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Abstract

In this work, we analyzed the I/O workload of HPC ap-
plications on Argonne’s Intrepid Blue Gene/P supercom-
puter, using Darshan logs. For our analysis, it was neces-
sary to perform a data treatment to filter the information re-
garding the execution time, I/O time, among others. Initial
results show that we had 26,034 applications executed in
the year 2012, of which ten applications represent 35.36%
of the total number of executions observed and spend 20%
of their execution time performing I/O operations.

1. Introduction

In High Performance Computing (HPC) systems, super-
computers are the most significant example, several applica-
tions require considerable computational power. These ap-
plications often use large volumes of data and I/O opera-
tions are made in Parallel File Systems (PFS), where ded-
icated machines act as the data servers. The servers aim to
receive requests from the computational nodes and to pro-
cess them, accessing the storage devices. These I/O opera-
tions are a bottleneck for a growing number of applications
due to the difference between the processing speed and the
data access speed [1].

We can characterize the application’s behavior to look
for new ways to improve I/O operations. This characteri-
zation can be done by generating traces or I/O operations
profiling, using some tool such as Darshan1. Darshan was
developed by the Argonne Leadership Computing Facility
(USA) and aims to characterize the application’s I/O opera-
tions. It shows a representation of the application behavior,
reporting information such as access pattern, time and num-
ber of operations, among other information.

In this work presents an analysis of the I/O workload of
the applications executed in a supercomputer, by data col-

1 http://www.mcs.anl.gov/research/projects/darshan/

lected through Darshan on the Intrepid Blue Gene/P super-
computer located in Argonne.

The remaining sections of this paper are organized as
follows. Section 2 discusses related work. In Section 3 we
present the details of the evaluation methodology. In Sec-
tion 4 we address the results obtained from our analysis. Fi-
nally, the Section 5 we show the conclusion and the future
work.

2. Related Work

Zoll et al. [5] studied a set of application-side I/O traces
in an HPC environment (the ASCI cluster from the LLNL)
using the Lustre parallel file system for storage. Their traces
were obtained in 2003 with the strace tool, ranged from tens
of seconds to half an hour, and included two scientific appli-
cations from the physics domain and three benchmarks gen-
erated with IOR (file-per-process, shared-contiguous and
shared-strided). They concluded that a Markov model could
not represent the request arrival rate of applications’ I/O
streams present self-similarity. They presented a stochas-
tic model to predict I/O arrival rate.

Wang et al. [4] used the same traces aiming at character-
izing the HPC I/O workload. They also analyzed files size
and lifetime, showing 80% of the files have a size between
512 KB and 16 MB, and these files account for 80% of data
stored in the file system. 60% of the files (50% of the bytes)
stay in the system from 2 to 8 weeks. Their results for re-
quest size and inter-arrival time are somewhat specific to
the traced applications and show they issue large numbers
of small requests (from a few bytes to 1 MB) in small time
intervals.

To motivate their work on cross-application coordina-
tion, Dorier et al. [2] used data from the Parallel Workload
Archive, from the period between January and September
2009. They showed half the jobs on this platform used less
than 2048 cores (1.25% of the machine). Through a simple
optimistic model, they used the distribution of some concur-



rent jobs to show there is a high probability of having mul-
tiple applications concurrently performing I/O operations,
even when applications spend as little as 5% of their execu-
tion time on I/O.

Luu et al. [3] examine the I/O behavior of thousands
of supercomputing applications. They analyze the Darshan
logs of over a million jobs over Intrepid and Mira super-
computers, at the Argonne Leadership Computing Facility
(ALCF), and Edison, at the National Energy Research Sci-
entific Computing Center (NERSC).

The authors draw several conclusions from these ob-
servations. First, they point out that every widely adopted
I/O paradigm (file per process, shared file, subset-
ting I/O) is represented among the best-performing and
worst-performing applications. Hence, the usage of a
paradigm does not provide any guarantees in terms of per-
formance. Regarding throughput, they demonstrate that
almost a third of the jobs have an aggregated through-
put of no more than 256MB/s. They also point out that over
a third of the jobs spend more time in metadata operations
than actually transferring data. Additionally, despite the ex-
istence of high-level parallel libraries, three-quarters of the
jobs use only POSIX to perform I/O.

In the same way as the works related in this section, we
seek to better understand the HPC application’s behavior
from their I/O operations, analyzing information collected
about them. Differently from Zoll et al. and Wang et al., we
used as a basis for our analysis the traces obtained trans-
parently by the Darshan profiler, an approach also used by
Luu et al. Unlike the other works, we have sought to ob-
tain an overview of the I/O workload of the applications. In
this way, such information can be used to make smarter de-
cisions in various I/O optimization techniques such as I/O
scheduling, I/O forwarding and reconfiguration of the stack.

