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Abstract— Grid computing technologiesare increasinglybeing
used to aggregate computing resources that are geographically
distrib uted acrossdiffer ent locations. Commercial networks are
being used to connect these resources, and thus serve as a
fundamental component of grid computing. Since these grid
resources are connected over a shared infrastructur e, it is
essentialthat we consider their effect during simulation. In this
paper, we discusshow new additions to the GridSim simulation
toolkit can be used to explore network effects in grids. We
also investigate techniques to incorporate differ entiated service,
background traf�c and collecting information fr om the network
during runtime in GridSim. As a result, these features enable
GridSim to realistically model grid computing experiments.

I . INTRODUCTION

Grid computing has emerged as the next-generationpar-
allel and distributed computingmethodologythat aggregates
dispersedheterogeneousresourcesfor solving various kinds
of large-scaleparallelapplicationsin science,engineeringand
commerce[1]. In order to evaluatethe performanceof a grid
environment,we needto conduct repeatableand controlled
experiments,which aredif�cult dueto grid's inherenthetero-
geneityandits dynamicnature.Additionally, grid testbedsare
limited and creatingan adequately-sizedtestbedis expensive
and time consuming.Moreover, it needsto handledifferent
administrationpoliciesat eachresource.Due to thesereasons,
it is easierto usesimulationasa meansof studyingcomplex
scenarios.

The GridSim toolkit [2] has beendevelopedto overcome
the above problems. It is a Java-baseddiscrete-event grid
simulation package that provides features for application
composition,informationservicesfor resourcediscovery, and
interfaces for assigningapplicationsto resources.GridSim
also has the ability to model heterogeneouscomputational
resourcesof varied con�gurations. The GridSim toolkit has
been applied successfullyto simulate a Nimrod-G [3] like
grid resourcebroker and to evaluate the performanceof
deadlineandbudgetconstrainedcost-and time- optimization
schedulingalgorithms.

Communicationnetworks serve as a fundamentalcompo-
nent of grid computing.Resources,connectedover commer-
cial networks, sharebandwidthwith other users.A realistic

simulationof grid environmentsshouldinclude the effectsof
sendingdataoversharedcommunicationlines.Earlierversions
of GridSim did not have the ability to specify a network
topology, nor the functionality to connectresourcesthrough
network links in theexperiment.Resourcesandgrid usershad
all-to-all connectionswith speci�able bandwidth.Hence,the
simulationsdid not capturethe entiredetailsof an actualgrid
testbed.

In this work, GridSim has been extendedto addressthe
above problemswith the ability to simulaterealistic network
modelsby: (1) allowing usersto createa network topology,
(2) packetizing a data into smaller chunks for sending it
over a network, (3) generatingbackgroundtraf�c, and (4)
incorporatingdifferent level of servicesfor sendingpackets.

The rest of this paperis organizedas follows: SectionII
provides backgroundon GridSim. Section III presentsthe
designand implementationof GridSim network, while Sec-
tion IV illustratesthe use of GridSim for simulatinga Grid
computing environment. Section V mentions related work.
Finally, SectionVI concludesthe paperand suggestssome
further work to be doneon GridSim network models.

I I . BACKGROUND

Therehasbeena signi�cant work in the paston GridSim
ver3.0 to incorporatemore functionality and extensibility
into it, suchasextendingtheGridSiminfrastructureto support
advancereservationasdiscussedin [4]. This allows resources
to have their own schedulersandpoliciesfor reservation-based
systems.However, no work hasbeendoneinto improving the
existing network model. Therefore,in the latest GridSim
ver3.1 release,a new packageis incorporatedto provide
bettercapabilitiesfor the existing network model. Inside this
package,it containscore network components,suchas links
androuters.Detailsof thesecomponentswill be discussedin
SectionIII. Also, GridSimdenotesversion3.1 of thesoftware
throughout.

GridSim is based on SimJava2 [5], a general purpose
discrete-event simulation packageimplementedin Java. In
SimJava, each simulated system (e.g. resourceand user),
that interacts with others, is referred to as an entity. An
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Fig. 1. A classdiagramshowing the relationshipbetweenGridSim and
SimJava entities

entity runs in parallel in its own threadby inheriting from
the classSim entity , while its desiredbehavior must be
implementedby overriding a body() method.

