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ABSTRACT
AdvanceReservation(AR) for globalgridsbecomesanim-
portantresearchareaasit allows usersto gain concurrent
accessfor their applicationsto beexecutedin parallel,and
guaranteesthe availability of resourcesat speci�ed future
times. EvaluatingvariousAR scenarioscan not feasibly
be carriedout on a real grid environmentdue to its dy-
namicnature.Therefore,we extenda GridSimsimulation
packageto supportAR for repeatableandcontrolledevalu-
ations.Thispaperdiscussesthedesignandimplementation
of AR within GridSim,togetherwith theeffectsof AR from
users'andresources'pointof view in theexperiments.
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1 Intr oduction

Grid computinghasemergedas the next-generationpar-
allel and distributed computingthat aggregatesdispersed
heterogeneousresourcesfor solvinga rangeof large-scale
parallel applications in science, engineeringand com-
merce[1]. In mostGrid schedulingsystems,submittedjobs
areinitially placedinto aqueueif therearenoavailablere-
sources.Therefore,thereis no guaranteeasto whenthese
jobswill beexecuted.Thiscausesproblemsin parallelap-
plications,wheremostof themhave dependenciesamong
eachother.

AdvanceReservation(AR) is a processof requesting
resourcesfor useat a speci�c time in thefuture[2]. Com-
mon resourceswhoseusagecanbe reserved or requested
areCPUs,memory, diskspaceandnetworkbandwidth.AR
for a grid resourcesolvesthe above problemby allowing
usersto gain concurrent accessto adequateresourcesfor
applicationsto beexecuted.AR alsoguaranteestheavail-
ability of resourcesto usersandapplicationsat therequired
times.

Therearesomesystemsthat supportAR capability,
suchas Globus Architecturefor Reservation and Alloca-
tion (GARA) [3] and Maui Scheduler[4]. However, to
validatethe effectivenessof theseschedulingsystems,all
possiblescenariosneedto beevaluated.Giventheinherent
heterogeneityof a Grid environment,it is dif�cult to pro-

duceperformanceevaluationin arepeatableandcontrolled
manner. In addition,Grid testbedsarelimited, andcreating
anadequately-sizedtestbedis expensiveandtimeconsum-
ing. Therefore,it is easierto usesimulationasa meansof
studyingcomplex scenarios.

Sometools are available for applicationscheduling
simulation in the Grid computingenvironment, such as
Bricks [5], SimGrid[6] andOptorSim[7]. However, none
of themhavethecapabilityof simulatingreservation-based
systems.To addressthis weakness,we extendGridSimto
supportAR mechanisms.

GridSim[8] is a Java-basedgrid simulationpackage
that provides featuresfor applicationcomposition,infor-
mationservicesfor resourcediscovery, andinterfacesfor
assigningapplications. GridSim also has the ability to
modelheterogeneouscomputationalresourcesof variable
performance.

In this work, GridSim has beenextendedwith the
ability to handle: (1) creationor requestof a new reser-
vationfor oneor moreCPUs;(2) commitmentof a newly-
createdreservation;(3) activationof a reservationoncethe
currentsimulationtime is the start time; (4) modi�cation
of an existing reservation; and(5) cancellationandquery
of anexisting resevation.

The restof this paperis organizedas follows: Sec-
tion 2 describesthe general life-cycle of a reservation,
while Section3 presentsthe architectureof GridSim for
AR. Section4 describeshow a user can use GridSim's
functionalities.Section5 conductsanexperimentto show
theeffectsof AR from users'andresources'pointof view.
Section6 concludesthepaperandsuggestsfurtherwork.

2 Statesof AdvanceReservation

A reservation can be in one of several statesduring its
lifetime asshown in Figure1. The life-cycle of a reser-
vationin GridSimis in�uencedby recommendationsfrom
theGlobalGrid Forum(GGF)draft [9] andtheApplication
ProgrammingInterface(API) [10]. Transitionsbetween
thestatesarede�nedby theoperationsthatauserperforms
on thereservation.Thesestatesarede�ned asfollows:

� Requested:Initial stateof thereservation,whena re-



Figure1. A statetransitiondiagramfor advancereservation

questfor a reservationis �rst made.

