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Abstract

The ServiceLevel Agreement(SLA) basedgrid su-
perschedulingapproachpromotescoordinatedesource
sharing. Superschedulings facilitatedbetweenadmin-
istratively and topologically distributed grid sites via
grid schedulersuchasResourcérokersandwork ow
engines.In this work, we presenta marlet-basedSLA
coordinationmechanismpasedon a well knovn con-
tract netprotocol

The key advantagesof our approachare thatit al-
lows: (i) resourceownersto have ner degreeof con-
trol overtheresourcallocationwhichis somethinghat
is not possiblewith traditionalmechanismsand (i) su-
perschedulero bid for SLA contractsin the contract
net, with focuson completinga job within a userspec-
i ed deadline.In this work, we usesimulationto shav
the effectivenesf our proposedapproach.

1 Intr oduction

The Grid superscheduling13] problemis de ned
as: “schedulingjobs acrossthe grid resourcesuchas
computationaklusters,parallel supercomputersjesk-
top machineghatbelongto differentadministratve do-
mains”. Superschedulingn computationabrids is fa-
cilitated by specializedsuperschedulersuch as Grid
FederationAgent [9], NASA-Superschedul€l4]. In
this work, we proposea SLA [8] basedcoordinatedsu-
perschedulingschemefor federatedgrid systems. An
SLA is the agreementngyotiated betweena super
scheduler(resourceconsumerjand LRMSes(resource
provider) aboutacceptablgob QoS constraints. These
QoSconstraintamay includethe job response¢ime and
budgetspent. Inherently a SLA is the guaranteajiven
by aresourceprovider to a remotesite job supersched-
uler for completingthe job within the speci ed dead-
line, within the agreedbudgetor satisfyingboth at the
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sametime. A SLA-basedcoordinatedob superschedul-
ing approachhas mary adwantages:(i) It inhibits su-
perschedulerérom submitting unboundedamountsof
work to LRMSes; (i) oncea SLA is reached,users'
are certainthat agreedQoS shall be delivered by the
system;(iii) job queuingor processinglelayis signi -
cantlyreducedthusleadingto enhance®@oS,otherwise
a penaltymodel[17] is appliedto compensatéhem;
and(iv) givesLRMSesmoreautonomyandbettercon-
trol overresourceallocationdecisions.

Our SLA modelincorporatesan economicmecha-
nism [3] for job superschedulingnd resourcealloca-
tion. Theeconomianechanisnenablesheregulationof
supplyanddemandof resourcesoffersincentive to the
resourceownersfor leasing,and promotesQoS based
resourceallocation. In this work, we mainly focuson
thedecentralized¢ommoditymarket model[16]. In this
model every resourcehas a price, which is basedon
the demand supplyandvalue. An economydriven re-
sourceallocationmethodologyfocuseson: (i) optimiz-
ing resourceprovider's payof function;and(ii) increas-
ing end-usess perceved QoSvalue. Note thatour pro-
posedsuperschedulingpproachs studiedas part of a
new andemeging grid systemwhich we call as Grid-
Federatiorf9]. Generaldetailsaboutthis systemcanbe
foundin Section2.

Our SLA modelconsidersa collection of computa-
tionalclusterresourceasacontracinet[15]. Asjobsar
rive,thegrid superschedulersdertale one-to-onecon-
tract negotiation with the LRMSesmanagingthe con-
cernedresource. The SLA contractnegotiation mes-
sageancludes:(i) whetherajob canbecompletedwithin
the speci ed deadline;and(ii) SLA bid expirationtime
(maximumamountf timeasuperschedulas willing to
wait before nalizing the SLA). The SLA bid expiration
time methodologywe apply hereis differentfrom that
adoptedn the Tycoonsystem[7]. In Tycoon,the SLA
bid expirationtime at a resources the samefor all the
jobsirrespectve of their sizeor deadline. In this case,
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Figure 1. Grid-Federation

the total bid-processinglelayis directly controlledby
the local resourceauctioneer In our model, the super
scheduleids with a SLA bid expiration time propor
tionalto the job's deadline.Thefocusis on meetingthe
job's SLA requirementsparticularlythejob's deadline.

