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Abstract

The ServiceLevel Agreement(SLA) basedgrid su-
perschedulingapproachpromotescoordinatedresource
sharing.Superschedulingis facilitatedbetweenadmin-
istratively and topologically distributed grid sites via
grid schedulerssuchasResourcebrokersandwork�o w
engines.In this work, we presenta market-basedSLA
coordinationmechanism,basedon a well known con-
tractnetprotocol.

The key advantagesof our approachare that it al-
lows: (i) resourceownersto have �ner degreeof con-
trol over theresourceallocationwhich is somethingthat
is not possiblewith traditionalmechanisms;and(ii) su-
perschedulersto bid for SLA contractsin the contract
net,with focuson completinga job within a userspec-
i�ed deadline.In this work, we usesimulationto show
theeffectivenessof ourproposedapproach.

1 Intr oduction

The Grid superscheduling[13] problem is de�ned
as: “schedulingjobs acrossthe grid resourcessuchas
computationalclusters,parallel supercomputers,desk-
top machinesthatbelongto differentadministrative do-
mains”. Superschedulingin computationalgrids is fa-
cilitated by specializedsuperschedulerssuch as Grid
FederationAgent [9], NASA-Superscheduler[14]. In
this work, we proposea SLA [8] basedcoordinatedsu-
perschedulingschemefor federatedgrid systems. An
SLA is the agreementnegotiated betweena super-
scheduler(resourceconsumer)and LRMSes(resource
provider) aboutacceptablejob QoSconstraints.These
QoSconstraintsmay includethe job responsetime and
budgetspent. Inherently, a SLA is the guaranteegiven
by a resourceprovider to a remotesite job supersched-
uler for completingthe job within the speci�ed dead-
line, within the agreedbudgetor satisfyingboth at the

sametime. A SLA-basedcoordinatedjob superschedul-
ing approachhasmany advantages:(i) It inhibits su-
perschedulersfrom submittingunboundedamountsof
work to LRMSes; (ii) oncea SLA is reached,users'
are certain that agreedQoS shall be deliveredby the
system;(iii) job queuingor processingdelayis signi�-
cantlyreduced,thusleadingto enhancedQoS,otherwise
a penaltymodel [17] is appliedto compensatethem ;
and(iv) givesLRMSesmoreautonomyandbettercon-
trol over resourceallocationdecisions.

Our SLA model incorporatesan economicmecha-
nism [3] for job superschedulingand resourcealloca-
tion. Theeconomicmechanismenablestheregulationof
supplyanddemandof resources,offers incentive to the
resourceownersfor leasing,and promotesQoS based
resourceallocation. In this work, we mainly focuson
thedecentralizedcommoditymarketmodel[16]. In this
model every resourcehas a price, which is basedon
the demand,supplyandvalue. An economydriven re-
sourceallocationmethodologyfocuseson: (i) optimiz-
ing resourceprovider'spayoff function;and(ii) increas-
ing end-user's perceivedQoSvalue. Note thatour pro-
posedsuperschedulingapproachis studiedaspart of a
new andemerging grid systemwhich we call asGrid-
Federation[9]. Generaldetailsaboutthis systemcanbe
foundin Section2.

Our SLA modelconsidersa collectionof computa-
tionalclusterresourcesasacontractnet[15]. As jobsar-
rive,thegrid superschedulersundertakeone-to-onecon-
tract negotiation with the LRMSesmanagingthe con-
cernedresource. The SLA contractnegotiation mes-
sageincludes:(i) whetherajob canbecompletedwithin
thespeci�eddeadline;and(ii) SLA bid expirationtime
(maximumamountof timeasuperscheduleris willing to
wait before�nalizing theSLA). TheSLA bid expiration
time methodologywe apply hereis different from that
adoptedin theTycoonsystem[7]. In Tycoon,theSLA
bid expiration time at a resourceis thesamefor all the
jobs irrespective of their sizeor deadline. In this case,
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Figure 1. Grid­Federation

the total bid-processingdelay is directly controlledby
the local resourceauctioneer. In our model,the super-
schedulerbids with a SLA bid expiration time propor-
tional to thejob's deadline.Thefocusis on meetingthe
job'sSLA requirements,particularlythejob'sdeadline.

