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Abstract

This paper describesthe architecture, implementation
and performanceof a servicefor the deliveryof dynamic
performanceinformationin Grid environments.Basedon
usage requirementsgleanedfrom real applicationsbeing
developedas part of the GrADS project, we haveimple-
menteda high-performanceservicefor useby Grid sched-
ulers. Theorganizationof thesystemis discussedandper-
formanceresultsarepresented.

1 Intr oduction

In aComputationalGrid setting,theInformationService
(IS) is a key component.Experiencehasshown thatsched-
ulersfor theGrid [1,4,5,12,13] requirehigh performance
and timely delivery of IS data– particularlyperformance
data. If the IS is slow, the scheduleritself will be slow,
therebynegatively impactingthe user's perceptionof ap-
plication performance.Further, it is critical that the IS be
accessiblein as“open” a fashionaspossible– with few re-
strictionsonprotocolsyntaxor programminginterfaces.

TheNetwork WeatherService(NWS) [18,19] is a sys-
temfor collectingandmanagingdynamicperformancedata
thatis designedto meetthesegoalsby automaticallyadapt-
ing thebehavior of its internalcomponentsto changingper-
formanceconditions. The internalprotocolsandmanage-
mentstrategiesthat theNWS usesto adaptits own execu-
tion are not intendedto be visible acrossthe client inter-
face(becausethey maychange,they arecomplex, etc.) To
maintainthenecessary�e xibility andinteroperability, these
detailsmustbehiddenwith a minimumof sacri�cedclient
performance.In thispaper, wedescribea new approach for
servingdynamicperformancedata that is designedto ac-
commodate�exibility currently requiredby emerging Grid
efforts without sacri�cing the performanceof the data de-
livery mechanisms.

� This work wassupported,in part, by a grantfrom the NationalSci-
enceFoundation'sNGSprogram(EIA-9975020)andNMI program(ANI-
0123911)andby theNASA IPGproject.

This work is part of a larger effort – the Grid Appli-
cation DevelopmentSoftware (GrADS) [3, 11] project –
that investigatesa comprehensive Grid programmingap-
proach. GrADS-developedautomaticprogramschedulers
requirefastandrobustdeliveryof performancedatain order
to make schedulingdecisionsat run-time. Without theop-
timizedabstractionsandthecachinginfrastructurewehave
developed,theseschedulers(which run beforeandduring
a program's execution)mustwait unacceptablylong peri-
odsof time for resourceperformancedatato be delivered.
This waiting time is incurredas programexecutiondelay
andhencenegatively impactsdeliveredapplicationperfor-
mance.Our work meetstheperformanceneedsof GrADS
schedulerswhile remaining�e xible enoughto supportava-
riety of IS datainfrastructures(suchas the Globus MDS-
2 [6]).

We believe that theabstractionandservicethatwe have
developedto supporthigh-performancedata delivery are
useful in contexts other than that of the GrADS software
tools. As standarddatamodelsfor theGrid emerge,appli-
cationsanduserswill still requiretheability to absorband
manipulateperformancedatausinga varietyof representa-
tionsandformats.Our goal is to provide a framework that
will enablethis�e xibility while,atthesametime,maintain-
ing theperformanceintegrity of theunderlyingmonitoring
system– theNWS.Indeed,in thenew eraof Grid Comput-
ing that is envisionedfor the OpenGrid ServiceArchitec-
ture(OGSA)[8], we believe that it is importantfor perfor-
manceobjectsto bede�nedsothatthey canbedeliveredby
avarietyrepresentationalmechanisms.