SimJava requireseachentity to have two portsfor commu-
nication:onefor sendingeventsto otherentities,whereasthe
otherport is usedfor receiving incomingevents.In GridSim,
this is donevia classInput andOutput . Both classeshave
their own body() methodto handleincomingandoutgoing
eventsrespectively. Similar to SimJava, GridSimentitiesmust
inherit from theclassGridSimCore andoverridea body()
method.TherelationshipbetweenSim entity andGridSim
classesis shown in �gure 1. In a class diagram,attributes
andmethodsarepre�xed with characters+ indicatingaccess
modi�ers public. Note that theclassGridSimCore doesnot
have thebody() methodbecauseit is not necessarysinceits
subclasswill overridethe method.

I I I . DESIGN AND IMPLEMENTATION OF GRIDSIM

NETWORK

The �o w of information amongGridSim entities happens
via their Input and Output (I/O) entities. Upon creating a
GridSim entity with a speci�ed bandwidth, it automatically
createsboth instancesof classInput andOutput , andlinks
themto this entity. Hence,sendinga datamustgo throughto
a sender's Output entity beforegoing into a recipient's Input
entity for collection.

The use of separateentities for I/O provides a simple
mechanismfor a GridSim entity to communicatewith each
other, and allows modeling of a communicationsdelay [2].
In addition, this existing design provides a clean interface
betweenthe network entities and others.Therefore,most of
thechangeswereincorporatedinto classInput andOutput
for transparentandminimal modi�cation to theexisting code.

Thenew additionto theexistingnetwork architectureallows
GridSimentitiesto be connectedusinglinks androuters,with
different packet schedulingpolicies for realistic experiments
asshown in �gure 2. Detailedexplanationof this �gure will be
explainedlater in SectionIII-D. The network architecturehas
alsobeendesignedto beextensibleandbackwardscompatible
with existing codeswritten on older GridSim releases.

A. NetworkComponents

Importantadditionto theexistingGridSimnetwork architec-
ture arelink, router, packet, packet schedulerandbackground
traf�c generatorcomponents.The relationshipsamongthese
network componentsin Uni�ed Modeling Language(UML)
notations[6] are depictedin �gure 3 and 4. Note that the
backgroundtraf�c generatorcomponentwill be discussin
SectionIII-C.

1) Link: A link in GridSim is representedas an abstract
class Link for extensibility. SimpleLink , a subclassof
Link as shown in �gure 3 (a), requires information like
thepropagationdelay, bandwidthandMaximumTransmission
Unit (MTU) for packet delivery.

2) Input andOutput: WhenGridSimentitieswantto senda
dataover thenetwork, eachof themhasInput andOutput(I/O)
entities attachedto it, as previously mentioned.The Output
entity is responsiblefor splitting the data into MTU sized
packets,whereasthe Input entity is accountableto collatethe
differentpacketsin a streamaltogether, andsendthemasone
piece of data to the GridSim entity. In addition, theseI/O
entitiesact asa buffer to hold the packetsuntil a link is free.

3) Router: A router in GridSim is representedas an
abstractclass Router for �e xibility as shown in �gure 3
(a). Therefore,this designallows a subclassof Router in
determiningtheforwardingtableat thestartof thesimulation,
and implementingany routing algorithms.

Routingcanbedoneusingstatictablesor dynamicmethods,
such as Routing Information Protocol (RIP) [7] and Open
ShortestPathFirst (OSPF)[8]. An implementationof a router
in class FloodingRouter uses a �ooding algorithm to
setup its forwarding tablesautomatically. Since routersand
otherGridSim entitiescannot be createdandaddedafter the
simulation has started,the �ooding algorithm is a suf�cient
methodto setupa router's forwarding tables.

4) Packet: A network packet in GridSim is represented
as an interface class Packet as shown in �gure 3 (b).
Currently, thereare two classesthat belongsto this category,
i.e. NetPacket and InfoPacket . A NetPacket class
is used to encapsulatedata passing through the network,
whereasclass InfoPacket is devoted to gather network
information during runtime which is equivalent to Internet
Control MessageProtocol(ICMP) [9] in physicalnetworks.

5) Packet Scheduler: A packet scheduleris responsiblefor
decidingthe order in which oneor morepacketswill be sent
downlink. Implementinga packetschedulerrequiresextending
from classPacketScheduler asdepictedin �gure 3 (c).

