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Protein—Protein Docking System on Large-Scale GPU Clusters

MASAHITO OHUED2 TAKEHIRO SHIMODA!  YURI MATSUZAKI® TAKASHI ISHIDA!  YUuTAkA AKivamal-3

Abstract: The application of protein—protein docking to the large-scale interactome analysis, the treatment
of protein flexibility or multiple protein—protein docking problem are current challenges in structural bio-
informatics that require huge computing resource. In this work we present MEGADOCK 4.0, an FFT-based
docking software which makes extensive use of recent GPU supercomputers and show the powerful scalable
performance of over 97% strong scaling with TSUBAME 2.5 supercomputing system. In addition, a million
protein—protein docking jobs can be calculated about a half day by using 420 nodes of TSUBAME 2.5.
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Fig. 1 The overview of the parallelization of MEGADOCK
4.0 on GPU cluster (the picture of CPU is reprinted
from http://www.intel.com and the picture of GPU is

reprinted from http://www.nvidia.com).
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Table 1 Hardware specification of TSUBAME 2.5 Thin node.

CPU Intel Xeon X5670 (2.93 GHz) (6 cores) x2
Memory 54 GB

oS SUSE Linux Enterprise Server 11 SP1
GPU NVIDIA Tesla K20X (GK110) x3

GPU Memory 6 GB/GPU

Compiler Intel C++ Compiler 14.0.2.144

FFT Lib (CPU) FFTW 3.2.2

CUDA CUDA 5.5

FFT Lib (GPU) cuFFT 5.5
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Table 2 Benchmarking results (strong scaling) of 30,976 dock-

ing jobs.
#Nodes n 35 70 140 280 420
Time 75, (min) 264.4 133.3 67.4 33.1 22.5
Strong Sc,,t - 0991 0973 0.988 0.980

t Strong scaling value from 35 nodes
(Strong Sc,, = (T35/T)/(n/35))
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Table 3 Benchmarking results (computation time) of averaged
set with TSUBAME 420 nodes.

#Protein pairs 500,000 1,000,000
Docking time (hour) 5.71 11.51
1,356.6
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Fig. 2 The acceleration rate on single node and multiple nodes.

The rates are calculated based upon the speed up when

the “12 cores” is 1.
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