At present,however, muchof thecurrentpracticein Grid
computingusestheGlobusMetacomputingDirectorySer-
vice (MDS) [6] and/or the Lightweight Directory Access
Protocol(LDAP) [17] for resourcediscovery andinforma-
tion retrieval. LDAP imposesa particularstructureon the
datathatit serves.Thispaperaddressesourapproachto us-
ing a datamodelfrom within this presentationmechanism
that is designedto supporthigh-performancedatadelivery
for Grid scheduling.Our solutionis enabledby theNWS's
cachinginfrastructuredescribedin previous work [15]. In
this paper, we describetheuseof this infrastructureto sup-

1



P
S
E

Config.
object

program

whole
program
compiler

���������
	

appli-
cation

libraries

Realtime
perf

monitor

Dynamic
optimizer

����
 �

��������
���	

System

(Globus)

negotiation

Software
components

Scheduler/
Service

Negotiator

������������� �"!$#��%������&$'(�"#�)

Perf
problem

Figure 1. The GrADS Architecture .

port VO-grids – a new high-performanceabstractionthat
enablesresourceperformancediscovery. VO-gridsfollow
the Globus “Virtual Organization”model [6] in designby
allowing usersto set up virtual collectionsof resources
within a moreglobalGrid resourcepool. Network Weather
ServiceVO-grids provide dynamicperformanceforecasts
in multi-dimensionalarraysthatcanbeconstantlyandasyn-
chronouslyupdated.As such,userapplicationscanindex
theseperformancearrayswith very little programmingand
executionoverhead.At thesametime, it is critical that the
VO-grid interfacebeonethatcanbesupportedby theGrid
performancemonitoringandforecastingsystemasit scales
up to very largeGrid sizes.Usingthehierarchicalforecast-
ing infrastructuresupportedby theNWS,we describehow
VO-gridscanbeconstructedscalablyusingthecurrentGrid
InformationSysteminfrastructureasa framework.

Onemay wonderwhetherour solutionis uniqueto the
LDAP interface.We believe thatit is not. Theimplementa-
tion of OGSA is only now beginning. However, it is clear
that in the context of distributedresourcesanddatastores
that the requirementsfor application-speci�ccachingand
indexing are still key to effective operation. We believe,
however, thatthehierarchicalstructureof thedatamodelis
necessaryto supportscalability, regardlessof the underly-
ing technologyin play.

As such, we have implementedthe functionality nec-
essaryto build VO-gridsasa separate,extensibleservice.
The NWSTopology Serviceextracts forecastinginforma-
tion from NWS to build VO-gridsbasedon user-speci�ed
requirements.Our earlyexperienceswith theNWS Topol-
ogy Serviceindicate that the performanceof the system
(describedherein)representsa dramaticimprovementover
the currentstate-of-the-artin Grid performancedataman-
agement. We presentthese results as part of the on-
goingwork in theGrid ApplicationDevelopmentSoftware
(GrADS) [3] project which focuseson developmentsoft-

wareframeworks for high-performanceGrid programs.In
addition,this systemwill bepartof theNSF's Middleware
Initiative(NMI) releaseandthegeneraldeploymentversion
of theNWS.

Brie�y , then, this paperoutlines threenovel contribu-
tions.

1. It describesVO-gridsasa new, high-performanceand
scalableAPI and set of datastructuresfor enabling
Grid performancediscoveryandscheduling.

2. It detailsageneralizeddatamodelusedby aprototype
VO-grid implementationwe have developed,which
we believe will extendto encompassa varietyof pre-
sentationformats.

3. It presentsthe a brief overview of the NWSTopology
Service– anextensiblefacility for building andmain-
tainingVO-grids.

We report on preliminary performanceobservations
we have madeof the systemusing the GrADS ScaLA-
PACK [12] dynamicschedulerasaninitial VO-gridclient.

2 GrADS

As mentionedpreviously, this work was developedas
partof theGrADS [3,11] project. Thegoalof theGrADS
project is to investigate comprehensive software environ-
mentsfor developing Grid applications. Figure 1 depicts
thestructureof theGrADSsoftwarearchitecture.

Beforeexecution,aCon�gurableObjectProgramis pre-
paredby thecompilationsystems.Whentheprogramis to
be launched,the Scheduler/ServiceNegotiator (S/SN) in-
teractswith a variety of run time servicesprovided by the
Grid fabric to make decisionsaboutprogramcon�guration
andscheduling. In particular, the systemrequirescurrent



short-termforecastsfor resourceperformancelevelssothat
it canmake proactive schedulingdecisions.TheNWS gen-
eratessuchforecastsautomatically, but to be useful, they
have to be deliveredto the S/SN (throughthe Globus [7]
infrastructure)quickly andreliably.

