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Abstract. This work was motivated by the gap in between simulation and experimental approaches when evaluating distributed data access operations. The
performance of file replication techniques is evaluated and compared under
both approaches to investigate whether simulation results are observable in
real-world scenarios. In that sense, this paper presents a modular support to
implement data access optimization policies in the Gfarm distributed file system and compare it to OptorSim, a broadly used Data Grid simulator. We have
concluded that, in some situations, even qualitative results differ significantly in
both approaches, raising important considerations when evaluating simulation
results and designing real-world scenarios.

1. Introduction
Until the last decade, three paradigms were explored in science: empirical, based solely on
experimentation; theoretical, which attempts to explain facts by equations; and computational, which addresses complex analytical models by considering simulations. However,
recently there has been a huge increase in the data produced by instruments or generated by simulations, drastically changing techniques, technologies and the whole pipeline
of scientific exploration. This change, for some authors, can further characterize a new
scientific paradigm [Hey et al. 2009].
Examples of applications under this new paradigm are the SKA (Square Kilometer Array) Project, which may produce data at a rate of 4.1 Pbits/s [Dewdney et al. 2009],
Pan-STARSS (Panoramic Survey Telescope & Rapid Response System), which captures
terabytes of raw data a night [PAN-STARRS 2010] and the LHC (Large Hadron Collider), which is estimated to require in between 50 and 100 PB of storage per year
[Hey et al. 2009]. The large volume of data captured by all those projects must be preprocessed before storage, simplifying further analysis.
Grid computing [Foster et al. 2001] was proposed as the computational infrastructure to meet these requirements by coordinating the sharing of heterogeneous resources
(such as telescopes and other complex instruments) among organizations at geographically distributed locations. In the same way, Chervenak et al. [Chervenak et al. 1999]
proposed the concept of Data Grids, a specialization of Grids focused on providing reliable and robust large-scale data sharing.
Several application domains, such as high-energy physics, bioinformatics and climate analysis, require such type of infrastructure. Those domains face problems mainly
related to storage size, data throughput, application performance as well as the costs involved in all that scenario. Another common problem is that data is heavily generated at
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only one site and accessed by remote computers. Thus, data files must be stored in a way
to reduce access costs, such as latency, consequently improving application performance
(not only the application generating data, but also others which access the information).
Besides, data must not be concentrated, as hotspots and single points of failure would be
generated.
File replication is the approach commonly considered to address many of those
problems. This approach creates multiple file copies at different grid sites in order to: 1)
increase file availability, making a file accessible even if some of the replicas are offline or
a grid site fails; 2) balance the data servers workload, once file accesses can be distributed
among replicas; and 3) decrease file access costs, as every process can use the nearest
replica (considering both latency and bandwidth). This scenario brings new problems, as
the maintenance of consistency, which creates a tradeoff in between the data distribution
benefits (such as performance, availability, etc) and the access of updated data.
Ragananthan & Foster [Ranganathan and Foster 2001] evaluated how file replication affects Grid performance using their own developed simulator. Three access patterns
were considered, against five dynamic replication strategies. Results showed reductions
in the network bandwidth consumption as well as in the file access time. In a similar direction, Bell et al. [Bell et al. 2003a] proposed the OptorSim simulator as a tool to study
different replication strategies on Data Grids. The modular approach of OptorSim made it
broadly considered [Bell et al. 2003b, Elghirani et al. 2009, Rahman et al. 2008] and also
employed in the CERN’s EU DataGrid Project.
From a more practical point of view, Douceur & Wattenhofer
[Douceur and Wattenhofer 2001] evaluated file replica approaches in the Farsite
distributed file system in order to increase file availability. A distributed hill climbing
approach was used, and networks with more than 50.000 nodes were simulated. Tatebe
et al. [Tatebe et al. 2003] studied the time spent on file replication, considering parallel
transfers. Experiments were conducted on networks connecting USA and Japan. Abdullah et al. [Abdullah et al. 2008] considered a peer-to-peer Data Grid model and discussed
nearest neighbor-based distributed replication strategies. A simulator was implemented
using the PARSEC simulation language and experiments evaluated peer-to-peer domain
measurements, such as success rate and flood response time. The results confirmed
significant benefits.
By analyzing the previous works, we observe there is a gap in between simulation
and experimental approaches. Simulations are very useful in order to point out relative
tendencies of replication and consistency strategies, however, they neither confirm the actual amount of resources used nor the final performance improvements. On the other hand,
experimental approaches are costly and hard to implement, demanding considerable time.
Another important concern is how to ensure that simulation results are indeed observable
in real-world scenarios. In that sense, this paper proposes a modular support to implement
data access optimization policies in the Gfarm distributed file system [Tatebe et al. 2002].
Gfarm was selected due to its stability and robustness, verified after a trial with several
distributed file systems 1 .
1

