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Abstract

This paper describesthe architectuie, implementation
and performanceof a servicefor the delivery of dynamic
performancenformationin Grid ervironments.Basedon
usage requirementsgleanedfrom real applicationsbeing
developedas part of the GrADS project, we haveimple-
menteda high-performanceservicefor useby Grid sched-
ulers. Theorganizationof the systenis discussednd per
formanceresultsare presented.

1 Intr oduction

In aComputationalrid setting theInformationService
(1S) is akey componentExperiencenasshavn thatsched-
ulersfor the Grid [1,4,5,12,13] requirehigh performance
andtimely delivery of IS data— particularly performance
data. If the IS is slow, the scheduleritself will be slow,
therebynegatively impactingthe users perceptionof ap-
plication performance.Further it is critical thatthe IS be
accessiblén as“open” afashionaspossible- with few re-
strictionson protocolsyntaxor programmingnterfaces.

The Network WeatherService(NWS) [18,19] is a sys-
temfor collectingandmanaginglynamicperformancelata
thatis designedo meetthesegoalsby automaticallyadapt-
ing thebehaior of its internalcomponentso changingper
formanceconditions. The internal protocolsand manage-
mentstratgyiesthatthe NWS usesto adaptits own execu-
tion are not intendedto be visible acrossthe client inter-
face(becausehey may changethey arecomple, etc.) To
maintainthe necessarye xibility andinteroperabilitythese
detailsmustbe hiddenwith a minimum of sacri ced client
performanceln this paperwedescribea new appmoach for
servingdynamicperformancedata that is designedo ac-
commodatee xibility currently required by emeging Grid
efforts without sacri cing the performanceof the data de-
livery metanisms
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This work is part of a larger effort — the Grid Appli-
cation DevelopmentSoftware (GrADS) [3, 11] project—
that investicatesa comprehensie Grid programmingap-
proach. GrADS-derelopedautomaticprogramschedulers
requirefastandrobustdelivery of performancelatain order
to make schedulingdecisionsat run-time. Without the op-
timized abstractionsndthe cachinginfrastructureve have
developed,theseschedulergwhich run beforeand during
a programs execution) mustwait unacceptablyong peri-
odsof time for resourceperformancedatato be delivered.
This waiting time is incurredas programexecutiondelay
andhencenegatively impactsdeliveredapplicationperfor
mance.Our work meetsthe performanceneedsof GrADS
schedulersvhile remaining e xible enoughto supportava-
riety of IS datainfrastructuregsuchasthe Globus MDS-
2[6)).

We believe thatthe abstractiorandservicethatwe have
developedto supporthigh-performancedata delivery are
usefulin contects other thanthat of the GrADS software
tools. As standarddatamodelsfor the Grid emepge, appli-
cationsanduserswill still requirethe ability to absorband
manipulateperformancalatausinga variety of representa-
tionsandformats. Our goalis to provide a framevork that
will enablethis e xibility while, atthesamdime, maintain-
ing the performancentegrity of the underlyingmonitoring
system-theNWS. Indeed,in thenew eraof Grid Comput-
ing thatis ervisionedfor the OpenGrid ServiceArchitec-
ture (OGSA)[8], we believe thatit is importantfor perfor
manceobjectsto bede ned sothatthey canbedeliveredby
avarietyrepresentationahechanisms.

At presenthowever, muchof thecurrentpracticein Grid
computingusesthe Globus MetacomputingDirectory Ser
vice (MDS) [6] and/orthe Lightweight Directory Access
Protocol(LDAP) [17] for resourcediscorery andinforma-
tion retrieval. LDAP imposesa particularstructureon the
datathatit senes. This paperaddressesur approacho us-
ing a datamodelfrom within this presentationrmechanism
thatis designedo supporthigh-performancelatadelivery
for Grid scheduling.Our solutionis enabledby the NWS's
cachinginfrastructuredescribedn previouswork [15]. In
this paperwe describethe useof this infrastructureto sup-
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Figure 1. The GrADS Architecture .