3 DesignConsiderations

The Grid schedulerrequirespredictionsof end-to-end
network performancebetweensomesetof hosts. We ob-
serve thatregardlessof how thisdatais servedto thesched-
uler, it is usuallytreatedasatwo-dimensionalmatrixof per-
formancecharacteristicsbetweenmachines.Usingthisdata
structure,eachmachineis givenanindex, andthenetwork
performance(typically bandwidthor latency) betweenany
two machinesi andj is storedin thematrix elementcorre-
spondingto theordered-pair(i; j ).

It is ourexperiencethatthis informationcanbedelivered
througha variety of language-speci�cor service-speci�c
APIs. However, oncedelivered,almostall Grid schedulers
we have encountered(GrADS or otherwise)usethe infor-
mationto form two-dimensionalmatrices.Our goal in this
work is to usetheinternalinformationabouthow thedatais
managedto provide a high-performance,generalinterface
for deliveringthesedatastructuresto thescheduler.

Note that thereare many ways to representthis infor-
mationotherthana matrix. Indeed,it hasbeensuggested
that linked structuresre�ecting the “true” topologyof the
network might prove to bea betterinterfacedatastructure.
If future schedulersrequiresucha datastructure,we be-
lieve thatthemechanismswe have developedcanbeeasily
adapted.However, in a situationwherethereis no library
interfaceinto whichwecanembedthelogic neededto con-
structa hostgrid from this annotatedgraph,we aresimply
forcing a Grid scheduleror Grid programto do the work.
To dateall schedulerswehaveencounteredattemptto form
anindexedmatrix from thedatapresented(eitherexplicitly
or implicitly), regardlessof how it is delivered.As such,we
take our cuefor theVO-grid API andmatrix datastructure
from theusercommunityat large.

Thescalabilityof ourapproachis asecondpotentialcon-
cern.In particular, it is notfeasiblefor theunderlyingmoni-
toringsystem(in thiscase,theNWS)to maintainadatabase
of N 2 measurementsandforecastsexplicitly. Instead,we
rely on thehierarchicalstructureof theNWS cliquemech-
anism[10,19] to provideascalableway to estimateend-to-
endperformance(seeFigure5). A morecompletedescrip-
tion of how oursystempopulatesthefull N 2 matrix from a
hierarchicalmeasurementtopologyis givenin Section5 of
thispaper. As adesignrequirement,however, werecognize
that thedatastructurethatwill bepresentedto theapplica-
tion schedulermustbeonethatcanscaleto largenumbers
of resources.

Finally, we notethat the Grid interfaceanddatarepre-
sentationlandscapearechanging. In particulartherehave
been,and continueto be, a variety of desirablepresenta-
tion formatsfor thedatasuchasLDAP, XML, andJavaob-

jects. Theseformats,however, do not alwaysoffer equiva-
lentperformancecharacteristics.As such,theNWSusesits
own optimizedwire protocolandadaptive messagingsys-
tem[2] internally. VO-gridsareimplementedin thecaching
layer, describedin otherwork [15]. Key to achieving multi-
presentation�e xibility without sacri�cing performanceis
theobjectmodelwehavechosen,whichwedescribebrie�y
in thenext sectionandis alsodescribedmorecompletelyin
[15].

Finally, we make noteof the fact that otherscheduling
methodologiesmight not needto know the full intercon-
nectmatrix, but may wish to queryan informationsystem
for the connectioncharacteristicsbetweentwo nodesthat
are �x ed in the con�guration for somereason. That is, a
full matrix of information is not always requiredby each
NWS client. Sincethe full matrix describesa fully inter-
connected,directedgraph,all subsequenttopologiesare,in
effect, subgraphsof this generalrepresentation.As such,
theperformanceandrobustnesscharacteristicsof any other
topologyservedby oursystemwill benoworsethanfor the
full-interconnectedcasesinceall othertopologiesaresim-
ply extractionsfrom thismostgeneralrepresentation.

In summary, our implementationrecognizesthreekey
designrequirements:

1. Network awareapplicationsrequiremulti-dimensional
“performanceGrids” (termed VO-grids) to be ex-
tractedfrom apoolof networkedcomputeelements.