Our time constrainedSLA bid-basedcontractnego-
tiation approachgives LRMSes �ner control over the
resourceallocationdecisionascomparedto traditional
First-Come-First-Serve (FCFS)approach.Existing su-
perschedulingsystemsincludingNASA-Superscheduler
assumesevery LRMS allocates the resourcesusing
FCFSschedulingscheme.In this work, we proposea
Greedyback�lling LRMSschedulingthatfocusonmax-
imizing resourceowner's payoff function. In this case,
a LRMS maintainsa queueof SLA bid requestsgener-
atedby varioussuperschedulersin thesystemat a time
t. Every SLA bid hasanassociatedexpiry time. If the
concernedLRMS doesnot reply within thatexpiry pe-
riod, thenthe SLA requestis consideredto be expired.
Greedyback�lling is basedon well known Greedyor
Knapsackmethod[6]. The LRMSesperiodically iter-
atesthroughthelocalSLA bidsand�nalizes thecontract
with thosethat�t theresourceowner'spayoff function.

The main contribution of this work includes: (i) a
SLA bid basedsuperschedulingapproach;(ii) a Greedy
back�lling clusterschedulingapproachfor LRMSesthat
focuson maximizingtheresourceowners'payoff func-

tion; and(iii) allowing resourceownersto have a �ner
degreeof controlover resourceallocationdecisions.In
this work, we usesimulationto evaluatethe feasibility
of our proposedapproach. The paperis organizedas
follows. In section2, we presenta brief overview of
our Grid-Federationsuperschedulingframework. Sec-
tion 3.1 presentsdetailsaboutour proposedbid-based
SLA contractnegotiationmodel.In section3.2,wegive
details about our proposedGreedyback�lling LRMS
schedulingapproach.In section4, we presentvarious
experimentsanddiscussour results.We endthis paper
with concludingremarksandour future vision in Sec-
tion 5. Notethat,in Table.1 wede�ne thevariousnota-
tionsthatweusein thispaper.

2 Brief overview of Grid-Federation

TheGrid-Federation[9] systemis de�ned asa large
scaleresourcesharingsystemthat consistsof a coop-
erative federationof distributedclustersbasedon poli-
cies de�ned by their owners (shown in Fig.1). Fig.1
shows an abstractmodel of our Grid-Federationde-
ployed over a sharedfederationdirectory. To enable
policy basedtransparentresourcesharingbetweenthese
clusters, we de�ne and model a new RMS system,
which we call Grid FederationAgent(GFA). Currently,
we assumethat the directory informationis sharedus-



Table 1. Notations
Symbol Meaning
n numberof Grid FederationAgents(GFAs).
c i resourceaccesscostatGFA i .
p i numberof processorsatGFA i .
J i;j ;k i -th job from thej -th userof k -th GFA.

p i;j ;k numberof processorrequiredby J i;j ;k .

bi;j ;k assignedbudgetto J i;j ;k .

d i;j ;k assigneddeadlineto J i;j ;k .

d e
i;j ;k effectivedeadlinefor J i;j ;k .

D ( J i;j ;k ; R k ) time function(expectedresponsetime for J i;j ;k at resourcek ).

B ( J i;j ;k ; R k ) costfunction(expectedbudgetspentfor J i;j ;k at resourcek ).

I k incentiveearnedby resourceownerk over simulationperiod.
� ( J i;j ;k ) returnsnext SLA bid interval � t neg i;j ;k ;p for J i;j ;k .

t neg i;j ;k totalSLA bid interval/delayfor J i;j ;k .

Q m;t setof jobsthathave beenassignedbut not acceptedat GFA m at time
t .

Q a
m;t setof jobsthathavebeenacceptedatGFA m at time t .

Q s
m;t set of jobs sortedin decreasingorder of incentive it provides to the

resourceowneratGFA m at time t .
n u numberof usersover all clusters(

P n
k =1 n k , n k numberof users

atGFA k ).
n j total jobsin thefederation(

P n
( k ;u i )=1 n k ; u i ).

t s i;j ;k job submissiondelay(userto GFA).

t r i;j ;k �nished job returndelay(GFA to user).

� t neg i;j ;k ;p totaldelayfor p -th SLA bid for J i;j ;k .

� S LA i
SLA arrival rateatGFA i .