port VO-grids — a new high-performancebstractionthat
enablesesourceperformancediscovery. VO-gridsfollow
the Globus “Virtual Organization” model[6] in designby
allowing usersto set up virtual collectionsof resources
within amoreglobal Grid resourcepool. Network Weather
ServiceVO-grids provide dynamicperformanceorecasts
in multi-dimensionahrraysthatcanbeconstantlyandasyn-
chronouslyupdated. As such,userapplicationscanindex
theseperformancearrayswith very little programmingand
executionoverhead.At the sametime, it is critical thatthe
VO-grid interfacebe onethatcanbe supportedy the Grid
performancenonitoringandforecastingsystemasit scales
upto verylarge Grid sizes.Usingthehierarchicalforecast-
ing infrastructuresupportedy the NWS, we describehow
VO-gridscanbeconstructedcalablyusingthecurrentGrid
InformationSysteminfrastructureasa framework.

Onemay wonderwhetherour solutionis uniqueto the
LDAP interface.We believe thatit is not. Theimplementa-
tion of OGSAIs only now beginning. However, it is clear
thatin the contet of distributed resourcesand datastores
that the requirementdor application-speci ccachingand
indexing are still key to effective operation. We believe,
however, thatthe hierarchicaktructureof the datamodelis
necessaryo supportscalability regardlessof the underly-
ing technologyin play:.

As such, we have implementedthe functionality nec-
essaryto build VO-gridsas a separateextensibleservice.
The NWSTopolagy Serviceextracts forecastinginforma-
tion from NWS to build VO-gridsbasedon userspeci ed
requirementsOur early experiencesvith the NWS Topol-
ogy Serviceindicate that the performanceof the system
(describecherein)representa dramaticimprovementover
the currentstate-of-the-arin Grid performancedataman-
agement. We presentthese results as part of the on-
goingwork in the Grid Application DevelopmentSoftware
(GrADS) [3] projectwhich focuseson developmentsoft-

wareframaworks for high-performancé&srid programs.In
addition,this systemwill be partof the NSF's Middleware
Initiative (NMI) releaseandthegeneraldeploymentversion
of theNWS.

Brie y, then, this paperoutlinesthree novel contritu-
tions.

1. It describes/O-gridsasa new, high-performancand
scalableAP| and set of datastructuresfor enabling
Grid performanceliscorery andscheduling.

. It detailsa generalizedlatamodelusedby a prototype
VO-grid implementationwe have developed, which
we believe will extendto encompassa variety of pre-
sentatiorformats.

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

We report on preliminary performanceobsenations
we have made of the systemusing the GrADS ScalA-
PACK [12] dynamicscheduleasaninitial VO-grid client.

2 GrADS

As mentionedpreviously, this work was developedas
partof the GrADS [3, 11] project. The goal of the GrADS
projectis to investicate comprehensie software environ-
mentsfor developing Grid applications. Figure 1 depicts
the structureof the GrADS softwarearchitecture.

Beforeexecution,a Con gurableObjectProgramis pre-
paredby the compilationsystems Whenthe programis to
be launched the Scheduler/Servic&legotiator (S/SN) in-
teractswith a variety of run time servicesprovided by the
Grid fabricto make decisionsaboutprogramcon guration
andscheduling. In particular the systemrequirescurrent



short-termforecastgor resourceperformancédevelssothat
it canmale proactve schedulingdecisionsThe NWS gen-
eratessuchforecastsautomatically but to be useful, they
have to be deliveredto the S/SN (throughthe Globus [7]

infrastructurequickly andreliably.

3 DesignConsiderations

The Grid schedulerequirespredictionsof end-to-end
network performancebetweensomesetof hosts. We ob-
sene thatregardlessof how this datais senedto thesched-
uler, it is usuallytreatedasatwo-dimensionamatrix of per
formancecharacteristicbetweermmachinesUsingthisdata
structure gachmachineis givenanindex, andthe network
performancdtypically bandwidthor lateng) betweenary
two machines andj is storedin the matrix elementcorre-
spondingo theordered-paifi; j ).