2. It mustbepossibleto constructVO-gridsscalablyand
to deliver thedatastructuresthatcomposetheVO-grid
API with theminimumpossibleimpacton application
performance.

3. TheVO-gridAPI shouldnotbetiedto aparticularpre-
sentationformator setof wire protocols.

4. VO-grids are the generalrepresentationof arbitrary
performancetopologies,eachof which canbe served
with similar performanceand reliability characteris-
tics.

4 Data Model and Objects

TheNWS takesmeasurementsof variousresourcesand
usesstatisticaltechniquesto produceforecasts[19] of the
futureperformancefor thoseresources.Clientsmayquery
thesystemfor theforecasts(or measurements)from aspec-
i�ed resourceusing the native NWS API or the caching
LDAP daemondescribedin [15]. Often,a client will make
repeatedrequeststo thesystemfor a groupof logically re-
lateddata.Thebasicmechanismof theVO-gridsapproach
allows multiple relateddataelementsto be returnedby a
singlequeryto thesystem.

Normally, a queryis madefor measurements(andfore-
castsof thosemeasurements)that arebeing taken from a
singlehostor betweena pair of hosts.Whena Grid sched-
uler, such as thosebeing developedby the GrADS [11]
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project,beginsto run, it will askfor aninformationsetthat
de�nesthe“state”of someresourcepool. If adecisionmust
bemadeaboutwherea job will go in a Grid environment,
resourcecharacteristicssuchasavailablememoryandpro-
cessingpoweronindividualhosts,andtheir interconnection
qualitiesto otherhostsaretypically relevant.Thissetof in-
formation, scopedby a Virtual Organization[6], forms a
VO-grid.

The NWS treatsmeasurementsas time series,record-
ing thetimestampandthemeasurementwhenever aperfor-
mancereadingis gathered.As such,wetermeachmeasure-
menta “measurementevent” to indicatethat it hasboth a
measurementvalueandatimecoordinatein itsmostgeneral
form. In [15], theseorderedpairsareidenti�ed asGridE-
vent objectswhich are groupedby an associationwith a
commonnamecalleda GridSeries object. This relation-
ship is depictedin Figure2. In the NWSlapd[15] imple-
mentationmeasurementscanalsobeaddresseddirectlyun-
dertheo=Data branchof thedirectoryinformationtree,as
seenin Figure3.

In practicalterms,a GridSeriesobjectactsto namean
index over a setof GridEv ents andthusto limit thescope
of queriesover the global informationbase.For instance,
usingLDAP, abaseof series=nws.cs.ucsb.edu:8060. band-
widthTcp.32.16.64. nws.cs.utk.edu:8060,service=NWS,
o=Grid anda �lter of timestamp> 1015015530is equiv-
alent to the SQL statementselect * from event where
namelike 'nws.cs.ucsb.edu:8060. bandwidthTcp.32.16.64
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. nws.cs.utk.edu'and timestamp> 1015015530order by
time stamp. Similarly, we can also createan LDAP base
thatreportsaqueryfor all resultsfrom agivenhost,activity
or clique.

Thus,theVO-grid is an index over theGridEv ent pool
thatcoversanN 2 matrixof end-to-endperformancevalues
as discussedabove. It is useful becauseit generalizesto
representall measurementsthat arenamedby pairsof re-
sources(e.g. end-to-endnetwork measurements)andis ef-
�cient for usewithin the implementationof anapplication
scheduler.

Moreover, we have alsoobservedthatmany Grid Infor-
mationSystemusers�nd it cumbersometo form restrictive
queriesthemselves, but insteadpost overly broadqueries
thatthey then�lter locallyusingsomeadditionalutility (e.g.
grep). We believe thatit is becausethedatais not servedin
anappropriateformat(likeaVO-grid)thatcurrentGridpro-
grammersandusersarepromptedto make this extra level
of effort. Note,however, thatglobalqueries(nomatterhow
cumbersomethe alternative may be) will becomelessand
lesspracticalas the scopeof the Grid continuesto grow.
Only scopedsubsetsof informationcanbe (or needto be)
addressedby any givenindex or query. Abstractly, this no-
tion of scopingis the basisof the “Virtual Organizations”
describedin [6]. VO-grids combinethis scopingwith a
generalandef�cient datarepresentation.By creatingVO-
grids of dynamicperformanceinformation,userswill �nd
thesystemeasyto useandef�cient implementationwill still
bepractical.