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

� Accepted: A requestfor a new reservation hasbeen
approved.

� Committed: A reservation hasbeencon�rmed by a
userbeforetheexpiry time,andwill behonouredby a
resource.

� ChangeRequested:A useris trying to alter the re-
quirementsfor the reservationprior to its starting. If
it is successful,thenthereservationis committedwith
thenew requirements,otherwisethevaluesremainthe
same.

� Active: Thereservation'sstarttimehasbeenreached.
Theresourcenow executesthereservation.

� Cancelled: A userno longer requiresa reservation
andrequeststhatit is to becancelled.

� Completed: The reservation's end time has been
reached.

� Terminated: A userterminatesanactive reservation
beforetheendtime.

The following sectionsdescribethe implementation
andusageof thesestatesinto GridSim.

3 GridSim ResourceDesign

In GridSim, a grid resource is representedby a
GridResource object. EachGridResource object
containsonly oneschedulerof typeAllocPolicy class.
In thiscase,theGridResource only actsasaninterface

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

betweenusersandthe local scheduler, andit is up to the
schedulerto handleandto processsubmittedjobs.Thisap-
proachgivesthe �e xibility to implementvariousschedul-
ing algorithmsfor a speci�c resource-basedsystem.Cur-
rently, GridSim hasTimeShared and SpaceShared
objectsthat useRoundRobin andFirst ComeFirst Serve
(FCFS)approachesrespectively.

To support AR in GridSim, a new type of re-
sourceentity namedARGridResource inherited from
GridResource is addedasshown in Figure2. Similarly,
a new abstractschedulerclasscalledARPolicy inherited
from AllocPolicy is alsoadded.The extensionto the
currentgrid resourcearchitectureis neededto incorporate
thestatesof AR asdiscussedearlier.

The advantageof this designis that adding a new
schedulerdoes not require modi�cation of existing re-
sourceand/orother schedulingclasses. Creatinga new
scheduleris assimpleasextendingtheAllocPolicy or
ARPolicy class,andimplementingthe requiredabstract
methods.For an example,ARSimpleSpaceShared as
shown in Figure2, is achild of ARPolicy class,thatuses
FCFSapproachto schedulereservedjobs.

3.1 SystemModel

GridSim mainly focuses on simulating computational
grids.In thiscontext, GridResource entitiesin GridSim



Figure4. Flowchartfor requestinganew reservation

aremainly relatedto processingcapabilityandthecostof
processing.Currently, a schedulerwithin a grid resource
focuseson reservingCPUs. An openqueueingnetwork
modelof aresourceisconsideredasseenin Figure3. There
is a �nite buffer with sizeS to storeobjectswaiting to be
processedby oneof P independentCPUs. They arecon-
nectedby a high-speednetwork with negligible communi-
cationdelays.m is theCPUspeed,measuredin the form
of Million InstructionsPer Second(MIPS) rating as per
SPEC(StandardPerformanceEvaluationCorporation)[11]
benchmarks.CPUscanbehomogeneousor heterogeneous.
For homogeneousones,all m have thesameMIPS rating.
Differentm exist for heterogeneousCPUs.

3.2 SchedulingSystemfor AdvanceReserva-
tion

Currently, GridSim uses FCFS approach for the
ARSimpleSpaceShared object for a reservation-
basedsystem.For requestinga new reservation,Figure4
shows the steps needed. A schedulermust �nd any
potentialcon�icts with existing reservationsor an empty
slot for determiningto accept/rejecta new request.Before
further explanation of the details of the algorithm for
�nding anemptyreservationslot, thefollowing parameters
arede�ned:

� List : A reservation list. An acceptedreservation is
storedandsortedinto this list, basedon its starttime.

� tempList : A temporarylist to storeList indexes.

� Ri : thei -th reservationobjectin List .

� Rnew : A new reservation.

� star t i : Starttime for Ri .

� star tnew : Starttime for Rnew .

� f inish i : Finishtime for Ri .

� f inish new : Finishtime for Rnew .

� CPUi : Numberof CPUrequiredby R i .

