that several libraries may be available being
only loadedif the functionsthey containarereferencedn
a monitoring session.This openend enableshe monitor
ing of additionalinformationwith no modificationsin the
RVision code.



TheMonitoring Library consistof anusualLinux/GNU
sharedlibrary using some definitionsto enabledynamic
linking anda descriptionfile to provide informationabout
the compiledlibrary to the RvCore. The RVision moni-
toring tool providesa basicmonitoringlibrary calledl! i -
brvi si on. It acquiressysteminformation from the
/ pr oc directory[5]. Thislibrary enableshemonitoringof
usualsysteminformationsuchas: CPUutilization, memory
utilization, swap spaceandnetwork utilization.

4.3.4 Monitoring Client Interface

The Monitoring Client Interfacedefinesthe functionalities
providedby theRVCoredescribingunctionparameterand
returnvalues.Thesefunctionsaresentto the RVCoreusing
soclets. The functionsprovided by the monitoring client
interfacearepresentedh Table2.

Table 2. Monitoring Client Interface Functions

Commands Parameters
RECVCONFIG protocol,port
SESSIONCONFIG MSCfile
STARTMON -
STOPMON -
CLIENTREQ groupid
CLOSESESSION -

TheRECVCONFIGommandlefinegheprotocol(TCP
or UDP) and port utilized by the client for receving the
monitoring data. This informationis sentto the RVCore
astwo integers,the first one indicatesthe protocol, while
theseconddentifiesthe port. The SESSIONCONFIGom-
mandspecifiegthe monitoringlibrariesusedfor monitoring,
the type of monitoring (online or post-mortem)the moni-
toring frequeng, andthe nodesandinformationmonitored.
This informationis definedin the MSC file, describedn
Section4.2. The client sendsthe nameof the MSC file as
astring. The STARTMONandSTOPMON commandstart
and stop the monitoring, and the CLIENTREQcommand
grabstheclientrequestnformationdefinedin the MSCfile.
Thiscommandakesoneparameteto indicatetheclientre-
guestgroupto be captured(i.e., differentgroupsof infor-
mationcanbedefinedandcapturedusingexplicit clientre-
guest).WhentheRVCorerecevesthisvalue,it justsendgo
themonitoringclient theinformationdefinedin this group.
The CLOSESESSIORommandclosesthe monitoringses-
sion.

4.3.5 Monitoring Client

The monitoring client is responsiblefor datapresentation
anduserinteraction. It usesGNU/Linux socletsfor com-

municationwith the RVCore. Usersareableto implement
their own monitoring clients building on RVCore func-
tionsaccessethroughthe monitoringclientinterface(Sec-
tion 4.3.4). Thestructureof abasicmonitoringclientis pre-
sentedn Figure4 andconsistdasicallyof two threads:one
for managemerdandtheotheronefor datareception.Figure
5 displaysa screenshoof the Monitoring Client developed
for the CPAD maincluster(http://www.cpad.pucrs.br).

Monitoring Data
Manager Receptor
o A
Monitoring
Client
\ 4
RVCore

Figure 4. Basic Monitoring Client Architecture
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Figure 5. CPAD Monitoring Client

5. Performance Measurement

The main concernwhenatool is usedto monitor some
resourceis how much the readingsare being affected by
thistool. Beinga parallelapplicationitself, the monitoring
tool, whenactive, is consumingclusterresourcesik e node
CPU andnetwork bandwidth. This is calledintrusionand



shouldbe minimizedto guaranteghat the monitoreddata
is accurateand that the behavior of the other application
runningin the clusterarenot considerablaffected.

We measuredVision’s intrusiondefininga monitoring
sessionwith 12 valuesfor all clusternodesand request-
ing this datausing online monitoring with a regular time
interval. Differentapplicationsare executedin the cluster
with andwithout monitoringandwe comparedhe execu-
tion times. We variedthe time interval from 5 secondgo
500 millisecondsto simulatea worst-casescenario. Data
wasacquiredfrom the/ pr oc file with thel i br vi si on
monitoringlibrary andthe sessiorconfiguratiorfile usedis
presentedbelow.

# Monitoring Session Configuration File
BEG NLI BDECL

0 librvision

ENDLI BDECL

BEG NMONSESSI ON ONLI NE

BEG NSECTI ON
NCDES
cpad0l1 cpad02 cpad03 cpad04
cpad05 cpad06 cpad07 cpad08
cpad09 cpadl0 cpadll cpadl2
cpadl3 cpadl4 cpadl5 cpadl6

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

I NFO
l'ibrvision : usercpu_perc
l'ibrvision : nicecpu_perc
librvision : systentpu_perc
librvision : idlecpu_perc
l'ibrvision : cpuused_perc
l'ibrvision : usednem perc
librvision : freenmemperc
l'ibrvision : sharednem perc
librvision : buffersnemperc
l'ibrvision : cachednem perc
l'ibrvision : usedswap_perc
librvision : freeswap_perc