Two implementations of a packet scheduler are
provided in GridSim, i.e. class FIFOScheduler and
SCFQScheduler . The class FIFOScheduler uses a
simple First In First Out (FIFO) policy, whereasthe class
SCFQScheduler adopts a variation of Weighted Fair
Queuing (WFQ) [10], called Self Clocked Fair Queuing
(SCFQ)[11] policy, which will be discussednext.
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B. Supportfor NetworkQuality of Service& RuntimeInfor-
mation

Jobson grids may have differentrequirementswith respect
to bandwidth and latency. Systemslike �re or earthquake
detection require low latency and reliable delivery. Other
jobs like protein folding experimentsrequirehigh processing
power, and may toleratesomenetwork errors.Also, in some
cases,grid resourceprovidersmay wish to charge for priority
accessto their resources.Thus grid resourceproviders need
mechanismsto provide userswith differentQuality of Service
(QoS) for using their networks [12]. In order to supportthis
functionality, every packet in GridSimcontainsa Typeof Ser-
vice (ToS) attribute with a default valueof zeroweight. This
attributewill beusedby routersor packetschedulersto provide
a differentiatedserviceto heterogeneouslinks or connections
for incoming packets. In GridSim, classSCFQScheduler

can be con�gured with different weights.Packets belonging
to a classwith higherweight receive higherpriority according
to the SCFQalgorithm.

GridSim also supportsrequestingnetwork status during
runtime, such as numberof hops to destination,round trip
time (RTT), bottleneckbandwidthand all bandwidthsthat a
packet hastraversedfor currentor futuresimulationtime.This
feature is similar to an ICMP ping message.The result is
capturedinsideclassInfoPacket .

To enable this functionality, a GridSim entity must use
either blocking or non-blocking method calls from class
GridSimCore . A blocking call requires to use only a
pingBlockingCall() method,whereit waits for a result
to come back while preventing other entity's activities. In
contrast, a non-blocking call needs to use a combination
of ping() and getPingResult() methodswhile doing
somethingelse in between.Both pingBlockingCall()



and getPingResult() methodreturn an object of class
InfoPacket .

C. Simulatingwith BackgroundTraf�c

In commercialor even academicnetworks, usersexpect to
experiencenetwork traf�c that doesnot belong to them. In
order to capturethis real world scenariointo a simulation,
GridSimsupportsmodelingof backgroundtraf�c. This canbe
doneby creatingan instanceof classTrafficGenerator ,
and storing it as a class Output attribute, as shown in
�gure 4 (b). TheclassTrafficGenerator generatesinter-
arrival time, packet size, and number of packets for each
interval accordingto variousdistributions that are supported
by SimJava2 [5] [13]. Someof thedistributionsareBernoulli,
negative exponential, and binomial. Then, these generated
valuesareusedby anOutputentity to sendbackgroundtraf�c
packets to oneor all otherentitiesin the experiment.

D. Interaction amongGridSimNetworkComponents

When a simulation starts, routerssendout advertisement
packets to all neighboringrouter, advertisingany other Grid-
Sim entitiesthey are connectedto. Later on, the neighboring
routers adjust their forwarding tables upon receiving these
packets. Then, they forward the packets to all neighboring
routersexcept the source.Dependingon the complexity of a
network topologyandnumberof GridSimentitiescreated,this
processmight take a while.

Oncetheforwardingtableshavebeencompleted,a GridSim
entity, named User from following an example shown in
�gure 2, canstartsendingjobs to a GridResourceentity. Each
GridSim entity has I/O entities attachedto it that act as a
buffer. Therefore,when a job is to be sent out by a User
entity, it is �rst buffered at the Output entity (step1). Here,
the job is split into multiple packets if it is larger than the
MTU of a link connectedto the Output entity. The packets
are thengiven sequencenumbers,enqueuingin a buffer, and
sent to the router down the link one by one. The link takes
the packet, delaysit by the propagationdelay speci�ed, and
dequeuesit at the otherend(step2).

