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THE MAJOR RESEARCH ACHIEVEMENTS 
 
 

Before 2003 CFD-MHD group has only 4 single-processor and 2 dual-processor 
machines. These machines are not well-organized as a PC cluster for high 
performance computing. Right now (April 2009) I setup two pc cluster, 111-node 
cfd-mhd pc cluster with 13 single-processor(13x1), 33 dual-processor machines(33x2) 
and 4 dual Quardcore machines(4x8) and 98-node CP cluster with 8 single Quardcode 
machines(8x4) and 8 dual Quardcode machines(8x8). 8 of computation nodes are 
implemented with low-end GPU cards which form a testbed for GPU computation. 
For a simple direct nbody calculation, it can reach 88 times speedup with NVIDIA 
GeForce 8800GT.  
 
Now CP cluster are all updated to a Mac-mini cluster with 16x4 nodes. The updated 
CP cluster is still served for all IAA users. These computation nodes are well 
connected with Gbps network switch and share with one common 24TB storage, 
which is suitable for parallel computing. For monitoring the cpu loading of each cp 
machine, I provide a script for user to show the real-time status (fig.1). Besides the 
cpu loading, the script can show who are using the machine for easy maintenance. 
The updated CFD-MHD cluster consists of 8 GPU computers. Each one is equipped 
with two GPU cards(GeForce GTX660Ti) and 8 GPU cards totally. I am working on a 
simple direct nbody parallel/GPU code which can run on a more than 10M particles 
case. I also work on optimization of different programs by parallel scheme.  

 
Fig.1 



Working on galactic bending instability with Dr. Kanak. We started from a rigid halo 
that did not respond from the halo to the gravitational effect of the disk and found 
warp. The simulations will be done under the assumption of a live halo that include 
the backreaction from the halo to the embedded disk.  
 
To benefit the computing power of the GPU cards, I write two versions of the direct 
nbody codes, the CUDA version and the OpenACC version. The CUDA version is 
faster than OpenACC version. CUDA is a parallel computing platform and API model 
created by Nvidia company and only works for Nvidia GPUs. OpenACC is a 
programming standard for parallel computing and designed to simplify parallel 
computing of CPU/GPU systems. So it is much easy to implement the code with 
OpenACC. I can rewrite the code with few OpenACC directive lines and run 50M 
particles to simulate the dynamics of a DM/bulge/disk galaxy on the TIARA GPU 
cluster (Fig.2).  
 

 
Fig. 2, A 50M collisionless particles simulation 
 
Following the new method of solving self-gravity developed by Prof. Chien-Chang Yen, I 
write the Fortran code to reproduce his result and speed up with OpenACC. Instead of 
solving the complete potential function problem with standard FFT method, Prof. Yen 
calculate the force in infinite planes in Cartesian and polar coordinates by a 
reproducing kernel method. His proposed method is similar to a spectral method, but 
without the necessity of imposing a periodic boundary condition and can be 
implemented by direct nbody concept (Fig.3). The OpenACC version is about 48 
times speedup. Then we port to a CUDA version in AMR case (Fig. 4) with multiple 
GPUs. Depending on the number of the active cells the performance can reach to ~ 
500 times of the CPU(Table 1). The next step is to develop a library to solve the 



self-gravity of the AMR case which is very suitable for Antares code.  

 
Fig.3, An uniform disc case. The upper one is the normal way, the lower one is Prof.Yen’s 
method.  
 

 
Fig. 4, Illustration of the grid structure for AMR with Nk = 2k; k = 5 and L = 3 for the disks D2 
(left) and D2;2 (right) under the ILR refinement (top) and the VLR refinement (bottom). 

 



 
Table 1. The computational time for AMR(1,D2) (top) and AMR(1,D2;2) (bottom) simulation 
by Fortran and CUDA. The symbol “-" means that the computational time is more than one 
week and “*" means that no calculation. The result shows that CUDA is faster than Fortran 
about 263 times at Nk = 512. 
 

CuPy is an open-source matrix library accelerated with NVIDIA CUDA. CuPy's interface 
is highly compatible with NumPy; in most cases it can be used as a drop-in replacement. 
All I need to do is just replace NUMPY with CuPy in my Python code. I wrote some 
simple python codes to benchmark the performance of CuPy on IAA’s P100 machine. The 
comparisons show that the benefit of GPU depends on the size of the problem in general. 
If the size of the matrix is larger than 100000, the CuPy is faster than Numpy (done by 
CPU) for three different cases(Fig. 5). It can be 100 times faster than Numpy when the 
size of the matrix is 107.  

 
Fig. 5 The performance of the CuPy on one Nvidia P100 card 
 



For better viewing of 3D simulation result, I use SPLASH visualization software to generate a 

360 degree disk-planet movie (Fig.6 ). SPLASH is a free and open source visualization 
tool for Smoothed Particle Hydrodynamics (SPH) simulations in one, two and three 
dimensions, developed mainly for astrophysics. It provides the tool to generate 360 
degree images after v2.8.0. The 360-degree photos let you look around in any 
direction from a single standing position. You can share 360-degree photos 
everywhere from Facebook and Youtube, even with a VR platforms like Google 
Cardboard. 

 
Fig.6, A Jupiter-size planet is orbiting a solar-mass star. Two spiral arms generated 
around the planet. 
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2018/4/30 
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