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Specific accelerator architecture conforming to

particle transport simulation

ZHANG Jianmin, LIU Jinjin™ , XU Weikang, LI Tiejun
( College of Computer Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; Particle transport simulation is one of the main applications of high performance computers. But facing to its fast growing compute

requirements , the general-purpose microprocessors cannot adapt to the particle transport program features, owing to the complexity architecture of its

single core, and then it is difficult to obtain high ratio of performance and power. Therefore, the program features of the particle transport non-

deterministic numerical simulation were extracted and analyzed. Based on the characteristics of the algorithm, the architecture of open-source

microprocessor core was designed, including pipeline structure, branch prediction unit, multi-level Cache hierarchy and main memory design. A

specific accelerator architecture was designed in accordance to the particle transport program features. The simulation results of running the particle

transport program on the general architecture simulator show that, as compared with ARM Cortex — A15, the proposed specific accelerator can

achieve 4. 6 times performance improvement under the same power consumption, and 3.2 times under the same area.
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Alg. 1 Particle transport simulation program Quicksilver
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int main( )

{ Parameters reading;
Configures printing;
system initialization ;
for(int i=0;i<n Steps; ++1)
{ eyclelnit( ) ;
cycleTracking( ) ;
cycleFinalize( ) ; |
mpiFinalize; |
cyclelnit( ) {
source in particles;
population control; }
cycleTracking () {
for allparticles {
do{ compute distance to census;
compute distance to facet;
compute distance to reaction;
do segment with shortest distance;
increment tallies; |
until census, absorbed, escaped; | |
cycleFinalize( ) {
reduce all tallies;
Free memory; |
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Fig.2 Schematic diagram of the specific

accelerator pipeline
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3.3.3 L2 Cache
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