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Abstract

Grid enabled storage systems are a vital part of data processing in the grid environment. Even
for sites primarily providing computing cycles, local storage caches will often be used to buffer input
files and output results before transfer to other sites. In order for sites to process jobs efficiently it is
necessary that site storage is not a bottleneck to Grid jobs.

dCache and DPM are two Grid middleware applications that provide disk pool management of
storage resources. Their implementations of the storage resource manager (SRM) webservice allows
them to provide a standard interface to this managed storage, enabling them to interact with other
SRM enabled Grid middleware and storage devices. In this paper we present a comprehensive set of
results showing the data transfer rates in and out of these two SRM systems when running on 2.4 series
Linux kernels and with different underlying filesystems.

This benchmarking information is very important for the optimisation of Grid storage resources at
smaller sites, that are required to provide an SRM interface to their available storage systems.

1 Introduction

1.1 Small sites and Grid comput-
ing

The EGEE project [1] brings together scientists
and engineers from 30 countries to order to cre-
ate a Grid infrastructure that is constantly avail-
able for scientific computing and analysis.

The aim of the Worldwide LHC Computing
Grid (WLCG) is to use the EGEE developed
software to construct a global computing re-
source that will enable particle physicists to store
and analyse particle physics data that the Large
Hadron Collider (LHC) and its experiments will
generate when it starts taking data in 2007. The
WLCG is based on a distributed Grid comput-
ing model and will make use of the computing
and storage resources at physics laboratories and
institutes around the world. Depending on the
level of available resources, the institutes are or-
ganised into a hierarchy starting with the Tier-0
centre at CERN (the location of the LHC), mul-
tiple national laboratories (Tier-1 centres) and
numerous smaller research institutes and Uni-
versities (Tier-2 sites) within each participating
country. Each Tier is expected to provide a cer-
tain level of computing service to Grid users once
the WLCG goes into full production.

The authors’ host institutes form part of Scot-
Grid [2], a distributed WLCG Tier-2 centre, and
it is from this point of view that we approach the
subject of this paper. Although each Tier-2 is
unique in its configuration and operation, sim-
ilarities can be easily identified, particularly in
the area of data storage:

1. Typically Tier-2 sites have limited hardware
resources. For example, they may have one
or two servers attached to a few terabytes of
disk, configured as a RAID system. Addi-
tional storage may be NFS mounted from
another disk server which is shared with
other non-Grid users.

2. No tape storage.

3. Limited manpower to spend on administer-
ing and configuring a storage system.

The objective of this paper is to study the con-
figuration of a Grid enabled storage element at
a typical Tier-2 site. In particular we will in-
vestigate how changes in the disk server filesys-
tems and file transfer parameters affect the data
transfer rate when writing into the storage ele-
ment. We concentrate on the case of writing to
the storage element, as this is expected to be the
most stressful operation on the Tier-2’s storage
resources, and indeed testing within the GridPP



collaboration bears this out [3]. Sites will be able
to use the results of this paper to make informed
decisions about the optimal setup of their stor-
age resources without the need to perform ex-
tensive analysis on their own.

Although in this paper we concentrate on par-
ticular SRM [4] grid storage software, the results
will be of interest in optimising other types of
grid storage at smaller sites.

This paper is organised as follows. Section 2
describes the grid middleware components that
were used during the tests. Section 3 then goes
on to describe the hardware, which was chosen
to represent a typical Tier-2 setup, that was used
during the tests. Section 3.1 details the filesys-
tem formats that were studied and the Linux ker-
nel that was used to operate the disk pools. Our
testing method is outlined in Section 4 and the
results of these tests are reported and discussed
in Section 5. In Section 6 we present suggestions
of possible future work that could be carried out
to extend our understanding of optimisation of
Grid enabled storage elements at small sites and
conclude in Section 7.

2 Grid middleware compo-
nents

2.1 SRM

The use of standard interfaces to storage re-
sources is essential in a Grid environment like
the WLCG since it will enable interoperation of
the heterogeneous collection of storage hardware
that the collaborating institutes have available
to them. Within the high energy physics com-
munity the storage resource manager (SRM) [4]
interface has been chosen by the LHC experi-
ments as one of the baseline services [5] that
participating institutes should provide to allow
access to their disk and tape storage across the
Grid. It should be noted here that a storage ele-
ment that provides an SRM interface will be re-
ferred to as ‘an SRM’. The storage resource bro-
ker (SRB) [6] is an alternative technology devel-
oped by the San Diego Supercomputing Center
[7] that uses a client-server approach to create a
logical distributed file system for users, with a
single global logical namespace or file hierarchy.
This has not been chosen as one of the baseline
services within the WLCG.

