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ABSTRACT

AdvanceReseration(AR) for globalgridsbecomesnim-
portantresearchareaasit allows usersto gain concurrent
accesdor their applicationgo be executedn parallel,and
guaranteeshe availability of resourcest speci ed future
times. EvaluatingvariousAR scenarioscan not feasibly
be carriedout on a real grid environmentdue to its dy-
namicnature. Therefore we extenda GridSim simulation
packageo supportAR for repeatabl@andcontrolledevalu-
ations.This paperdiscussethedesignandimplementation
of AR within GridSim,togethemwith theeffectsof AR from
users'andresourcespoint of view in the experiments.
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1 Intr oduction

Grid computinghasemepged as the next-generationpar
allel and distributed computingthat aggreyatesdispersed
heterogeneoussourcedor solving a rangeof large-scale
parallel applicationsin science, engineeringand com-
merceg1]. In mostGrid schedulingystemssubmittedobs
areinitially placedinto aqueuef therearenoavailablere-
sources.Therefore thereis no guarante@sto whenthese
jobswill beexecuted.This causeproblemsin parallelap-
plications,wheremostof themhave dependencieamong
eachother

AdvanceReseration (AR) is a procesof requesting
resourcedor useat a speci c time in thefuture[2]. Com-
mon resourcesvhoseusagecanbe resered or requested
areCPUs memorydisk spaceandnetwork bandwidth. AR
for a grid resourcesolvesthe above problemby allowing
usersto gain concurientaccesso adequatgesourcedor
applicationso be executed.AR alsoguaranteethe avail-
ability of resource$o usersandapplicationsattherequired
times.

Thereare somesystemsthat supportAR capability
suchas Globus Architecturefor Reseration and Alloca-
tion (GARA) [3] and Maui Schedulef4]. However, to
validatethe effectivenessof theseschedulingsystemsall
possiblescenariosieedto be evaluated Giventheinherent
heterogeneityf a Grid ervironment,it is dif cult to pro-

duceperformancevaluationin arepeatableandcontrolled

manner In addition,Grid testbedsarelimited, andcreating
anadequately-sizetestbeds expensve andtime consum-
ing. Thereforejt is easierto usesimulationasa meansof

studyingcomplex scenarios.

Sometools are available for applicationscheduling
simulationin the Grid computing ervironment, such as
Bricks[5], SimGrid[6] andOptorSim[7]. However, none
of themhave thecapabilityof simulatingresenation-based
systems.To addresghis weaknesswe extend GridSimto
supportAR mechanisms.

GridSim[8] is a Java-basedyrid simulationpackage
that provides featuresfor applicationcomposition,infor-
mation servicesfor resourcediscovery, andinterfacesfor
assigningapplications. GridSim also has the ability to
model heterogeneousomputationaresource®f variable
performance.

In this work, GridSim has beenextendedwith the
ability to handle: (1) creationor requestof a new reser
vationfor oneor more CPUs;(2) commitmentof a newly-
createdresenation;(3) activationof aresenationoncethe
currentsimulationtime is the starttime; (4) modi cation
of an existing resenation; and(5) cancellationand query
of anexisting reseation.

The restof this paperis organizedasfollows: Sec-
tion 2 describesthe generallife-cycle of a resenation,
while Section3 presentghe architectureof GridSim for
AR. Section4 describeshow a user can use GridSim's
functionalities. Section5 conductsan experimentto show
theeffectsof AR from users'andresourcespointof view.
Section6 concludeghe paperandsuggest$urtherwork.

2 Statesof AdvanceResewnation

A resenation can be in one of several statesduring its

lifetime asshawvn in Figurel. The life-cycle of a reser

vationin GridSimis in uenced by recommendationom

theGlobal Grid Forum (GGF)draft[9] andthe Application
Programminglinterface (API) [10]. Transitionsbetween
thestatesarede ned by theoperationghata userperforms
ontheresenation. Thesestatesarede ned asfollows:

Requested:Initial stateof theresenation,whenare-
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Figurel. A statetransitiondiagranmfor advanceresenation
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guestfor aresenationis rst made.

Rejected: The resenation is not successfullyallo-
cateddueto full slots,or an existing resenation has
expired.

Accepted: A requestfor a nen resenation hasbeen
approved.

Committed: A resenation hasbeencon rmed by a
userbeforetheexpiry time,andwill behonourediy a
resource.

