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Abstract—This study seeks to identify the most common input
and output (I/O) request sizes used by HPC applications in
supercomputers. We use data from the entire year of 2012 of
characterization with the Darshan I/O profiling tool, in the
Intrepid Blue Gene/P, to identify access patterns and request
sizes. We contribute so that new optimization techniques can
be evaluated considering these request sizes found in these
environments. In general, we can conclude that of the six patterns
chosen as a sample, five of them keep the trend of the average
size of requests between 1 KB and 4 MB. Only one pattern stands
out for its high variability for medium sizes, the MPI-IO write
to a shared-file, due to optimizations provided by this interface.

Index Terms—high performance computing, I/O, access pat-
tern, request size, supercomputer

I. INTRODUCTION

Scientific applications that run on high-performance com-
puting systems (HPC) require high storage capacity and
efficient data access. Parallel file systems (PFS) work by
providing an abstraction of the storage system for these
applications, which handle large amounts of data. In such a
scenario, hundreds of computing nodes might need to access
the shared storage system simultaneously. However, depending
on how applications make their I/O requests, i.e., their access
pattern, performance may be impaired. For instance, issuing
small requests to the PFS might not offset the cost of accessing
the remote storage system [1].

To apply optimization techniques to these applications,
testing these techniques with benchmarks (such as MPI-
IO Test [2], IOR1, Ifer [3]) is essential but, we first need
to understand the application’s I/O behavior. Tools such as
Darshan [4], developed at the Argonne Leadership Computing
Facility (ALCF), provide characterization by creating applica-
tion profiles. In order to identify the most common request
sizes observed when issuing requests for the access patterns of
applications on a supercomputer, this study analyzed Darshan

1https://github.com/hpc/ior

data in Intrepid Blue Gene/P2. This paper’s main contribution
is to provide insights into what request sizes should be used
when testing new optimization techniques, as those sizes will
represent the sizes that HPC applications are issuing.

The remainder of this paper is organized as follows. Infor-
mation on the data used in this study and its methodology are
detailed in Section II. The results and analyzes are presented
in Section III. Section IV discusses related work. Finally, in
Section V, we conclude this paper and discuss future work.

II. METHODOLOGY

Between 2010 and 2013, ALCF collected execution data
from various scientific applications using the I/O characteri-
zation tool called Darshan, in the Intrepid Blue Gene/P, ranked
23 in the November 2011 Top500 list. Darshan intercepts the
flow of I/O functions and records a collection of statistics
for each file that is opened [5]. The collected information
allows identifying sizes and access patterns, operations, and
time spent on I/O operations.

This information was used in a previous work [6], which
extracted relevant data for this study. The focus of this
study was on data generated in 2012 by the Darshan 2.0,
resulting in 91, 603 jobs. The application coverage rate ranged
from 20% to 80% per week [5], as Darshan only instru-
mented applications that successfully called MPI_Init() and
MPI_Finalize(). However, this does not prevent applica-
tions from using POSIX, as both of these functions are used
only to group information about the application’s execution.
We group the information by month and access patterns to
identify the most common request size for each pattern and
their behavior throughout the year. For this, we observe the
minimum, median, maximum values, and quartiles.

Darshan continues to be used to collect information trans-
parently, however, it is not common for these data to be public,

2https://www.top500.org/system/176322/



TABLE I
ACCESS PATTERNS REQUEST SIZES - SIX PATTERNS THAT MOST OCCURRED

Access Patterns Min. (Bytes) Q1 (Bytes) Median (KB) Average (KB) Q3 (KB) Max. (MB)

A POSIX, Write, Sequential Unique-file 1 99 15, 7 3120, 3 135 128
B POSIX, Write, Consecutive Unique-file 1 4 0, 003 0, 019 0, 003 16
C POSIX, Read, Shared-file 1 160 0, 27 93, 6 64 256
D POSIX, Read, Consecutive Unique-file 1 4096 4 12, 6 4 16
E POSIX, Write, Unique-file 1 2184 35, 1 580, 3 71, 8 256
F MPI-IO, Write, Shared-file 4 4194304 4096 6168, 3 8192 122

for security and privacy reasons, as they involve information
about users who performed the applications. It is not expensive
to collect this profiling information, which makes several HPC
centers transparently collect them in their supercomputers.
Nonetheless, large updated data sets are often not public.

The 22 access patterns (described in Table II) observed
throughout the year of 2012 can be classified into:

• Operation: write or read;
• File layout: single file or shared file;
• Spatiality:

– Sequential: the offset does not have to be adjacent,
but bigger than the previous one;

– Consecutive: where the next offset to be accessed
is immediately adjacent to the previous one;

• Interfaces: POSIX or MPI-IO.
Using the I/O phase estimates for the 22 patterns, we

selected the six patterns observed during a longer period
between applications, from these 22 patterns, as a sample to
perform our analysis. These are detailed in Table I.

III. RESULTS AND ANALYSIS

In this section we present our results and analysis. Figure 1
illustrates the average request size for the six access patterns.
The x-axis represents the days, and the y-axis represents the
average size (in KB). We group the results by month and
access patterns. The latter indicated by the letters of A-F. The
description of these patterns is presented in the Table I.

