
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IEEE Catalog Number: 
ISBN: 

CFP11169-PRT 
978-1-4244-9682-2 

2011 19th Euromicro 
International Conference on 
Parallel, Distributed and 
Network-Based Processing 
 
(PDP 2011) 

Ayia Napa, Cyprus 
9-11 February 2011 



2011 19th International
Euromicro Conference
on Parallel, Distributed

and Network-Based Processing

PDP 2011
Table of Contents

Preface from the Program Chairs............................................................................................................xiii

Preface from the Organizing Chair..........................................................................................................xiv

Program Committee...................................................................................................................................xv

Additional Reviewers................................................................................................................................xvi

Aspects of Distributed and Parallel Computing Systems
A Fast and Verified Algorithm for Proving Store-and-Forward Networks
Deadlock-Free ..............................................................................................................................................3

Freek Verbeek and Julien Schmaltz

Dynamic I/O Reconfiguration for a NFS-Based Parallel File System .........................................................11
Rodrigo Kassick, Francieli Zanon Boito, and Philippe O.A. Navaux

Reliability Study of Coding Schemes for Wide-Area Distributed Storage
Systems ......................................................................................................................................................19

Kathrin Peter

A Redundant Communication Approach to Scalable Fault Tolerance in PGAS
Programming Models ..................................................................................................................................24

Nawab Ali, Sriram Krishnamoorthy, Niranjan Govind, and Bruce Palmer

Quantifying Thread Vulnerability for Multicore Architectures ......................................................................32
Isil Oz, Haluk Rahmi Topcuoglu, Mahmut Kandemir, and Oguz Tosun

In Situ Power Analysis of General Purpose Graphical Processing Units ...................................................40
M.Z. Shaikh, M. Gregoire, W. Li, M. Wroblewski, and S. Simon

v



Dynamic I/O Reconfiguration for a NFS-based Parallel File System

Rodrigo Kassick1,, Francieli Zanon Boito2,, Philippe O.A. Navaux
Instituto de Informática
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Abstract—The large gap between the speed in which data
can be processed and the performance of I/O devices makes
the shared storage infrastructure of a cluster a great bottle-
neck. Parallel File Systems try to smooth such difference by
distributing data onto several servers, increasing the system’s
available bandwidth.

However, most implementations use a fixed number of I/O
servers, defined during the initialization of the system, and can
not add new resources without a complete redistribution of the
existing data. With the execution of different applications at
the same time, the concurrent access to these resources can
aggravate the existing bottleneck, making very hard to define
an initial number of servers that satisfies the performance
requirements of different applications.

This paper presents a reconfiguration mechanism for the
dNFSp file system that uses on-line monitoring of application’s
I/O behavior to detect performance contention and dedicate
more I/O resources to applications with higher demands. These
extra resources are taken from the available nodes of the
cluster, using their I/O devices as a temporary storage. We show
that this strategy is capable of increasing the I/O performance
in up to 200% for access patterns with short I/O phases and
47% for longer I/O phases.

I. INTRODUCTION

Cluster architectures and parallel programing are nowa-
days the standard solution to develop high performance
applications. These application are usually associated with
large datasets used either as input or generated as result of
their execution. Due to the volume and characteristics of
these datasets, there is need for a permanent storage facility
shared by all the instances of the application on the cluster.

On the other hand, the speed of permanent storage is very
slow when compared with that of the computing resources.
The gap in the performance of these two essential compo-
nents of the cluster architecture makes the storage system
a very significant bottleneck, causing severe contention for
parallel applications. Parallel File Systems (PFSs) offer a
solution to this issue by using several independent I/O
devices spread over a set of data servers. In this manner,
the load of I/O requests is distributed over independent
resources, aggregating disk and network bandwidth.

1 Work partially supported by FINEP and CNPq.
2 Work partially supported by CNPq and CAPES.

The number of data servers used in a parallel file system
influences directly the performance that applications can
expect of it. Defining the number of servers to use, though,
is no trivial task, given that applications to be executed on a
cluster and their demands may be unknown during the setup
phase. Additionally, the usage scenario may change during
the lifetime of the cluster. Overestimating the number of I/O
resources to fit any imaginable scenario, though, may result
in waste of money that could be, otherwise, used to acquire
more processing resources.

