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Greater realism in simulation driven
design of industrial processes

W Plopog, y
DEM simulation : ‘ :
% r T

Many—core processors
with wide vector units

Vectorised non—spherical
particle models
Figure 1. Discrete Element Method (DEM) [1] equipped with efficient non-spherical particle
models optimised for modern compute cores (e.g. Xeon Phi) will offer a greater realism in
simulation driven design of industrial processes (e.g. comminution [8]).

Background

Computers these days become faster via becoming multi-core (several compute cores per
processor) or many-core (tens or hundreds of compute cores per processor/accelerator).
Individual compute cores do not become faster, rather the opposite. Nonetheless, individual
cores are accompanied by increasingly more powerful vector units. Vector units allow to
evaluate certain algebraic and analytical operations all at once for a batch of input variables that
are suitably aligned in computer memory. As a result, the compute power of current computers
can be summarised as follows:

compute power = many cores + vector operations on each core.

Contact detection in DEM algorithms takes advantage of parallel processing by executing
multiple particle to particle contact detection (P2PCD) tests concurrently. Nonetheless, individual
P2PCD tests do not scale any further. Although several non-spherical particle models have

been proposed in the DEM literature, e.g. [2-7], none of them have been designed with an explicit
understanding of how efficiency is achieved on contemporary computer architectures.
Consequently, these models do not immediately lend themselves to an efficient implementation
on cores equipped with vector units, or briefly, to vectorisation. Given the existing trend in the
evolution of the computational hardware, this represents a significant gap in the current DEM
research, ignorance of which may lead to a significant loss of opportunity in the future.

This proposal
This proposal seeks to bridge the vectorisation gap in the research on non-spherical DEM
particle models. This is not only important for the present industrial applications, but is also a



precondition for DEM being able to enter the era of exascale computing with an offering going
beyond computing on spheres. Consequently, our aims in this proposal are threefold:
e Review of existing non-spherical particle models from the point of view of suitability for
vectorisation (a top down approach),
e Development of new particle models strictly aligned to the emerging many-core hardware
architectures (a bottom up approach),
e Donation into the public domain of a minimalist software library of highly optimised
P2PCD tests between a variety of non-spherical particle models (dissemination).
The results of our work, in the form of the P2PCD software library, will be available without any
restrictions to academic and industrial users (MIT license). In its spirit, it will aim to replicate in
the field of DEM computing, what libraries such as BLAS or LAPACK did in the field of dense
linear algebra (becoming de facto standards).
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