Change Requested: A useris trying to alterthe re-
qguirementdor the resenation prior to its starting. If
it is successfulthentheresenationis committedwith
thenew requirementsptherwisethevaluesremainthe
same.

Active: Theresenation's starttime hasbeenreached.
Theresourcenow executegheresenation.

Cancelled: A userno longerrequiresa resenation
andrequestshatit is to becancelled.

Completed: The resenation's end time has been
reached.

Terminated: A userterminatesan active resenation
beforetheendtime.

The following sectionsdescribethe implementation
andusageof thesestatesnto GridSim.

3 GridSim Resouice Design

In GridSim, a grid resource is representedby a
GridResource  object. EachGridResource  object
containsonly onescheduleof type AllocPolicy class.
In this casethe GridResource only actsasaninterface

GridResource <<abstract>> AllocPolicy
1 1
T AN
ARGridResource TimeShared <<abstract>> ARPolicy SpaceShared
ARSimpleSpaceShared

Figure2. A GridSimresourceclassdiagram
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Figure 3. A queueingnetwork model for the GridSim
schedulingsystem

betweenusersandthe local schedulerandit is up to the
scheduleto handleandto processubmittedobs. Thisap-
proachgivesthe e xibility to implementvariousschedul-
ing algorithmsfor a speci ¢ resource-baseslystem. Cur
rently, GridSim has TimeShared and SpaceShared
objectsthat useRoundRobin and First ComeFirst Sene
(FCFS)approachegespectiely.

To support AR in GridSim, a new type of re-
sourceentity namedARGridResource inheritedfrom
GridResource isaddedasshavnin Figure2. Similarly,
anew abstracscheduleclasscalledARPolicy inherited
from AllocPolicy is alsoadded. The extensionto the
currentgrid resourcearchitecturas neededo incorporate
thestatef AR asdiscusseaarlier

The advantageof this designis that addinga new
schedulerdoes not require modi cation of existing re-
sourceand/or other schedulingclasses. Creatinga new
scheduleis assimpleasextendingthe AllocPolicy or
ARPolicy class,andimplementingthe requiredabstract
methods.For an example, ARSimpleSpaceShared as
shavnin Figure2, is achild of ARPolicy classthatuses
FCFSapproacho scheduleesenedjobs.

3.1 SystemModel

GridSim mainly focuseson simulating computational
grids. In thiscontext, GridResource  entitiesin GridSim
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aremainly relatedto processingapabilityandthe costof
processing.Currently a schedulemwithin a grid resource
focuseson reservingCPUs. An openqueueingnetwork
modelof aresources considerecsseerin Figure3. There
is a nite buffer with size S to storeobjectswaiting to be
processedby oneof P independenCPUs. They arecon-
nectedby a high-speedetwork with negligible communi-
cationdelays.m is the CPU speedmeasuredn the form
of Million InstructionsPer Second(MIPS) rating as per
SPEC(StandardPerformanc&valuationCorporation]11]
benchmarksCPUscanbehomogeneousr heterogeneous.
For homogeneousnes,all m have the sameMIPS rating.
Differentm exist for heterogeneouSPUs.

3.2 SchedulingSystemfor AdvanceResewa-
tion

Currently GridSim uses FCFS approach for the
ARSimpleSpaceShared  object for a resenation-
basedsystem. For requestinga new resenation, Figure4
shavs the stepsneeded. A schedulermust nd ary
potentialcon icts with existing resenationsor an empty
slotfor determiningto accept/rejeca new request.Before
further explanation of the details of the algorithm for
nding anemptyresenationslot, thefollowing parameters
arede ned:

List : A resenationlist. An acceptedesenationis
storedandsortedinto thislist, basednits starttime.

Action

DU

tempList : A temporanylist to storeList indexes.
R;: thei-th resenationobjectin List .

Rnew : A new resenation.

start;: Starttime for R;.

star thew : Starttime for Rpey -

f inish i: Finishtimefor R;.

f inish pew : Finishtimefor Rpew -

CPU;: Numberof CPUrequiredby R;.

CP U eserv: Total numberof CPU resered by other
resenations.

CP Upew : Numberof CPUrequiredby anew request.

CP U esour ce: Total numberof CPU ownedby are-
source.

