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Performance Tuning on GPU for Granular Simulation based on
Discrete Element Method Saving Memory Usage
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For granular particle simulations based on Discrete Element Method (DEM), we have a
severe problem of its long computational time consuming. Using GPU (Graphics Processing
Unit) is one of options to accelerate the computation with the high performance of floating-
point operation. Since the amount of on-board high-speed memory on GPU cards is limited
to several GB, we have to choose algorithms to save the memory usage. Four kinds of speed-
up techniques have been proposed: a highly efficient method for neighbor-particle searching,
sorting the particle order on their positions, an efficient memory usage for the tangential spring,
and fusion of GPU kernel function to reduce the memory access. A benchmark test of the 3-
dimentional dam-breaking problem is examined to evaluate their performances and their memory
usages for four techniques, respectively. The computational performance of the code which all
the four techniques are applied to is improved 14.86 times higher than the original one, and only
6% increase of the memory usage is required. It is shown that the four speed-up techniques are
quite available for GPU computing to achieve higher performance and less memory usage for
DEM computation. We have also demonstrated a large-scale dam-breaking test using 15,728,640
particles on a NVIDIA Tesla K20X and the simulation has completed within 5.5 hours.
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2. DEM(Discrete Element Method)
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Fig.1 DEM interaction model.

Fig.2 Collisions among neighbor particles.
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Fig. 3 Neighbor-particle searching by means of
book-keeping method with linked-list.
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Fig4 Reference of spring compression by searching.
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Fig.5 Reference of spring compression by sorting

list.
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Table1l Calculation condition.

Case Implemented tuning Neighbor-particle searching method Book-keeping parameter «
3-0 — Linked-list —
3-1 Section 3-1 Book-keeping with linked-list 0.05
3-2 Section 3-1, 3-2 Book-keeping with linked-list 0.05
3-3 Section 3-1, 3-2, 3-3 Book-keeping with linked-list 0.08
3-4  Section 3-1, 3-2, 3-3, 3-4 Book-keeping with linked-list 0.08

Sort particle values ‘

Make Linked-list ‘

I

Make book-keeping list ‘

‘ Calculate interaction ‘

l

‘ Time integrate ‘

‘ Check book-keeping list updating ‘
T

e

Yes

Fig.6 Flow chart of DEM simulation.
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Table2 Physical condition.

Particle radius 1.0 x 103 m
Particle mass 1.0 x 107% kg
Spring constant (Normal) 4.0 x 10> N/m
Spring constant (Tangential) 1.6 x 10° N/m
Damping coefficient (Normal) 0.4 Ns/m
Damping coefficient (Tangential) 0.25 Ns/m
Coeflicient of friction 0.3
Discrete time 5.0 x 1075 sec
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Fig.7 Initial condition of the breaking dam.
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Table3 Computation time of each case.

Case Sort Linked-list Book-keeping Interaction

Time integral Checking list update = Total

3-0 — 16.85 — 899.71 13.66 — 934.13
3-1 — 1.36 19.24 281.20 13.63 5.12 324.62
3-2 213 1.16 9.65 249.75 13.54 5.15 285.39
3-3  0.64 0.62 6.65 49.67 12.04 491 78.58
3-4  0.64 0.62 6.68 52.64 62.85
unit:sec

Fig.8 A breaking dam simulation (step = 100,000).
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Table4 Speed-up of each case.

Case Relative speed-up Total speed-up

3-0 1.00 1.00

3-1 2.88 2.88

3-2 1.14 3.27

3-3 3.63 11.89

3-4 1.25 14.86
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Fig.9 Memory usage of each case.
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Fig. 10 A large-scale simulation using 16 million

particles on 1GPU.
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