To provide better performance to applications, several
adaptation strategies can be applied to parallel file sys-
tems. Pre-fetching and caching can be optimized to match
application’s I/O request patterns [1], [2], [3], data can
be distributed according to application’s dominant spacial
access patterns [4], [5], the number of servers to use can
be adapted to the output characteristics of application [6],
etc. The total number of storage devices available, though,
is commonly fixed during system’s operation.

When multiple applications execute over the same shared
storage system, there can be contention over the access
to data. When all data servers are in use by at least one
application, starting a new one decreases the individual
performance of the ones already in execution. In such cases,
there may be the need to increase the number of available
storage resources in order to increase the total capacity of
the file system.

Changing the number of I/O resources to improve running
application’s I/O performance brings forth several issues
that need to be studied: First, how to minimize the overhead
of data replication and reorganization over the new set
of servers? Also, data from which application should be
placed in the new resources, in order to improve overall
performance? Where should an automated reconfiguration
tool search for available devices to incorporate in the file
system? When should these devices be released? To study
some of these questions and propose strategies to improve
I/O performance we developed an on-line performance mon-
itoring and reconfiguration tool for the dNFSp file system.

The remaining of this paper is divided as follows: Sec-
tion II introduces the dNFSp file system. The reconfiguration
model is presented on Section III. On Section IV we give
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some details on the implementation of the model, whose
evaluation results are discussed in Section V. Section VI
presents related works and state of the art. Finally, Sec-
tion VII presents the conclusions and future works.

II. DNFSP

dNFSp — distributed NFS parallel — is an extension
of the traditional NFS implementation that distributes the
functionality of the server over several machines on the
cluster [7]. The idea behind dNFSp is to improve the
performance and scalability of the system without sacrificing
compatibility with standard NFS clients, simplifying setup
and maintenance.

The NFS server functionality is divided onto several meta-
data servers (named meta-servers or metas, for simplicity)
and data servers (named IODs). Each client knows one meta-
server as its nfsd daemon, so each meta is assigned to only
a subset of the clients. When using dNFSp, if all the clients
access the file system at the same time, the load is distributed
among these servers. [8].

When a request for a given piece of data is received,
the meta-server checks for data-distribution information on
the file being accessed and forwards the request for the
correct IOD. The IOD manages the data on the disks. Once
it receives a read or write request, it looks for the data
of the corresponding to the inode number of the request
and performs the operation. Confirmation messages and read
replies are sent directly to the clients. IP Spoofing is used to
trick the clients into thinking that the answer came from the
NFS server associated to them, keeping full compatibility
with the protocol.

dNFSp design requires that each request from the client
be transmitted twice – one from client to meta-server and
other from the latter to the IOD. This is necessary to keep
compatibility with standard NFS clients. For read operations,
this strategy presents good performance, given the small
size of these requests. Since the IOD sends the reply
directly to the client, the double transmission overhead is
easily compensated by the higher I/O throughput of several
independent IODs. This situation is illustrated in the lower
half of Figure 1. Write operations performance, on the other
hand, is impaired by the double transmission of large data
blocks. This situation is illustrated on the upper part of
Figure 1.

When several applications make intensive use of the
shared file system, the I/O performance of each application
is tainted by the concurrent access to the limited number of
servers in the system. For some applications with defined
deadlines (e.g., weather forecast), though, it may be impos-
sible to complete some computation if the file system does
not present the expected performance.

Trying to improve this situation, the concept of Ap-
plication IOD (AppIOD) was introduced in dNFSp [9].
Application IOD is a special kind of I/O server associated
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Figure 1. dNFSp Architecture

with an application. Every request from this application
is forwarded to its AppIODs. Write operations are always
processed on the AppIOD; read operations for offsets that
are not stored in the exclusive servers are forwarded to the
original ones. The application IOD model does not requires
the replication of data on the new servers. Instead, it aims to
merge data stored on both set of servers when the application
to which the servers are associated finishes.

The user must instruct the file system as of which clients
belong to each application and provide machines to be used
as servers – typically, a set of nodes from the cluster. In
this model, the user must be aware of the application’s need
for good I/O performance and then make an allocation with
extra nodes to be used as exclusive servers. On the other
hand, it is not always possible to know if the file system
will be able to provide the expected performance. One way
to avoid the need of direct user intervention is to allow the
file system to decide if the application could profit from new
I/O resources and do the proper reconfiguration during the
execution.