Our time constrainedSLA bid-basedcontractnego-
tiation approachgives LRMSes ner control over the
resourceallocationdecisionas comparedo traditional
First-Come-First-Ser/(FCFS)approach.Existing su-
perschedulingystemsncludingNASA-Superscheduler
assumesevery LRMS allocatesthe resourcesusing
FCFSschedulingscheme.In this work, we proposea
Greedyback lling LRMS schedulinghatfocuson max-
imizing resourceowner's payof function. In this case,
a LRMS maintainsa queueof SLA bid requestgiener
atedby varioussuperschedulelis the systemat atime
t. Every SLA bid hasanassociatedxpiry time. If the
concerned_.RMS doesnot reply within that expiry pe-
riod, thenthe SLA requestis consideredo be expired.
Greedyback lling is basedon well knovn Greedyor
Knapsackmethod[6]. The LRMSesperiodically iter-
atesthroughthelocal SLA bidsand nalizes thecontract
with thosethat t theresourceowner's payof function.

The main contrikution of this work includes: (i) a
SLA bid basedsuperschedulingpproach(ii) a Greedy
back lling clusterschedulingapproactior LRMSesthat
focuson maximizingthe resourceowners' payof func-

tion; and (jii) 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-Federatiorsuperschedulinframevork. Sec-
tion 3.1 presentdetailsaboutour proposedid-based
SLA contracthegotiationmodel.In section3.2,we give
details about our proposedGreedyback lling LRMS
schedulingapproach.In section4, we presentvarious
experimentsanddiscussour results. We endthis paper
with concludingremarksand our future vision in Sec-
tion 5. Notethat,in Table.1 we de ne thevariousnota-
tionsthatwe usein this paper

2 Brief overview of Grid-F ederation

The Grid-Federatiorf9] systemis de ned asalarge
scaleresourcesharingsystemthat consistsof a coop-
erative federationof distributed clustersbasedon poli-
cies de ned by their owners(shavn in Fig.1). Fig.1
shavs an abstractmodel of our Grid-Federationde-
ployed over a sharedfederationdirectory To enable
policy basedransparentesourcesharingbetweerthese
clusters,we de ne and model a nev RMS system,
whichwe call Grid FederatiorAgent (GFA). Currently
we assumehat the directoryinformationis sharedus-



Table 1. Notations

Symbol Meaning

n numberof Grid FederatiorAgents(GFAS).
Ccj resourceaccesostat GFA i .

Pi numberof processorat GFA i .

J ik i -th job from thej -th userof k -th GFA.
Pii k numberof processorequiredby J i - -
hi;j k assignedudgetto J i k-

dij assignedieadlineto J j; -y -

df effective deadlinefor J j
time function (expectedresponséime for J ik atresource ).
costfunction (expectecbudgetspentfor J ik atresourcek ).
[ incentive earnecby resourceownerk over simulationperiod.
returnsnext SLA bidintenal  t neg i kp forJ ik
total SLA bid interval/delayfor J ok
Qmit setof jobsthathave beenassignedut notacceptecait GFA m  attime
t.
Q ,‘i‘ﬂ.! setof jobsthathave beenacceptedt GFA m attimet .
Qmit setof jobs sortedin decreasingprder of incentive it providesto the
) resourcawneratGFA m_attimeg .
ny numberof usersover all clusters( L'::l N, N, numberof users
atGFA k). o

- obsi ? T T

nj total jobsin thefederation( (ku )=t Ngiuj).

job submissiordelay(userto GFA).

nished job returndelay(GFA to user).

totaldelayfor p-th SLA bidfor J j;j -

SLA arrival rateat GFA i .