Ceph [Weil et al. 2006], Starfish [Starfish 2009], Gfarm [Tatebe et al. 2002], HDFS [Hadoop 2010],
Cloudstore [Cloudstore 2010] and PVFS [Carns et al. 2000] were evaluated, as detailed in Section 3
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The support provides a well-defined interface, allowing researchers and developers to design and test new optimization approaches. Besides this proposal, we also
implemented and evaluated the performance of the most commonly considered data
access optimization approaches, which are available in the OptorSim simulator. OptorSim was chosen for comparison as it is one of the most used data grid simulators
[Bell et al. 2003b, Elghirani et al. 2009, Rahman et al. 2008]. By analyzing the results,
we confirm the tendency of OptorSim results. However, the percentages of improvements
are very distinct for some situations, which raises important considerations when evaluating simulation results and the design of real-world scenarios.
This paper is organized as follows: Section 2 presents some related work; Section
3 describes the architecture of the proposed support as well as implementation details;
Section 4 explains how experiments were prepared, presenting results of the execution
of those experiments on a real environment and on OptorSim. Finally, conclusions and
references are presented.

2. Related Work
Related work on data access optimization methods can be divided into two basic approaches: simulation and experimental ones. While simulations are very popular and useful to relatively compare different optimization strategies and point out tendencies, inaccurate results may limit real-world conclusions. On the other hand, the inherent difficulty
in building environments, designing and implementing systems has limited experiments
in real scenarios. Some of the main works on data access optimization are presented next.
As the reader may observe, they are strongly based on simulation methods.
Ranganathan & Foster [Ranganathan and Foster 2001] studied the effect of many
replication strategies by considering different file access patterns. Results, based on their
own simulator, analyzed both the bandwidth consumption and the time consumed to retrieve remote files. Local files were supposed to have zero response time, and file writing
was not allowed, avoiding consistency problems. Three file access patterns were considered: one purely random, one with small temporal locality and one with both temporal
and geographical locality. Five different replication strategies were studied, and a replacement strategy hybrid in between file popularity and access time was used. No details
about network topology and size were given. Results compared replication strategies
among themselves, but no comparison was made to an environment without replication.
It was possible to observe an approximately 50% reduction in response time for some
scenarios, as well as an increase in those times in other cases. Bandwidth consumption
and response time were analyzed.
Elghirani et al. [Elghirani et al. 2009] explored the synergy in between process scheduling and data management, aiming to increase the overall application performance. They also proposed a framework to replicate and estimate the proper file
copy placement. The framework provides file distribution algorithms based on Tabu
Search [Glover 1986], Genetic Algorithms [Holland 1975] and Ant Colony Optimization [Dorigo and Di Caro 1999]. Those techniques consider information such as access
patterns, dataset popularity, network latency and bandwidth. Simulations were conducted using the proposed framework in conjunction with OptorSim [OptorSim 2009]
and the European DataGrid Testbed 1 was evaluated (this is a typical OptorSim testbed)
