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Abstract

There are many simulation environments around that can
be used to simulate components of Grid Computing. There
are also a few simulation environments that allow for data
intensive jobs to be simulated. GridSim, with the Data.Grid
extension, combines both of these simulation environments
to allow simulation of data intensive jobs using Grid re-
sources. GridSim is explored in this paper with an aim to
simulate the Distributed Ontology Framework (DOF) in the
Semantic Grid Environment. The DOF requires many data
resources to be located as well as large scale processing to
take place on the collected data. Several simulation environ-
ments are discussed and the similarities between the DOF
and the GridSim environment are explored. Several simu-
lations are carried out to show whether or not GridSIM is
a suitable simulation environment for simulating the Dis-
tributed Ontology Framework.

1. Introduction

The large-scale problem solving mechanism in Virtual
Organizations is commonly known as the Grid[15]. Large
computational and storage devices are linked globally to
form a network of powerful resources. Grid Computing fo-
cuses on the amount of computations that can be salvaged
across a large distribution of heterogeneous machines. A
Data Grid is similar to a Grid but enables large data trans-
fers between the heterogeneous machines[14, 3, 13].

The Semantic Grid is an extension of the current
Grid in which information services are given well de-
fined meaning[16]. It is a combination of high semantics
and large processing power. The Semantic Grid allows peo-
ple and computers to work together to solve large scale

knowledge intensive tasks. The use of semantics al-
low the computers to understand the information they
contain.

Both the Semantic Grid (SG) and the Data Grid (DG)
deal with large amounts of data transfers between resources.
They both aim to support e-scientists and engineers from
different universities and research laboratories to collabo-
rate with one another to solve large-scale computational and
data intensive problems. The main difference between the
two is that the focus of the SG is on structured knowledge
sharing through semantics whereas the DG has a wider fo-
cus, encompassing any Grid types that involve transferring
large data sets between networked entities[22]. However, in
simulation terms, the Data Grid and the Semantic Grid are
the same, the only difference is the information that is stored
and the methods used to store it.

Given the size of the data sets, it is impossible for a hu-
man to make decisions about where the data needs to be at
any particular moment. Due to the high latency of the in-
ternet, many models involving the Semantic Grid (or any
Grid) cannot accurately be designed, as large data transfers
are required. Simulation allows us to set up an environment
where various models can be experimented with and con-
figured in a controlled and repeatable environment. Simu-
lation often returns a quicker result than if the experiment
were actually carried out.

The Distributed Ontology Framework (DOF) is a model
designed to help e-scientists and engineers tailor large on-
tologies in the Semantic Grid Environment[12]. Being able
to tailor these large ontologies in the Semantic Grid en-
ables knowledge to be extracted faster, cheaper and more
efficiently. However, such a system cannot be easily con-
figured to allow for efficient results in any situation. This
paper describes the simulation of the DOF in the Seman-
tic Grid Environment using the GridSim package.



2. Background
2.1. Earlier Work on the DOF

E-Scientist and Engineers require methods to tailor large
base ontologies to extract a smaller sub-ontology that bet-
ter represents their domain of interest. Often ontologies are
too large and cumbersome to use in their entirety and so
having the option and ability to extract certain informa-
tion is very valuable. Often in large base ontologies, new
knowledge is sought by applying certain algorithms. Ana-
lyzing the semantic data by hand would take forever and
the knowledge that is hidden within would never be found.
Being able to tailor large ontologies opens up a more effi-
cient world where knowledge is sought and discovered at a
faster rate leading to new findings that advance science and
technology. However, ontology tailoring is not an easy task
and the processing requirements are huge. No current sin-
gle computer could efficiently tailor a large ontology.
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Figure 1. The Distributed Ontology Frame-
work

Our previous work on the DOF was aimed at assisting
e-scientists and engineers to tailor their ontologies using re-
sources available in the Semantic Grid Environment. The
framework itself is made up of five categories to assist in
the tailoring of large base ontologies with a goal of produc-
ing smaller tailored ontologies that adhere to a set of initial
criteria. The Five main categories are; (i) Ontology Process-
ing, (ii) Ontology Location, (iii) Ontology Connection, (iv)
User Connection and (v) Algorithm Location. These cate-
gories assist to describe the framework by dividing the main
issues into distinct groups that are much easier to discuss.

