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Optimization of Parallel Code for Noise Prediction in an Axial Fan
Using MPI One-Sided Communication

Oh-Kyoung Kwon' - Keuntae Park™ - Haecheon Choi™

ABSTRACT

Recently, noise reduction in an axial fan producing the small pressure rise and large flow rate, which is one type of turbomachine,
is recognized as essential. This study describes the design and optimization techniques of MPI parallel program to simulate the
flow-induced noise in the axial fan. In order to simulate the code using 100 million number of grids for flow and 70,000 points for
noise sources, we parallelize it using the 2D domain decomposition. However, when it is involved many computing cores, it is getting
slower because of MPI communication overhead among nodes, especially for the noise simulation. Thus, it is adopted the one-sided
communication to reduce the overhead of MPI communication. Moreover, the allocated memory and communication between cores are
optimized, thereby improving 2.97x compared to the original one. Finally, it is achieved 12x and 6x faster using 6,144 and 128
computing cores of KISTI Tachyon2 than using 256 and 16 computing cores for the flow and noise simulations, respectively.

Keywords : MPI, One-Sided Communication, Axial Fan, High Performance Computing, Supercomputing
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Table 1. Size and Transfer Number of Noise Data per MPI
Process (Number of Grid Points: 46,000,000, Noise Source
Points: 67,000, Number of Cores: 64)

MPI rank of Ngmber ol Buffer size of [Number of MPI
sending process receiving MPI transfer communication
processes
2 1 1056 Byte 10
4 1 1056 Byte 6
10 6 1056 Byte 2666
11 7 1056 Byte 1524
12 5 1056 Byte 936
18 4 1056 Byte 2699
19 7 1056 Byte 1647
20 5 1056 Byte 500
26 6 1056 Byte 4592
27 8 1056 Byte 2931
28 5 1056 Byte 1327
34 4 1056 Byte 98
35 7 1056 Byte 837
36 3 1056 Byte 641
42 2 1056 Byte 28
43 2 1056 Byte 7
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Table 2. Specification of KISTI Supercomputer Tachyon?

Section Contents
Model Sun Blade 6275
CPU Intel Xeon X5570 2.93GHz(Nehalem)
Number of nodes 3,200
Total cores 25,408 8cores/node
Rpeak 300 Tflops (3,200 nodes)
Memory DDR3/1333MHz 24GB/node,
76.83TB 3GB/core

Interconnect Network Infiniband 40G 4x QDR
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Fig. 7. Speedup (A) and Parallel Efficiency (B) of Code up
to 6144 Cores at Tachyon2 (TN: Number of N Nodes,
Number of grids: 16x108)
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