3. Methodology

In the Intrepid Blue Gene/P supercomputer data was col-
lected from different applications using different Darshan
versions in the years 2010, 2012 and 2013. For this work
we only use the observations of 2012, which were gener-
ated by versions 1.23, 1.24 and 2.0, totaling 36, 359 and
91,603 observations with each, respectively. We used only
data from version 2.0 since previous ones did not capture a
counter needed for our analysis.

Darshan saves data collected from applications in a bi-
nary format. In order to extract and transform the neces-
sary data for our analysis, we used the darshan-parser tool,
available with Darshan. It transforms the binary file into
a text file, which contains all the counters related to the
I/O operations collected by the profiler. The text-format file
generated by the darshan-parser is organized into two sec-
tions. At the file’s beginning, stored in the key-value pat-

tern, data is described as the executed application, such as
name, job identifier, runtime and number of processes. The
rest of the text file contains the observations of each counter
captured by Darshan, relative to each file opened by the ap-
plication (filehandle), where each line follows a tabular for-
mat.

We divided the collection of relevant data for our analy-
sis and the characterization of the application’s I/O work-
load into stages.. In order to extract the counters, it was
first necessary to extract relevant data (Step 1) from the text
file generated by darshan-parser. For this, we chose to use
the Python programming language, which presents libraries
that facilitate data manipulation and allow us to easily cre-
ate dictionaries from the data that were later saved in com-
pressed JSON format in order to reduce the storage space.
Subsequently, to perform a specific analysis, we use an ap-
plication in Python that reads the JSON files generated by
Step 1, extracting the relevant data for analysis, and writes
a file in CSV format (Step 2), containing a summary of the
execution or the information access intervals. We chose the
CSV format because it is easily manipulated by the R lan-
guage, with which we perform the final analysis of the data
(Step 3).

4. Results

From the data of 2012, we first look at the behavior of
the applications during the whole year and find the num-
ber of different applications that were submitted to the ex-
ecution and applications with the highest number of execu-
tions. For this, we used the value of the exec collected by
Darshan.

In order to understand the annual cluster behavior, in Fig-
ure 1 we show the relation between the I/O time (y-axis)
and the execution time (x-axis) of all submitted jobs, where
each point represents one execution. We color these points
according to the I/O percentage that each job performed,
where the yellow and the blue represent smaller and higher
percentage, respectively. We note that the most executions
does not exceed 45,000 seconds executing and 2,500 sec-
onds performing I/O. Within this space, we have 85,710
jobs submitted, and of these, a total of 10,050 jobs have an
I/O percentage above 50% and execution time below 4,609
seconds. With this, we can conclude that executions with a
high I/O percentage do not run for long periods of time.

In order to exploit these applications that have signifi-
cant use of I/O, we focused the analysis on the executions
whose I/O percentage was above 50% and from these we se-
lected those with highest numbers of submitted jobs. From
this filter, we chose three applications. Table 2 presents the
anonymized ID of the executable (exec) and the number of
times it was observed.
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Figure 1. Annual behavior overview of the In-
trepid supercomputer, relative to the percent-
age of time spent on I/O operations per job.

Exec
(Anonymised)

Jobs with > 50%
of the time in
I/O operations

1176110786 980
1338247359 898
902685977 761

Total 2,639

Table 1. Applications with jobs that spend
more than 50% of their execution time per-
forming I/O operations.

Expanding the analysis for the exec 1176110786, we no-
ticed that it executed with 1,024 or 2048 MPI processes.
This application was executed 980 times during the period
from June 06, 2012 to December 18, 2012. We can see that
the first executions used only 2,048 MPI processes, and it
can be either the application’s tests or the performance on
other dates. After this period, from observation 104, dated
July 9, 2012, we can observe a change in the application be-
havior, where the executions began to have a higher I/O op-
erations and the use of 1,024 MPI processes. We can sup-
pose these runs with 1,024 processes can indicate applica-
tion testing with a new input set.

With 1,024 processess, we can describe one more con-
clusion about this application. Although transferring less
data, the I/O percentage remains high. This scenario may
indicate that the entry for 1,024 processes was smaller than
the one used with 2,048 processes. However, with the using

fewer processes, the execution time also increased, causing
the same I/O percentage to be maintained.