A smaller tailored ontology is a subset of the larger
base ontology and is itself a complete and valid ontology.
Many algorithms may be used to tailor the large base on-

tology. The Ontology Tailoring Program Resource (OTPR)
is a software resource that has the ability to use the algo-
rithms to tailor the large ontologies. These algorithms may
be simple or complex. Depending on the algorithm com-
plexity and the size of the base ontology the time taken to
tailor an output could be as short as a few seconds or take
several months. The framework uses resources available in
the Semantic Grid environment to obtain such results effi-
ciently and at low cost to the user.

An example of the DOF is shown in Figure 1. A more de-
tailed introduction to the Distributed Ontology Framework
can be found in [12, 11].

2.2. GridSim and the Data.Grid Extension

GridSim has been a popular simulation environment for
simulating workloads in the Grid environment. GridSim
was originally conceived by Buyya[5] and is now used all
over the world by many institutions to simulate specific Grid
scenarios. GridSim has been used to simulate many projects
dealing with Grid and cluster computing.

The GridSim toolkit allows modeling and simulation
of entities in parallel and distributed computing (PDC)
systems-users, applications, resources, and resource bro-
kers (schedulers) for design and evaluation of scheduling
algorithms[6]. Grid loads are used to simulate the compu-
tational size of particular jobs that are required to be com-
pleted. GridSim can use space and time shared methods in
it’s computational calculations where specified. These jobs
can be processed in a controlled environment where a grid
of heterogeneous resources are available over any type of
connection.

GridSim was recently extended to include simulation
large data transfers and processing. The DOF is able to be
simulated in ways that the original GridSim could not. The
Data.Grid extension to GridSim allows for large and small
files to be replicated across the grid environment. It allows
the processing loads of jobs that require files to be trans-
fered before the processing begins. It is able to calculate the
computations to process the required loads across a Data
Grid environment and include file transfer and replication
costs. The Data.Grid extension of GridSim (DataGridSim)
allows integrated studies of on-demand replication strate-
gies with job scheduling on available resources[2]. The ex-
tension allows us to increase the number of situations that
can be simulated by allowing multiple replications of the
same ontology to exist in the Grid Environment. Without
the extension, many situations could not be simulated accu-
rately.



3. Related Simulation Environments

Although the new GridSim package seems to be
the complete simulation solution, several other simula-
tion packages were looked at to determine their ability to
simulate the DOF. This section discusses the other simula-
tion packages and their ability to appropriately simulate the
DOF in the Semantic Grid Environment.

Having the ability to simulate a Grid environment is
the first key requirement of the DOF. Being able to con-
figure a network topology of resources and computational
power is very important. BeoSim[18] is designed to model
a mini-grid and has a fully configurable cluster/grid topol-
ogy. SimGrid[7] and Bricks[24] also have configurable grid
topologies and are used for the simulation of distributed
and parallel application scheduling. MicroGrid[23] again
has fully configurable grid topology but is aimed more to-
ward the simulation of Grid middleware applications and
network services. None of these simulation packages, how-
ever, are able to simulate the transfer of large data elements
through the Grid network. As large ontologies are required
to be transferred in the DOF and many other data sources
are required to be used, these simulators are less than ideal
to simulate the complex data flows of the DOF.

The ability to simulate data transfers is another important
feature of the DOF that requires simulation. Monarc[19]
is designed to provide a realistic simulation of distributed
computing systems, customized for specific physics data
processing requirements. ChicSim[1], like Monarc is de-
signed to provide a wider variety of scheduling and repli-
cation algorithms in a Data Grid type environment. Chic-
Sim manages job requirements of certain data-files to be
present before certain data processing jobs can begin. Like-
wise, Gridnet [17] manages the replication runtime com-
ponents and evaluates the data access gains, creation and
maintenance costs of replicas before moving or copying any
data. Although these simulation packages are able to simu-
late the data transfer needs of the DOF in a more suited Data
Grid environment, they all lack the ability to manage more
computational loads between the computational resources
available in the environment.

OptorSim[4] is probably the next best simulator avail-
able to simulate the DOF. It is able to simulate a Data Grid
environment and is also able to manage files and process
loads based on data transfers. Like GridSim, it is based on
the EU DataGrid Project[9, 20] and provides a very real-
istic data grid environment. It’s goal is to evaluate the im-
pact that different algorithms have on the throughput of grid
workloads. The DOF however, requires computation loads
as well as data transfer loads to be computed. GridSim is
able to cover the same number of features required by the
DOF as OptorSim, but enables a greater variety of compu-
tational workloads to be simulated as well. The ability to

combine computational workload management as well as
data transfer management and replication put GridSim in
a far better position to simulate the DOF more completely
than any other currently available simulation package.