It is our experiencehatthisinformationcanbedelivered
through a variety of language-speci cor service-speci c
APIs. However, oncedelivered,almostall Grid schedulers
we have encounteredGrADS or otherwise)usethe infor-
mationto form two-dimensionamatrices.Our goalin this
work is to usetheinternalinformationabouthow thedatais
managedo provide a high-performancegeneralinterface
for deliveringthesedatastructurego the scheduler

Note that thereare mary waysto representhis infor-
mationotherthana matrix. Indeed,it hasbeensuggested
that linked structuresre ecting the “true” topology of the
network might prove to be a betterinterfacedatastructure.
If future schedulergequiresucha datastructure,we be-
lieve thatthe mechanismsve have developedcanbe easily
adapted.However, in a situationwherethereis no library
interfaceinto which we canembedhelogic neededo con-
structa hostgrid from this annotatedyraph,we aresimply
forcing a Grid scheduleror Grid programto do the work.
To dateall schedulersve have encounteredttemptto form
anindexed matrix from the datapresentedeitherexplicitly
or implicitly), regardlessof how it is delivered.As such,we
take our cuefor the VO-grid APl andmatrix datastructure
from theusercommunityat large.

Thescalabilityof ourapproachs asecondotentialcon-
cern.In particularit is notfeasiblefor theunderlyingmoni-
toring system(in thiscasetheNWS)to maintainadatabase
of N2 measurementand forecastsexplicitly. Instead,we
rely on the hierarchicalstructureof the NWS clique mech-
anism[10,19] to provide a scalablevay to estimateend-to-
endperformancégseeFigure5). A morecompletedescrip-
tion of how our systempopulateghefull N 2 matrixfrom a
hierarchicaimeasuremenbpologyis givenin Section5 of
this paper As adesignrequirementhowever, we recognize
thatthe datastructurethatwill be presentedo the applica-
tion schedulemustbe onethatcanscaleto large numbers
of resources.

Finally, we notethatthe Grid interfaceand datarepre-
sentationlandscapere changing. In particulartherehave
been,and continueto be, a variety of desirablepresenta-
tion formatsfor thedatasuchasLDAP, XML, andJasa ob-

jects. Theseformats,however, do not alwaysoffer equiva-
lentperformanceharacteristicsAs such theNWS usests
own optimizedwire protocoland adaptve messagingys-
tem[2] internally. VO-gridsareimplementedn thecaching
layer, describedn otherwork [15]. Key to achiezing multi-
presentatione xibility without sacri cing performanceis
theobjectmodelwe have chosenwhichwe describebrie y

in thenext sectionandis alsodescribednorecompletelyin

[15].

Finally, we make note of the fact that otherscheduling
methodologiesmight not needto know the full intercon-
nectmatrix, but may wish to queryaninformationsystem
for the connectioncharacteristichetweentwo nodesthat
are x edin the con guration for somereason. Thatis, a
full matrix of informationis not always requiredby each
NWS client. Sincethe full matrix describesa fully inter
connecteddirectedgraph,all subsequertbpologiesare,in
effect, subgraphof this generalrepresentation As such,
the performancendrobustnessharacteristicef ary other
topologysenedby our systenwill benoworsethanfor the
full-interconnectedcasesinceall othertopologiesaresim-
ply extractionsfrom this mostgenerakepresentation.

In summary our implementationrecognizeshree key
designrequirements:

1. Network awareapplicationgequiremulti-dimensional
“performance Grids” (termed VO-grids) to be ex-
tractedfrom a pool of networked computeelements.

2. It mustbe possibleto constructy O-gridsscalablyand
to deliverthedatastructuregshatcomposehe VO-grid
API with the minimum possibleimpacton application
performance.

3. TheVO-grid API shouldnotbetiedto a particularpre-
sentatiorformator setof wire protocols.

4. VO-grids are the generalrepresentatiorof arbitrary
performancedopologies,eachof which canbe sened
with similar performanceand reliability characteris-
tics.

Data Model and Objects

The NWS takesmeasurementsf variousresourcesgnd
usesstatisticaltechniquedo produceforecastg19] of the
future performancdor thoseresourcesClientsmay query
thesystemfor theforecastgor measurement$jom aspec-
i ed resourceusing the natve NWS API or the caching
LDAP daemordescribedn [15]. Often,aclientwill make
repeatedequestgo the systemfor a groupof logically re-
lateddata. The basicmechanisnof the VO-gridsapproach
allows multiple relateddataelementsto be returnedby a
singlequeryto the system.