III. PROPOSED AUTOMATIC I/O RECONFIGURATION

As stated in Section I, an automatic reconfiguration
mechanism for a PFS needs to be able to recognize that
performance is impaired, take actions to solve the causes
of the poor performance and avoid that any reconfiguration
increases the existing overhead. In this section, we will
present the reconfiguration model adopted for dNFSp.

A. I/O Server Creation

In dNFSp, write operations performance is limited due
to the double transmission of data. Applications dominated
by this kind of operation will suffer with the slow I/O
bandwidth. For this reason we choose to focus on improving
the performance for write phases.

For write-bound applications, the utilization of AppIODs
can provide significant improvement on performance and
the cost of server insertion is very low, since there is no
replication of data. While there is overhead on the original
servers of the system during the merge phase, this task can
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be postponed until there are few or none applications actively
using the system or until the machines used as AppIOD are
claimed to be used for other tasks.

As in the original implementation of AppIODs, our recon-
figuration model considers any node of the cluster that is not
allocated for an application (marked as free by the cluster
scheduler) is a suitable machine to act as an AppIOD. Once
the nodes are selected to act as I/O servers, the scheduler is
notified and marks the resources as busy until the scheduled
end of the application. We delegate to the scheduler the
decision of using these resources as I/O exclusive or if
other applications will be able to execute processes on the
machines.

B. Triggering the Reconfiguration

In dNFSp, any file big enough is distributed among all
available IODs. In this scenario, when a single application
uses the file system it may obtain the greatest performance
available from the servers. The inclusion of new servers
in this case would require merging the data written in
the AppIODs and the original servers – an unnecessary
overhead.

When two or more applications make concurrent requests
to the file system, though, the performance obtained by
either of them is a fraction of the peak performance. The
inclusion of more I/O resources may bring significant gains
in this situation, since independent sets of I/O servers will
be responsible for the requests of each application.

On the other hand, starting a new application is not reason
to include new servers on the system. Parallel applications
may present temporal behavior, i.e., distinct I/O and process-
ing intensive phases (idleness phases, since the PFS observes
few requests from the clients). The length of the I/O and
processing phases are part of the temporal access pattern of
an application.

Overlapping I/O phases is a better metric in this case,
since it postpones resource utilization until more than one
application actually uses the system. When I/O phases
overlap, the observed performance of the applications is im-
paired due the concurrency. Figure 2 illustrates this situation.
During the period before t1, the application A0 executes
exclusively over the available servers. In t1, application
A1 starts using the file system. During the period of time
between t2 and t3, the two applications share the available
I/O bandwidth, obtaining individual bandwidths below the
expected performance. During this period, the system is
called saturated, since it has reached its peak performance
and any more clients accessing it will result in yet lower
performances for each application. After the instant t3, A0

stops using the file system and, as a result, A1 can make
full use of the available resources.

During period highlighted in gray, the reconfiguration
can take place, given that there are enough resources and
that at least one of the applications is write-bound – the
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Figure 2. I/O Bandwidth for two concurrent applications. t1: A1 starts.
t2: Bandwidth for A0 and A0 is stable. t3: A0 ends.

original servers of the system will be offloaded from the
write requests of one application.

It is important to note that the variations in I/O bandwidth
may be caused by events other than application behavior.
The reconfiguration system has some parametric safe-guards
to avoid unnecessary reconfigurations – decreases in band-
width that do not last longer than a limit or that do not differ
more than a fraction of the best performance observed.

Figure 3 shows the measured bandwidth along the exe-
cution of two applications. The application with temporal
behavior (A) is represented by the dashed line (square data
points), while an application represented by the continuous
line (B) has only one long I/O phase. The period represented
by (a) shows a performance-stable period in which the
bandwidth for application B did not present significant
variation. As the temporal application enters a phase with
few requests, the reconfiguration model detects a new peak
performance, i.e., the bandwidth that an application can
expect of the file system. With the start of a new I/O phase
in (c), one of the applications actively doing I/O presents a
bandwidth much lower than the peak and the system is thus
considered saturated. A stable, or saturated period, as well
as the peak performance, are only considered if the system
does not present significant variations in bandwidth during
a pre-defined time (1min, in the case of the example). This
acts as safeguard for variations not related to application
behavior.