TheVO-grid objectis depictedin Figure4. It is anob-
ject that containsmeta-informationaboutsomecollection
of dataelementsandactsas their parentin the LDAP hi-
erarchy. In thisexample,“VO-grid=GrADS,service=NWS,
o=Grid” is suchan object. Note that the VO-grid object
containsa list of thehostsin this grid of informationalong
with their indices.Thechildrenof thisnodeareacollection
of the appropriatedataelementsthat are “joined” (in the
databasesense)with anorderedpair of theappropriatein-
dicesin this grid. By “joining” thedataelementswith their
appropriateindices,the VO-grid can be trivially mapped
into a two dimensionalarrayin auserprogram.

Sinceour object model is normalized,it allows us to



composeobjectsaswe see�t. In the caseof the network
performancegrid, latency andbandwidtharejoinedto form
a compositenetwork characterizationobject. In addition
to networking information,thereareothermetricsthatare
valuablein schedulingfor the Grid – processorutilization
and available memory. Thesedataelementsare logically
separate– they aregatheredandstoredindependently– but
it is usefulto join themin a “host status”objectaswell.

ThecurrentimplementationallowsaVO-gridto bespec-
i�ed via a con�guration �le or with a referenceto theGrid
InformationIndex Server (GIIS) of a Virtual Organization.
Thecon�guration �le option is simply a list of hoststo be
considered.TheVO optionallows a hostgrid to bespeci-
�ed with anLDAP queryconsistingof the tupleof server,
baseand�lter . Thede�nition of a VO-grid couldeasilybe
madedynamicallywith an LDAP modify or insertopera-
tion, giventhatappropriatesecuritymechanismswereused
to preventabuse.

4.1 Relation to XML­based Systems

At �rst glancethis systemmay seemto exist only to
deal with the peculiaritiesof the LDAP interface. How-
ever, we contendthat the notion of scopingand the need
to useit to control the performanceof information-system
queriesis generallyapplicableto other information pre-
sentationmechanismsas well. As such,we have imple-
menteda prototypeVO-grid systemthat supportsdelivery
of thesameobjectsin bothLDAP andXML to supportthe
Grid Monitoring Architecture(GMA) [16] as well as the
MDS2 [6]. Clearly, thesedesignconstraintsalsoanticipate
the requirementsof the emerging OpenGrid ServiceAr-
chitecture(OGSA) [8] andprovide a migrationpath from
LDAP to XML andWSDL (the primary OGSA technolo-
gies).

5 TopologySystem

An appropriatedatamodelandabstraction(asdescribed
in theprevioussection)do not,by themselves,alleviatethe
tensionthatexistsbetweentheneedto presentaccurate,up-
to-dateinformation to clients, and the ability to scalethe
systemto largenumbersof hosts.In thissection,weaddress
afew of theservicearchitecturecharacteristicsthatarenec-
essaryto build anddeliver VO-gridsef�ciently . Someof
the systemdesignissueshave beenexploredpreviously in
work suchastheIDMaps[9] project,whichsharesasimilar
setof goals.However, notethat this sectiondoesnot com-
priseacompletedescriptionof theNWSTopologyService;
ratherwe refer to [14] for completedetails. The focusof
thispaperis on the“performancetopology”aspresentedto
schedulers,asopposedto theactualtopologythatis usedto
generateit.

The �rst featureof the NWS approachthat allows for
scalablemeasurementgatheringis thecliquestructure(also
describedin [19]). Small groupsof hoststhat are typi-
cally interconnectedby a fast,reliablenetwork, aredesig-
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Figure 6. Partial Grid of measurements

natedas individual cliques. Eachhostwithin a clique di-
rectly measuresnetwork performanceto all otherhostsin
thatclique. Therefore,for eachcliqueof sizeC, theNWS
gathersC(C � 1) network measurementsfor eachmeasured
characteristic.Themeasurementsareconductedwithin the
cliquearetakensequentiallyusingatoken-basedmutualex-
clusionprotocol[10,19] thatalsoimplementsvariousfault
tolerancefeaturesas well. Cliquesare dynamicallycon-
�gurable by the NWS administratorandmay containany
numberof hosts. A hostmay alsoparticipatein multiple
cliquessimultaneously.