Routersreceive the packet from the link, and decide the
packet schedulerthat the packet shouldbe sentto (step3). If
the outgoing interfacehasa MTU less than the packet size,
it splits the packet into smallerones,similar to what Output
entity does.Next, thesepackets are enqueuedat the packet
scheduler. The packet schedulerusesits own algorithm,such
as FIFO or WFQ to decidethe order in which the packets
should be dequeued(step 4). When a link attachedto the
packet scheduleris free, the routerdequeuesonepacket from
the packet scheduler, and sendsit down the link (step 5).
Similar approachis required if the other end of the link is
anotherrouterentity (step6–8).

Whenthe �nal link is traversedandthe packet reachesthe
GridResource entity, all packets in a sequenceare collated
back togetherinto the job (step9). This is doneby the Input
entity. The job is then passedto the GridResource entity for
processing.Once processingis complete,the GridResource

entity passesthe completedjob to its Output entity, which
follows a similar path until it reachesthe Input entity that
createdthis job.

Thecurrentprotocolusedfor sendingpacketsis a datagram
orientedprotocol,which is similar to UserDatagramProtocol
(UDP). There is no supportfor acknowledging eachpackets
andpacket reordering.Sincethereis no supportfor recovering
lostpackets,I/O buffersareconsideredto beunlimitedin order
to ensureno packetsare lost.

IV. EXPERIMENTS AND RESULTS

A. ExperimentAim

The main aim of this experiment is to show GridSim's
ability to simulatean adequate-sizegrid testbed.Therefore,
we createa network topologybasedon a Belle AnalysisData
Grid (BADG) testbedin Australiain collaborationwith IBM,
as shown in �gure 5. The BADG testedis usedby scientists
to analyzehigh-energy physicsexperimentdata[14], similar
to the grids runningunderthe e-Scienceprogramme[15].

For this experiment, we are mainly concern about the
network behavior in a grid environment.Hence,we aretrying
to look at:

� how backgroundtraf�c might affect network loads and
overall executiontime;

� how differentiatedQoSfor packetsmight help in a heavy
load situation;and

� how muchthe costs,in termsof actualtime for running
the experimentare requiredto achieve an accurateand
realisticsimulation.

B. ExperimentSetups

Table I summarizesall the resourcerelevant information.
Fiveresourcesarecreatedin four differentlocations:Canberra,
Adelaide,MelbourneandSydney. The processingability of a
resource'sCPUis measuredin theform of Million Instructions
PerSecond(MIPS) ratingasperSPEC(StandardPerformance
Evaluation Corporation)CPU (INT) 2000 [16] benchmarks.
A spacesharedpolicy or First Come First Served (FCFS)
algorithmis usedto computeincoming jobs in all resources.

All resources,exceptfor theAdelaideone,areconnectedvia
GrangeNet[17], a Gigabitwide-areanetwork within Australia.
However, to simplify the experimentsetups,all resourcesand
usershave the samesetof network propertiesfor connection
to GrangeNet,asshown in �gure 5. In addition,all links share
samecharacteristics,i.e. MTU sizeof 1,500bytesandlatency
of 10 milliseconds.

There are 5 userslocated on each of the four locations,
sharingthe samecharacteristics:

� bandwidth:100 Mbps connectedto a leaf routerof each
testbedsite

� total numberof jobs: 20 each
� job datasize:1 MB each
� job processingpower: 100Million Instructions(MI) each
� job submission:uniformly distributed among � ve re-

sourcesasmentionedin Table I



Fig. 5. Network topology

TABLE I

AUSTRALIAN BELLE ANALYSIS DATA GRID TESTBED SIMULATED USING GRIDSIM

Name Location ResourceType & Characteristics Num CPU A SPECRating

R0 Dept. of Physics,Univ. of Melbourne PC with Intel Pentium2.0 Ghz, 512 MB RAM 1 684

R1 GRIDS Lab, Univ. of Melbourne IBM eServer with dual Intel Xeon 2.6 Ghz, 2 GB RAM 4 1050

R2 Dept. of Physics,Univ. of Sydney IBM eServer with dual Intel Xeon 2.6 Ghz, 2 GB RAM 4 1050

R3 Dept. of ComputerScience,Univ. of Adelaide IBM eServer with dual Intel Xeon 2.6 Ghz, 2 GB RAM 4 1050

R4 AustraliaNationalUniv. (ANU), Canberra IBM eServer with dual Intel Xeon 2.6 Ghz, 2 GB RAM 4 1050

� backgroundtraf�c: submits to all resourcesand other
users,with inter-arrival time usinga Poissondistribution
approachwith meanof 5 minutes.Total numberof pack-
ets for eachinterval is uniformly distributed in [1:::10].
The sizeof eachpacket is 1,500bytes.