SLA satishctionrateat GFA i .

joblengthfor J ik (in termsof million instructions)
i ok communicatioroverheador J ik

ing someefcient protocol(e.g. a peerto-peerproto-
col [12, 5]). In this case,the P2P systemprovides a
decentralizedlatabasevith ef cient updatesandrange
guery capabilities. Individual GFAs accesghe direc-
tory information using the interface shovn in Fig.1,
i.e. subscribe,quote, unsubscribe,and query The
speci cs of theinterfacecanbefoundin [10]. Ourap-
proachconsiderghe emepging computationaeconomy
metaphorfor the Grid-Federation. Someof the com-
monly usedeconomicmodels[3] in resourceallocation
includesthe commoditymarket model,the postedprice
model,the bagainingmodel,thetendering/contract-net
model,theauctionmodel,thebid-basegroportionalre-
sourcesharingmodel, the community/coalitionmodel
andthemonopolymodel. Grid-Federatiortonsidersie-
centralizedcommoditymarket modelfor managingob
schedulingandresourceallocation. In this case there-
sourceowners: (i) canclearly de ne whatis sharedin
the Grid-Federatiorwhile maintaininga completeau-
tonomy; (i) candictatewho is given access;and (iii)
getincentves for leasingtheir resourcego federation
users.

In Fig.1 a userwhois local to GFA 3 is submitting
a job. If the users job QoS cant be satis ed locally
thenGFA 3 querieghefederatiordirectoryto obtainthe
guoteof the 1-st fastest(if the useris seekingoptimize
for time (OFT)) or 1-st cheapestluster(if the useris
seekingto optimize for cost (OFC)). In this case,the
federatiordirectoryreturnsthequoteadwertisecby GFA
2. Following this, GFA 3 bidsfor SLA contract{enquiry
aboutQoSguaranteén termsof responsdime) at GFA
2. If GFA hastoo muchloador the SLA bid doesnot t

the resourceowner payof function, the bid eventually
timeouts.In this casethe SLA bid by GFA 2 timesout.

Asthenext superschedulingeration,GFA 3 querieghe

federationdirectory for the 2-nd cheapestéstestGFA

andsoon. The processof SLA bids is repeateduntil

GFA 3 nds aGFA thatcanscheduléhejob (i.e. accept
theSLA bid) (in thisexamplethejobis nally scheduled
oncluster4).

3 Models
3.1 SLA model

The SLA modelwe consideris that of a setof dis-
tributed clusterresourcesachoffering a x ed amount
of processingpower. Theresource$orm partof thefed-
eratedyrid environmentandaresharecamongstheend-
users,eachhaving its own SLA parametersSLAs are
managedindcoordinatedhroughan admissiorcontrol
mechanisnenforcedoy GFA ateachresourcesite. Each
userin the federationhasa job Ji;j . We write Ji;
to representhei-th job from the j -th userof the k-th
resourceA job consistof the numberof processorse-
quired,p;j :x, thejob length,l;; « (in termsof millions
of instructions)thecommunicatioroverhead, j; .« and
SLA parameterthebudget,by; « , thedeadlineor maxi-
mumdelay d;; . . More detailsaboutthejob modelcan
befoundin [9].

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

The collectionof GFAs in thefederationarereferredto
asa contractnet, andjob-migrationin the netis facil-
itated throughthe SLA contracts. EachGFA cantake
on two roleseithera manayer or contractor. The GFA
to which a usersubmitsa job for processings referred
to asthe managerGFA. The managerGFA is respon-
sible for superschedulinghe job in the net. The GFA
which acceptdhe job from the manageiGFA andover
looksits executionis referredto asthe contractorGFA.
Individual GFAs arenotassignedheserolesin advance.
The role may changedynamicallyover time asperthe
users job requirements.Thus, the GFA alternatedbe-
tweenthesetwo rolesor adherego bothoverthe course
of superscheduling.

As jobsarrive ata GFA, the GFA adoptgherole of a
manager Following this, the manageIiGFA queriesthe
sharedfederationdirectory to obtainthe quotefor the
contractoitGFA thatmatchegheuserspeci ed SLA pa-
rametersNotethat, userscanseekoptimizationfor one
of the SLA parameters.e. eitherresponsdime (OFT)
or the budget spent (OFC). Once, the managerob-
tainsthe quotefor the desiredcontractor it undertalkes
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Figure 2. Job super scheduling timeline

one-to-oneSLA contractnegotiationwith the contrac-
tor. The SLA contractnegotiation messagencludes:
(i) whetherthe job J;;j .« canbe completedwithin the
speci ed deadline; and (ii) SLA bid expiration time

tregij k1. ThecontractolGFA hasto reply within the
bidtime tpegij :x:1, OtherwisehemanageGFA under
takes SLA contractnegotiationwith the next available
contractorin the net. Algorithm SLA bidding mecha-
nism (referto Algorithm 1) depictsvariouseventsand
correspondinguperschedulingctionsundertalkenby a
GFA.