Algorithm 1 explainshow GridSim's schedulernds
anemptyresenationslot. Lines(1) to (2) arefor asimple
casewherenoresenationsexist. Hence theschedulewill
accepta new requeststraightaway. If List is not empty
thenline (4) to (9) nds resenationsthatmightbecon ict-
ing with a new request. Line (6) handlesa casewherea
resenationis within the startpeyy, ! finish ey inter
val. By storingindexesof all resenationsthatlay within
this time interval, CP U, eserv Canbe calculatedasin line
(13).

Algorithm 1 Findinganemptyslot
1: if List is emptythen
2:  nocon ict found.Henceacceptsanew resenation.

3: else

4. fori = OtolList size 1do

5: puti into tempList if oneof thefollowing prop-
ertiesaretrue:

6: starthew  Start; && finish pew  finish;

7: startpew  finish

8: finish new  finish;

9: endfor

10:  if tempList is emptythen

11: nocon ict found.Hence acceptshisresenation.

12: else

13: calculateCP Uy gsery if start | endtimeinter
val for aresenationoverlapswith others

14: if CPUresery + CPUnew  CPUsesour ce then

15: empty CPUsfound. Hence,acceptghis reser

vation.
16: else
17: no empty CPUs found. Hence, rejectsthis
resenation

18: end if

19:  endif

20: end if




AdvanceReservation

-transactionID: int
-booking: ArrayList
-timeZone: double

+AdvanceReservation(name:String baudRate:double)
+AdvanceReservation(name:String,baudRate:double timeZone:double)

+createReservation(startTime:long,endTime:long,numCPU:int,resourcelD:int): String
+createReservation(startTime:long,duration:int,numCPU:int,resourcelD:int): String
+createReservation(startTime:Calendar,endTime:Calendar,numCPU:int,resourcelD:int): String

+commitReservation(bookingID:String): int
+commitReservation(bookinglID:String,gl:Gridlet): int
+commitReservation(bookingID:String list: GridletList): int
+modifyReservation(bookinglD:String,obj:ARObject): int
+queryReservation(bookingID:String): int
+cancelReservation(bookinglID:String): int

Figure5. AdvanceResentionclassdiagram

4 GridSim API

The GridSim client-side API for AR is encodedin the
method calls of the AdvanceReservation classas
shawvn in Figure 5. In this classdiagram,attributesand
methodsare pre xed with characterss and indicating
accesanodi ers public and private respectiely. Due to
spaceconstraints,only few methodsare dravn and dis-
cussedn this paper DetailedAPI of this classcanbefound
ontheGridSimwebsite[12].

The transactionID attribute is a uniqueidenti-
er for aresenation, andis usedto keeptrack of each
transactioror methodcall associatesvith the resenation.
Thebooking list is animportantattribute to storereser
vationsthat have beenacceptedand/orcommitted. In the
AdvanceReservation object, timeZone is a very
importantattribute asresourcesrelocatedgeographically
in differenttime zone. Hence,a users local time will be
corvertedinto a resources local time when the resource
recevesaresenation.

For creatingor requestinga new resenation, a user
needsto invoke the createReservation() method.
Before running a GridSim program, an initialization of
someparameterss required. Oneof the parameterss the
simulationstarttime Ts. Ts canbe a currentclock time
representedby a Java's Calendar object. Therefore,a
resenation’s starttime needsto be aheadof Ts. The start
time canbeof type Calendar objectorlong represent-
ing time in milli seconds.Reserationscanalsobe done
immediatelyi.e. thecurrenttime is beingusedasthe start
time with or without specifyinga durationtime.

If a new resenation has been accepted,then the
createReservation() methodwill return a unique
bookingid asa String  object. Otherwise,it will return
an approximatebusy time in the interval of 5, 10, 15, 30
and45 in time units. The time unit canbe in secondsor
minutesor hours. If arequests rejectedthe usercanne-
gotiatewith the resourceby modifying the requirements,
suchasreducingthenumberof CPUsneededr shortening

thedurationtime.

Once a request for a new resenation has
been accepted, the user must conrm it before
the expiry time of this resenation by invoking the
commitReservation() method. The expiry time
is determinedby the resourceor its scheduler The
commitReservation() method returns an integer
valuerepresentingrroror successode.