4. Proposed Evaluation of the DOF

In order to evaluate the Distributed Ontology Frame-
work in a controlled and configurable environment, simula-
tion was chosen as the best method. Previous sections have
discussed various simulation packages that may be used
to model various data intensive and computationally work-
loads in different grid environments. From these discussions
GridSim was chosen as the simulation package that could
best describe the DOF and prove it’s flexibility.

Earlier papers by the authors[10, 11, 12] have introduced
the proposed DOF and have discussed in detail the issues
surrounding it in real world situations. This paper extends
this work by presenting a simulation of the DOF in the Se-
mantic Grid Environment. This section of the paper devel-
ops the simulation environment and makes connections be-
tween the components of the DOF and the GridSim pack-
age. A time line is also provided to show the sequence of
events that occur during a typical simulation run.

4.1. Simulation Environment

The implementation environment was Java 1.4.2
(J2SE)[21] running on WinXP with 512MB RAM. Grid-
Sim 4beta[8] was used, as this version has the Data.Grid
extension[2].

4.2. DOF to GridSim Mapping

Unlike many of the other simulation packages investi-
gated, DataGridSim has many features that aid the simula-
tion of the Distributed Ontology Framework. This section
goes through some of the main features in GridSim that are
used to simulate the Distributed Ontology Framework in the
Semantic Grid Environment.

One of the main categories in the DOF is the location of
the ontology[12]. This is where an ontology is initially lo-
cated with either the User or with a remote resource. Grid-
Sim allows network of resources to be created where large
data files can be added to any of them to represent an ontol-
ogy. The network connection between the ontology and the
main processing unit(s) can be adjusted to simulate the dif-
ferent situations described in [10].

Another main function of the Distributed Ontology
Framework is the type of connection made to the ontol-
ogy. This is where the ontology is either transferred as
a whole to the processing unit or accessed through a re-
mote set of commands. In the latter case, GridSim allows
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Figure 2. Mapping the DOF to GridSim

us to store many files instead on one large file to represent
the ontology. DataGridlets are used as the workload to sim-
ulate the ontology tailoring and any number of files are
required by the DataGridlet before it can start to be simu-
lated. Therefore, by combining different network scenarios
with various numbers of DataGridlets the Ontology loca-
tion and Ontology connection categories can be accurately
simulated.

The algorithms in the DOF can be seen as small files
that could be located anywhere in the Semantic Grid Envi-
ronment. GridSim allows us to spread the algorithms across
the Semantic Grid with various connection speeds and con-
nection types. Again by creating various DataGridlets the
algorithm files are collected before being used to simulate
each individual algorithm. The DataGridlets also determine
how much tailoring is required based on the files collected
and the size of the ontology.

Two categories in the DOF allow for the use of a Re-
source Broker. GridSim has implemented a Replication
Manager (RM) to control the whereabouts of certain re-
sources. The RM does not take over the role of the Resource
Broker or the OTPR, it simply manages their involvement
and produces an output relating to their various involve-
ments. The RM helps by adding/deleting an ontology file
or replicator and sends files between different entities like
the User, OTPR and Processing Plant.

An added bonus that DataGridSim allows the DOF to
simulate is the improvement in processing speed if the on-
tology were located at multiple sites instead of just one.
The Replicator Catalog helps locate multiple instances of
resources that store a particular piece of data. The catalog
may also know the location of various OTPRs that match
certain ontology tailoring abilities. By adjusting these vari-
ables in a controlled and repeatable environment, GridSim
allows us to demonstrate the benefits of the DOF given var-
ious environment constraints.

4.3. Time-line of Events

DataGridSIM has a certain order of operations where
certain things must occur in a certain order. The DOF also
has an order of operations where certain things must occur
before other entities can do their job. It is important to match
these two orders of operations so that an accurate simulation
can occur. Using the mapping discussed in the previous sec-
tion, a time-line of events is presented to show how the sim-
ulations are carried out as well as showing what happens at
each stage of the simulation.

1. The User feature in DataGridSim allows the User to
compile a list of jobs to be completed and files to re-
trieve before any tailoring can be completed. It can also
specify which order the jobs should be completed and
the individual files required. The User sets these up as
Gridlets and DataGridlets before requesting help from
the Resource Broker to find the best OTPR available.

2. The Replication Manager (RM) receives a list of items
required for the job. These things include: location of
algorithms, location of ontology, user requirements to
be met etc.