Our SLA contractmodelconsidersa partof thetotal
job deadlineasthe SLA contractnegotiationtime (refer
to Eq. 1). ThemanageliGFA bidswith a differentSLA
expirationinterval givenby Eq. 2. In Fig. 2 we shaw the
job superschedulingmeline. Thetimelineincludesthe
job submissiordelay ts;, . , total SLA contractnegoti-
ationdelay tpeg,; , , EXpectedresponsgime (computed
usingEqg.1) and nished jobreturndelay t;; , . Theto-
tal SLA contractbiddingdelayavailableto the manager
GFA for superschedulingb Ji; « is givenby:

tneQiZJ K = di:J' ik tsi;j K ﬁj k tfi;j K (1)
The total SLA contract bid negotiation delay
theg; 4 assumes nite numberof values tneg; 4.,
theg 4.2+ tnegy «» 1N SUperschedulinga job
Jij « (refertoFig.2). Wede nethevalueof tpeg;, .,

by

|
_ tnegi;j k p= tnegi;j kp

tneQi;J ki T 2

>0
(2

Notethat, the valuefor = tpeg, ,, Canbe givenby
otherdistributions[2] suchasuniform or random. We
intendto analyzevariousdistributionsfor SLA bid inter-
val andstudyits effect on our proposeduperscheduling
approachin ourfuturework. For simplicity, in thiswork
we usethedistribution givenby Eq. 2.

As the superschedulingerationincreasesthe man-
agerGFAs give lesstime to the contractorto decideon
the SLA in orderto meetthe users job deadline. This
approactlallows alarge numberof schedulingterations
tothemanageGFA. However, if theusers SLA param-
eterscannotbesatis ed (afteriteratingupto thegreatest
r suchthat GFA couldfeasiblycompletethe job), then
the job is dropped. To summarizesa SLA bid for job
Jij « includes:

I-th SLA bid expiry intenal tpeg, , , (Computed
usingEq. 2);

expectedresponsetime (df; ,,) (computedusing
Eq.1).

We considerthefunction:
IJi;j 'k ! Z+ (3)

which returnsthe next allowed SLA biddingtimein-
tenal tneg, ., , fOrajobJi; x usingEq.2.

3.2 Greedy back lling:
model)

(LRMS scheduling

Most of the existing LRMSesapply system-centric
policiesfor allocatingjobs to resources.Someof the
well known system-centrigpoliciesinclude: (i) FCFS;
(ii) Conserative back lling; and (ii) Easyback lling.
Experimentshave shavn that the job back lling ap-
proachoffers signi cant improvementin performance
over the FCFSscheme.However, thesesystemcentric
approachesllocateresourcedasedon parametershat
enhancesystemutilization or throughput. The LRMS
eitherfocuseson minimizing the respons¢ime (sumof
gueuetime and actual executiontime) or maximizing
overall resourceutilization of the system,andtheseare
not speci cally appliedon a peruserbasis(userobliv-
ious). Further the systemcentricLRMSestreatall re-
sourcewvith thesamescale thusneglectingtheresource
ownerpayof function. In this casetheresourceowners



Algorithm 1. SLA biddingmechanism

Algorithm 2. Greedy-Back lling

0.1 PROCEDURE:SLA_BIDDING _MECHANISM

0.2 begin
0.3 begin
0.4 SUB-PROCEDURE:
EVENT_USERJOB.SUBMIT (Ji;j )
0.5 callSLABID (Ji;j ) )
0.6 end
0.7 begin
0.8 SUB-PROCEDURE:SLA BID (J;j ;)
0.9 SendSLA bid for job Jj;j .k tothenext available
contractotGFA (obtainedby queryingthe shared
federationdirectory).
0.10 end
0.11 begin
0.12 SUB-PROCEDURE:
EVENT_SLA_BID REPLY (Ji;j )
0.13 if SLAContract Acceptedhen
0.14 | Sendthejob Jj; « toacceptingGFA.
0.15 end
0.16 else
0.17 | call SLA_BID_TIMEOUT (Jjj ).
0.18 end
0.19 end
0.20 begin
0.21 SUB-PROCEDURE:
SLA_BID _TIMEOUT(J;; )
0.22 it (Jij x) Othen
0.23 | call SLABID (Jj; «)-
0.24 end
0.25 else
0.26 | Dropthejob Jj; .
0.27 end
0.28 end
0.29 end

