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Summary

Microprocessors have been hitting the memory
and power walls for the past few years, resulting in
the current multi-core processor solutions provided
by the major microprocessor vendors. In addition
to the memory wall and the power wall, since the
number of pins per chip does not scale and multi-
ple cores are harder to program than single cores,
we are starting to run into real difficulties in scal-
ing and mapping large geophysical applications on
the latest microprocessor based machines.
Geophysical applications form a significant com-
ponent of HPC activity which is driving the high
end of the computing industry and from our per-
spective at Schlumberger, multi-core scaling has
recently been disappointing.

Most recently there has been significant effort
on acceleration demonstrated last year by nVidia
GPGPU technology and in our case, Maxeler with
FPGA based accelerators. In our opinion directly
mapping a CPU software implementation to an
FPGA is doomed to failure. Only by understand-
ing the underlying hardwares strength and weak-
nesses, and adjusting the algorithmic approach
accordingly, can meaningful speedup be achieved.
The role of HPC in oil and gas exploration is both
to aid identification of resources, for example by
processing seismic data to generate images of the
subsurface and identify potential reservoir loca-
tions; and also to help access resources, for ex-
ample by modelling fluid flow in a reservoir during
resource extraction. The computational complex-
ity is driven by the large volumes of data involved
and the complex physics that we wish to model.
For example, Figure 1 shows the relative compu-
tational and storage costs of Reverse Time Migra-
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Figure 1: Computation and storage costs for differ-
ent physics models for Reverse Time Migration.
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tion, an imaging algorithm, as the complexity of the
physics model is increased.

Many oil and gas applications rely on a relatively
small number of computational kernels, making
them suitable for acceleration. We target imple-
mentation of convolution kernels (for FD modeling
and Reverse Time Migration) and sparse matrix
solver on an FPGA system using the Maxeler Max-
Compiler programming toolset.

Sparse matrix solvers generally suffer poor per-
formance on multi-core systems due to the small
number of arithmetic operations per data point.
For example, running the Eclipse reservoir mod-
elling tool on 12-cores runs only 3.5x faster than
a single core. On FPGA, we can exploit the flex-
ible nature of the accelerator to optimize the data
representation and encoding to mitigate the mem-
ory bandwidth bottleneck, achieving speedups of
20-40x compared to a non-accelerated compute
node.

3D convolution can also suffer from a poor
FLOPbyte ratio, and the sparse structure of tradi-
tional 'star’ shaped convolution operators requires
large amounts of buffering which can be mapped
efficiently to FPGA on-chip memory. For convo-
lution performance, we can obtain up to a 70x
speedup comparing a 1U accelerated to 1U non-
accelerated compute node.

Since the FPGA systems run at a low power (e.g.
50-75W per accelerator card), we can obtain about
30x savings in space and similar savings in power
consumption, reducing operational costs.
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