2.2 dCache

dCache [8] is a system jointly developed by
DESY and FNAL that aims to provide a mech-
anism for storing and retrieving huge amounts
of data among a large number of heterogeneous
server nodes, which can be of varying archi-
tectures (x86, ia32, ia64). It provides a single
namespace view of all of the files that it man-
ages and allows access to these files using a vari-
ety of a protocols, including SRM. By connecting
dCache to a tape backend, it becomes a hierar-
chical storage manager. However, this is not of
particular relevance to Tier-2 sites who do not
typically have tape storage. dCache is a highly
configurable storage solution and can be easily
deployed at Tier-2 sites where DPM is not suffi-
ciently flexible.

2.3 Disk pool manager

Developed at CERN, and now part of the gLite
middleware set, the disk pool manager (DPM)
is similar to dCache in that is provides a sin-
gle namespace view of all of the files stored on
the multiple disk servers that it manages and
provides a variety of methods for accessing this
data, including SRM. DPM was always intended
to be used primarily at Tier-2 sites, so has an em-
phasis on ease of deployment and maintenance.
Consequently it lacks some of the sophistication
of dCache, but is simpler to configure and run.

2.4 File transfer service

The gLite file transfer service (FTS) [9] is a grid
middleware component that aims to provide re-
liable file transfer between storage elements that
provide the SRM or GridFTP [10] interface. It
uses the concept of channels [11] to define uni-
directional data transfer paths between storage
elements, which usually map to dedicated net-
work pipes. There are a number of transfer pa-
rameters that can be modified on each of these
channels in order to control the behaviour of the
file transfers between the source and destination
storage elements. We concern ourselves with two
of these: the number of concurrent file trans-
fers (Ny) and the number of parallel GridFTP
streams (Ng). Nj is the number of files that
FTS will simultaneously transfer in any bulk file
transfer operation. N, is number of simultane-
ous GridFTP channels that are opened up for
each of these files.



2.5 Installation

Sections 2.2 and 2.3 described the two disk pool
management applications that are suitable for
use at small sites. Both dCache (v1.6.6-5) and
DPM (v1.4.5) are available as part of the 2.7.0
release of the LCG software stack and have been
sequentially investigated in the work presented
here. In each case, the LCG YAIM [12] in-
stallation mechanism was used to create a de-
fault instance of the application on the avail-
able test machine (See Section 3). For dCache,
PostGreSQL v8.1.3 was used, obtained from the
PostGreSQL website [13]. Other than installing
the SRM system in order that they be fully op-
erational, no configuration options were altered.

3 Hardware configuration

In order for our findings to be applicable to exist-
ing WLCG Tier-2 sites, we chose test hardware
representative of Tier-2 resources.

1. Single node with a dual core Xeon CPU.
This operated all of the relevant services
(i.e. SRM/nameserver and disk pool ac-
cess) that were required for operation of the
dCache or DPM.

2. 5TB RAID level-5 disk with a 64K stripe.
Partitioned into three 1.7TB filesystems.

3. Source DPM for the transfers was a suf-
ficiently high performance machine that it
was able to output data across the network
such that it would not act as a bottleneck
during the tests.

4. 1Gb/s network connection between the
source and destination SRMs, which were
on the same network connected via a Net-
gear GST742T switch. During the tests,
there was little or no other traffic on the
network.

5. No firewalling (no iptables module loaded)
between the source and destination SRMs.

3.1 Kernels and filesystems

Table 1 summarises the combinations of Linux
kernels that we ran on our storage element and
the disk pool filesystems that we tested it with.
As can be seen four filesystems, ext2 [14], ext3
[15], ifs [16], xfs [17], were studied. Support for
the first 3 filesystems is included by default in the
Scientific Linux [18] 305 distribution. However,

support for xfs is not enabled. In order to study
the performance of xfs a CERN contributed re-
build of the standard Scientific Linux kernel was
used. This differs from the first kernel only with
the addition of xfs support.

Note that these kernel choices are in keeping
with the ‘Tier-2’ philosophy of this paper — Tier-
2 sites will not have the resources available to re-
compile kernels, but will instead choose a kernel
which includes support for their desired filesys-
tem.

In each case, the default options were used
when mounting the filesystems.

Filesystem
Kernel ext? ext3 jfs xfs
2.4.21 Y Y Y N
2.4.21+cern zfs N N N Y

Table 1: Filesystems tested for each Linux ker-
nel/distribution.

4 Method

The method adopted was to use FTS to trans-
fer 30 1GB files from a source DPM to the test
SRM, measuring the data transfer rate for each
of the filesystem-kernel combinations described
in Section 3.1 and for different values of the FTS
parameters identified in Section 2.4. We chose
to look at Ny, N, € (1,3,5,10). Using FTS en-
abled us to record the number of successful and
failed transfers in each of the batches that were
submitted. A 1GB file size was selected as be-
ing representative of the typical filesize that will
be used by the LHC experiments involved in the
WLCG.