� S LA i
SLA satisfactionrateatGFA i .

l i;j ;k job lengthfor J i;j ;k (in termsof million instructions)

� i;j ;k communicationoverheadfor J i;j ;k

ing someef�cient protocol (e.g. a peer-to-peerproto-
col [12, 5]). In this case,the P2Psystemprovides a
decentralizeddatabasewith ef�cient updatesandrange
query capabilities. Individual GFAs accessthe direc-
tory information using the interface shown in Fig.1,
i.e. subscribe,quote, unsubscribe,and query. The
speci�cs of the interfacecanbe found in [10]. Our ap-
proachconsiderstheemerging computationaleconomy
metaphorfor the Grid-Federation. Someof the com-
monly usedeconomicmodels[3] in resourceallocation
includesthecommoditymarket model,thepostedprice
model,thebargainingmodel,thetendering/contract-net
model,theauctionmodel,thebid-basedproportionalre-
sourcesharingmodel, the community/coalitionmodel
andthemonopolymodel.Grid-Federationconsidersde-
centralizedcommoditymarket modelfor managingjob
schedulingandresourceallocation.In this case,there-
sourceowners: (i) canclearly de�ne what is sharedin
the Grid-Federationwhile maintaininga completeau-
tonomy; (ii) candictatewho is given access;and (iii)
get incentives for leasingtheir resourcesto federation
users.

In Fig.1 a userwho is local to GFA 3 is submitting
a job. If the user's job QoS can't be satis�ed locally
thenGFA 3 queriesthefederationdirectoryto obtainthe
quoteof the1-st fastest(if theuseris seekingoptimize
for time (OFT)) or 1-st cheapestcluster(if the useris
seekingto optimize for cost (OFC)). In this case,the
federationdirectoryreturnsthequoteadvertisedby GFA
2. Following this,GFA 3 bidsfor SLA contract(enquiry
aboutQoSguaranteein termsof responsetime) at GFA
2. If GFA hastoomuchloador theSLA bid doesnot �t

the resourceowner payoff function, the bid eventually
timeouts.In this case,theSLA bid by GFA 2 timesout.
As thenext superschedulingiteration,GFA 3 queriesthe
federationdirectory for the 2-nd cheapest/fastestGFA
and so on. The processof SLA bids is repeateduntil
GFA 3 �nds aGFA thatcanschedulethejob (i.e. accept
theSLA bid) (in thisexamplethejob is �nally scheduled
oncluster4).

3 Models

3.1 SLA model

The SLA modelwe consideris that of a setof dis-
tributedclusterresourceseachoffering a �x ed amount
of processingpower. Theresourcesform partof thefed-
eratedgrid environmentandaresharedamongsttheend-
users,eachhaving its own SLA parameters.SLAs are
managedandcoordinatedthroughanadmissioncontrol
mechanismenforcedby GFA ateachresourcesite.Each
userin the federationhasa job J i;j ;k . We write J i;j ;k

to representthe i -th job from the j -th userof the k-th
resource.A job consistsof thenumberof processorsre-
quired,pi;j ;k , the job length,l i;j ;k (in termsof millions
of instructions),thecommunicationoverhead,� i;j ;k and
SLA parametersthebudget,bi;j ;k , thedeadlineor maxi-
mumdelay, di;j ;k . Moredetailsaboutthejob modelcan
befoundin [9].

3.1.1 SLA bid with expiration time (basedon con-
tract net protocol [15])

Thecollectionof GFAs in thefederationarereferredto
asa contractnet, and job-migrationin the net is facil-
itated throughthe SLA contracts.EachGFA can take
on two roleseithera manager or contractor. TheGFA
to which a usersubmitsa job for processingis referred
to as the managerGFA. The managerGFA is respon-
sible for superschedulingthe job in the net. The GFA
which acceptsthejob from themanagerGFA andover-
looksits executionis referredto asthecontractorGFA.
IndividualGFAs arenotassignedtheserolesin advance.
The role may changedynamicallyover time asper the
user's job requirements.Thus, the GFA alternatesbe-
tweenthesetwo rolesor adheresto bothover thecourse
of superscheduling.

As jobsarriveataGFA, theGFA adoptstheroleof a
manager. Following this, themanagerGFA queriesthe
sharedfederationdirectory to obtain the quotefor the
contractorGFA thatmatchestheuserspeci�edSLA pa-
rameters.Notethat,userscanseekoptimizationfor one
of the SLA parametersi.e. eitherresponsetime (OFT)
or the budget spent (OFC). Once, the managerob-
tainsthe quotefor the desiredcontractor, it undertakes
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one-to-oneSLA contractnegotiationwith the contrac-
tor. The SLA contractnegotiation messageincludes:
(i) whetherthe job J i;j ;k can be completedwithin the
speci�ed deadline; and (ii) SLA bid expiration time
� tneg i;j ;k ;l . ThecontractorGFA hasto replywithin the
bid time� tneg i;j ;k ;l , otherwisethemanagerGFA under-
takesSLA contractnegotiationwith the next available
contractorin the net. Algorithm SLA bidding mecha-
nism (refer to Algorithm 1) depictsvariouseventsand
correspondingsuperschedulingactionsundertakenby a
GFA.