3. The Replica Catalog (RC) checks the location of all of
the files required. It is also able to check if the files re-
quired are located anywhere else in the Semantic Grid
Environment.

4. The RC compiles a list of these locations.

5. The RM is able to then make a decision of the process-
ing of the ontology as there may be one location that
combines all of these data files.

6. If all of the data files are found at the one location (in-
cluding the OTPR) then the RM suggests processing
the task at this location. Otherwise it collects all of the
data required and sends it to the OTPR that is least in
demand and has access to suitable processing facility.

7. All of the data transfers are monitored in the simula-
tion and added to the processing time taken to tailor
the different sized ontologies using different and var-
ied algorithms. The different sized algorithms are rep-
resented by different sized files and so too is the size
of the ontology. The amount of tailoring required is a
combination of the size of the ontology file and the var-
ious sizes of the algorithm file(s).

8. If a processing plant is required, the time taken to
find one, transfer the appropriate data and process the
workload is taken into consideration and added to the
overall time.

9. The new tailored ontology is then sent back as a file to
the user.



5. The DOF Simulation

This simulation attempts to show how the replication of
the base ontology can lead to improved tailoring times. This
is due to the fact that there is a greater chance that the on-
tology can be copied up to the OTPR quicker so that it can
be tailored faster. This is a good simulation to show as it in-
volves all of the components of the framework.

There are two parts to this simulation, Experiments 1 and
2. Experiment 1 simulates a situation where the ontology is
copied up from the User to the OTPR. Experiment 2 sim-
ulates a situation where the Ontology is copied up to the
OTPR from a remote resource that has a much faster conec-
tion than the User. This change should result in a more effi-
cient ontology tailoring experience.

5.1. Experiment Setup

This section describes how the experiment was config-
ured and how each of the components of the DOF were cre-
ated and made ready for simulation. To make sure the simu-
lation covers the whole DOF, the five categories in the DOF
are used to describe the setup features. The overall Seman-
tic Grid Environment is then described in terms of a net-
work topology.

5.1.1. Ontology Processing A Processing Plant is re-
quired as there is a large amount of processing to complete.
There are two main processing plant resources avail-
able in this simulation; Processing Plant 1 and Processing
Plant 2. These are shown in the top and top right cor-
ner of Figure 3. These two resources are used in both
experiments.

To simulate the initial setup cost of tailoring of the Ontol-
ogy, one large DataGridlet was created and submitted. This
DataGridlet required the collection of all of the algorithms
and the ontology before it could begin to be processed. The
size of the ontology (80GB), directly related to the size of
this DataGridlet. If the size of the ontology was increased
so too was the size of this Gridlet.

For the other ontology tailoring computations required,
a number of computational Gridlets were set up and used
in combination with the DataGridlets. This provides for a
more accurate tailoring simulation of the OTPR.

5.1.2. Ontology Location The Ontology is initially lo-
cated at User location only. Experiment 1 includes the copy-
ing up of the ontology from the User location. In Experi-
ment 2, the Ontology is initially located at a remote resource
and is copied up from this location. This location of the on-
tology has a much faster connection to the OTPR and is ex-
pected to reduce the overall time taken to complete this ex-
periment. The change in location of the Ontology is the only
difference between Experiment 1 and Experiment 2.

5.1.3. Ontology Connection The Ontology is copied up
to the OTPRs local work space as a whole. The simulation
was designed so that the ontology could fit into the local
storage space of the OTPR.

5.1.4. Users Connection The User was created with a
slow connection to show that it is less efficient to house the
ontology with the User location in this situation. It also is
meant to show that an efficient Ontology Tailoring experi-
ence can be had by the User, regardless of their connection
speed, as long as there is a fast connection to the ontology.

5.1.5. Algorithm Locations Algorithms are located at the
User (Algorithm Location A), 2 remote locations (Algo-
rithm Location B and C) and at the OTPR (Algorithm lo-
cation D). A DataGridlet was added for each of the algo-
rithms to simulate the effect of the algorithms on the overall
tailoring process. Each DataGridlet requires one of the Al-
gorithms to be located and stored locally before it can be-
gin to be processed. This simulates algorithms that are dis-
tributed around the Semantic Grid Environment.

5.2. Overall Network Topology

Figure 3 shows an overview of the Semantic Grid en-
vironment that was set up for this simulation. Experiment
1 has the Ontology location B component excluded during
simulation. Experiment 2 includes this extra resource.
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Figure 3. Network Topology of Simulation

In total, 7 entities were created but, only the two pro-
cessing plants were sent jobs to complete as these are the
largest and most efficient processing resources. The other
resources just provide files like the ontology or algorithms.
The OTPR is the resource that controls the processing of the
jobs of the processing plants.