Committinga resenation actsasa contractfor both
the resourceandthe user By committing,the resources
obligedto provide CPUsat the speci edtime for a certain
period.A resenationcon rmation, asdepictedn Figure5,
canbedonein oneof thefollowing ways:

committing rst beforethe expiry time by sendinga
bookingid. Then, oncea job is ready committing
it againwith thejob attachedbeforetheresenation's
starttime.

committingbeforethe expiry time togethemwith ajob
if reservingonly one CPU. In GridSim, a job or an
applicationis representely a Gridlet  object.

committing before the expiry time togetherwith a
list of jobs if reservingtwo or more CPUs. A
GridletList objectis a linked-list of Gridlet ob-
jects. This approachis highly desirablefor parallel
applicationsaasmentionedn Sectionl.

The queryReservation() method aims to
nd out the current status of the overall resenation.
Cancellation and modi cation of the resenation can
be done by invoking cancelReservation() and
modifyReservation() respectiely.

Theoverallsequencérom anew resenationuntil the
completionof jobsis capturedn Figure6.

5 Simulation Resultsand Discussions

5.1 Experiment Setups

The experimentmodelsand simulatesfour resourcesvith
different characteristics,con gurations and capabilities.
The four selectedesourcesnentionedn [8] areincluded
in this experimentbasedon their location. A new cluster
resourcén our Universityis alsomodeled.Tablel summa-
rizesall theresourceelevantinformation. The processing
ability of theseCPUsin simulationtime units is modeled
afterthe basevalueof SPECCPU (INT) 2000benchmark
ratingspublishedn [13].

This experimentsimulatesa scenariodemonstrating
GridSim's ability to handleAR functionalities.In addition,
this experimentaimsto nd out the effects of AR from
users'andresourcespoint of view. The following simu-
lation setupsarecarriedout:

Five createdesourceseachableto handleAR func-
tionalities.



Tablel. TestbedesourcesimulatedusingGridSim.

ResourcdlName Simulatedresourcecharacteristics:  hostname

A SPEC Num Time zone

in simulation vendor type,OS andlocation Rating(m) CPU(P) (GMT)

RO CompagAlphaSerer, Tru64UNIX  grendel.vpac.gr 515 4 +10
VPAC, Melbourne Australia

R1 Intel, Pentium42GHz, Linux manjra.cs.mu.oz.au 684 13 +10
MelbourneUniv., Australia

R2 SGil, Origin 3200,IRIX onyx3.zihde 410 16 +2
ZIB, Berlin, Germay

R3 SGil, Origin 3200,IRIX mat.ruk.cuni.cz 410 6 +2
CharlesUniv., Prague,
CzechRepublic

R4 Sun,Ultra, Solaris pitcairn.mcs.anl.gp 377 8 5

ANL, ChichagoUSA

denoteglaylightsaving time (+ 1 hour)occurredn this areaat thetime of writing this paper
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Job size is uniformly distributed in [500,000 ...
8,000,000in Millions Instructions(MI) unit.

Poissordistributionis usedfor job arrival time. Aver-
agejobsfor all usergpertime unitis 5.

Assumingl simulationtime is equivalentto 1 minute,
maximumarrival time for this experimentis 500 min-
utes.

Sendingobsareuniformly distributedamongthe ve
resourcessmentionedn Tablel.

Only concernsschedulingjobs to empty CPUs. All
resourceandusersareassumedo have samenetwork
bandwidthandl/O operations.

A schedulefrom eachresourcewill startthejob atthe
requestedtarttime.

In addition,a resenationjob canberestartable

or non-restartable . A restartablgob meansa job
will be pausedif runninglongerthan allocated,thenre-
sumeexecutionfrom the pointwhereit waspausedf there
is an empty CPU. A non-restartablgob meansa job will

be executedfrom startuntil nish or be pre-emptedoy a
schedulerandstraightaway the nished or partially com-
pletedjob sentbackto a user For this experiment,only
0%, 10% and 20% of total jobs using resenationsand it

follows similar approachdoneby [2]. However, experi-
mentsconductedn [2] useworkloadtracestakenfrom su-
percomputerg ArgonneNationalLaboratory(ANL) [14],

the Cornell TheoryCenter(CTC) [15], andthe SanDiego
Supercompute€Center(SDSC)[16].

5.2 AdvanceResewration Analysis

The metricsusedin this experimentarethe MeanWaiting
Time (MWT) andMeanOffsetfrom requestedesenation
Time (MOT). MWT is theaverageamountof timethatjobs



Figure7. MeanWaiting Time

have to wait beforereceving resources.It examinesthe
effect of a resenation-basedystemon a schedules per
formance. MOT is the averagedifferencebetweenusers'
initial starttime to the actualguaranteear obtainedstart
time. It measuretiow well the scheduleperformsat satis-
fying resenationrequests.