Our SLA contractmodelconsidersa partof thetotal
job deadlineastheSLA contractnegotiationtime (refer
to Eq. 1). ThemanagerGFA bidswith a differentSLA
expirationinterval givenby Eq.2. In Fig. 2 weshow the
job superschedulingtimeline. Thetimelineincludesthe
job submissiondelay, tsi;j ;k , total SLA contractnegoti-
ationdelay, tneg i;j ;k , expectedresponsetime (computed
usingEq.1) and�nished job returndelay, t r i;j ;k . Theto-
tal SLA contractbiddingdelayavailableto themanager
GFA for superschedulingjob J i;j ;k is givenby:

tneg i;j ;k = di;j ;k � tsi;j ;k � de
i;j ;k � t r i;j ;k (1)

The total SLA contract bid negotiation delay
tneg i;j ;k assumesa �nite numberof values� tneg i;j ;k ; 1 ,
� tneg i;j ;k ; 2 ,...,� tneg i;j ;k ;n in superschedulinga job
J i;j ;k (referto Fig.2). Wede�ne thevalueof � tneg i;j ;k ;l

by

� tneg i;j ;k ;l =
tneg i;j ;k �

P l � 1
p=1 � tneg i;j ;k ;p

2
; l > 0

(2)
Note that, the valuefor � tneg i;j ;k ;l canbe given by

otherdistributions[2] suchasuniform or random. We
intendto analyzevariousdistributionsfor SLA bid inter-
val andstudyits effectonourproposedsuperscheduling
approachin ourfuturework. For simplicity, in thiswork
weusethedistributiongivenby Eq.2.

As thesuperschedulingiterationincreases,theman-
agerGFAs give lesstime to thecontractorto decideon
the SLA in orderto meetthe user's job deadline.This
approachallowsa largenumberof schedulingiterations
to themanagerGFA. However, if theuser'sSLA param-
eterscannotbesatis�ed(afteriteratingupto thegreatest
r suchthatGFA could feasiblycompletethe job), then
the job is dropped.To summarizes,a SLA bid for job
J i;j ;k includes:

� l -th SLA bid expiry interval tneg i;j ;k ;l (computed
usingEq.2);

� expectedresponsetime (de
i;j ;k ) (computedusing

Eq.1).

Weconsiderthefunction:

� : J i;j ;k � ! Z + (3)

which returnsthenext allowedSLA biddingtime in-
terval � tneg i;j ;k ;p for a job J i;j ;k usingEq.2.

3.2 Greedy back�lling: (LRMS scheduling
model)

Most of the existing LRMSesapply system-centric
policies for allocatingjobs to resources.Someof the
well known system-centricpolicies include: (i) FCFS;
(ii) Conservative back�lling; and (ii) Easyback�lling.
Experimentshave shown that the job back�lling ap-
proachoffers signi�cant improvementin performance
over the FCFSscheme.However, thesesystemcentric
approachesallocateresourcesbasedon parametersthat
enhancesystemutilization or throughput. The LRMS
eitherfocuseson minimizing theresponsetime (sumof
queuetime and actualexecutiontime) or maximizing
overall resourceutilization of thesystem,andtheseare
not speci�cally appliedon a per-userbasis(userobliv-
ious). Further, the systemcentricLRMSestreatall re-
sourceswith thesamescale,thusneglectingtheresource
ownerpayoff function. In thiscase,theresourceowners



Algorithm 1: SLA biddingmechanism

PROCEDURE:SLA BIDDING MECHANISM0.1
begin0.2

begin0.3
SUB-PROCEDURE:0.4
EVENT USERJOB SUBMIT (J i;j ;k )
call SLA BID (J i;j ;k ).0.5

end0.6
begin0.7

SUB-PROCEDURE:SLA BID (J i;j ;k )0.8
SendSLA bid for job J i;j ;k to thenext available0.9
contractorGFA (obtainedby queryingtheshared
federationdirectory).

