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Construction and Optimization of GPU-Based Computing Platform for
Biological Macromolecules
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Abstract. Biological macromolecules by molecular dynamics computing platform for analog
operation,calculated value can describe the trajectory of molecules,which reveals the intrinsic
relationship between atoms,but the process is more complicated and expensive. In this paper,the
construction and optimization to achieve lower investment macromolecules computing platforms,
using a software package AMBER molecular dynamics simulation runs in parallel GPU and CUDA
system conditions. Through the operation of two large molecules, experimental results show that the
computing platform reached 60 times the computing speed up to achieve a high acceleration
performance ,completed the construction of cost-effective , high-performance computing platform.
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Table 1 Hardware configuration of computing platform
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Intel Xeon E5-2650v2 2.6G//\ #%/L3 20M/22NM (2
)

MAF 128G DDR3 ECC 1600MHZ (16G*8)
ik 2 34T SATA #,1 3 480G [E &4

CPU

GPU  NVIDIA Tesla K40M 12GB/2880 #% 0> (2 Hk)

R ENEY R THEFAMENT
NVIDIA #55 PERE GPU M 5 TeslaK40, i M8 %
UG (B OURS 2 77 A PERE R 1.43 Tflops, UE{H SRS 77
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1.%2%¢ Intel CPU P58 19 C++3R5

cd /home/tony

tar zxvf 1_ccompxe_2013_sp1.0.080.tgz

cd J/intel/l_ccompxe_2013_sp1.0.080

su

setenforce 0

getenforce

yum install libstde++.s0.5

exit

Jinstall.sh

cd

vim .bashre

export MKL._HOME=/home/tony/intel/mkl

source/ home/tony/intel/composer_xe_2013_sp
1.0.080/bin/compilervars.sh intel64

source .bashre

su

yum install gee flex tesh zlib—devel bzip2-devel
libXt—devel libXext—devel libXdmep—devel

2. & Ay TP P 5 AMBER 14
AMBERtools 14

cd /home/tony

tar xvlj AmberTools15.tar.bz2

tar xvfj Amberl4.tar.hz2

vim .bashre

export AMBERHOME=/home/tony/amber14

source .bashrc

cd SAMBERHOME

Jconfigure intel

make install

make test
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1.4 3% %% openmpi-1.6.tar.bz2

tar xv{j openmpi—1.6.tar.bz2

cd /home/tony/openmpi-1.6

Jconfigure ——prefix =/home/tony/openmpi —intel
FC=ifort CC=icc CXX=icpe F77=ifort
make

make install

vim .bashre

export MPI_HOME=/home/tony/openmpi—intel

export PATH = $MPI_HOME/bin:
SAMBERHOME/bin : SPATH

export LD_LIBRARY_PATH =$MPI_HOME/lib .
$SAMBERHOME/lib:$ LD_LIBRARY_PATH

export MKL._HOME=/home/tony/intel/mkl

2T T

cd SAMBERHOME

Jconfigure—mpi intel

make install
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Table 2 Test system

WoE | KRR | KT K FIRAR i s
Bir | T4 | A% - BT
DNA 9788 3043 A 1 /A A 8
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Fig. 1 Shape of DNA and protein about simulation test system
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Table 3 Simulation parameters

FE T i

DNA AMBER f{f14SB NPT
AMBER Ff14SB NPT

Berendsen barostat

Berendsen barostat

PR T 1
Langevindynamics 2 fs 5 000 000
Langevin dynamics 2 fs 2 500 000

R4 NHBH

Table 4 Force field parameters

Lenard—jones #AE #k W7 (A

Columb #

A

DNA 12 A Particle Mesh Ewald SHAKE A P
EEl 12 A Particle Mesh Ewald SHAKE JE 3P
100 99 08 60 5546
80 50}
40
60
= < 30}
40
20t
20 15.65 ol 9.47
2.49 1.56
0 0 1.40 0.85

1 CPU 8 CPU 1 GPU 2 GPU

E 2 DNA FRMXER
Fig. 2 Result of DNA system

1 CPU 8 CPU 1 GPU 2 GPU

B3 ZEEREFERMAER
Fig. 3 Result of protein system
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