Normally, a queryis madefor measurement&@ndfore-
castsof thosemeasurementdhat are being taken from a
singlehostor betweera pair of hosts.Whena Grid sched-
uler, such as thosebeing developedby the GrADS [11]
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Figure 2. Event elements under their parent
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Figure 3. Event elements under the o=Data
branc h of the tree.

project,beginsto run, it will askfor aninformationsetthat
de nesthe“state” of someresourceool. If adecisionmust
be madeaboutwherea job will goin a Grid ervironment,
resourcecharacteristicsuchasavailablememoryandpro-
cessingpoweronindividualhosts andtheirinterconnection
qualitiesto otherhostsaretypically relevant. This setof in-
formation, scopedby a Virtual Organization[6], forms a
VO-grid.

The NWS treatsmeasurementas time series,record-
ing thetimestampandthe measurememwheneer a perfor
mancereadingis gathered As such,we termeachmeasure-
menta “measuremengvent” to indicatethatit hasboth a
measurementalueandatime coordinatén its mostgeneral
form. In [15], theseorderedpairsareidenti ed asGridE-
vent objectswhich are groupedby an associatiorwith a
commonnamecalled a GridSeries object. This relation-
shipis depictedin Figure2. In the NWSlapd[15] imple-
mentatiormeasurementsanalsobe addressedirectly un-
derthe o=Data branchof the directoryinformationtree,as
seenin Figure3.

In practicalterms,a GridSeriesobjectactsto namean
index over a setof GridEv ents andthusto limit the scope
of queriesover the global informationbase. For instance,
usingLDAP, abaseof series=nws.cs.ucsdu:806Q band-
widthTcp.32.16.64 nws.cs.utk.edu:806Gervice=NWS,
0=Grid anda lIter of timestamp> 1015015530s equi-
alent to the SQL statementselect* from event whee
namelike 'nws.cs.ucskedu:8060. bandwidthTcp.32.16.64

Vo-

Event
1,2

Figure 4. Event elements with indices under
a VO-grid object

. nws.cs.utk.eduand timestamp> 1015015530order by
time stamp Similarly, we canalso createan LDAP base
thatreportsa queryfor all resultsfrom a givenhost,actiity
or clique.

Thus,the VO-grid is anindex over the GridEv ent pool
thatcoversanN 2 matrix of end-to-endperformancealues
asdiscussedabove. It is usefulbecauset generalizego
representll measurementthat are namedby pairs of re-
sourcede.g. end-to-enchetwork measurementsgndis ef-

cient for usewithin theimplementatiorof anapplication
scheduler

Moreover, we have alsoobseredthatmary Grid Infor-
mationSystemusersnd it cumbersomeo form restrictive
gueriesthemseles, but insteadpost overly broadqueries
thatthey then lter locally usingsomeadditionalutility (e.g.
grep). We believe thatit is becausehedatais notsenedin
anappropriatdormat(likeaVO-grid) thatcurrentGrid pro-
grammersand usersare promptedto male this extra level
of effort. Note,however, thatglobalqueriegno matterhow
cumbersoméhe alternatve may be) will becomelessand
lesspracticalasthe scopeof the Grid continuesto grow.
Only scopedsubsetof informationcanbe (or needto be)
addressetby ary givenindex or query Abstractly this no-
tion of scopingis the basisof the “Virtual Organizations”
describedin [6]. VO-grids combinethis scopingwith a
generalandefcient datarepresentationBy creatingVO-
grids of dynamicperformancenformation,userswill nd
thesystemeasyto useandef cient implementatiowill still
bepractical.