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[Bell et al. 2002]. Tests considered a single file access pattern, with varying number of
jobs, and analyzed the job execution time.
Rahman et al. [Rahman et al. 2008] modeled the dynamic data replication problem by using operations research. The replica distribution problem is modeled as the
resolution of a p-center or p-median problem [Hakami 1963], or a combination of both,
which is achieved by a multi-objective optimization algorithm. The solution is approximated by using Lagrangian relaxation [Fisher 2004]. The OptorSim simulator was used to
validate the replication strategies, using the European DataGrid Testbed 1. This work did
not consider the time consumed in operations; it only evaluates the approach by counting
the number of local and remote accesses. Moreover, it does not compare the proposed
approach to others available in OptorSim.
Sato et al. [Sato et al. 2008] proposed a data replication strategy considering application dynamics. The replication problem was modeled as a combinatorial optimization problem, which aims to minimize the replication transfer time. The authors approach
the problem using an integer linear programming solver [GLPK 2009], fact that created
noticeable delay according to them. A prototype was implemented in the Gfarm distributed file system [Tatebe et al. 2002], however experiments in real environments were
limited only to network throughput estimates. File size distribution was based on the files
used by BLAST biological sequence alignment application [Altschul et al. 1990]. The
main evaluations of the proposed approach were drawn from simulations, however no details were given about how simulations were conducted or which tools were used, which
does not allow reproducibility.
Furthermore, the objective and metrics vary among the presented initiatives.
Sato et al. [Sato et al. 2008] and Elghirani et al. [Elghirani et al. 2009] consider the
total application execution time as performance metric. On the other hand, Rahman
et al. [Rahman et al. 2008] evaluate the data transfer time and the number of local
and remote accesses. Ranganathan & Foster [Ranganathan and Foster 2001] analyze
bandwidth consumption and response time. Sato et al. [Sato et al. 2008] also study
the replication workload, by evaluating the free storage space. Ranganathan & Foster
[Ranganathan and Foster 2001] discuss some algorithms storage usage, but do not present
any data. Another issue is that the algorithms proposed, except for Ranganathan & Foster [Ranganathan and Foster 2001], are not distributed, requiring a central entity to coordinate all operations. All of them also assume the existence of a graph indicating the
network topology, latencies and bandwidths with accurate measurements, an assumption
that is very restrictive considering dynamic environments.
As previously presented, we have observed a vast list of relevant works on data access approaches, however most of them are based on simulation approaches. That was the
main motivation for this work, which considered an experimental strategy and compared
it to one of the main simulators currently proposed, called OptorSim [OptorSim 2009].
This comparison allowed confirming sensible differences in simulation and real-world
scenarios, influencing decisions in practical situations.

3. Proposed Support
This work was motivated by the fact that most data access optimization studies are conducted based on simulations, which can produce inaccurate results when compared to
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Support
Replication Algorithm 1

Access History
Optimization
Plugin

File Metadata
Replica Management

Replication Algorithm 2

Gfarm

Figure 1. Optimization support overview. The blocks inside the support show
examples of services provided to optimization plugins.