For pattern A, it is observed that the average size remains
between 1 KB and 3 MB, but some exceptions can reach up to
122 MB. Pattern B has a tendency for the average size up to
1 KB. However, a more significant variation between sizes was
detected, mainly in the second half of the year. Some exceeded
1 MB, but most remained between 1 KB and 1 MB. In pattern
C, there was also a concentration of sizes in the range of up
to 1 KB, showing a variation increase in the last 3 months
of the year. These are between 1 KB and 4 MB (except for
a 7 MB). This behavior is also repeated for patterns D and
E. The only difference is that for pattern E, the variations
are around 24 MB, with some cases exceeding 73 MB and a
maximum of 122 MB. The F pattern is the most distinctive,
as it registered greater variability in sizes during the year.

In general, we can conclude that of these six patterns, five
keep the average size of requests between 1 KB and 4 MB. The
only pattern that stands out for its high variability for medium
sizes is the pattern F, corresponding to the MPI-IO, Write
Shared-file, and the reason for this flexibility of this pattern are

TABLE II
ACCESS PATTERNS REQUEST SIZE - ALL PATTERNS

Access Pattern Average (KB) Median (KB)

POSIX, Write, Sequential, Unique-file 3120, 3 15, 7
POSIX, Write, Consecutive, Unique-file 0, 019 0, 004
POSIX, Read, Shared-file 93, 6 0, 27
POSIX, Read, Consecutive, Unique-file 12, 6 4
POSIX, Write, Unique-file 580, 3 35, 1
MPI-IO, Write, Shared-file 6168, 3 4096
POSIX, Read, Unique-file 27, 9 0, 5
POSIX, Write, Consecutive, Shared-file 1597, 3 0, 094
POSIX, Write, Shared-file 0, 2 0, 006
MPI-IO, Write, Independent, Shared-file 10, 9 0, 094
MPI-IO, Read, Collective, Shared-file 662, 1 0, 3
POSIX, Read, Consecutive, Shared-file 148, 2 0, 094
POSIX, Write, Sequential, Shared-file 3426, 2 4096
MPI-IO, Read, Independent, Shared-file 22, 1 0, 5
MPI-IO, Write, Collective, Shared-file 1556, 6 160, 3
MPI-IO, Write, Unique-file 13393, 6 4096
MPI-IO, Read, Collective, Unique-file 3119, 5 511, 1
MPI-IO, Write, Independent, Unique-file 0, 083 0, 004
POSIX, Read, Sequential, Unique-file 112, 6 10
MPI-IO, Read, Independent, Unique-file 6734, 7 978, 5
MPI-IO, Write, Collective, Unique-file 12460, 7 16384
POSIX, Read, Sequential, Shared-file 1407, 8 1351, 4

the optimizations (like data sieving [7] and collective buffering
[8]) that this interface provides.

IV. RELATED WORK

Carns et al. analyzed the behavior of 66 applications on
the Intrepid (ALCF) [9] supercomputer over two months
of 2010. The authors demonstrated that the most recurring
writing request size was between 100 KiB (kibibytes) and
1 MiB (mebibytes), while for read operations, it was between
100 bytes and 1 KiB. It was noticed that few applications
influenced the observed access sizes. If these applications
were disregarded in the analysis, the most frequent access size
would change to 100 KiB and 1 MiB, for both operations.

Although previous work also used Intrepid’s I/O load data,
the study used a smaller data set. On the other hand, our
research investigates the I/O behavior over an entire year
(2012). It considers the size observed for the different access
patterns and not only by the interface or operation.

Luu et al. [10] analyzed the Darshan logs of a million jobs
representing a combined total of six years of I/O behavior
across three leading HPC platforms. It was demonstrated that
almost a third of the jobs had an aggregated throughput with a
limit of 256 MB/s. Furthermore, three-quarters of the jobs only
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Fig. 1. Average request size (KB) over the days of a year. The y-axis is different for each pattern (row).

used POSIX to perform I/O, despite the existence of high-level
parallel libraries.

Wang et al. [11] analyzed the IOR benchmark and two
physics applications on a large Linux cluster, at the Lawrence
Livermore National Laboratory (LLNL), with more than 800
dual-processor nodes. Each application presented only one
or two typical request sizes. Large requests from several
hundred KB to several MB were very common. However,
small requests accounted for more than 90% of all requests,
but the greatest amount of data was still transferred by large
request sizes.

These two previous work also observed jobs from HPC
applications, the first one focusing on the throughput of these
jobs, while we focus on the request size, but in common, both
could reach that most jobs used POSIX to perform I/O. The
second one inspects the request sizes, same in our study, but
we analyzed these sizes with the pattern associated. Besides,
this work observed cases that small requests accounted for
almost all requests. Our work also detected several instances
with a great number of small requests.

V. CONCLUSION AND FUTURE WORK

This study used data from an entire year of characterization
with Darshan on the Intrepid Blue Gene/P supercomputer. It

was possible to determine the most common I/O request sizes
considering the different access patterns observed.

To evaluate new optimization techniques (initially using
benchmarks such as MPI-IO Test, IOR, Ifer), it is necessary
to use parameters close to reality so that the validation is
consistent. In this way, identifying the most common request
sizes helps the tests maintain reliability since these parameters
will represent the reality of HPC applications. As future work,
we intend to expand the analysis to the other patterns observed
in the machine throughout the year.
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