5.3. Experiment 1

As a great deal of processing is required the ontology is
required to be copied up to the OTPRs local storage space
before processing takes place. This experiment shows the
time taken to process the ontology as the ontology size in-
creases.

In this simulation the Ontology is located at the Users lo-
cation only. The User has a very slow connection to the Se-
mantic Grid in comparison with the other resources. In the
actual simulation, all of the network speeds were lowered
by a factor of 100 and the ontology was reduced by a fac-
tor of 100 also. Changing these figures meant that the sim-
ulation stayed within the allowed ranges by DataGridSIM
and still allowed a comparable simulation.

As can be seen from the top line of the graph in Figure
4, for a large ontology of 80GB the ontology tailoring pro-
cess is slowed dramatically compared with the smaller on-
tologies. As mentioned this is due to the fact that the ontol-
ogy must be copied up from the Users location to the OTPR
before processing can begin.

5.4. Experiment 2

In this next simulation, the Ontology is now located at a
remote location as well as at the User site. This new loca-
tion of the ontology has a fast connection to the OTPR and
is able to be transferred quicker. The OTPR realizes that it
is more efficient to retrieve the ontology from this new lo-
cation than from the User.
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Figure 4. Results of Simulation

The bottom line of the graph in Figure 4 shows the re-
sults from Experiment 2. The efficiency is improved in this
simulation because the ontology tailoring isn’t held up by
the copying up of the ontology from the User.

6. Discussion

The fact that the same ontology could exist at several re-
mote locations was not something that was originally con-
sidered when the DOF was developed. For instance, if it is
too hard to move the ontology to the OTPR why not move
the OTPR to the Ontology, as long as there is an appropri-
ate processing facility available at the same location. At the
very least, DataGridSIM provides the option to use a closer
version of the same ontology to allow a speedier tailoring
experience.

Simulating poor networks is an important simulation in
that the Semantic Grid is a dynamic environment where net-
work speeds change minute to minute and components ap-
pear and disappear in seconds. The DataGridSIM package
was able to simulate bad connections to the user and other
components through it’s network topology component. It
was able to distinguish when a connection to one resource
was better to use than another and alter the processing as re-
quired. It allowed accurate simulations of Ontology work-
loads that are both computationally intensive as well as data
intensive. The ability to gather many files before a process-
ing element can begin is a huge advantage when attempting
to simulate the Distributed Ontology Framework in the Se-
mantic Grid Environment

Simulating the various ontology sizes was an important
simulation as we needed to see if the framework could han-
dle large and small ontologies. The GridSIM package is
also able to simulate user imposed time limits and budgets.
These are also important factors when looking to simulate
the DOF. The contributions made in this paper will allow us
to extend the number simulations so that a complete explo-
ration of the DOF can occur.

7. Conclusion

Previous papers by the authors have set up the DOF to
enable large base ontologies to be tailored in the Seman-
tic Grid Environment. This paper established a simulation
environment that enabled the Distributed Ontology Frame-
work to be simulated with reasonable accuracy. The simu-
lation package used was the new GridSIM package that in-
cludes the Data.Grid extension. Several experiments were
carried out that proved that many aspects of the DOF could
be modeled and simulated using this package.

The simulations proved that by having more than one on-
tology in the Semantic Grid Environment, the chances of
obtaining an efficient result increased regardless of the size
of the ontology. The experiments dealt with poor networks
and how the DOF coped given slow connections between
some of the components. The DOF was designed to be flexi-
ble so that it allowed for many situations to be modeled. The
GridSIM package with the Data.Grid extension allowed us



to simulate this flexibility using the one simulation package.
Without this extension it would be hard to gauge the bene-
fits if two simulation packages had to be used, one to simu-
late various loads in the grid scenario and the other to sim-
ulate data transfers etc.

Now that a solid simulation environment has been estab-
lished, further simulations can take place to test the validity
of a Service Oriented Approach to the Distributed Ontology
Framework. DataGridSIM could not help simulate a possi-
ble implementation of the DOF using this approach at this
time. The easiest way to test such a method would be to im-
plement and deploy it. Extending the DataGridSIM simula-
tions to include real Web Services as data resources would
help to test approach whilst giving added realism to the sim-
ulations.
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