To insurescalability, local-areacliquescanbearranged
in a hierarchy by designatinga “representative” hostfrom
eachcliqueto participatein ahigher-level clique.Themea-
surementsfor this distinguishedhost-paircan then repre-
sentthemeasurementbetweenany hostslocatedin separate
local-areacliques.

For example,considerthecliquehierarchy shown in Fig-
ure 5. In it, hostsB.ucsb, D.utk andE.isi participatein a



Figure 7. Complete Grid of forecasts

second-level clique. Measurementsfrom B.ucsbto D.utk
canthenbeusedto representany UCSB-UTKhostpair.

For VO-grids, the matrix representationof end-to-end
performancebetweenonly the hoststhat are being moni-
tored is depictedin Figure6; we would like to transform
this in to a fully populatedgrid, shown in Figure7. The
NWSis ableto dosoby providing forecastsfor theareasin
which no measurementshave beentaken. If thecliquesof
hostsarearrangedsothatperformancebetweenrepresenta-
tive end-pointsis commonto all hosts,theforecastdatafor
therepresentativescanbepropagatedto theemptypartsof
thematrix.

Returningto theexampledepictedin Figure5, all hosts
at UCSB experiencesimilar connectivity characteristicsto
any hostatUTK. As such,theNWSmonitorstheconnectiv-
ity betweenonly adistinguishedpairof representativehosts
– oneat UCSBandoneat UTK – andthenusesthat infor-
mationto representall UCSB-UTK communication.Since
forecastdataisused,transientorunpredictableperformance
responsesarenot replicatedsincethey are“�ltered” out by
theforecasters.

An easyway to approachtheproblemof groupinghosts
into a hierarchy of cliquesis to usethe domainportion of
a fully-quali�ed DNS nameandto assumethat thoseform
an equivalenceclass. This approach,however, is only an
initial approximation. In practiceDomain NameSystem
(DNS) namesdenoteadministrative scopeandnot network
topology. TheDNSdomainnpaci.edu, for instance,is used
by many sitesacrossawidegeographicdistance.TheIP ad-
dressof a host,on theotherhand,is thede�niti ve location
of thehostasfar asthenetwork is concerned.If it weren't,
thentraf�c wouldn't getthereat all! However, it isn't clear
from looking at most pairs of IP addresseswhetherthey
actuallysharea subnetwork or not. That fact canonly be
determinedfrom the tuple of addressand netmask. This
is why the TopologyServiceshouldprovide this informa-
tion to userprogramsratherthanhaving themderiveit inde-
pendently:theTopologyServicecando sowith additional
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information that is perhapsnot available to end-userpro-
grams.

Initially, on theGrADS testbed,thecliquestructurehas
beenspeci�ed so that topologicalrelationshipsareexplicit
in the clique hierarchy. As such,the NWS publishedthe
DNSnamesandIP addressesof the“clique leaders”sothat
schedulingsystemscouldusethis informationto form their
owncompletehostgrid internally. TheVO-griddeployment
for GrADS takesthis structureinto accountwhenbuilding
thecompletematrixautomatically.

To implementthis this prototypefor GrADS , we sim-
ply usedcombinationsof IP addressesandsubnetmasksto
form the basicsetof equivalenceclasses.More generally
however, this approachdiscardsa greatdealof information
that is apparentin the relationsbetweenAutonomousSys-
temsandpotentiallyignoresthe effectsof Layer2 tunnel-
ing andthe virtual privatenetworks. We aredevelopinga
far morecomprehensive topologyservicethat takesmuch
of this into accountaspartof our currentextensionsto this
work.

6 PerformanceResults

Our �rst implementationof VO-grids for GrADS was
basedon the NWS's cachingLDAP daemon,which is de-
scribedin [15]. As part of the GrADS project, a Grid-
enabledversionof ScaLAPACK [12] hasbeendeveloped
that usesthe LDAP interfaceto the NWS. We found that
despitetheperformanceenhancementsdocumentedin [15],
thatwe couldoptimizedatadelivery evenfurther. Thefol-
lowing resultsrepresentresponsetime averagesfor 5 simi-
lar tests.