To investigatethe advantageof having network QoS, one
userfrom eachsite is chosenwith a higherToS weight.High
priority users have a weight of 2 while normal users are
assigneda weight of 1. Thereforehigh-priority userswill be
treatedbetterif a SCFQScheduler is used.

C. Analysis

The result in table II shows the advantageof having net-
work QoS in a sharednetwork environment.As mentioned
previously, only 4 out of 20 usersaregiven a higherpriority
for sendingtheir jobs. On average,they manageto �nish all
of their executionjobs fasterby more than3%.

Table III shows the averageamountof time spentby one
packet in a router's queue, in this case the leaf router at
Melbourne.This router is chosenbecauseit links two grid
resources,hence more traf�c than other leaf routers. We
comparetwo users,one of whom has been set to a high

TABLE II

NETWORK QOS USING SCFQ PACKET SCHEDULER

Priority With backgroundtraf�c

(in simulationminutes)

High 22.82

Normal 23.57

TABLE III

AN AVERAGE PACKET LIFETIME AT THE MELBOURNE LEAF ROUTER

Priority With FIFO scheduler With SCFQscheduler

(in simulationseconds) (in simulationseconds)

High 3.60 x 10� 6 1.20 x 10� 6

Normal 2.38 x 10� 6 2.38 x 10� 6

priority, while the othersendspacketsat a normalpriority. It
canbe seenthat high priority packetsin the SCFQrouterare
dequeuedfasterthan normal priority packets, thus providing
betterQoSto high priority users.
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Figure 6 shows the number of packets passing by for
the Melbourne leaf router. The effect of backgroundtraf�c
is clearly shown in the beginning of the simulation. The
backgroundtraf�c decreasesover time becausewhen a user
entity collectsall the jobs, it will exit the simulation,hence
not sendingany othernetwork packets.

It canbe seenfrom �gure 7 that usingthe SCFQscheduler
increasestherun timeof theexperiment.This is becauseof the
extra overheadsassociatedwith SCFQ as mentionedearlier.
The FIFO scheduler, on the other hand, simply enqueues
at the tail and dequeuesat the head. With no background
traf�c on, the difference between FIFOScheduler and
SCFQScheduler is quite small around4%. The gap,how-
ever, is bigger around7% with the addition of background
traf�c. The experiments were conductedon a Pentium 4
machinerunningat 2.4Ghzandequippedwith 512MB RAM.

V. RELATED WORK

Simulation is very much used in the networking re-
searcharea.Examplesof suchsimulatorsincludeNS–2[18],

DaSSF[19], OMNET++ [20] and J–Sim[21]. Though their
supportfor network protocolsis extensive, they are not tar-
getedat studyinggrid computing.This is becausesimulating
grids requiresmodeling the effects of schedulingalgorithms
on grid resourcesand investigatinguser's QoS requirements
for applicationprocesses.

There are some tools available, apart from GridSim, for
application schedulingsimulation in Grid computing envi-
ronments,such as Bricks [22], MicroGrid [23] [24], Sim-
Grid [25] [26], and OptorSim [27]. All of thesesimulators
alsohaveanunderlyingnetwork infrastructure,with theability
to simulaterealisticexperimentsby usingbackgroundtraf�c.
Differencesamongthe grid simulators,except for Bricks, in
termsof network functionalitiesand featuresare highlighted
in Table IV. Note that for Routing Table Entry column, an
automaticentry means�lling in a router's forwarding table
automatically during runtime. In contrast, a manual entry
means�lling in the forwarding table by reading from an
external �le that de�nes a router's connectionwith others,or
by manuallyenteringthe information into the table.

Bricks [22] is able to specify a network topology, band-
width, throughputand varianceof the throughputover time.
The backgroundtraf�c functionality is modeledby using a
probabilisticdistribution, which is similar to GridSim. How-
ever, at the time this article is being written, this packageis
not available to download from its website[28]. As a result,
we arenot able to compareit with our work in moredetails.
Therefore,it is not includedin Table IV.

