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Comparison of Parallel Computation Performances for 3D Wave Propagation
Modeling using a Xeon Phi x200 Processor
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Abstract: In this study, we simulated 3D wave propagation modeling using a Xeon Phi x200 processor and compared
the parallel computation performance with that using a Xeon CPU. Unlike the 1st generation Xeon Phi coprocessor
codenamed Knights Corner, the 2nd generation x200 Xeon Phi processor requires no additional communication between
the internal memory and the main memory since it can run an operating system directly. The Xeon Phi x200 processor
can run large-scale computation independently, with the large main memory and the high-bandwidth memory. For
comparison of parallel computation, we performed the modeling using the MPI (Message Passing Interface) and OpenMP
(Open Multi-Processing) libraries. Numerical examples using the SEG/EAGE salt model demonstrated that we can achieve
2.69 to 3.24 times faster modeling performance using the Xeon Phi with a large number of computational cores and
high-bandwidth memory compared to that using the 12-core CPU.

Keywords: three-dimensional, wave propagation modeling, Xeon Phi, OpenMP, MPI
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et al., 2017; Sourouri and Birger Raknes, 2017; Tobin et al.,
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Fig. 1. Block diagram of a tile (Jeffers et al, 2016, used with
permission).
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Fig. 2. Block diagram showing overview of Xeon Phi x200
Architecture (Jeffers et al., 2016, used with permission).
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Write output
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Fig. 3. A time-domain modeling algorithm.
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Fig. 5. Speed-ups using OpenMP with respect to the calculation
times using one CPU core.

Table 1. Comparison of calculation times depending on the number of OpenMP threads, precision and order of FDM (s).

Number of OpenMP

Single precision

Double precision

threads 2" order FDM (s) 8" order FDM (s) 2" order FDM (s) 8" order FDM (s)
8 2286.5 4004.2 3367.4 6549.3
16 1248.0 21255 1820.4 3436.0
Xeon Phi 32 730.8 1176.0 1061.0 1877.3
64 488.8 751.6 735.1 1226.4
128 472.6 743.2 730.9 1269.3
256 517.2 847.2 837.3 17854
1 7272.7 17393.5 121933 27261.4
2 3930.4 9012.1 7591.2 17869.3
CPU 3 3280.2 8070.6 7129.9 14704.5
4 25233 6301.4 6275.1 12673.2
6 24353 5656.8 5961.1 11380.5
12 2566.3 49274 5511.1 10333.9
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Table 2. Calculation times without high bandwidth memory on the Xeon Phi processor.

Number of Single precision Double precision
OpenMP threads 2" order FDM (s) 8™ order FDM (s) 2" order FDM (s) FDM (s)
16 1565.5 2628.5 2655.5 4783.1
64 1520.5 2500.2 2605.3 4835.8

Table 3. Calculation times using both MPI and OpenMP.

Number of OpenMP

Number of MPI

Single precision

Double precision

threads processes 2" order FDM (s) 8" order FDM (s) 2" order FDM (s) 8™ order FDM (s)

64 1 488.8 751.6 735.1 1226.4

Xeon Phi 32 2 397.2 658.8 628.7 1115.8

16 4 364.2 622.2 582.5 1074.0

12 1 2566.3 4927.4 5511.1 10333.9

6 2 1017.0 2090.2 1853.4 3501.3

CPU 4 3 1248.4 2608.1 2715.6 5188.4

3 4 994.0 2030.5 1845.0 3466.1

2 6 986.5 2014.2 1846.1 3463.9

1 12 979.9 1997.7 1846.1 3484.4
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