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Parallel processing of prestack timé migration

Jun Matsushima®*, Shuichi Rokugawa**,
Toshiyuki Yokota* and Yasukuni Okubo*

ABSTRACT

We have developed Kirchhoff summation prestack time migration (PSTM) code for parallel computer
systems and evaluated a parallel implementation with two types of hardware architectures and also with
two types of communication methods. The parallel implementation of an algorithm involves the division of
total workload into a number of smaller tasks, which can be assigned to different processors and executed
concurrently. Our PSTM algorithm uses data decomposition (to partition input data traces across proces-
sors) and the tasks communicate via MPI (Message Passing Interface) calls.

The algorithm is tested for four different numerical data sizes (11, 44, 171, 681 Mbyte). An impulse
problem is used to demonstrate the computational performance on a parallel machine using up to 256
processors. We show that the efficiency and speed of the algorithm depends on the types of hardware ar-
chitecture and data size. Its dependency is related to the share of communication time.

We also measure both computation and communication speed as a function of data size and based on
these results derive the equation which predicts the total computation time. We show the availability of the
equation for prediction of total computation time.
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Fig. 1 Hardware configuration of the SR8K which is a
parallel system with distributed memory consist-
ing of 64 nodes. A node consists of 8 microproces-
sors that have shared memory. Data is transferred
between each node via the two-dimensional cross-
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Fig. 2 Flow chart of parallel processing of PSTM (Pre-Stack Time Migration). Left figure shows the details of “DATA IN-
PUT”. Right figure shows the details of “LOOP OF IMAGE POINT”.
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Fig. 3 Illustration of a group communication. A group
communication is executed by having all processes
in the group call. This call provides a global reduce
operation such as summation across all the mem-
bers of a group.
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sor receives this message with the receive opera-
tion function.
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Fig. 6 Numerical model for seismic survey and the
specifications of data acquisition. Point scatterer is
placed at a depth of 500 m in a medium with con-
stant velocity of 3000 m/s. The spacing and the
number of sources and receivers are variable. Scat-
tered waves were produced by the convolution
method.
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Fig. 14 (a) Theoretical computation time of the PSTM parallel processing in the case of Fig. 7(a), (b) the case of Fig. 8(a), (¢)

the case of Fig. 9(a), (d) the case of Fig. 10(a).
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