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CPML IMPLEMENTATION DETAILS

Extreme thread concurrency for parallel performance and data lo- e / dimension as fastest index w/ SIMD vectorizations e CPML Formulation O%p
at2

MOTIVATIONS STENCIL COMPUTATIONS

2
cality for traffic reduction associated with dynamic core frequen e Reference SB: block spatial points in X and ¥ dimensions Y

cies, portend the end of the uniform bulk synchronous program- / DA, . 1
ming model. It is paramount to design new algorithms, pro- / oot oo )\ P, = 5 W, U2 =b, 0" " +a,0, *A,
gramming models, and amenable software tools in order to relax Vo " 9 )
the synchrony of existing algorithms and their implementations. A, = 8_],29 + P, O =b, " ' 1 a0, 2P,

Many standard means of expressing algorithms, including loops
and function calls, introduce artifactual ordering and synchroniza-
tion from which future software must be freed. ‘ \
The industrial project codenamed ExaWave addresses these chal-
lenges for seismic modeling applications by introducing;:

e CPML Redesign for the Z dimension (contiguous memory accesses)
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e MWD [1, 2] with asynchronous fine-grained computations Pe—e o o o O 0 0 0o 0 o o 0
1. Fine-grained computations to exploit the thread concur- by z ’ Z ’ z

rency and maximize strong scalability on a single shared- Data dependencies Fused loops with redundant flops [opt1] 1D sliding window mechanism

memory node
1 I _ . . . to remove redundant flops [opt2]
. Asynchronous execution to cope with the dynamic core fre- : > e Extension to the X and Y dimensions

quencies and bus bandwidth saturation while mitigating
the load imbalance overhead

Time steps

— The 1D sliding window mechanism breaks vectorization due to non-contiguous memory accesses
— we implement a sliding surface mechanism

Diamond tiling Parallel wavefront

. Data motion reduction techniques for the stencil time inte-
gration.
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Intel Haswell (HSW) e E5-2698v3 @ 2.30 GHz e 40 MB L3 cache e 2 sockets x 16 cores e Sustained BW: 111 GB/s e AVX256 e 128 GB RAM e icc 18.0.1

Beside the traditional spatial blocking (SB) technique for stencil
computations, we integrate the Multicore-optimized Wavefront Di-
amond (MWD) tiling approach [1, 2], which takes into account
the three aforementioned ingredients, into the ExaWave software Grid size: 520x520x520 Grid size: 520x520x520 Grid size: 1032x1032x520 Grid size: 2056x2056x1032
framework. b . 6 m—v:/0 SIMD-w/ noopt +0 ° 0
However, the fine-grained asynchronous handling of the Convolu- : . 4
tional Perfectly Matched Layer (CPML) [3] for absorbing boundary - o g 5-
conditions turns out to be a challenging open research problem, . - ]

due to severe inherent data dependencies constraints, which im-
pedes MWD performance impact.

We combine techniques of loop fusion to reduce memory traf-
fic and sliding windows to cut down the engendered extra flops,
in order to consolidate CPML integration with the overall asyn-
chronous MWD technique.
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