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Summary

Prestack reverse-time migration is computationally expensive. Program run times are long, in
terms of the total number of CPU cycles, and it requires large amounts of hard disk free space.
To accelerate computing, we do parallel processing using Intel Threading Building Blocks (TBB)
and multi-core computers, for both the forward-time modelling and reverse-time migration
phases of the computation. To solve the problem of limited free disk space, we use a technique
that may seem counter-intuitive: the forward modelling phase is done twice instead of once.

Introduction

Elastic wave modelling based on finite-difference methods is time consuming. For example, it
took Martin (2004) a total of 70,000 hours, or approximately 8 CPU years to do elastic wave
modelling using the Marmousi2 model.

Prestack reverse-time migration needs even longer computational time. Gavrilov, Lines, Bland,
and Kocurko (2000) have already practiced parallel computing to accelerate reverse-time
migration. They used the message-passing interface (MPI) to develop the “distributed parallel
implementation” and carried out the computing on a cluster computer with many processors.

This report describes another method of parallel computing, developing software using Intel
TBB, a C++ template library introduced in 2006 for writing software programs that take
advantage of multi-core processors, and carrying out computation on multi-core processors,
which have been widely used both in cluster computers and personal computers ever since Intel
developed its first dual-core processor in 2005. As pointed out by Lines, Castagna, and Treitel
(2001), the “advances in computer hardware have had a big impact on how we operate.” Multi-
core processor parallel computing will become more and more popular.

In addition to CPU time, disk space is another important computational resource when we do
reverse-time migration. To solve the problem of limited free disk space, we use a technique that
may seem counter-intuitive: the forward modelling phase is done twice instead of once.

Computational cost problems and some solutions

Computational time

Prestack reverse-time migration is more computationally intensive than seismic modelling since
it involves not only forward modelling, but also reverse-time extrapolation and imaging. If we do
reverse-time migration on the Marmousi2 model, for which the number of numerical nodes in
the direction is 13601 and the number in the direction is 2801, the total time will be at least
doubled, i.e., up to 16 CPU years.

Our solution is to use parallel processing to accelerate the computation. The implementation of
parallelization was first done on a dual-core PC, and then the parallelized code was ported onto
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an 8-CPU shared memory computer, available to us as a single node of Gilgamesh, CREWES’
new cluster computer (Figure 1).
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Figure 1: The logical architecture of two multi-core computers: a dual-core PC (left), and
Gilgamesh (right).

Intel® Threading Building Blocks (TBB) is used to parallelize the modelling and reverse-time
migration application. Intel TBB is a C++ template library for writing software programs that take
advantage of multi-core processors. There are two builds of it: a commercial build and an open
source build. According to Intel’'s website, “these are built from the same source code, the only
real difference is the license and support offering”. What we use is the open source build. The
most recent version is 2.2; what we use is version 2.1, which was released in June 2008.

Once the Intel TBB package is installed, the modelling and migration programs, which are
written in C++, are parallelized using the header files and the library provided by the TBB
package.

The simplest form of parallelization is a loop of C++ template function tbb::parallel_for. It looks
like a “for” loop in C/C++, but it involves the definition of an iteration space. The tbb::parallel_for
compares the iteration space size and the available CPU cores, and then breaks down the
iteration space into chunks. Then the function tbb::parallel_for runs each chunk on a separate
thread. For the prestack reverse-time migration, the intuitive choice of the iteration space is by
shot numbers.

The efficiency of parallelization was first tested by running the modelling and reverse-time
migration program on the dual-core PC using a simplified model which contains 872 nodes in
the xdirection and 366 nodes in the z direction. For 10 shots, the parallelized program employs
the dual-core CPU and the total computation time is reduced by 44.7% (Figure 2).

We then tested a modelling program on a Gilgamesh node with eight CPU cores. The
subsurface model contains 3000 nodes in the x direction and 800 nodes in the z direction. For
16 shots, the parallelized program employs the eight CPU cores and the total computation time
is reduced by 75.3% (Figure 2).

GeoCanada 2010 — Working with the Earth 2



1800

1628
= 1600 - O sequential @ parallel
c
g 1400 1190
» 1200
£ 1000 - 901
@ 800 -
£
S 600 A
o
g 400 A 294
© 200 4
O T
10 shots modelling and migration 16 shots modelling on a
on Dual-core PC Gilgamesh node with eight cores

Figure 2: Computational costs of sequential and parallel programs on a Dual-core PC, and a
Gilgamesh node with eight CPU cores.

Hard disk free space
The problem of limited hard disk free space arises when we try to calculate source-normalized
crosscorrelation imaging condition. The imaging condition is

> S(x, z2 OR(x,z,t) "
D §*(x,z,0)
where S(x,z,t)and R(x,z,t) are, respectively, the source wavefield produced by modelling and
the receiver wavefield produced by reverse-time extrapolation. Imagine that we have decided
that we should compute the forward modelling by time steps ¢ =[1, 2, 3, ..., T]. When we
reach the last time T, we begin the reverse-time migration phase by time steps ¢ = [T, T-1, T-2,
..., 1]. At each step in the reverse-time calculation, the imaging condition requires
crosscorrelation with the corresponding in the forward time calculation. This means stepping
backward through the snapshots of the wavefield representation, which had been previously

computed in the forward direction. Unfortunately, the disk space required to store every step in
the forward calculation, would be prohibitive.

image(x,z) =

The solution to this problem can be to use CPU time, doing modelling twice instead of once, to
keep the disk space requirements within available limits. During the first forward modelling
phase, instead of saving all the wavefield snapshots (subsurface particle horizontal and vertical
velocities) for each time ¢ =[0, 1, 2, 3, ..., 9599], we save the wavefield state (subsurface
particle velocities and stresses) for only every 1000th one, i.e., for ¢ =[1000, 2000, 3000, ...,
9000]. When we work backwards in the reverse-time migration for ¢ =[9599, 9598, 9597, ..., 1,
0], we can re-model each block of 1000 from the stored wavefield state at the time it is needed
for the crosscorrelation. For example, we would re-compute snapshots for time ¢ =[3001, 3002,
3003, ..., 3999] from the stored wavefield state at time ¢ = 3000. Thus, without storing all the
model snapshots at every time ¢ onto disk, the imaging condition can be implemented, although
the modelling has to be done twice (Figure 3).

Conclusions

Modelling and reverse-time migration based on finite-difference methods are compute-intensive.
The challenges are the long computational time and the need of large hard disk free space. To
accelerate computation, parallel computing is implemented using Intel TBB and multi-core
computers; to overcome disk space limitations, the modelling part of the reverse-time migration
is done twice, instead of once, in “chunks” whose size is optimized to avoid exceeding the
available disk space.
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Figure 3: Do modelling twice instead of once, to keep the disk space requirements within
available limits.
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