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Abstract—This article presents preliminary results of a per-
formance characterization of the Alya fluid dynamic simulator.
Experiments are conducted in parallel using the MPI specification
implemented by OpenMPI, and the application is traced using
the Extrae tracing tool. By taking a closer look at the traces, it is
possible to effectively see different performance patterns such as
the communications among ranks, and the effective application
load imbalance.

I. INTRODUCTION

Numerical simulation is used to understand and model
natural behaviors. Very often these simulations are carried
out by techniques based on fluid dynamics, where a model
of a real world scenario is implemented and solved using
iterative numerical methods using time-steps. High perfor-
mance computers are employed as execution platforms to run
these models, as any sequential approach would make certain
simulations executions impractical for the level of details
required by the scientific community.

Distributed and parallel programming techniques provide
high computational power. Interfaces such as OpenMPI en-
able portable implementations for the execution of complex
programs in less time, and are ideal for dealing with physical
problems for real world simulations. Alya[l] is an example
of MPI-based fluid dynamic framework simulator. It is an
open source project, part of the Prace Benchmark[2], from the
Barcelona Supercomputing Center (BSC) to solve numerically
physical problems.

Very often numerical simulation applications have irregular
loads during execution. Such irregularity appears for many
reasons, such as irregular control and data structures, adapta-
tive mesh refinement (AMR)[3], or even irregular iteraction
patterns among processes. These reasons ultimately lead to a
load imbalance among both resources and time as the simula-
tion advances. Finding out the actual application behavior on
a particular platform is key to apply optimization techniques,
such as better balancing algorithms or a more appropriate
communication patterns. The most efficient way to obtain such
information, when you do not know the application code is
to apply tracing techniques. They use files to keep track of
information regarding the application, which is saved under
the form of events, for instance, to track MPI operations.

In this article, the Alya fluid dynamic simulation tool is
executed on a 4-node platform with 64 cores, using the
OpenMPI library[4]. The goal is to investigate whether Alya
has a irregular execution behavior regarding the resources and

the time for a representative input. We employ the Extrae
tracing tool to record all MPI communication operations, and
then present preliminary results of the performance analysis
of Alya. A similar study has already been conducted[5] in a
larger scale platform. Our secondary goal is to understand the
behavior in a smaller scale platform.

The paper is structured as follows. Section II presents the
platform used for the experiment. The methodology used in the
performance characterization is detailed in section III. Results
are presented in section IV. The main contributions and the
future work are detailed in section V. A reproducible and open
scientific research is essential [6]. This work is therefore the
result of a effort to create a reproducible project, publicly
available at http://github.com/guiacamelo/alya/.

II. EXECUTION ENVIRONMENT

Experiments are conducted on computers that are part of
the Draco cluster at the Institute of Informatics of the Federal
University of Rio Grande do Sul (UFRGS). The cluster is
formed by eight nodes, each one equipped with Intel (R) Xeon
(R) E5-2640 v2 CPU @ 2.00GHz processors with 16 physical
cores (32 with hyperthreading), 64 gigabytes of RAM, running
Ubuntu 14.04.4 LTS. Only physical cores were used in the
executions. In the experimentations different configurations
have been tested, with various numbers of cores, number of
nodes and of time-steps. Extrae version 3.3.0 is the tracing
tool, and for the parallel execution, OpenMPI 1.10.2.

III. METHODOLOGY

We have used only four nodes of the Draco cluster for
a total of 64 cores. The simulation ran only until the end
of the third timestep due to the large size of the trace files.
The trace files for this execution have size of 2,7 gigabytes.
The tool Extrae creates individual traces for each processor,
keeping information regarding the communication and exe-
cution. Multiple files are created in .mpits format containing
information about what was executed by a given process. It
is then necessary to convert and merge them using the tool
mpi2prv that outputs the Paraver format (.prv). After that, a
perl script is used to filter the relevant data creating a Comma-
Separated Values (CSV) file used for the analysis scripts.

The resulting CSV output have four columns of data: the
MPI rank (Rank), the time in which the process enter the
state (Start), the time in which the process finished the state
(End), and the MPI state name (State). With this information

WSPPD 2016, 14" Workshop on Parallel and Distributed Processing

(1]



it is possible to calculate the actual workload (running time in
seconds) of each process, as well as create space/time graphics
that tells us the order and what was the time that each state
occurred in each case. All calculations are made from scripts
written in the R language, making use of ggplot2 and dplyr
libraries. Figure 1 gives a summary of the steps to trace Alya
and to conduct the performance analysis of the experiment.
In the schematics on figure 1 the first and second blocks
represent the execution with MPI and trace with Extrae in 4
nodes each using 16 cores. The next two blocks in the flow are
the output of the simulation results and the trace files in .mpits
format. The following two blocks represent the conversion
of the trace to .prv and then to .CSV using mpi2prv and a
Perl script, respectively. Then a block representing the CSV
format is presented followed by the last block that represents
the creation of graphics and analysis of the experiment using

language R.
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Fig. 1. Methodology used on the execution and analysis of the experiment.

IV. PRELIMINARY RESULTS

The goal of our performance analysis is to identify rele-
vant characteristics of the application and evaluate whether
it presents load imbalance among resources and along time.
We also intend to refine our methodology to conduct larger
scale experiments. We provide as follows an overview about
the load imbalance, a detailed analysis using a traditional
space/time view, and an attempt to explain the identified
behavior using per-rank state statistics. We end the analysis by
globally applying the percent imbalance metric to evaluate the
load imbalance. All data presented in the graphics are acquired
from one execution using 4 node and 64 cores.