ENDSECTI ON

ENDMONSESSI ON

To evaluateRVision underdifferentworkloadsfour MPI
applicationswith differentcharacteristicgvereusedfor per
formancemeasurementsPovray [2], IS and EP from the
NAS parallelbenchmarkg3], andLinpack[8]. Povrayis
aray tracerbasedin the masterslave model. The size of
thetestimagewas800x600pixels. IS sortsavectorof inte-
gersusingdataparallelcomputationsvith synchronization
points. In our testwe usedlS with classC. EPis arandom
numbergeneratobasedn the masterslave model. In our
testwe usedEP with classB. Finally, Linpackis onethe
mostusedbenchmarkgo evaluateclusterperformancem-
plementingan LU factorizationon a matrix using parallel
datacomputationwith synchronizatiorpoints. In our test
we usedthe values5000, 32, 4 and 8, for the variablesN,
NB, P and Q respectiely. IS is network boundwhile EP
is CPU bound. Linpack and Povray have a good balance
betweercalculationandcommunication.

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

eachnodewith 256 MBytes of main memory It utilizes
two typesof interconnectiometworks, Myrinet and Fast-
Ethernetboth switched. Since, RVision usessoclets, the
measurementsere madewith the applicationsunningon
Myrinet andon Fast-Etherneto seehow this affectedintru-
sion,while we ranRVision only on Fast-Ethernet.

Table 3 presentghe intrusion resultsfor all testcases.
In eachcasethe testapplicationwasexecutedl0 timesfor
eachtime interval with monitoringturnedon. With thetime
interval of 1 secondntrusionwasaround10%for all appli-
cations.Thisis averygoodresultconsideringhelargecon-
figurationfile usedandthatin somecasesapplicationand
monitor use the samenetwork for communication(Fast-
Ethernet).We obsene alsothatintrusionis higheron Lin-
packandIS applicationsThisis expectedbecaus¢heseap-
plicationshave highernetwork usage To have someworst-
caseresultswe reducedthe time interval to 0.5 seconds.
Evenin this caseintrusion resultswherelower than 10%
exceptfor LinpackandIS.

EP Intrusion
7 T T T T T T
Fast-Ethernet
6 Myrinet --—---- ;
g° I
c 4 -
o
53 1
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T T T T
Fast-Ethernet
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Figure 6. IS and EP Intrusivity

Figure 6 presentsntrusionresultsfor IS and EP appli-
cationsin relationto the time internval. Theseapplications
have beenspeciallyanalyzedbecausef their characteris-
tics asnetwork bound(lS) andCPU bound(EP). Fromthe
resultswe concludedhatin our experimentnetwork inter-
ferencewasmuchgreaterthanprocessoiterferencewith
IS generatingd timesmoreintrusionthanEPR



Table 3. Applications Intrusion Measurements

Povray IS EP Linpack
Time ) Fast- ) Fast- ) Fast- ) Fast-
Interval (sec) Myrinet | einernet| MYMINEt | ethernet| MYMINE | eihernet| MYMNEL | Erhernet
5.0 0.90% | 0.90% 1.99% 217% | 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%
35 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% 217% | 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 Futur e Work References

Dueto its favorablecost-performanceatio, clustercom-
putingis becomingmoreutilized in severalapplicationar
eas. This higherutilization increaseshe needandimpor-
tanceof clustermonitoringfor systemtuning andapplica-
tion development. In this paperwe presentedRVision, an
openarchitecturehigh configurabletool for clustermoni-
toring, which providesflexibility in selectiorof eventsto be
monitoredandallow usersto expandthe monitoring capa-
bilities with self-definedproceduredor the monitoring of
specificsystemhardware or systemevents. An additional
featureof RVision is its flexibility in allowing the moni-
toring of distinctclustersclusterof clustersandheteroge-
neousclusters.In our experimentsusingRVision the mea-
suredntrusionwasaroundl0%with thedefaultmonitoring
library (/ pr oc) for differentkinds of applications.

RVision hasbeing usedat our researchcenter(CPAD)
in productionmodefor thelastsix months. New develop-
mentis undervay, someof themare: including a mecha-
nismfor dynamicconfigurationduring the monitoringses-
sion,defininga moregenericrepresentationf thereturned
valueshy the monitoringlibrary functions,enablingan ex-
tendedsetof datatypes,suchas“structs”, suportingto PAM
(PlugableAuthenticationModule) in the optionsfor sys-
tem authenticationand changingthe format of all config-
uration and outputfiles to the XML standard6]. There
are alsomonitoring clients and monitoring libraries under
developmentsuchasa monitoringclient applet(for Web-
pages)amonitoringlibrary usingSNMPlibrary andamon-
itoring library for Myrinet technology More information
aboutRVision andthe packagefor downloadare available
in http://wwwcpad.pucs.br/rvision/inde.html
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