C. Application Selection

Since AppIODs redirect all the requests from clients of
an application to an exclusive set of servers, the model
must choose an application to receive the servers whenever
the PFS is saturated. This application must attend the two
following requisites:

1) Be dominated by write operations, so that most of
its requests can be forwarded to the exclusive servers;

2) Have a known factor β. This value, called boundness,
is a ratio of the length of I/O phases over the length
of the idleness phases.

The value of β is a ratio that indicates whether the
application presents very long I/O phases (β tends to 1)
or if during most of its execution time it would leave the
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PFS idle. This value is fed to our model as a parameter
for each application, since detecting the existence of stable
I/O phases and the characteristics of the access patterns of
applications is studied in the literature [1], [10], [11] and
considered outside the scope of this work.

The reconfiguration model selects the application with
the greatest TotalGain, described in Formula 1. In the
formula, Tr(Ai) represents the remaining execution time
for an application Ai, β(Ai) is the boundness-ratio and
nAppIDO is the number of exclusive servers to be used.
This formula represents the time slot that would be freed by
the application if its execution was shortened by the better
performance in I/O, minus the cost of utilizing a number of
extra resources during the remainder of the application.

TotalGain (Ai) = #Nodes(Ai)× β(Ai)× Tr(Ai)
−nAppIOD × Tr(Ai)

(1)

IV. IMPLEMENTATION

The proposed reconfiguration model was implemented on
dNFSp as a monitoring library – libPFM – that collects, for
each application, the amount of data transferred. In regular
intervals, the PFM Daemon communicates with all the meta-
servers and collects the partial performance information. For
each application, the daemon stores a performance history
vector, containing the aggregated bandwidth collected from
the meta-servers.

With this information, as well as information about the
behavior of the applications, the daemon monitors the per-
formance of dNFSp and, whenever the system performance
is considered saturated and there are applications that fit the
selection criteria, it spawns AppIODs on available cluster
nodes.

To request new resources and spawn the exclusive servers,
the PFM Daemon must integrate with a scheduler system.
We chose to implement a simple scheduler called VSS. This
scheduler was configured to read submission traces and start
parallel applications on a set of nodes of a cluster. VSS

informs dNFSp/libPFM of the start-up and conclusion of
jobs so that the file system can be aware of which nodes
constitute each application.

When the PFM daemon chooses to spawn AppIODs, it
makes a special job submission to VSS, indicating it needs
I/O resources for the chosen application. VSS then selects
available nodes, start the necessary processes on them and
associate the I/O job with the original application job. This
way, when application finishes, the file system is notified
and can take action to either release the exclusive servers or
postpone it to a later time.

The code for dNFSp, libPFM, PFM Daemon and VSS
is available on dNFSp project site at http://sourceforge.net/
projects/nfsp/.

V. EVALUATION AND RESULTS

A. Test Setup

We executed our tests on the Pastel cluster of
Grid’5000 [12]. The cluster is composed by 80 Sun Fire
X2200 M2 nodes, each with 8GB of RAM and two dual
core AMD Opteron 2218 processors clocked at 2.6GHz.
The nodes are connected by Gigabit Ethernet network and
a Cisco 7006 router.

Each node has a Hitachi HDS7225S SATA disk of 250GB.
The brute bandwidth measured was of 62.69MB/s1 for
reads and 34.67MB/s2 for writes.

In all tests, we used 4 nodes as servers, each machine
executing one instance of the meta-server and one IOD.
Clients were evenly distributed on the meta-servers, with
mount options wsize and rsize of 8KB. The number of
application IODs used during the reconfiguration was also
4.

To simulate the load of parallel applications accessing the
file system, we used the MPI-IO Test 21 benchmark [13].
This program uses MPI to execute a parallel application
onto several nodes, writing a number of objects in a single

1Value obtained by average of 6 executions of hdparm
2Value obtained with the dd, no file system, all caches off
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Write Size I=10 20 40 60 80
128MB 0,97 0,94 0,92 0,86 0,82
16MB 0.81 0.69 0.52 0.42 0.36

Table I
VALUES FOR β (A0) FOR INACTIVITY INTERVALS OF I=10, 20, 40 60

AND 80 SECONDS

or several files. This application can use either MPI-IO or
Posix-I/O primitives to simulate applications access to the
file system. In our tests, we used the benchmark with one
file per process and standard POSIX calls.

The benchmark was modified to include a fixed delay
between each read or write operation. This delay aims to
simulate the behavior of applications with clear temporal
access pattern, forcing an idleness phase.