real situations. It proposes a support to design and evaluate distributed data access
optimization techniques in real-world scenarios. The support was developed over the
Gfarm [Tatebe et al. 2002] distributed file system, and allows optimization strategies to
be plugged, easily developed and tested. Figure 1 shows the basic architecture of the
system: the support, built over the Gfarm API, offers Replica Management services, File
Metadata and Access History retrieval for optimization plugins, which can be tested and
interchanged.
Before designing it, a distributed file system was selected to take advantage of
the support services. In such a situation, we defined the following list of criteria: 1) the
file system should be licensed under an open source model, making it available for other
researchers, developers and users, and have the source code available for study; 2) the
file system should be stable, allowing for reproducible and reliable experiments; 3) the
file system should support both read and write operations, enabling its use for scientific
applications; 4) the file system should not have any single point of failure.
Since then, we defined a set of file systems to be evaluated: Ceph
[Weil et al. 2006], Starfish [Starfish 2009], Gfarm [Tatebe et al. 2002], Hadoop’s HDFS
[Hadoop 2010], Cloudstore [Cloudstore 2010] and PVFS [Carns et al. 2000]. NFS was
designed for local networks, therefore it was not considered in this set. Ceph was the first
file system to be tested. It satisfied some of the criteria: it supports read-and-write operations, and has distributed storage and distributed metadata. However, even simple file
sharing tests in between two machines revealed the existence of bugs. Emails exchanged
with Ceph’s author confirmed that the file system was not ready to be used in production environments. The second file system tested was Cloudstore, which also presented
stability problems. The third system tested, Gfarm, was selected to support this work. Although it did not fully meet all criteria (it presents a single point of failure in the metadata
server), it was the best available. Regarding the other three systems, Starfish could not be
used because of patent problems, PVFS replication support required high-cost solutions,
such as a SAN (Storage Area Network), and HDFS was designed in write-once approach.
The Gfarm distributed file system is open source software distributed under GNU/GPL [GPL 2009] and part of the Asia Pacific Grid project (ApGrid)
[Tatebe et al. 2002]. It was designed to manage file accesses in dynamic networks consisting of thousands of computers storing large amounts of data. Gfarm provides the clients a
single file system image, transparently available to applications via a FUSE (File system
in Userspace) module. Gfarm itself is composed of several data servers and a metadata server which is, unfortunately, a single point of failure to the system. Data servers
communicate directly with clients to provide data and the metadata server manages the
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Figure 2. Interprocess communication at the proposed support.

replica catalog (it provides the association among files and data servers), file permissions
and other relevant data.
In the next step, the support was designed. We decided to have three main components: one in the clients, one in data servers and one in the metadata server. The client
component is responsible for monitoring the application and triggering optimization requests; the data server component runs the optimization techniques and replicates files,
and the metadata server optimization component is responsible for removing file replicas. We also had to serialize replica removal requests, ensuring that at least a single file
replica would always exist. Due to the distributed nature of the file system, two different
data servers may request the removal of a single replica of the same file at the same time.
Figure 2 illustrates the interprocess communication during the optimization. The
agent process is the optimization process which runs at data servers; optimizer is
the process which implements the optimization technique; libintercept.so is an
interception library linked to the client process at runtime; gfsd is the Gfarm data server
process; gfmd is the Gfarm metadata server process; mdsagent is the process responsible for receiving agent requests to remove file replicas.
The client component was implemented by intercepting client processes, allowing the support to capture process data beyond file accesses, such as system calls. This
interception is performed using both Dlsym library and the dynamic linker. The Linux
environment variable LD PRELOAD allows the process functions from the C standard library to be overwritten by the interception library. After executing the desired code, the
original functions from GNU Libc are called using the Dlsym library. This technique
has a small overhead (around 1 and 2 percent considering the process total execution time
[Ishii 2010]).
When a file has been frequently accessed, an optimization request is sent to a
data server. To decide whether or not to trigger this request, an EWMA (Exponentially
Weighted Moving Average) of access times is used, as averages closer to the current
time indicate a burst of file accesses. For example, when the client issue five file reads
in less than a second, this average will be very close to the current time, triggering the
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request. On the other hand, if only a single request occurs, it will not change the average
significantly and the optimization will not be triggered.
When the difference in between this average and the current time is below some
threshold, the optimization request is sent to the nearest data server in terms of RTT
(Round-trip time). This is possible because clients keep an updated list of online data
servers with measurements of their RTT and free disk space. The request contains information such as every I/O operation parameter and timestamp, available file replicas and
file sizes.
I/O library call
interception layer

optimization request

I/O system call

optimization plugin call
file replication

Figure 3. Main steps involved in the optimization process.