� CPUr eser v : Total numberof CPU reservedby other
reservations.

� CPUnew : Numberof CPUrequiredby anew request.

� CPUr esour ce: Total numberof CPU ownedby a re-
source.

Algorithm 1 explainshow GridSim's scheduler�nds
anemptyreservationslot. Lines(1) to (2) arefor a simple
case,wherenoreservationsexist. Hence,theschedulerwill
accepta new requeststraightaway. If List is not empty,
thenline (4) to (9) �nds reservationsthatmightbecon�ict-
ing with a new request.Line (6) handlesa casewherea
reservation is within the star tnew � ! f inish new inter-
val. By storingindexesof all reservationsthat lay within
this time interval, CPUr eser v canbe calculatedasin line
(13).

Algorithm 1 Findinganemptyslot
1: if List is emptythen
2: nocon�ict found.Hence,acceptsanew reservation.
3: else
4: for i = 0 to List size� 1 do
5: put i into tempList if oneof thefollowing prop-

ertiesaretrue:
6: � star tnew � star t i && f inish new � f inish i

7: � star tnew � f inish i

8: � f inish new � f inish i

9: end for
10: if tempList is emptythen
11: nocon�ict found.Hence,acceptsthisreservation.
12: else
13: calculateCPUr eser v if star t � ! end timeinter-

val for a reservationoverlapswith others
14: if CPUr eser v + CPUnew � CPUr esour ce then
15: emptyCPUsfound. Hence,acceptsthis reser-

vation.
16: else
17: no empty CPUs found. Hence, rejects this

reservation
18: end if
19: end if
20: end if



Figure5. AdvanceReservationclassdiagram

4 GridSim API

The GridSim client-sideAPI for AR is encodedin the
method calls of the AdvanceReservation class as
shown in Figure 5. In this classdiagram,attributesand
methodsarepre�xed with characters+ and� indicating
accessmodi�ers public and private respectively. Due to
spaceconstraints,only few methodsare drawn and dis-
cussedin thispaper. DetailedAPI of thisclasscanbefound
on theGridSimwebsite[12].

The transactionID attribute is a uniqueidenti-
�er for a reservation, and is usedto keep track of each
transactionor methodcall associateswith the reservation.
Thebooking list is an importantattribute to storereser-
vationsthat have beenacceptedand/orcommitted. In the
AdvanceReservation object, timeZone is a very
importantattributeasresourcesarelocatedgeographically
in different time zone. Hence,a user's local time will be
convertedinto a resource's local time when the resource
receivesa reservation.

For creatingor requestinga new reservation, a user
needsto invoke the createReservation() method.
Before running a GridSim program, an initialization of
someparametersis required.Oneof theparametersis the
simulationstart time Ts. Ts can be a currentclock time
representedby a Java's Calendar object. Therefore,a
reservation's starttime needsto be aheadof Ts. Thestart
time canbeof typeCalendar objector long represent-
ing time in milli seconds.Reservationscanalsobe done
immediately, i.e. thecurrenttime is beingusedasthestart
timewith or withoutspecifyingadurationtime.

If a new reservation 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 a requestis rejected,theusercanne-
gotiatewith the resourceby modifying the requirements,
suchasreducingthenumberof CPUsneededor shortening

thedurationtime.
Once a request for a new reservation has

been accepted, the user must con�rm it before
the expiry time of this reservation by invoking the
commitReservation() method. The expiry time
is determinedby the resourceor its scheduler. The
commitReservation() method returns an integer
valuerepresentingerroror successcode.

Committinga reservation actsasa contractfor both
the resourceandthe user. By committing,the resourceis
obligedto provideCPUsat thespeci�ed time for a certain
period.A reservationcon�rmation,asdepictedin Figure5,
canbedonein oneof thefollowing ways:

� committing �rst beforethe expiry time by sendinga
booking id. Then, oncea job is ready, committing
it againwith the job attachedbeforethereservation's
starttime.

� committingbeforetheexpiry time togetherwith a job
if reservingonly oneCPU. In GridSim, a job or an
applicationis representedby a Gridlet object.