TheVO-grid objectis depictedin Figure4. It is anob-
ject that containsmeta-informatioraboutsomecollection
of dataelementsand actsastheir parentin the LDAP hi-
erarcly. In thisexample,“VO-grid=GrADS,service=NWS,
0=Grid” is suchan object. Note thatthe VO-grid object
containsalist of the hostsin this grid of informationalong
with theirindices.Thechildrenof thisnodearea collection
of the appropriatedataelementsthat are “joined” (in the
databaseense)with anorderedpair of the appropriaten-
dicesin thisgrid. By “joining” the dataelementswith their
appropriateindices, the VO-grid can be trivially mapped
into atwo dimensionahrrayin auserprogram.

Since our object modelis normalized,it allows us to



composeobjectsaswe see t. In the caseof the network
performancerid, lateny andbandwidtharejoinedto form
a compositenetwork characterizatiorobject. In addition
to networking information, thereare othermetricsthat are
valuablein schedulingfor the Grid — processouutilization
and available memory Thesedataelementsare logically
separate- they aregatheredandstoredindependently- but
it is usefulto join themin a“host status”objectaswell.

Thecurrentimplementatiorallows aVVO-gridto bespec-
i ed viaacon guration le or with areferencdo the Grid
Informationindex Sener (GIIS) of a Virtual Organization.
The con guration le optionis simply a list of hoststo be
considered.The VO option allows a hostgrid to be speci-
ed with an LDAP queryconsistingof the tuple of sener,
baseand Iter. Thede nition of a VO-grid could easilybe
madedynamicallywith an LDAP modify or insertopera-
tion, giventhatappropriatesecuritymechanismsvereused
to preventakuse.

4.1 Relationto XML-based Systems

At rst glancethis systemmay seemto exist only to
deal with the peculiaritiesof the LDAP interface. How-
ever, we contendthat the notion of scopingandthe need
to useit to control the performanceof information-system
queriesis generallyapplicableto other information pre-
sentationmechanismsaswell. As such,we have imple-
menteda prototypeVO-grid systemthat supportsdelivery
of the sameobjectsin bothLDAP and XML to supportthe
Grid Monitoring Architecture(GMA) [16] aswell asthe
MDS2[6]. Clearly thesedesignconstraintsalsoanticipate
the requirementf the emeging OpenGrid ServiceAr-
chitecture(OGSA) [8] and provide a migration pathfrom
LDAP to XML andWSDL (the primary OGSA technolo-

gies).
5 TopologySystem

An appropriatedatamodelandabstractior(asdescribed
in the previous section)do not, by themseles,alleviate the
tensionthatexistsbetweerthe needto presentaccurateup-
to-dateinformationto clients, and the ability to scalethe
systento largenumbersf hosts.In thissectionwe address
afew of theservicearchitectureeharacteristicthatarenec-
essaryto build anddeliver VO-grids ef ciently. Someof
the systemdesignissueshave beenexplored previously in
work suchasthelDMaps[9] project,which shares similar
setof goals. However, notethatthis sectiondoesnot com-
priseacompletedescriptionof the NWS TopologyService;
ratherwe referto [14] for completedetails. The focus of
this paperis onthe“performanceopology” aspresentedo
schedulersasopposedo the actualtopologythatis usedto
generatet.

The rst featureof the NWS approachthat allows for
scalablemeasuremergatherings thecliquestructuse (also
describedin [19]). Small groupsof hoststhat are typi-
cally interconnectedby a fast, reliable network, are desig-
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onyx crow ash rave trcl trc2 trc3 tred opus amaj bmaj cmaj dmaj
onyx X X X X X X
crow X X X X
ash X X X X
rave X X X X
trel X X X X X X
tre2 X
tre3 X X X X
tred X X X X
opus X X

amaj
bmaj

cmaj

WM M oX ™
®oMoMow
I
I
oMM

dmaj

Figure 6. Partial Grid of measurements

natedasindividual cliques Eachhostwithin a clique di-
rectly measuresetwork performanceo all otherhostsin
thatclique. Therefore for eachclique of sizeC, the NWS
gathersC(C 1) network measurementer eachmeasured
characteristicThe measurementare conductedvithin the
cliguearetakensequentiallyusingatoken-basednutualex-
clusionprotocol[10,19] thatalsoimplementsvariousfault
tolerancefeaturesas well. Cliquesare dynamically con-
gurable by the NWS administratorand may containary
numberof hosts. A hostmay also participatein multiple
cliguessimultaneously

To insurescalability local-areacliquescanbe arranged
in a hierarcly by designatinga “representatie” hostfrom
eachcliqueto participatein ahigherlevel clique. Themea-
surementdor this distinguishedhost-paircan then repre-
sentthemeasuremeriietweerary hostsocatedin separate
local-areecliques.