As the support needs to be modular, each optimization technique is a separate program, which receives information from this request through its standard input and writes
the resulting actions back to its standard output (file replicas can be created or removed).
This makes the development of the optimization technique easier, as any programming
language can be used.

4. Experiments
4.1. Environment Configuration
The next step in the project development was to evaluate the proposed interface and compare data access optimization strategies under real-world scenarios. An approach based
on virtual machines was chosen, as it allowed emulating different network topologies and
system scales. The developed software could be used, with no change, to conduct experiments in real-world grid computing environments. One of the goals of these experiments
was to evaluate how simulation (using OptorSim [Bell et al. 2002]) results are related to
the ones obtained under those virtual environments.
The support prototype was built using VirtualBox [VirtualBox 2010] virtual machines, but this approach soon revealed too expensive even to create medium-sized networks, as each virtual machine used a large amount of resources. The solution found
was to switch to OpenVZ [OpenVZ 2010] virtual machines, which in fact proved to be
much more scalable. VirtualBox uses an approach called hardware-level virtualization
[Sugerman et al. 2001] (or full virtualization), in which each virtual machine has its own
simulated hardware devices with different instances of operating systems running. On
the other hand, OpenVZ uses an approach called operating system-level virtualization
[Soltesz et al. 2007], in which a single kernel is shared among all virtual machines (now
called containers) and all processes run natively. This approach is capable of providing isolation among containers and also presents less overhead than other virtualization
techniques, such as complete virtualization (VirtualBox, VMWare) and paravirtualization
(Xen) [Chaudhary et al. 2008].

154

Anais

After creating the containers, it was necessary to configure the network among
them. Each connection in between the machines was defined as a kernel bridge containing
two virtual network interfaces. The kernel module netem (Network Emulation) provided
control over the connection latency, and the module htb (Hierarquical Token Bucket)
provided control over the connection bandwidth. A script was used to automatically create the containers, the network topology (with the given latencies and bandwidths) and
the routing tables, which were calculated using the Floyd-Warshall algorithm applied to
the input graph. Several dynamic routing software, including BIRD [BIRD 2010] and
Quagga [Quagga 2010], were tested, but none of them worked out on the virtual network
created.
The results of the emulation environments were compared to the ones obtained
with OptorSim [Bell et al. 2002]. OptorSim is a broadly used simulator, designed to study
the dynamics of data replication strategies in Grid environments. It simulates the Grid
as a network of sites, each one having its own set of SEs (Storage Elements) and CEs
(Computing Elements). Each site also has a Replica Manager service, which takes replica
optimization decisions, and a Global Resource Broker, which schedules jobs among CEs.
An arbitrary network topology can be specified and every job can be configured to use a
different subset of files.
Two file replication techniques implemented in OptorSim are considered in this
work: Least Frequently Used (LFU) and Least Recently Used (LRU). Those techniques
are based on the well-known cache replacement policies. The link in between caching and
file replication is the assumption that, when a file is first used, it is always advantageous
to create a its local replica considering there is enough space. When there is no disk
space available, a replica must be removed in order to create a new one. LFU removes the
least frequently used replica in some predefined time window and LRU removes the least
recently used replica.
The order in which a job requests files determines its access pattern. Four different
access patterns were implemented in OptorSim and also used in this work: Sequential,
Unitary Random Walk, Gaussian Random Walk and Flat Random. The first file read is
always random, with uniform distribution among files. Let i be the identifier of the file
currently read. In the Sequential pattern, next reads follow the sequence (i + 1, i + 2, i +
3, . . .). In Random Walk patterns, the next file read is chosen using some probability
distribution centered at i: in Unitary Walks this distribution is uniform (files i + 1 or
i − 1 can be chosen), and in Gaussian Walks this distribution is normal. Finally, in the
Flat Random pattern, every file has the same probability (uniform distribution) of being
chosen in all reads.
All simulations and experiments were conducted using the CMS Testbed 2002
network topology available in OptorSim, as shown in Figure 4. This network is based on
the CMS (Compact Muon Solenoid) experiment, part of the LHC (Large Hadron Collider)
project at CERN (Conseil Européen pour la Recherche Nucléaire), and is composed of 20
data servers and 6 routers distributed among research centers. Such a testbed topology
was considered in OptorSim simulations and also emulated in the experimental scenario
using OpenVZ. The machine used in the experiments was Intel(R) Core(TM) 2 Quad
CPU Q9550 at 2.83GHz with 4GB of RAM running CentOS 5.4.
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Figure 4. CMS Testbed 2002 network topology [Bell et al. 2003b].