Achieving accurateprediction of a job's execution
timeis adif cult problemfor AR. Thereforethe effectsof
thejob's estimatioronresourcautilizationandonthenum-
berof rejectionsarepresentedFor a non-restartabl@b, a
resenationmusthave anoverestimated¢ompletiontime so
ajob can nish executingwithout the risk of runningout
of time andbeing pre-empted.For a restartablgob, un-

derestimateadompletiontime is allowed asthe scheduler

will putit into aqueueaf completiontime takeslongerthan
allocated.

5.2.1 Mean Waiting Time

Figure7 displaystheimpacton MWT of queuedobswhen
resenationsareenabledn all resourceskor all thejobsin

veresourcegjueuenaittimesincreasenaverageof 20%
when10%of thejobsareresenationsand71%when20%
of thejobsareresenations.

5.2.2 Mean Offset Time

Figure 8 displaysMOT of 0%, 10% and 20% jobs us-
ing resenationsfor all ve resources.The gure shawvs
thatthe offsetis larger whenthereare moreresenations.
0% resenationsmeanthatthey areimmediateresenations
with currenttime asthe starttime. Theseimmediatereser

vationsalsohave durationandnumberof CPUsrequested.

Whencomparingbetweenmmediateandadvancedreser
vations,theresultbene tssigni cantly to jobsthatrequest
resourcesheadof time. For 10% resenations,the mean
differencefrom requestedesenation time is 48 minutes.
For 20% resenations,the meandifferenceis 62 minutes.
This is anincreaseof 29% over the meandifferencefrom

Figure8. MeanOffsetTime

Figure9. Numberof utilization

requestedesenationtime when10%of thejobsarereser
vations.

5.2.3 Resource Utilization

Figure 9 displaysthe utilization of resourceseingsimu-

latedin this experiment.Whenresenationsaresupported,
resourceutilization dropsto between60% and 80%. The

result nds thatutilization doesnot changefor restartable
jobs. This is becausevhenthey arerunninglonger, they

will be put into a queueif a slot is taken and will be

processedater In this experiment, restartablgobs are
given an underestimatedompletiontime. In constrast,
non-restartabl@bsaregivenanoverestimated¢ompletion
time to prevent from being pre-emptedoy otherresena-

tions. As aresult,resourcautilizationis lowerasmostnon-

restartablgobsare nished earlier

5.2.4 Number of Rejections

Figure 10 displaysthe numberof rejectionsfor requesting
new resenationsin this experiment. It is expectedthatas
more resenationsare requestedihe numberof rejections
will behighet Non-restartablpbshave a higherrejection
ratesincethey requestlongerdurationtime.



Figure10. Numberof rejections

Figurell. ParallelJobsusingAR

5.2.5 Parallel Jobs

The resultsseemedo disadwantagea systemusing AR.
However, for parallelapplicationsasdepictedn Figurell,
AR is very bene cial. For this experiment,all thejobsare
parallelandrequired4 CPUsfor beingexecutedsimultane-
ously Sendingparalleljobs without reservingbeforehand
hasthe lowestpercentagef successfutompletion. 10%
of jobsusing AR performbetterthan 20% of jobs asthey
have lesscompetitionto accesshe sameresource.

6 Conclusionand Futur e Work

Advanceresenationfor grid resourcesillows userso gain
concurientaccesdor their applicationsto be executedin
parallel. It alsoguaranteeshe availability of resourcest
thespeci edtimesin thefuture.

This paperintroducedadvance resenation mecha-
nismsincorporatedinto GridSim, a grid simulationtool.
The design and implementationfor supportingadvance
resenationin GridSimarealsodiscussed.

Experimentalresultshave shovn that a resenation-
basedsystembene ts parallel and resered jobs signi -
cantly, asthe resourcesare guaranteedo be available at
the speci ed time. Also, the meanoffset from requested
resenationtime is lower for resered jobs. However, the

effects of advanceresenation resultedin lower CPU uti-
lization anda highernumberof rejectionsin acceptingnew
jobs.

Futurework on GridSim will look into introducing
policiesandpenaltiedor cancelingandmodifyingresena-
tions. In addition,a priority systenfor reservingresources
needgo beintroduced.
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