We executed two concurrent applications. The first one,
A0, using 256 processes over 32 nodes, executes during 20
minutes and presents temporal behavior. In the I/O phase,
each process writes an object of 128MB for the first test and
16MB for the second one. Table I presents the values of β
for each idleness interval and write size tested. These values
were obtained by executing each application individually
and measuring the ratio between the effective and operation
bandwidth. As a consequence, the boundness ratio represents
a behavioral characteristic of the application, in contrast
with a simple attribute measured along the execution. At the
end of each I/O phase, we placed a barrier to synchronize
the clients.

The second application starts 2 minutes after the first
one and executes for 40 minutes. It uses 64 processes over
8 nodes, with each process writing no more than 2GB.
This execution used no barriers between I/O phases, thus
presenting no coordination between the clients.

Each test was repeated from 6 to 10 times, so that standard
deviation was not larger than 10% of the average.

B. Results for 128MB Object-size

This section presents the results for the concurrent exe-
cution of applications 0 and 1 with objects of 128MB on
A0. Figure 4a shows the obtained results for this test. Due
to the higher number of nodes of A0, this application is
always selected for reconfiguration – despite having a lower
boundness-ratio.

The first thing to be noticed in the graph is that, for
intervals from 10 to 40 seconds, both applications presented
similar performance in the case where reconfiguration was
not activated (NoRec). Despite the intervals with few re-
quests from A0, A1 did not present an increased performance
as would be expected. With longer idleness intervals, though,
A1 presented increase in its I/O bandwidth at the price of
only a slight decrease in A0’s one.

When the automatic reconfiguration mechanism is enabled
(Reconf ), both applications presented increased bandwidth

for intervals 10 and 20 with an improvement of 47% over
the situation without reconfiguration. For intervals 60 and
80, only A0 presented significant gain in performance, with
a 17% increase in the bandwidth of the system. In all cases,
the reconfiguration mechanism has been able to detect that
performance was sub-optimal and spawn new servers to
accommodate the load.

C. Results with 16MB Object Size

Figure 4b presents the results for A0 with write size of
16MB. Since in this case the boundness-ratio for A0 is
smaller, with idleness intervals longer than 40 A1 presents
greater TotalGain and is selected to receive the exclusive
servers. This situation is still equivalent to the previous one,
since each application has access to exclusive servers.

Differently from the previous test, we can observe that
A0 presented very poor performance in the case without
reconfiguration. This decrease can not be explained by
a dominance of A1’s requests on the I/O servers, given
that, with longer intervals, its performance also decreases
abruptly, going from 46 to 19MB/s with intervals of 80
seconds. This behavior had been previously observed and is
due to the temporal behavior of the application. [14]

In this situation, the automatic reconfiguration mechanism
has been able to improve the performance of both appli-
cations on all intervals. For A0 we have observed more
than 100% improvement for all test cases. For A1, the
improvement was smaller on shorter idleness intervals, but
presented performance improvement of 200% with intervals
of 80 seconds.

D. Discussion over the Results

The results have shown that the proposed reconfiguration
mechanism is able to detect opportunities to improve I/O
performance of concurrent applications and request new
resources to be used as servers.

The aggregated performance presented in the tests was
of 104MB/s in the best case. The same configuration,
without temporal behavior on any application, presented
bandwidth of 174MB/s. As previously stated, the pres-
ence of temporal behavior has been shown to decrease
performance for all executing applications. Despite this, the
reconfiguration mechanism was able to detect the contention
and server exclusiveness has shown to provide a much
improved performance.

VI. RELATED WORK

Cluster storage, being an important aspect for parallel
application’s performance, is studied in several works on
the literature. In all of them, we can observe different
approaches to provide high efficiency and scalability, both
in number of servers and clients. Some of them make use
of adaptation to specific characteristics of each application,
done either during its execution or prior to it.
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[15] proposes an on-line monitoring library with data
migration capability for the Parallel Virtual File System
(PVFS) [16]. In this work, server performance is observed
during the execution of applications. When load imbalances
are detected, the system can decide to move data from one
server to another in order to improve load balancing. This
redistribution can increase the I/O performance of the file
system, but imposes the price of moving the data from an
already overloaded server, contributing to the load imbal-
ance. Furthermore, if application finishes its execution (or
no longer demands the file whose data was moved) before
the migration completes, then the cost of migration may
be in vain if the cause for the imbalance was a temporary
one (e.g., a RAID rebuild on the server). The monitoring
and detection of imbalance has been extended in [17] to
allow for post-mortem analysis of the performance. While
this can provide important insights into the behavior of the
system that can be used by the administrator for fine-tuning,
it requires manual intervention from the administrator.