do not have ary control over resourceallocationdeci-

sions.While in reality the resourceownerwould like to

dictatehow his resourcesiremadeavailableto the out-

side world and apply a resourceallocationpolicy that

suits his payof function. To summarize the system-
centricapproacheslo not provide mechanismgor re-

sourceownersto dictateresource(i) sharingjii) access
and; (i) allocationpolicies.

To addresghis, we proposea Greedymethodbased
resourcallocationheuristicfor LRMSes.Our proposed
heuristicfocuseson maximizingpayof functionfor the
resourceowners. The heuristicis basedon the well
known Greedymethod. The Greedymethodfor solv-
ing optimizationproblemsconsidergreedilymaximiz-
ing or minimizing the short-termgoalsand hoping for
the best,without regard to the long-termeffects. This
methodhasbeenusedo solvetheknapsak problem[6].
Greedymethodconsidersa setS, consistingof n items.
Eachitem i hasa associategositive bene t b anda
positive weightw; . GiventheknapsaclcapacityW, the
fgreedyheuristicfocuseon maxirgizingthetotalbene t

i2sa B (Xj=w) with constraint ;,5. X; W, such
thatS?  S. In this casex; beingthe partof itemi

1.1 PROCEDURE:GREEDY_BACKFILLING

1.2 begin
1.3 r'= Pm
1.4 c=0
15 Qumit
1.6 "
1.7 -
1.8 begin
1.9 SUB-PROCEDURE:Eent SLA Bid_ARRIVAL(Jj; « )
1.10 A SLA requesmessagéor thejob J;;  thatarrivesata
GFA Qm;t Qm;l [ f‘]l;j k9
1.11 Schedulghe SLA bid timeouteventafter (Ji; . ) time
units
1.12 call STRICT.GREEDX()
1.13 end
1.14 begin
1.15 SUB-PROCEDURE:Eent SLA Bid_Timeout(; « )
1.16 A SLA bidfor jobJ;; « thatreachesimeoutperiod
1.17 if(r  pij anddﬁJ " D (Jij : ;Rm))then
1.18 | CallRESEREQJj )
1.19 end
1.20 else
1.21 Rejectthe SLA bid for job Ji;j «
1.22 ResetQ m: Qmit flij x9
1.23 end
1.24 end
1.25 begin
1.26 SUB-PROCEDURE:EentJohFinish@i; « )
1.27 AjobJj;  that nishesataGFA Resetr = r + pjj «
1.28 call STRICT.GREED¥()
1.29 end
1.30 begin
1.31 SUB-PROCEDURE:RESER/E(Jj « )
1.32 Reserep;; x processorfor thejob Ji;j «
1.33 Resetr = r  pij «,Qm: Qmit fJij « 0,
me Qe [ 13 xg
1.34 end
1.35 begin
1.36 SUB-PROCEDURE:STRICT.GREEDY()
1.37 Resett = 0
1.38 SortSLA bidsin Qm; in decreasingrderof incentves
andstorein Q.
1.39 Getnext SLA bid for job Ji; fromthelistQSm;I ,c=c+1
1.40 it (r pij x anddfj D (Jij x;Rm))then
1.41 | CallRESEREJj )
1.42 end
1.43 else
1.44 if c< sizeofQy,, ) then
1.45 | lteratethroughstep1.39
1.46 end
1.47 end
1.48 end
1.49 end

selectedy the Greedymethod.