MicroGrid [23] [24] allows complex network modeling,
such as transportand routing protocols,and large-scaleex-
perimentssince it is basedon DaSSF[19]. Hence,in terms
of network capabilities,MicroGrid is themostcompleteof all
grid simulators.However, it is actuallyan emulator, meaning
that actual application code is executedon the virtual grid
modeledafter Globus [29].

SimGrid [25] [26] has a good network infrastructurethat
supportsTransmissionControl Protocol (TCP) transportpro-
tocol for a reliable service.It also modelsbackgroundtraf�c
by readingfrom a trace �le generatedby Network Weather
Service(NWS) [30]. NWS is usedto monitorcurrentavailable
bandwidth betweentwo machinesover the network. How-
ever, SimGrid doesnot make any distinction betweena job
computationand a data transfer, since they are modeledas
a resourceperforminga speci�c task. Therefore,it doesnot
support data packetization. In addition, requestingnetwork
statusfunctionalitiesduring runtimein SimGridarelimited to
latency andbandwidthof a link. In contrast,GridSim reports
more network information than SimGrid, suchas numberof
hopsto a destinationandRTT asmentionedin SectionIII-B.

OptorSim [27] has a very simple network infrastructure
comparedto other simulationtools, sinceit doesnot support
routing and transport protocol nor data packetization. The
backgroundtraf�c functionality is modeledby usinga Landau
distribution only. In addition, simulating with background
traf�c requiresa con�guration �le that describesa network
topology in a matrix format.



TABLE IV

L ISTING OF NETWORK FUNCTIONALITIES AND FEATURES FOR EACH GRID SIMULATOR

SimulationTool RoutingTableEntry Type of TransportProtocol DataPacketization RuntimeNetwork Status Network QoS

GridSim Automatic a datagramorientedprotocol Supported Supported Supported

similar to UDP

MicroGrid Automatic TCP andUDP Supported Supported Not supported

SimGrid Manual TCP Not supported Supported Not supported

OptorSim Manual Not supported Not supported Not supported Not supported

From theabove discussionandTableIV, GridSim incorpo-
rated QoS into a network for schedulingpackets, which are
not supportedby other grid simulators.In addition,GridSim
provides a good set of network functionalitiesand features,
which some of them are not supportedin the other grid
simulators.

VI . CONCLUSION AND FURTHER WORK

Network serves as a fundamentalcomponentin grid com-
putingsinceresourcesandusersareconnectedover a network
topology with sharedbandwidth. Previously, GridSim does
not have the ability to specify a network topology nor the
functionality to connectresourcesthrough network links in
the experiment.In this work, modi�cations into an existing
network architecturehave beenincorporatedinto GridSim
ver3.1 to addressthe above problems.

With the addition of this network functionality, userscan
study the effects that both the network topology and grid
resourcescanhave on their jobs.This paperexploresthe var-
ious typesof network elementsin GridSim like routers,links,
packet schedulers;andhow they canbe extendedto addmore
functionalities.Moreover, GridSim hasnew exciting features
suchas generatingbackgroundtraf�c during an experiment,
requestingnetwork informationduring runtimeandproviding
differentiatedservicefor packets basedon users' Quality of
Service(QoS) requirements.We believe thesefeatureshelp
make GridSima comprehensivepackageto simulatea realistic
grid environment.

Our experimenthas shown how GridSim can be used to
simulate a medium-sizedgrid testbed. It has shown how
schedulers,which provide differentiatedservice,canhelphigh
priority usersachieve betterQoSthannormalusers.However,
providing differentiatedserviceat the network level only may
not beenough.Grid resourceswill alsoberequiredto support
it in order to achieve end-to-endQoS.

In the future, we are planning to incorporateadditional
featuresinto GridSim,suchashaving differenttypesof routing
algorithms,schedulersand reservation of network resources.
We are also planning to add other type of network building
blocks like switchesand domain gateways. Supportwill be
addedfor non work-conservingrouters. In addition to this,
we arealsoplanninganability to designthenetwork topology
usingscriptssimilar to ns-2.

SOFTWARE AVAILABIL ITY

The latestGridSim toolkit with sourcecodeand examples
canbe downloadedfrom the following website:

http://www.gridbus.org/gridsim/
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