Figure8 shows a comparisonof NWS LDAP andNWS
TopologyServicequerytimesfor thefull N 2 VO-grid ma-
trix of bandwidthforecastsrequiredby theGrADSScaLA-
PACK codewhen the client and the NWS server are co-
located. The �rst (leftmost)bar for eachhostcount is the
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Figure 10. LDAP queries to remote infrastruc­
ture

total fetch time (in seconds)for fetchingthe N 2 elements
usingthecachingNWS LDAP server whenthedatais not
in cache.Thenext bar from the left is the fetchtime if the
datais in cache.Thethird barfrom theleft shows thecold-
cachefetchtime from theNWS Topologyservice.Thelast
bar(rightmost)shows thecachedfetchtimes.

Comparingcold-cacheperformancedemonstratestheef-
fectivenessof having theinformationsystem(asopposedto
the application-level components)aggregatethe data. Be-
causethe NWS Topologyservicecanincorporateintimate
knowledgeof how theNWS managesits datainternally, it
canoptimizethedataaggregation. Thecachedtimesshow
theperformancethat theGrADS ScaLAPACK client actu-
ally achievedfor all but its �rst query. Therangeof values
is suchthata cachehit againsttheNWS TopologyService
LDAP server isn't even discernible. We have includeda
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Figure 11. LDAP queries to remote infrastruc­
ture (log scale)

log-scaleplot of thesamedatain Figure9.
Similarly, Figure10 shows the samecomparisonsover

thesamerangeof hostcountswhentheclient waslocated
at U. TennesseeandtheNWS daemonswererunningon a
hostatUC SantaBarbara.Figure11shows theseresultson
a log-scaleplot aswell. Clearly, in either the local or re-
moteaccesscases,theNWS TopologyServiceimplement-
ing aVO-grid for GrADSis ableto achieve relatively high-
performancelevelsacrossthescaleof theGrADStestbed.

Fromapracticalstandpoint,theresultof usingVO-grids
andtheNWS TopologyServiceto deliver themis to make
the overheadof dynamic information accessa negligible
componentof theoverall Grid overhead.For 48 hosts,the
localaccesstimeis lessthanasecond.TheGrADSScaLA-
PACK computationexecutesfor approximately30 minutes
in its optimal con�guration, making the local fetch times
well underthemeasurableperformancevariationof thecore
computationby itself. In the remoteaccesscase,where
thecompletesetof N 2 valuesmustbesentfrom theNWS
Topologyservicedaemonto theLDAP client built into the
scheduler, the time requiredis still lessthan 10 seconds.
Again, for a minimal executiontime of almost30 minutes,
a10secondoverheadis probablynotworthoptimizingfur-
ther.

7 Conclusion

Our approachto delivering end-to-endperformance
readingsto Grid applicationsis two-fold. First, we de�ne
VO-gridssothatinformationsystemqueriescanbescoped
effectively. VO-gridstake advantageof anunderlyingdata
modelwehavede�nedfor performancedataandNWSfore-
castingtechniqueswhich enablescalability. While VO-
gridsarea generalabstraction,we have implementedthem
in the form of a cachedindex within the framework of the
Grid InformationService(asde�nedby theGlobalGrid Fo-



rum). The cachingserviceis, itself, a componentof the
NWSTopologyservice– ascalablemechanismfor manag-
ing NWSperformancedataandVO-gridstructures.

While bothof theseinnovationsaregeneral,particularly
with respectto the Grid Monitoring Architecture(GMA)
andtheOpenGrid ServiceArchitecture(OGSA),they were
developedas part of the Grid Application Development
Software(GrADS)project.GrADSrequiresextremelyhigh
performancefrom its informationsystem.At thesametime,
all of the GrADS applicationschedulersneededto manip-
ulate end-to-endperformanceinformation as an indexed,
two-dimensionalmatrix. VO-grids are our realizationof
this representationin a form that is generalenoughto be
usefulin othercontexts.
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