Fig.3 shawvs the queueof SLA bids at eachsite in
the federation. Every incoming SLA bid is addedto
the LRMS requestqueue,Qm: and a bid expiration
timeouteventis scheduledaftertime interval  (Jj; k).
Every resourcei hasa different SLA bid arrival rate,

sta; and SLA bid satishction rate, sia,. The
LRMS scheduleriteratesthroughthe SLA bid queue
in caseary of the following events occur: (i) newv
SLA bid arrivesto the site; (i) job completion;or (iii)
SLA bid reachests expirationtime. ProcedureGreedy
back lling (referto Algorithm 2) depictsvariousevents
andcorrespondingchedulingactionsundertalkenby the
LRMS.
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3.3 Integer linear programming (ILP) formu-
lation of schedulingheuristic

Queue Qm: , maintainsthe the setof job SLA bids
currentlynegotiatedwith the LRMS at GFA m by time
t. We considerthe SLA bid acceptancegariablex;;

De nition of variable:

Xij k = 1if the SLA requestfor job J;; « is ac-
cepted,;

Xij x = O otherwise.

The Greedy-Back lling heuristicacceptsSLA re-
guestsconstrainedo the availability of numberof

processorsequestedor job J;; « andexpectedre-
sponsdimed, . .

De nition of theconstraints:

X
Pij k  Pm (4)
1 i nj
1§ ny
1 k n

pm total number of processorsavailable at a
LRMS (GFA) m. p;;j x denotesiumberof proces-
sorrequestediuringthe SLA bid for job Jj; .. All
the acceptedSLA bids for jobs are maintainedin

thequeueQy,.; .

Payoff or Objectve function: The LRMS sched-
uleracceptsSLA bidsfor thejobssuchthatit max-
imizestheresourceowners'payof functionby ap-
plying the Greedyback lling heuristic

Im = max( B(Ji;j :k;Rm)) (5)

S5 5
S =

PR

==

k
m
Notethat, modelsfor economicparameterse. how

resourceownersdeterminetheir price andhow jobsare
assignedieadlineandbudgetcanbefoundin [11].

4 Experimentsand obsewations
4.1 Workload and resouice methodology

We performedtrace basedsimulation to evaluate
the effectivenesf our SLA-basedsuperschedulingp-
proach.Theworkloadtracedatawasobtainedrom [1].
The trace containsreal time workload of various re-
sources/supercomputensludingCTC SP2, KTH SP2,
LANL CM5, LANL Origin, NASA iPSC,SDSCPar96,
SDSCBIlue, SDSCSP2(SeeTable 2). The simulator
wasimplementedisingthe GridSim [4] toolkit that al-
lows modelingandsimulationof distributedsystenenti-
tiesfor evaluationof schedulinglgorithms.Thesimula-
tion experimentswvere conductecdby utilizing workload
tracedataover the total period of four days(in simula-
tion units) at all the resources.We considerfederation
with computationabconomymechanisnastheresource
sharingervironmentfor our experiments.

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

We performedthe simulationswhich comprisedof
end-userseekingOFT for their jobs (i.e. 100% users
seekOFT). We vary thetotal SLA bid from 0% to 50%
of total allowedjob deadline.In caseno SLA bid delay
is allowed (i.e. 0% of total allowed deadline)thenthe
contactedGFA hasto immediatelymalke the admission
control decision. In this case we simulateFCFSbased
stratgy for nalizing the SLA. However, in othercases
we considera Greedyback lling SLA approach.Note
that,dueto spaceconstraintwve couldnotincludeall the
detailsin this paper Hence,the interestedreadersare
advicedto referto thereport[11] for additionalexperi-
mentsandresults.

4.3 Resultsand obsemwations

4.3.1 Federationperspective

In experimentl, we measurehow varying of the to-
tal time for SLA bids coupledwith Greedyback II-



Table 2. Workload and Resour ce Con guration

Index

Resource / Cluster
Name

TraceDate

Processors

MIPS

(rating)

Jobs

Quote(Price)

NIC to Network Bandwidth

(Gbisec)