For example considetthecliquehierarcly shavnin Fig-
ure 5. In it, hostsB.ucsh D.utk and E.isi participatein a
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Figure 7. Complete Grid of forecasts

second-leel clique. Measurementfrom B.ucsbto D.utk
canthenbeusedto represenary UCSB-UTK hostpair.

For VO-grids, the matrix representatiorof end-to-end
performancebetweenonly the hoststhat are being moni-
toredis depictedin Figure 6; we would like to transform
this in to a fully populatedgrid, shovn in Figure7. The
NWSis ableto do soby providing forecastsor theareasn
which no measurementsave beentaken. If the cliquesof
hostsarearrangedothatperformancdetweerrepresenta-
tive end-pointss commonto all hosts the forecastdatafor
therepresentatescanbe propagtedto the emptypartsof
the matrix.

Returningto the exampledepictedin Figure5, all hosts
at UCSB experiencesimilar connectvity characteristicso
ary hostatUTK. As suchtheNWSmonitorstheconnecti-
ity betweeronly adistinguishegair of representatie hosts
—oneatUCSBandoneat UTK — andthenusesthatinfor-
mationto representll UCSB-UTK communication.Since
forecastlatais usedtransienor unpredictablgerformance
responsearenotreplicatedsincethey are” Itered” outby
theforecasters.

An easyway to approachhe problemof groupinghosts
into a hierarcly of cliquesis to usethe domainportion of
afully-quali ed DNS nameandto assumehatthoseform
an equialenceclass. This approachhowever, is only an
initial approximation. In practice Domain Name System
(DNS) nameddenoteadministratve scopeandnot network
topology TheDNS domainnpaci.edu for instanceijs used
by mary sitesacrossaawide geographidistance ThelP ad-
dressof a host,on the otherhand,is the de niti ve location
of the hostasfar asthe network is concernedlIf it werent,
thentrafc wouldn't getthereatall! However, it isn't clear
from looking at most pairs of IP addressesvhetherthey
actually sharea subnetvork or not. Thatfactcanonly be
determinedfrom the tuple of addressand netmask. This
is why the Topology Serviceshouldprovide this informa-
tion to userprogramgatherthanhaving themderiveit inde-
pendently:the Topology Servicecando sowith additional

NWS LDAP

ENWS LDAP
(cached data)

ENWS TopS
LDAP

B NWS TopS
LDAP
(cached data)

16 hosts

32 hosts 48 hosts

Figure 8. LDAP queries to local infrastructure

informationthat is perhapsnot available to end-userpro-
grams.

Initially, on the GrADS testbedthe clique structurehas
beenspeci ed sothattopologicalrelationshipsare explicit
in the clique hierarcly. As such,the NWS publishedthe
DNS namesandIP addressesf the“clique leaders’sothat
schedulingsystemsouldusethisinformationto form their
own completehostgridinternally TheVO-griddeployment
for GrADS takesthis structureinto accountwhenbuilding
the completematrix automatically

To implementthis this prototypefor GrADS , we sim-
ply usedcombinationf IP addresseandsubnetmasksto
form the basicsetof equivalenceclasses.More generally
however, this approachdiscardsa greatdealof information
thatis apparenin therelationsbetweenAutonomousSys-
temsand potentiallyignoresthe effectsof Layer 2 tunnel-
ing andthe virtual private networks. We aredevelopinga
far more comprehensie topology servicethat takes much
of this into accountaspartof our currentextensiongo this
work.

6 PerformanceResults

Our rst implementationof VO-grids for GrADS was
basedon the NWS's cachingLDAP daemonwhich is de-
scribedin [15]. As part of the GrADS project, a Grid-
enabledversionof ScaLARACK [12] hasbeendeveloped
that usesthe LDAP interfaceto the NWS. We found that
despiteheperformancenhancementiocumentedh [15],
thatwe could optimizedatadelivery evenfurther Thefol-
lowing resultsrepresentesponsgime averagedor 5 simi-
lar tests.