end0.10
begin0.11

SUB-PROCEDURE:0.12
EVENT SLA BID REPLY (J i;j ;k )
if SLAContractAcceptedthen0.13

Sendthejob J i;j ;k to acceptingGFA.0.14
end0.15
else0.16

call SLA BID TIMEOUT (J i;j ;k ).0.17
end0.18

end0.19
begin0.20

SUB-PROCEDURE:0.21
SLA BID TIMEOUT(J i;j ;k )
if � (J i;j ;k ) � 0 then0.22

call SLA BID (J i;j ;k ).0.23
end0.24
else0.25

Drop thejob J i;j ;k .0.26
end0.27

end0.28
end0.29

do not have any control over resourceallocationdeci-
sions.While in reality theresourceownerwould like to
dictatehow his resourcesaremadeavailableto theout-
side world and apply a resourceallocationpolicy that
suits his payoff function. To summarize,the system-
centric approachesdo not provide mechanismsfor re-
sourceownersto dictateresource:(i) sharing;(ii) access
and; (iii) allocationpolicies.

To addressthis, we proposea Greedymethodbased
resourceallocationheuristicfor LRMSes.Ourproposed
heuristicfocuseson maximizingpayoff functionfor the
resourceowners. The heuristic is basedon the well
known Greedymethod. The Greedymethodfor solv-
ing optimizationproblemsconsidersgreedilymaximiz-
ing or minimizing the short-termgoalsandhopingfor
the best,without regard to the long-termeffects. This
methodhasbeenusedto solvetheknapsack problem[6].
GreedymethodconsidersasetS, consistingof n items.
Eachitem i hasa associatedpositive bene�t bi and a
positiveweightwi . GiventheknapsackcapacityW , the
Greedyheuristicfocusesonmaximizingthetotalbene�tP

i 2 Sa bi (x i =wi ) with constraint
P

i 2 Sa x i � W , such
that Sa � S. In this case,x i beingthe part of item i

Algorithm 2: Greedy-Back�lling

PROCEDURE:GREEDY BACKFILLING1.1
begin1.2

r = pm1.3
c = 01.4
Q m;t  �1.5
Q a

m;t  �1.6
Q s

m;t  �1.7
begin1.8

SUB-PROCEDURE:Event SLA Bid ARRIVAL(J i;j ;k )1.9
A SLA requestmessagefor thejob J i;j ;k thatarrivesata1.10
GFA Q m;t  Q m;t [ f J i;j ;k g
ScheduletheSLA bid timeouteventafter� (J i;j ;k ) time1.11
units
call STRICT GREEDY()1.12

end1.13
begin1.14

SUB-PROCEDURE:Event SLA Bid Timeout(J i;j ;k )1.15
A SLA bid for job J i;j ;k thatreachestimeoutperiod1.16
if (r � pi;j ;k andde

i;j ;k � D (J i;j ;k ; R m ) ) then1.17
Call RESERVE(J i;j ;k )1.18

end1.19
else1.20

RejecttheSLA bid for job J i;j ;k1.21
ResetQ m;t  Q m;t � f J i;j ;k g1.22

end1.23
end1.24
begin1.25

SUB-PROCEDURE:Event JobFinish(J i;j ;k )1.26
A job J i;j ;k that�nishes ata GFA Resetr = r + pi;j ;k1.27
call STRICT GREEDY()1.28

end1.29
begin1.30

SUB-PROCEDURE:RESERVE(J i;j ;k )1.31
Reserve pi;j ;k processorsfor thejob J i;j ;k1.32
Resetr = r � pi;j ;k , Q m;t  Q m;t � f J i;j ;k g,1.33
Q a

m;t  Q a
m;t [ f J i;j ;k g

end1.34
begin1.35

SUB-PROCEDURE:STRICT GREEDY()1.36
Resetc = 01.37
SortSLA bidsin Q m;t in decreasingorderof incentives1.38
andstorein Q s

m;t

Getnext SLA bid for job J i;j ;k from thelist Q s
m;t , c=c+11.39

if (r � pi;j ;k andde
i;j ;k � D (J i;j ;k ; R m ) ) then1.40

Call RESERVE(J i;j ;k )1.41
end1.42
else1.43

if c < sizeof(Q s
m;t ) then1.44

Iteratethroughstep1.391.45
end1.46

end1.47
end1.48

end1.49

selectedby theGreedymethod.