CTCSP2

June96-May97

512

850

79,302

784

KTH SP2

Sep96-Aug97

100

900

28,490

5.12

LANL CM5

OCt94-5ep96

1024

700

201,387

3.98

LANL Origin

Nov99-Apr2000

2048

630

121,989

3.59

NASA iPSC

Oct93-Dec93

128

930

42,264

5.3

SDSCPar96

Dec95-Dec96

416

710

38,719

7.04

SDSCBlue

Apr2000-Jan2003

1152

730

250,440

4.16

| ~| of ;| [ w| | =

SDSCSP2

Apr98-Apr2000

128

920

73,496

5.24

ing resourceallocationstratgy affectsthe Grid partic-
ipantsacrossthe federation. We quantify how the ad-
ditional decisionmakingtime givento the LRMSesbe-
fore nalizing the SLA contractsaffectsthe overall sys-
tem performancen termsof resourceowner's andend-
users objective functions. We obsened that whenthe
LRMSesacrosshe federationappliedFCFStechnique
for nalizing the SLAs (i.e. no decisionmakingtime
was given, so the LRMSes have to reply as soonas
the SLA requeswasmade) theresourceowner's made
4:102 10° grid dollarsasincentie (referto Fig.4(a)).

We obsered that with anincreasen the total SLA
bidding time (i.e. asthe LRMSeswere allowed deci-
sionmakingtime before nalizing the SLAs hencethey
appliedGreedyback lling schedulingon the queueof
SLA bids), the resourceownersearnedmoreincentive
ascomparedo the FCFScase.When 10% of thetotal
deadlinewasallowed for SLA bids, the total incentive
earnedacrossthe federationincreasedo 4:219  10°
grid dollars. While, in case50% of total job deadline
was allowed for the SLA bids, the total incentive ac-
countedo 4:558 10° grid dollars.Hence theresource
ownersacrossfederationexpriencedan increaseof ap-
proximately10% in their incentive ascomparedo the
FCFScase.

However, we obsenred that with an increasein the
total SLA bid delay the end-usersacrossthe federa-
tion experiencedlegradedQoS.During the FCFScase,
the averageresponsetime acrossthe federationwas
1:183 10* sim units (referto Fig.4(b)). However, in
casenf 10% SLA bid delaytheaverageresponséimein-
creasedo 1:344 10* simunits. Finally, when50% of
thetotal job deadlinewasallowedasSLA bid delaythe
averageresponsdime furtherincreasedo 1:956  10*
simunits. Furthermorein this caseheend-usergndup
spendingnorebudgetascomparedo theFCFScaseg(re-
fer to Fig.4(c)).

Hence,we can seethat althoughthe proposedap-
proachleadsto betteroptimizationof resourceowners'
payof function,it hasdegradingeffectontheend-uses
QoSsatishctionfunctionacrosshefederation.

5 Conclusionand futur e work

In this paper we presentedan SLA-basedsuper
schedulingapproachbasedon the contractnet proto-
col. The proposedapproachmodelsa setof resource
providers as a contractnet while job superschedulers
work asmanagersiesponsibldor negotiatingSLA con-
tractsandjob superschedulingn the net. Supersched-
ulersbid for SLA contractsin the netwith a focuson
completingthe job within the userspeci ed deadline.
We analyzedhow the varying degree of SLA bidding
time (i.e. admissioncontrol decisionmakingtime for
LRMSes) affects the resourceproviders' payof func-
tion. Theresultsshav thatthe proposedapproactyives
resourceowners ner control over resourceallocation
decisions. However, the resultsalso indicate that the
proposedapproachthasa degradingeffect on the users
QoSsatishction.However, we needto domoreresearch
on abstractinghe users QoSrequirement.We needto
analyzehow the deadlinetype for the userjobs canbe
abstractednto differenttypessuchasinto urgentand
relaxed deadline. In thesecases,jobs with an urgent
requirementanbe given a preferencewhile nalizing
SLA contractshenceproviding improved QoS satisac-
tion to users.In our future work we will studyto what
extentthe userpro le canchangeandhow pricing po-
licesfor resourcedeadsto variedutility of the system.
We alsointendto look into simultaneoushbidding for
SLA contractatmultiple contractorsn thenet,for asu-
perschedulingteration! for ajob J; ;x. This approach
canincreasehe end-uses QoSsatishctionin termsof
responsdime, asin this casethe total waiting time per
SLA bid is greatlyreduced.
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