Each measurement was repeated 4 times to
obtain a mean. Any transfers which showed
anomalous results (e.g., less than 50% of the
bandwidth of the other 3) were investigated and,
if necessary, repeated. This was to prevent fail-
ures in higher level components, e.g., FTS from
adversely affecting the results presented here.

5 Results

5.1 Transfer Rates

Table 2 shows the transfer rate, averaged over
Ny, for dCache for each of the filesystems. Sim-
ilarly 3 shows the rate averaged over Ny.



Ny Filesystem
ext? ext3 jfs  xfs

1 157 146 137 156
3 207 176 236 236
5 209 162 246 245
10 | 207 165 244 247

Table 2: Average transfer rates per filesystem
for dCache for each Ny.

Ny Filesystem
ext? ext3 jfs  afs

1 217 177 234 233
3 191 159 214 219
5 189 155 208 217
0 | 18 158 207 215

[y

Table 3: Average transfer rates per filesystem
for dCache for each Nj.

Table 4 shows the transfer rate, averaged over
Ns, for DPM for each of the filesystems. Simi-
larly 5 shows the rate averaged over Ny.

The following conclusions can be drawn:

1. Transfer rates are greater when using mod-
ern high performance filesystems like jfs and
xfs than the older ext2,3 filesystems.

2. Transfer rates for ext2 are higher than ext3,
because it does not suffer a journalling over-
head.

3. For all filesystems, having more than 1 si-
multaneous file transferred improves the av-
erage transfer rate substantially. There ap-
pears to be little dependence of the aver-
age transfer rate on the number of files in a
multi-file transfer (for the range of Ny stud-
ied).

4a. With dCache, for all filesystems, single
stream transfers achieve a higher average
transfer rate than multistream transfers.

4b. With DPM, for ext2,3 single stream trans-
fers achieve a higher average transfer rate
than multistream transfers. For xfs and jfs
multistreaming has little effect on the rate.

4c. In both cases, there appears to be little de-
pendence of the average transfer rate on the
number of streams in a multistream transfer
(for the range of Ny studied).

Ny Filesystem
ext? ext3 jfs  xfs

1 214 192 141 204
3 297 252 357 341
5 300 261 368 354
0 | 282 253 379 356

—

Table 4: Average transfer rates per filesystem
for DPM for each Ny.

N Filesystem
ext? ext3 jfs  xfs

1 293 277 289 310
3 264 209 313 323
5 264 237 303 307
0 | 272 234 339 317

[a—y

Table 5: Average transfer rates per filesystem
for DPM for each Nj.

5.2 Error Rates

Table 6 shows the average percentage error rates
for the transfers obtained with both SRMs.

5.2.1 dCache

With dCache there were a small number of trans-
fer errors for ext2,3 filesytems. These can be
traced back to FTS cancelling the transfer of a
single file. It is likely that the high machine load
generated by the I/O traffic impaired the per-
formance of the dCache SRM service. No errors
were reported with xfs and jfs filesystems which
can be correlated with the correspondingly lower
load that was observed on the system compared
to the ext2,3 filesystems.

5.2.2 DPM

With DPM all of the filesystems can lead to er-
rors in transfers. Similarly to dCache these er-
rors generally occur because of a failure to cor-
rectly call srmSetDone() in FTS. This can be
traced back to the DPM SRM daemons being

SRM Filesystem
ert? ext3  jfs xfs

dCache | 0.21 0.05 0 0
DPM | 0.05 0.10 1.04 0.21

Table 6: Percentage observed error rates for dif-
ferent filesystems and kernels with dCache and
DPM.



badly affected by the machine load generated
by the high I/O traffic. In general it is recom-
mended to separate the SRM daemons from the
actual disk servers, particularly at larger sites.
Note that the error rate for jfs was higher,
by some margin, than for the other filesystems.
However, this was mainly due to one single trans-
fer which had a very high error rate and further
testing should be done to see if this repeats.

5.3 Comment on FTS parameters

The poorer performance of multiple parallel
GridFTP streams relative to a single stream
transfer observed for dCache and for DPM with
ext2,3 can be understood by considering the I/O
behaviour of the destination disk. With multiple
parallel streams, a single file is split into sections
and sent down separate TCP channels to the des-
tination storage element. When the storage ele-
ment starts to write this data to disk, it will have
to perform many random writes to the disk as
different packets arrive from each of the different
streams. In the single stream case, data from a
single file arrives sequentially at the storage el-
ement, meaning that the data can be written
sequentially on the disk, or at least with signifi-
cantly fewer random writes. Since random writes
involve physical movement of the disk and/or the
write head, it will degrade the write performance
relative to a sequential write access pattern.

In fact multiple TCP streams are generally
beneficial when performing wide area network
transfers, in order to maximise the network
throughput. In our case as the source and des-
tination SRMs were on the same LAN the effect
of multistreams was generally detrimental.