Fig.3 shows the queueof SLA bids at eachsite in
the federation. Every incoming SLA bid is addedto
the LRMS requestqueue,Qm;t and a bid expiration
timeoutevent is scheduledafter time interval � (J i;j ;k ).
Every resourcei hasa different SLA bid arrival rate,
� SLA i and SLA bid satisfaction rate, � SLA i . The
LRMS scheduleriteratesthrough the SLA bid queue
in caseany of the following events occur: (i) new
SLA bid arrivesto the site; (ii) job completion;or (iii)
SLA bid reachesits expirationtime. ProcedureGreedy
back�lling (referto Algorithm 2) depictsvariousevents
andcorrespondingschedulingactionsundertakenby the
LRMS.
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3.3 Integer linear programming (ILP) formu­
lation of schedulingheuristic

Queue,Qm;t , maintainsthe the setof job SLA bids
currentlynegotiatedwith theLRMS at GFA m by time
t. WeconsidertheSLA bid acceptancevariablex i;j ;k

� De�nition of variable:

x i;j ;k = 1 if the SLA requestfor job J i;j ;k is ac-
cepted;

x i;j ;k = 0 otherwise.

The Greedy-Back�lling heuristicacceptsSLA re-
questsconstrainedto theavailability of numberof
processorsrequestedfor job J i;j ;k andexpectedre-
sponsetimede

i;j ;k .

� De�nition of theconstraints:

X

1� i � n j
1� j � n u
1� k � n

pi;j ;k � pm (4)

pm total number of processorsavailable at a
LRMS (GFA) m. pi;j ;k denotesnumberof proces-
sorrequestedduringtheSLA bid for job J i;j ;k . All
the acceptedSLA bids for jobs aremaintainedin
thequeueQa

m;t .

� Payoff or Objective function: The LRMS sched-
uleracceptsSLA bidsfor thejobssuchthatit max-
imizestheresourceowners'payoff functionby ap-
plying theGreedyback�lling heuristic

I m = max(
X

1� i � n j
1� j � n u
1� k � n
1� m � n

B (J i;j ;k ; Rm )) (5)

Note that,modelsfor economicparametersi.e. how
resourceownersdeterminetheir priceandhow jobsare
assigneddeadlineandbudgetcanbefoundin [11].

4 Experimentsand observations

4.1 Workload and resourcemethodology

We performed trace basedsimulation to evaluate
theeffectivenessof our SLA-basedsuperschedulingap-
proach.Theworkloadtracedatawasobtainedfrom [1].
The trace containsreal time workload of various re-
sources/supercomputersincludingCTCSP2,KTH SP2,
LANL CM5, LANL Origin, NASA iPSC,SDSCPar96,
SDSCBlue, SDSCSP2(SeeTable2). The simulator
wasimplementedusingtheGridSim[4] toolkit thatal-
lowsmodelingandsimulationof distributedsystementi-
tiesfor evaluationof schedulingalgorithms.Thesimula-
tion experimentswereconductedby utilizing workload
tracedataover the total periodof four days(in simula-
tion units) at all the resources.We considerfederation
with computationaleconomymechanismastheresource
sharingenvironmentfor ourexperiments.

4.2 Experiment 1 ­ Quantifying schedulingpa­
rameters related to resource owners and
end­userswith varying total SLA bid time

We performedthe simulationswhich comprisedof
end-usersseekingOFT for their jobs (i.e. 100% users
seekOFT).We vary thetotal SLA bid from 0% to 50%
of totalallowedjob deadline.In case,noSLA bid delay
is allowed (i.e. 0% of total allowed deadline)thenthe
contactedGFA hasto immediatelymake theadmission
controldecision.In this case,we simulateFCFSbased
strategy for �nalizing theSLA. However, in othercases
we considera Greedyback�lling SLA approach.Note
that,dueto spaceconstraintwecouldnot includeall the
detailsin this paper. Hence,the interestedreadersare
advicedto refer to thereport[11] for additionalexperi-
mentsandresults.