We created 100 files, initially located at FNAL site (Figure 4). All files had the
same size, which can also be seen as multiple fixed-size chunks of the same file. The
metadata server was located at CERN. The graph used by OptorSim [Bell et al. 2002] did
not specify connection latencies, which define the nearby regions for the optimizer. The
⌋, where x is the link bandwidth (in Mbps), was used
empirical equation latency = ⌊ 5000
x
to model those missing latencies. Using such an equation, we had latencies distributed in
between 0msec and 110msec.
4.2. Results
Figures 5 and 6 present the experimental (using the emulated environment) and simulation
(using OptorSim) results, considering different file access patterns. A single job was run
on every grid site, reading 30 whole files using 4KB blocks. Although we considered only
one job per site, we can indeed see it as one entity summarizing the behavior of multiple
jobs running at the same location. Notice that the plots show the sum of the execution
time of all jobs, such that the global system behavior is depicted. Any reduction in this
time represents a real performance improvement, although some jobs may run slower due
to overhead introduced by the support.
The free disk space on every data server was enough to store 5 file replicas in all
scenarios, avoiding all files being replicated to every grid site. Due to the time required,
real experiments were repeated 5 times, while every scenario was executed 30 times on
OptorSim (simulations were run more times due to their considerably shorter execution
time). Error bars show the confidence interval of 95% for the average time necessary to
conduct all file access operations under different scenarios. It is important to notice that
the confidence intervals found are small enough to be statistically relevant, despite the
relatively small number of repeated experiments (5 times).
Notice that the scales in Figures 5 and 6 are quite different, an expected fact as
the emulated environment was run on a single physical machine. However, the relative
results between the two environments should be equivalent (and they were not).
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Figure 5. Emulated environment results.
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Figure 6. OptorSim simulation results.

Figure 6 clearly shows that, on OptorSim, every replication technique has the
same relative results independently of the file size chosen. On the other hand, Figure
5 shows a quite different behavior comparing the 128MB situation to the 256MB and
512MB scenarios. The performance decrease observed at 128MB for the Unitary and
Gaussian patterns can be explained by the optimization support overhead: the first file
access at every client will trigger an optimization request, which will trigger a latency
measurement at the client, causing a significant lag when the job execution time is determined by 128MB files. The time to take this measurement does not lengthen as the file
size increases, making it less perceived under other scenarios.
Another important analysis is the speedup of replication techniques (compared
to the situation with no replication), as it makes possible to compare the relative results
between the two environments. In OptorSim experiments, using 256MB files under the
Unitary Random Walk access pattern, the LRU replication offers 5.07 of runtime speedup
against only 1.87 observed in the real scenario. On the other hand, comparisons with
other access patterns are more consistent. For example, considering the Gaussian Walk
access pattern, speedups are 1.59 for OptorSim and 1.83 in the real environment. All
those results are summarized in Table 1.
This type of analysis is an important achievement, because it shows that simulations conducted in OptorSim, even in a qualitative manner, may provide very inaccurate
results. For example, Sato et al. [Sato et al. 2008] report that their proposed replication
technique provided a speedup equal to 200, a very doubtful result even considering a different network topology and file access patterns. Those authors did not give details on the
simulation technique used, which makes it impossible to reproduce experiments.
Analyzing the experimental results, we can conclude they are consistent: both Flat
Random and Sequential access patterns have compatible performance, which is expected
since the probability of a file being read twice is almost zero for Flat Random pattern, and
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Table 1. Speedup comparison.