Figure8 shavs a comparisorof NWS LDAP andNWS
Topology Servicequerytimesfor thefull N2 VO-grid ma-
trix of bandwidthforecastsequiredby the GrADS Scal A-
PACK codewhenthe client and the NWS sener are co-
located. The rst (leftmost)barfor eachhostcountis the
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Figure 10. LDAP queries to remote infrastruc-
ture

total fetch time (in secondsYor fetchingthe N 2 elements
usingthe cachingNWS LDAP sener whenthe datais not
in cache.The next barfrom theleft is thefetchtime if the
datais in cache.Thethird barfrom the left shavs the cold-
cachefetchtime from the NWS Topologyservice.Thelast
bar (rightmost)shavs the cachedetchtimes.
Comparingcold-cachgerformancelemonstratetheef-
fectivenes®of having theinformationsystem(asopposedo
the application-leel componentspggrejate the data. Be-
causethe NWS Topologyservicecanincorporateintimate
knowledgeof how the NWS managests datainternally; it
canoptimizethe dataaggreation. The cachedimesshov
the performancehatthe GrADS ScaLARACK client actu-
ally achievedfor all but its rst query Therangeof values
is suchthata cachehit againstthe NWS Topology Service
LDAP sener isn't even discernible. We have includeda
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n

Figure 11. LDAP queries to remote infrastruc-
ture (log scale)

log-scaleplot of the samedatain Figure9.

Similarly, Figure 10 shavs the samecomparisonver
the samerangeof hostcountswhenthe client waslocated
at U. Tennesseandthe NWS daemonavererunningon a
hostat UC SantaBarbara.Figure11 showvs theseresultson
alog-scaleplot aswell. Clearly in eitherthe local or re-
moteaccesxasesthe NWS Topology Serviceimplement-
ing aVO-gridfor GrADS is ableto achieve relatively high-
performancéevelsacrosghe scaleof the GrADS testbed.

Froma practicalstandpointtheresultof usingVO-grids
andthe NWS Topology Serviceto deliver themis to make
the overheadof dynamicinformation accessa negligible
componenbf the overall Grid overhead.For 48 hosts,the
localaccessimeis lessthanasecond.The GrADS Scal A-
PACK computationexecutedor approximately30 minutes
in its optimal con guration, making the local fetch times
well underthemeasurablperformanceariationof thecore
computationby itself. In the remoteaccesscase,where
the completesetof N 2 valuesmustbe sentfrom the NWS
Topologyservicedaemorto the LDAP client built into the
schedulerthe time requiredis still lessthan 10 seconds.
Again, for a minimal executiontime of almost30 minutes,
a10secondoverheads probablynotworth optimizing fur-
ther

7 Conclusion

Our approachto delivering end-to-endperformance
readingsto Grid applicationsis two-fold. First, we de ne
VO-gridssothatinformationsystemqueriescanbe scoped
effectively. VO-gridstake advantageof anunderlyingdata
modelwe have de nedfor performancelataandNWSfore-
castingtechniqueswhich enablescalability While VO-
gridsarea generalabstractionwe have implemented¢hem
in the form of a cachedndex within the framework of the
Grid InformationService(asde ned by theGlobal Grid Fo-



rum). The cachingserviceis, itself, a componentof the
NWS Topologyservice— a scalablemechanisiior manag-
ing NWS performancelataandVO-grid structures.

While both of theseinnovationsaregeneral particularly
with respectto the Grid Monitoring Architecture(GMA)
andthe OpenGrid ServiceArchitecture(OGSA),they were
developedas part of the Grid Application Development
Software(GrADS) project. GrADSrequiresxtremelyhigh
performancdrom its informationsystem At thesameime,
all of the GrADS applicationschedulersieededo manip-
ulate end-to-endperformanceinformation as an indexed,
two-dimensionalmatrix. VO-grids are our realizationof
this representatiorin a form thatis generalenoughto be
usefulin othercontexts.
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