� committing before the expiry time togetherwith a
list of jobs if reserving two or more CPUs. A
GridletList object is a linked-list of Gridlet ob-
jects. This approachis highly desirablefor parallel
applicationsasmentionedin Section1.

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

Theoverallsequencefrom anew reservationuntil the
completionof jobsis capturedin Figure6.

5 Simulation Resultsand Discussions

5.1 Experiment Setups

Theexperimentmodelsandsimulatesfour resourceswith
different characteristics,con�gurations and capabilities.
The four selectedresourcesmentionedin [8] areincluded
in this experimentbasedon their location. A new cluster
resourcein ourUniversityis alsomodeled.Table1 summa-
rizesall theresourcerelevantinformation.Theprocessing
ability of theseCPUsin simulationtime units is modeled
after thebasevalueof SPECCPU(INT) 2000benchmark
ratingspublishedin [13].

This experimentsimulatesa scenariodemonstrating
GridSim'sability to handleAR functionalities.In addition,
this experimentaims to �nd out the effects of AR from
users'andresources'point of view. The following simu-
lationsetupsarecarriedout:

� Five createdresources,eachableto handleAR func-
tionalities.



Table1. TestbedresourcessimulatedusingGridSim.

ResourceName Simulatedresourcecharacteristics: hostname A SPEC Num Time zone
in simulation vendor, type,OS andlocation Rating(m) CPU(P) (GMT)

R0 Compaq,AlphaServer, Tru64UNIX grendel.vpac.org 515 4 + 10
VPAC, Melbourne,Australia

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

R2 SGI,Origin 3200,IRIX onyx3.zib.de 410 16 + 2�

ZIB, Berlin, Germany
R3 SGI,Origin 3200,IRIX mat.ruk.cuni.cz 410 6 + 2�

CharlesUniv., Prague,
CzechRepublic

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

ANL, Chichago,USA
� denotesdaylightsaving time (+ 1 hour)occurredin this areaat thetime of writing this paper.

Figure6. A sequencediagramfor performinga new reser-
vationin GridSim

� 50createdusers,eachwith 100Jobs.

� Job size is uniformly distributed in [500,000 ...
8,000,000] in Millions Instructions(MI) unit.

� Poissondistribution is usedfor job arrival time. Aver-
agejobsfor all userspertimeunit is 5.

� Assuming1 simulationtime is equivalentto 1 minute,
maximumarrival timefor this experimentis 500min-
utes.

� Sendingjobsareuniformly distributedamongthe� ve
resourcesasmentionedin Table1.

� Only concernsschedulingjobs to emptyCPUs. All
resourcesandusersareassumedto havesamenetwork
bandwidthandI/O operations.

� A schedulerfrom eachresourcewill startthejob atthe
requestedstarttime.

In addition,a reservationjob canberestartable
or non-restartable . A restartablejob meansa job
will be pausedif running longer than allocated,then re-
sumeexecutionfrom thepointwhereit waspausedif there
is an emptyCPU.A non-restartablejob meansa job will
be executedfrom startuntil �nish or be pre-emptedby a
scheduler, andstraightaway the�nished or partially com-
pletedjob sentback to a user. For this experiment,only
0%, 10% and20% of total jobs usingreservationsand it
follows similar approachdoneby [2]. However, experi-
mentsconductedin [2] useworkloadtracestakenfrom su-
percomputersin ArgonneNationalLaboratory(ANL) [14],
theCornellTheoryCenter(CTC) [15], andtheSanDiego
SupercomputerCenter(SDSC)[16].

5.2 AdvanceReservation Analysis

Themetricsusedin this experimentaretheMeanWaiting
Time (MWT) andMeanOffsetfrom requestedreservation
Time(MOT). MWT is theaverageamountof timethatjobs



Figure7. MeanWaitingTime

have to wait beforereceiving resources.It examinesthe
effect of a reservation-basedsystemon a scheduler's per-
formance.MOT is the averagedifferencebetweenusers'
initial start time to the actualguaranteedor obtainedstart
time. It measureshow well theschedulerperformsatsatis-
fying reservationrequests.