100
80

Local Access Rate (%)

Local Access Rate (%)

Sequential
Flat Random
Unitary Walk
Gaussian Walk

LRU
LFU

60
40
20
0
0 5 10 15 20 25 30
Free Space (number of files)

(a) Gaussian Random Walk

100
80

Real
1.18
1.31
1.87
1.83

LFU
OptorSim
1.15
1.60
5.30
1.66

LRU
LFU

60
40
20
0

Local Access Rate (%)

LRU
OptorSim
1.16
1.65
5.07
1.59

Real
1.36
1.36
1.86
2.06

100
80

LRU
LFU

60
40
20
0

0 5 10 15 20 25 30
Free Space (number of files)

(b) Unitary Random Walk

0 5 10 15 20 25 30
Free Space (number of files)

(c) Flat Random

Figure 7. Monte Carlo simulation results.

zero for the Sequential one.
A study was also conducted to analyze the behavior of the system as the free
space, on every data server, is increased. Considering an environment with only two
machines – a server, containing all files, and a client, that issued requests and had some
local disk free space to store replicas – a simple Monte Carlo simulation was conducted to
calculate the probability of a local file access, given an access pattern and the free space
at the client. Each simulation was repeated 3, 000 times, and Figure 7 shows the average
of local file access rate for the Unitary Random Walk, Gaussian Random Walk and Flat
Random access patterns. The Sequential pattern was not considered because it would
always have rates equal to zero.
We observed that after 10 files of free space, the performance of the optimization
techniques became stabilized (Figure 7). At this point, no replica removal occurs, therefore the performance of LRU and LFU (and every other file replication technique that
creates replicas in the first access and uses some other strategy to remove replicas when
the local data server becomes full) is exactly the same.
Another important consideration is that the free space used in previous experiments (5 files) is very close to the optimal performance, meaning that even if the free space
were changed in those experiments, no significant performance changes would occur. In
fact, considering that the access times are 4 seconds for local files and 230 for remote
ones (these were the average times observed in real experiments for 256MB files), we
used the local access rate to estimate the optimal performance achieved when free space
was unlimited. Results for an unlimited approach are presented by horizontal dashed bars
in Figure 8.
It may seem strange that some real results are below the bars, but it can be explained by the fact that a replicated file does reduce the file access cost on all nearby
servers (if they read the file), which is an effect not considered on the simulation proposed. However, this type of simulation was very useful because it showed the need for
the development of file replication techniques that proactively create replicas and did not
rely only on file requests from a single job. Every file replication technique that does not
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Figure 8. Integrated results. Dashed bars show the expected performance if
every server had unlimited disk space.

follow this approach is bounded by the performance limits shown in Figure 8.

5. Conclusions
This work investigates the differences in between experimental and simulation approaches
when evaluating distributed data access optimization algorithms. A support for distributed data optimization using the Gfarm distributed file system was implemented
and a virtualized environment was used as a testbed for this support. Several experiments were conducted to evaluate some classic algorithms, and these same experiments
were reproduced in the OptorSim simulator. A comparative analysis of those results
was performed, showing that OptorSim can produce inaccurate results even in relative terms for some scenarios. This result raises important concerns when studying the
performance of file replication algorithms, since most works are based on simulations
[Ranganathan and Foster 2001, Sato et al. 2008, Bell et al. 2003b, Elghirani et al. 2009,
Rahman et al. 2008, Douceur and Wattenhofer 2001, Abdullah et al. 2008].
As future work, we intend to evaluate some real-world applications running in this
virtualized environment, which is an important step as the performance improvement is
highly dependent on the access pattern considered. We also expect to develop and test a
new replica placement algorithm and evaluate its performance in both environments.
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