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Within the past decade, the lattice Boltzmann method (LBM) [1] has evolved
into a promising alternative for the numerical simulation of (time-dependent) in-
compressible flows. Owing to the high scientific potential of LBM for large scale
applications, it is the aim of this paper to demonstrate architecture-dependent
optimization strategies of a Lattice Boltzmann kernel to achieve high perfor-
mance on commodity “off-the-shelf” (COTS) technology, e.g. Intel or AMD
processors, as well as on vector processors.

Delivering high sustained performance for scientific, memory-intensive applica-
tions is a core task in high performance computing (HPC). The main objec-
tive in the design of vector computers is to meet this challenge and bridge the
continuously increasing gap between memory and processor speed [2]. Com-
modity “off-the-shelf” architectures do not mainly focus on HPC requirements,
but dominate the HPC market due to their (often) moderate price-performance
ratio.

Using an LBM benchmark kernel we point out different architecture-dependent
optimization strategies and discuss single processor performance numbers for a
wide range of different processor architectures ranging from IA32 compatible
(Intel Xeon, AMD Opteron), superscalar RISC (IBM Power4) and IA64 (Intel
Itanium 2) to classical vector (NEC SX6) and novel vector (Cray X1) architec-
tures.

Our results demonstrate that vector systems can outperform COTS architec-
tures by more than one order of magnitude. The NEC SX6 and Cray X1 achieve
comparable performance levels on large problem sizes. Comparing different pro-
gramming models of the LBM kernel shows that the Cray X1 can deliver good
performance even on the standard implementation of this kernel.
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