A. Overview of Load Imbalance

Figure 2 shows the aggregate time of effective computation
for each process. Computation is calculated by summing all
time periods in which the process performs data process-
ing. All periods of time on MPI communication, point-to-
point synchronization and collective synchronization are not
included in these measures. It is observed that most processes
have a total computing time in the order of 150 seconds. In
some cases, however, the times reaches up to 300 seconds,
for instance, the process 60. This is an indicative that a load
imbalance occurs considering this specific case study.
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Fig. 2. Aggregated time of effective computation (Y axis) per rank (X).

B. Space/Time Execution

Figure 3 presents detailed information about the load bal-
ancing, showing the time that each process was in a state of
effective computation. At the beginning of execution, process
zero engages in distributing work among processes. This
activity continues until the 150 seconds mark. After this time
mark, remaining processes begin to work, and, the root process
(zero) assumes the organizer role, becoming idle while waiting
for the response of other processes.
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Fig. 3. Timeline (on X axis) showing computation states per process (on Y).

An interesting feature that can also be observed in Figure 3
is the existence of four groups of processes: the 0-15 of 16-31,
and so on. This behavior correlates with the number of nodes
used in the experiment, indicating that internally in a node all
processes begin their computation roughly at the same time.
This indicates that the initial load distribution from process
zero is not scalable because visually the computations in each
one of the four machines start sequentially: first the group
between the processes 32-47, After the group of processes
16-31, then the group containing the zero process (0-15) and
finally the group of processes 48-63. In the latter group, we
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also observe an anomaly in the processes 60 and 62. They
start and finish their computation after the other process from
their group. Such anomaly is observed only within this group.

The process 60 has a peculiar behavior when compared to
the other processes. Figure 2 features the time of effective
computation: it runs for roughly 300 seconds, twice as many
other processes. Figure 3 shows that process 60 has an
anomalous behavior, beginning and ending its execution last.
Moreover, the execution state (Running), where the computa-
tion is actually performed, does not seem to contain spaces
as other states. This probably indicates that the time spent on
communication functions for this particular case is much lower
than in other processes.

C. Process Behavior by State

Figure 4 displays a summary of dedicated time (Y axis)
by process (X axis) to each state (different facets). Only
the five most important states are presented (Blocking Send,
Group Communication, Running, Send Receive and Waiting a
message). The other states present very little or inexistent time.
The Blocking Send have less influence in load balance than the
other states since they are somewhat similar in all processes
(except for the 48-63 group, slightly higher). The Group Com-
munication have quite different times among processes and a
very long time to process zero, as detailed in previous sections.
Load imbalance is shown in the facet Running, similar to the
data presented in Figure 2. The sending and receiving times
are relatively homogeneous between processes, except in some
cases in which they are smaller. Therefore, it is possible to see
in the rightmost facet of the graphic that the possible reason
of the anomaly of the processes 60 and 62 is due to additional
time spent in the state Waiting a message. Such fact contradicts
our previous hypothesis drafted in previous section, where the
timeline visually indicated a higher less communication time
for process 60. This is probably due to drawing much more
events than the screen space available [7] to draw them.

D. Percent Imbalance

According to Pearce [8], and then validated by Alles [9],
the percent imbalance formula is used to formally calculate
the load balance. It is described by the Equation 1 where
A is the load imbalance value to be calculate, L, ., is the
value of the process with the highest load, and L is the
average computational load among processes. The metric may
be calculated either for the entire execution or for different
phases e.g. one measure for each time interval or timestep.

Lmaa:

A=

— 1) %100 (1)

In this work the calculation of the metric is performed
considering the entire execution, thus being a global indica-
tor of load imbalance. The metric characterizes the uneven
distribution of work, and when applied to our measurements
gives the value A = 74.25161. That represents a workload
imbalance of 75%. This indicates that if the load is more
evenly distributed between the computational resources there
would be room for a potential performance improvement.
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Fig. 4. Time spend on each state by process.

V. CONCLUSION AND FUTURE WORK

This paper presents preliminary results of the performance
analysis of the Alya fluid dynamic simulation tool. Our goal
is to better understand its behavior specially regarding the
load balance. Therefore, a simulation is carried out on a
platform of four computer nodes totaling 64 cores, leading
to a execution of approximately 450 seconds. The execution
is traced using the Extrae, enabling us to discover relevant
information about the core operation of Alya in the addressed
case. Among the results, we observe that a significant share of
the time (about 34% in a run with three timesteps) is somewhat
wasted in the beginning of the execution probably to divide
the problem, creating considerable overhead since remanining
processes are kept idle. Others results include the detection
of anomalies in some processes and the perception that the
root process (zero) sends the partitioned data sequentially to
different nodes, making the start of application considerably
slow and not scalable. The calculation of the percent imbalance
indicates that there is a potential performance improvement.
The reason for such imbalance is still being investigated.

As future work, we will study possible changes in the code
that may provide a balanced distribution in a more egalitarian
fashion. We intent to execute similar experiments with other
configurations, varying the number of nodes, number of cores,
and number of timesteps in order to confirm the behavior
acquired in this experiment. We also hope to manually mark
the beginning of each iteration of the algorithm (changing
the application code) so that the balancing metrics may be
calculated for each phase of computation/communication. This
refinement will allow us to check the load balance along time.
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