It must be noted that a systematic study was
not performed for the case of Ny > 10. How-
ever, initial tests show that if FTS is used to
manage a bulk file transfer on a channel where
Ny is initially set to a high value, then the
destination storage element experiences a high
load immediately after the first batch of files has
been transferred, causing a corresponding drop
in the observed transfer rate. This effect can be
seen in Figure 1, where there is an initial high
data transfer rate, but this reduces once the first
batch of Ny files has been transferred. It is likely
that the effect is due to the post-transfer nego-
tiation steps of the SRM protocol occurring si-
multaneously for all of the transferred files. The
resulting high load on the destination SRM node
causes all subsequent FTS transfer requests to
time out, resulting in the transfers failing. It
must be noted that our use of a 1GB test file for
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Figure 1: Network profile of destination dCache
node with jfs pool filesystem during an FTS
transfer of 30 1GB files. Throughout the trans-
fer, Ny = 15. Final rate was 142Mb/s with 15
failed transfers.
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Figure 2: Network profile of destination dCache
node with jfs pool filesystem during an FTS
transfer of 30 1GB files. Ny = 1 at the start
of the transfer, increasing up to Ny = 15 as
the transfer progressed. Final transfer rate was
249Mb/s with no failed transfers.

all transfers will exacerbate this effect. Figure 2
shows how this effect disappears when the start
times of the file transfers are staggered by slowly
increasing Ny from Ny = 1 to 15, indicating that
higher file transfer rates as well as fewer file fail-
ures could be achieved if FTS staggered the start
times of the file transfers. Improvements could
be made if multiple nodes were used to spread
the load of the destination storage element. If
available, separate nodes could be used to run
the disk server side of the SRM and the names-
pace services.

6 Future Work

The work described in this paper is a first step
into the area of optimisation of grid enabled stor-
age at Tier-2 sites. In order to fully understand
and optimise the interaction between the base
operating system, disk filesystem and storage ap-
plications, it would be interesting to extend this
research in a number of directions:

1. Using non-default mount options for each of
the filesystems.

2. Repeat the tests with SL 4 as the base oper-



ating system (which would also allow testing
of a 2.6 Linux kernel).

3. Investigate the effect of using a different
stripe size for the RAID configuration of the
disk servers.

4. Vanilla installations of SL generally come
with unsuitable default values for the TCP
read and write buffer sizes. In light of
this, it will be interesting to study the how
changes in the Linux kernel-networking tun-
ing parameters change the FTS data trans-
fer rates. Initial work in this area has shown
that improvements can be made.

5. It would be interesting to investigate the
effect of different TCP implementations
within the Linux kernel. For example, TCP-
BIC [19], westwood [20], vegas [21] and
web100 [22].

Y

6. Characterise the performance enhancement
that can be gained by the addition of extra
hardware, particularly the inclusion of extra
disk servers.

When the WLCG goes into full production, a
more realistic use case for the operation of an
SRM will be one in which it is simultaneously
writing (as is the case here) and reading files
across the WAN. Such a simulation should also
include a background of local file access to the
storage element, as is expected to occur during
periods of end user analysis on Tier-2 computing
clusters. Preliminary work has already started
in this area where we have been observing the
performance of existing SRMs within ScotGrid
during simultaneous read and writing of data.

7 Conclusion

This paper has presented the results of a compar-
ison of file transfer rates that were achieved when
FTS was used to copy files between Grid enabled
storage elements that were operating with differ-
ent destination disk pool filesystems and a 2.4
Linux kernel. Both dCache and DPM were con-
sidered as destination disk pool managers pro-
viding an SRM interface to the available disk.
In addition, the dependence of the file transfer
rate on the number of concurrent files (Ny) and
the number of parallel GridFTP streams (Nj)
was investigated.

In terms of optimising the file transfer rate
that could be achieved with FTS when writing

into a characteristic Tier-2 SRM setup, the re-
sults can be summarised as follows:

1. Pool filesystem: jfs or xfs.

2. FTS parameters: Low value for Ng, high
value for N, (staggering the file transfer
start times). In particular, for dCache
N; = 1 was identified as giving optimal
transfer rate.

It is not possible to make a single recommen-
dation on the SRM application that sites should
use based on the results presented here. This de-
cision must be made depending upon the avail-
able hardware and manpower resources and con-
sideration of the relative features of each SRM
solution.

Extensions to this work were suggested, rang-
ing from studies of the interface between the ker-
nel and network layers all the way up to mak-
ing changes to the hardware configuration. Only
when we understand how the hardware and soft-
ware components interact to make up an entire
Grid enabled storage element will we be able to
give a fully informed set of recommendations to
Tier-2 sites regarding the optimal SRM configu-
ration. This information is required by them in
order that they can provide the level of service
expected by the WLCG and other Grid projects.
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