
Hybrid CPU/GPU FE2 multi-scale implementation coupling Alya and Micropp
Guido Giuntoli 1, Judicaël Grasset 2, Alejandro Figueroa 3, Charles Moulinec 2, Mariano Vázquez 1, Guillaume Houzeaux 1, Stephen Longshaw 2 & Sergio Oller 4

1Barcelona Supercomputing Center (BSC), Spain, 2STFC, Daresbury Laboratory, UK, 3George Mason University, USA & 4Universitat Polytècnica de Catalunya, Spain

Objective

To develop a massively parallel code to perform FE2 multi-
scale simulations of large composite material structures for
the aircraft industry.

Presentation of Alya & Micropp
In this work we present a new coupling for the parallel code
Alya [1] designed to solve large multi-scale problems. The new
code development Micropp [2] is used to solve the micro-structure
and allows Alya, working in pure MPI-mode, to model the macro-
scale. The Micropp code is written in C++ and can be coupled
with codes written in C and Fortran (like Alya). Originally writ-
ten for CPUs, we have ported it to GPUs by using the OpenACC
pragma-based set of directives.
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Figure 1: Coupling between Alya & Micropp to simulate damage in composite
material for aeronautics.

The test case used to evaluate the performance of the code con-
sists of a fuselage panel under compression. The finite element
mesh of the macro-scale model is composed of 140K elements,
9K of them are modelled and coupled with Micropp.

CTE-POWER
The CTE-POWER cluster is run by the Barcelona Supercom-
puting Centre in Spain. The cluster consists of 50 compute nodes
(and 2 login nodes). Each node consists of:
• 2 x IBM Power9 8335-GTH (40 cores per node)
• 4 Nvidia V100 GPUs
Packages: PGI 19.4, OpenMPI 3.0.0 & CUDA 9.4
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Figure 2: Repartition of Micropp’s execution time on CPU. (Test case used is
[3] with parameters 50 1 10) Execution time is 366 s on one CPU core.
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Figure 3: Repartition of Micropp’s execution time when using OpenACC, GPU
time includes computation and data movement. (Test case used is [3] with

parameters 50 1 10) Execution time is 40.5 s on one CPU core and one GPU.

Benchmarks CPU/GPU
A performance comparison showing CPU vs. CPU/GPU was
conducted using the coupling scheme Alya + Micropp. For this
case 8 Power9 nodes were used (320 cores and 32 GPUs in total).
Figure 4 indicates the calculation time of one time step in the
linear region for different micro-scale meshes. It can be seen that
for large meshes (more than 253 elements), the GPU performance
is much better than the CPU. The number of CPU cores selected
for these experiments is outlined in Tab. 1.
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Figure 4: Calculation time varying the micro-scale mesh resolution using 8
nodes (320 CPU cores and 32 GPUs).

Size [# elements] CPU [MPI tasks/node] GPU [MPI tasks/node]
253 40 40
503 40 32
753 40 12
1003 20 8

Table 1: Number of MPI tasks used in each simulation for the CPU only vs.
the CPU/GPU approach.

A non-linear simulation of 20 time steps is carried out with 8,
16, 24 and 32 Power9 nodes using the CPU/GPU approach and
a micro-structure of 503 elements. Fig. 5 shows strong scaling on
the left and efficiency on the right, which is still around 80% for
32 nodes (320 cores and 128 GPUs).
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Figure 5: Strong scalability for a non-linear problem (20 time steps) using the
CPU/GPU approach.

The final result shown in Fig. 6 compares this implementation,
coupling Alya and Micropp (CPU/GPU approach), with other
works considering the macro- and micro-resolution that they can
solve. It is demonstrated that the implementation developed is
a breakthrough in the FE2 multi-scale field for solving problems
that are computationally demanding at both scales.
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Figure 6: Comparison with other FE2 implementations.

Conclusion
The implementation of a coupling between Alya (CPU) and Mi-
cropp (CPU/GPU) has demonstrated good performance using
the CTE-POWER cluster. At large micro-scale resolutions the
use of GPU acceleration has shown significant improvement in
performance, making the FE2 method tangible for realistic sce-
narios.
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