Achieving accurateprediction of a job's execution
time is adif�cult problemfor AR. Therefore,theeffectsof
thejob'sestimationonresourceutilizationandonthenum-
berof rejectionsarepresented.For a non-restartablejob, a
reservationmusthaveanoverestimatedcompletiontimeso
a job can�nish executingwithout the risk of runningout
of time andbeingpre-empted.For a restartablejob, un-
derestimatedcompletiontime is allowed as the scheduler
will put it into aqueueif completiontimetakeslongerthan
allocated.

5.2.1 Mean Waiting Time

Figure7 displaystheimpactonMWT of queuedjobswhen
reservationsareenabledin all resources.For all thejobsin
� veresources,queuewait timesincreaseanaverageof 20%
when10%of thejobsarereservationsand71%when20%
of thejobsarereservations.

5.2.2 Mean Offset Time

Figure 8 displaysMOT of 0%, 10% and 20% jobs us-
ing reservationsfor all � ve resources.The �gure shows
that the offset is larger whentherearemorereservations.
0%reservationsmeanthatthey areimmediatereservations
with currenttime asthestarttime. Theseimmediatereser-
vationsalsohavedurationandnumberof CPUsrequested.
Whencomparingbetweenimmediateandadvancedreser-
vations,theresultbene�tssigni�cantly to jobsthatrequest
resourcesaheadof time. For 10% reservations,the mean
differencefrom requestedreservation time is 48 minutes.
For 20% reservations,the meandifferenceis 62 minutes.
This is an increaseof 29% over themeandifferencefrom

Figure8. MeanOffsetTime

Figure9. Numberof utilization

requestedreservationtimewhen10%of thejobsarereser-
vations.

5.2.3 ResourceUtilization

Figure9 displaysthe utilization of resourcesbeingsimu-
latedin this experiment.Whenreservationsaresupported,
resourceutilization dropsto between60% and80%. The
result�nds thatutilization doesnot changefor restartable
jobs. This is becausewhenthey arerunninglonger, they
will be put into a queueif a slot is taken and will be
processedlater. In this experiment,restartablejobs are
given an underestimatedcompletiontime. In constrast,
non-restartablejobsaregivenanoverestimatedcompletion
time to prevent from being pre-emptedby other reserva-
tions.As aresult,resourceutilization is lowerasmostnon-
restartablejobsare�nished earlier.

5.2.4 Number of Rejections

Figure10 displaysthenumberof rejectionsfor requesting
new reservationsin this experiment. It is expectedthatas
morereservationsarerequested,the numberof rejections
will behigher. Non-restartablejobshaveahigherrejection
ratesincethey requesta longerdurationtime.



Figure10. Numberof rejections

Figure11. ParallelJobsusingAR

5.2.5 Parallel Jobs

The resultsseemedto disadvantagea systemusing AR.
However, for parallelapplications,asdepictedin Figure11,
AR is very bene�cial. For this experiment,all thejobsare
parallelandrequired4 CPUsfor beingexecutedsimultane-
ously. Sendingparalleljobswithout reservingbeforehand
hasthe lowestpercentageof successfulcompletion. 10%
of jobs usingAR performbetterthan20%of jobs asthey
have lesscompetitionto accessthesameresource.

6 Conclusionand Future Work

Advancereservationfor grid resourcesallowsusersto gain
concurrent accessfor their applicationsto be executedin
parallel. It alsoguaranteesthe availability of resourcesat
thespeci�edtimesin thefuture.

This paper introducedadvancereservation mecha-
nismsincorporatedinto GridSim, a grid simulationtool.
The design and implementationfor supportingadvance
reservationin GridSimarealsodiscussed.

Experimentalresultshave shown that a reservation-
basedsystembene�ts parallel and reserved jobs signi�-
cantly, as the resourcesare guaranteedto be available at
the speci�ed time. Also, the meanoffset from requested
reservation time is lower for reserved jobs. However, the

effectsof advancereservation resultedin lower CPU uti-
lizationandahighernumberof rejectionsin acceptingnew
jobs.

Futurework on GridSim will look into introducing
policiesandpenaltiesfor cancelingandmodifyingreserva-
tions. In addition,a priority systemfor reservingresources
needsto beintroduced.
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