In attempting to provide tera-byte scale storage, the Ceph
File System [18] considers dynamicity of servers as some-
thing that needs to be treated in the core of the storage
model. With this in mind, the CRUSH algorithm [19] was
developed to keep data always available in the presence of
failures and keep new resources busy. When new chunks
of data are created (either by replication or by normal
file creation and update), CRUSH maps them to a number
of available servers. One of the metrics used to choose
these servers is an overload factor. In this way, CRUSH
can prevent over-utilization of any specific server, avoiding
unbalance created by different applications. On the other
hand, the original mapping is changed only when there is
a change in the set of available servers – be it by failure
or by manual addition or removal of resources. Server
unbalance, by itself, does not activate remapping. In this

scenario, concurrent execution of applications still can cause
contention that will not be corrected during execution.

Lustre File System [20] is a well known solution for
data management in cluster environments, being used in
several Top-500 ranking clusters. Lustre storage is object-
based, i.e., data is divided into fixed size contiguous objects
and mapped to a given number of Object Storage Targets
(OSTs). Object sizes and the desired number of servers to
use is application defined. OSTs can be grouped based on
common characteristics – like network interconnection, I/O
device speed, storage space, etc [21]. During file creation,
applications can request servers from a given pool, using the
resources that better fit their need – fault-tolerant I/O, largest
storage area, fastest interconnection, etc. Lustre, on the other
hand, lacks dynamic adaptation to application characteristics,
since all the parameters must be set up before or during the
creation of a file. Changes in the environment that impact I/O
performance, like new applications or RAID maintenance,
will not be treated by Lustre.

File systems like Google File System [22], Hadoop [23]
and XTreemFS [24] use the strategy of I/O and processing
co-allocation. In this case, every processing node of a cluster
is also a storage server. Application’s tasks and data are
distributed in a way that, for every task executed, all the
necessary input data is available on the local disk of the
node. On the same way, output data can be stored on
the local device and be replicated later. Since this strategy
avoids the need of communicating with external resources
and employs as many I/O resources as processing resources,
performance is greatly improved. This strategy, on the other
hand, forces one application model of independent task
with strong data locality – most specifically, the map-reduce
model, to which few scientific applications have been shown
to fit.

While our work also applies on-line monitoring and tries
to scale the number of I/O servers as more applications are
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executed, the strategy differs from the ones previously pre-
sented on its use of per-application exclusive I/O resources.
Additionally, it tries to avoid synchronization costs at the
moment of reconfiguration, and uses server overload as a
trigger to the need of action instead of failures or manual
intervention. Differently from HDFS or GFS, dNFSp recon-
figuration model does not require any specific application
model, neither expects IODs to execute applications.

VII. CONCLUSIONS AND FUTURE WORKS

Cluster architectures demand file systems that are able
to manage large amount of applications data with high
throughput during their execution. PFS that use a static
setup, with a fixed amount of servers, will not be able to
present good performance on all the situations to which
the system will be submitted, specially when concurrent
execution of different applications is allowed.

In this paper we have presented a reconfiguration mech-
anism for dNFSp that aims to automatically dedicate more
I/O resources to applications when contention on the PFS
is detected. The proposed mechanism has been shown to
work on the presence of temporal behavior of applications,
detecting the contention on the file system and including
more servers to one of the running applications.

The results have shown performance increases ranging
from 15% to 47% in the case of 128MB write sizes and
126% to 198% with smaller write units. While the total
bandwidth obtained with the reconfiguration mechanism was
still lower than the case without temporal behavior, the
proposed tool was able to correct a situation presenting
very poor performance without intervention from either
administrator or user.

As future works we intend to look further at the causes of
the contention when applications present temporal behavior.
We also intend upgrade dNFSp to the NFSv4 protocol,
profiting from the FS LOCATION attribute to provide dy-
namic relocation of data and remove the existing bottleneck
on the meta-servers. Another important future work is to
use large submission traces from production clusters to
evaluate the cost of using processing resources in the I/O
system, weighting the gain in performance against the higher
utilization of the nodes.
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