For the application with exec 1338247359, we had 1,051
observations during the period from March 21, 2012 to
July 31, 2012. The I/O operations account for more than
50% of execution time in 898 observations. The applica-
tion used different numbers of MPI processes over differ-
ent executions. The highest occurrence of executions oc-
curred between 1 and 100 processes and the processes num-
ber most used was 64, accounting for 441 observations. In
cases about 1 to 100 processes, the maximum data trans-
ferred was 27.94GB and the maximum for the application
was 135.88GB, using 485 MPI processes. We note that in
this application the processes number reflects the data size
used.

The application with exec 902685977 was submitted for
execution in the period from October 23, 2012 to October
30, 2012, during which period there are 763 jobs. When an-
alyzing this application, at the beginning of the period we
had 60 executions with 64 processes, transferring a maxi-
mum of 18.05GB of data, and after that, the 701 executions
with 32 processes that transferred a maximum of 9.02 GB,
for the most part, behave similarly throughout the execu-
tion period.

There were also two executions using 128 processes,
which transferred a maximum of 36.10GB. These execu-
tions can represent application tests since they were in
smaller number, they did not repeat themselves, and they
presented different behavior of the other executions.

Another analysis with the data was to find the ten most
executed applications during the year. The total executions
count of these ten applications was 32,535, which repre-
sents 35.36% of the total collected in the supercomputer this
same year, showing that these applications are indeed sig-
nificant in our analysis. With the objective to analyze these
applications, which had the longest time spent in I/O opera-
tions, Table 2 presents the data on the jobs of these applica-
tions. The largest I/O time was observed in job 1538301448
relative to the application 1633035531, with 2.27 hours
of its execution time spent in I/O operations, representing
19.46% of the total execution time.

Besides, there are only three jobs out of the ten that
have a low time in I/O operations, not exceeding 10% of
the total execution time of each one. The remainder of
the runs presents vast amounts of time spent with I/O, as
can be seen from the job 2939212379 of the application
2425255765, whose I/O time is the second largest of the re-
alized executions. The time that this execution was perform-
ing I/O operations corresponds to almost 80% of the total
execution time, totaling 49.45 minutes. The similar behav-
ior we can be observed with job 556397787 of application
1338247359, which has the third largest time spent on I/O
operations and again corresponds to almost 80% of the ex-



Exec
(Anonymised) JOB ID

Execution time
(seconds)

I/O Time
(seconds) I/O %

Data transferred
(GB)

685531913 3182318857 1,370 3.12 0.22 0.003
1330277471 1330277471 1,314 536.63 40.84 5.69
931947437 2946033326 2,906 985.65 33.91 0.013

3069475893 1473997298 2,808 3.92 0.13 0.012
1074553177 1507238004 1,489 533.55 35.83 1.12
1648769576 1591638629 1,993 191.82 9.62 7.59
1633035531 1538301448 42,003 8,176.28 19.46 6,223.78
2425255765 2939212379 3,720 2,967.61 79.77 2.85
3475271559 567534836 1,512 310.14 20.51 2.25
1338247359 556397787 2,415 1,924.92 79.70 17.80

Table 2. The jobs that have spent the most time on I/O operations over of the ten applications identi-
fied as the most executed.

ecution time. In this way, it is clear to see how the ten most
executed applications represent significantly the I/O pattern
observed in the supercomputer.

5. Conclusion

In this work, we have analyzed the I/O workload of HPC
applications executed in the Intrepid Blue Gene / P super-
computer of Argonne (USA). For this we use logs collected
with the profiler Darshan, extracting those data relevant to
our analysis.

When we analyzed the results of I/O workload found
during the year 2012 on the Argonne supercomputer, we
obtained 91,973 submitted jobs, which grouped by exec, re-
sulted in 26,034 different applications. From this, we seek
to analyze the applications following two approaches. In the
first one, we looked for applications that had more than 50%
of their time in I/O operations, and when we analyzed three
of them, we could notice different behaviors, such as the
use of different MPI process numbers, transferred data, ex-
ecution period during the year and the form of access to
your data. The other approach chosen was to analyze the
ten most executed applications, representing 35.36% of the
total number of executions observed. When we were ob-
served these ten applications, for the most part, spend much
of their execution time doing I/O operations, representing
more than 20% of their execution time.

As future work we intend to extend this analysis of the
characterization of the intervals for all the jobs of Argonne,
seeking to group applications that have a similar behavior
regarding their phases. Besides, we also intend to aggregate
data from multiple applications to have a global view of the
use of I/O in a supercomputer.
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