4.3 Resultsand observations

4.3.1 Federationperspective

In experiment1, we measurehow varying of the to-
tal time for SLA bids coupledwith Greedyback�ll-



Table 2. Workload and Resour ce Con�guration
Index Resource / Cluster

Name
TraceDate Processors MIPS

(rating)
Jobs Quote(Price) NIC to Network Bandwidth

(Gb/Sec)
1 CTCSP2 June96-May97 512 850 79,302 4.84 2
2 KTH SP2 Sep96-Aug97 100 900 28,490 5.12 1.6
3 LANL CM5 Oct94-Sep96 1024 700 201,387 3.98 1
4 LANL Origin Nov99-Apr2000 2048 630 121,989 3.59 1.6
5 NASA iPSC Oct93-Dec93 128 930 42,264 5.3 4
6 SDSCPar96 Dec95-Dec96 416 710 38,719 4.04 1
7 SDSCBlue Apr2000-Jan2003 1152 730 250,440 4.16 2
8 SDSCSP2 Apr98-Apr2000 128 920 73,496 5.24 4

ing resourceallocationstrategy affectsthe Grid partic-
ipantsacrossthe federation. We quantify how the ad-
ditional decisionmakingtime givento theLRMSesbe-
fore �nalizing theSLA contractsaffectstheoverall sys-
temperformancein termsof resourceowner's andend-
user's objective functions. We observed that whenthe
LRMSesacrossthe federationappliedFCFStechnique
for �nalizing the SLAs (i.e. no decisionmaking time
was given, so the LRMSes have to reply as soon as
theSLA requestwasmade),theresourceowner's made
4:102� 109 grid dollarsasincentive (referto Fig.4(a)).

We observed that with an increasein the total SLA
bidding time (i.e. as the LRMSeswere allowed deci-
sionmakingtime before�nalizing theSLAs hencethey
appliedGreedyback�lling schedulingon the queueof
SLA bids), the resourceownersearnedmore incentive
ascomparedto theFCFScase.When10% of the total
deadlinewasallowed for SLA bids, the total incentive
earnedacrossthe federationincreasedto 4:219 � 109

grid dollars. While, in case50% of total job deadline
was allowed for the SLA bids, the total incentive ac-
countedto 4:558� 109 grid dollars.Hence,theresource
ownersacrossfederationexpriencedan increaseof ap-
proximately10% in their incentive ascomparedto the
FCFScase.

However, we observed that with an increasein the
total SLA bid delay, the end-usersacrossthe federa-
tion experienceddegradedQoS.During theFCFScase,
the averageresponsetime acrossthe federationwas
1:183� 104 sim units (refer to Fig.4(b)). However, in
caseof 10%SLA biddelaytheaverageresponsetimein-
creasedto 1:344� 104 sim units.Finally, when50% of
thetotal job deadlinewasallowedasSLA bid delaythe
averageresponsetime further increasedto 1:956� 104

simunits.Furthermore,in thiscasetheend-usersendup
spendingmorebudgetascomparedto theFCFScase(re-
fer to Fig.4(c)).

Hence,we can seethat althoughthe proposedap-
proachleadsto betteroptimizationof resourceowners'
payoff function,it hasdegradingeffectontheend-user's
QoSsatisfactionfunctionacrossthefederation.

5 Conclusionand futur e work

In this paper, we presentedan SLA-basedsuper-
schedulingapproachbasedon the contractnet proto-
col. The proposedapproachmodelsa set of resource
providers as a contractnet while job superschedulers
work asmanagers,responsiblefor negotiatingSLA con-
tractsandjob superschedulingin the net. Supersched-
ulersbid for SLA contractsin the net with a focuson
completingthe job within the userspeci�ed deadline.
We analyzedhow the varying degreeof SLA bidding
time (i.e. admissioncontrol decisionmaking time for
LRMSes)affects the resourceproviders' payoff func-
tion. Theresultsshow thattheproposedapproachgives
resourceowners �ner control over resourceallocation
decisions. However, the resultsalso indicate that the
proposedapproachhasa degradingeffect on theuser's
QoSsatisfaction.However, weneedto domoreresearch
on abstractingtheuser's QoSrequirement.We needto
analyzehow the deadlinetype for the userjobs canbe
abstractedinto different typessuchas into urgent and
relaxed deadline. In thesecases,jobs with an urgent
requirementcanbe given a preferencewhile �nalizing
SLA contractshenceproviding improvedQoSsatisfac-
tion to users.In our futurework we will studyto what
extent the userpro�le canchangeandhow pricing po-
lices for resourcesleadsto variedutility of the system.
We alsointendto look into simultaneouslybidding for
SLA contractsatmultiplecontractorsin thenet,for asu-
perschedulingiterationl for a job J i;j ;k . This approach
canincreasetheend-user's QoSsatisfactionin termsof
responsetime, asin this casethe total waiting time per
SLA bid is greatlyreduced.
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