
Towards an efficient parallel skeleton for generic iterative
stencil computations in distributed GPUs

Manuel de Castro, Inmaculada Santamaria-Valenzuela, Sergio Miguel-López, Yuri Torres
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Introduction
• Iterative Stencil computations update array elements with previous iteration values according to an stencil pattern (neighbors and weights).
• Manual multi-GPU approach: Specific programs developed using CUDA/OpenCL + MPI√√

High performance using specific optimization techniques
×× Lower portability and complex development: Explicit device and processes/nodes management: communication and synchronization

• Multi-GPU stencil frameworks: Restricted stencil types, device specific optimizations (lower portability); not always hide all programming complexities

• Using modern abstract models: E.g. Celerity [1], built of top of SYCL

• Proposal: Parallel skeleton for multi-GPU stencil computations as a C99 library function, built on top of Controller and Hitmap [2]

⇒⇒ Supports any kind of n-dimensional geometric stencils: compact and non-compact, symmetric and asymmetric (described as a pattern of weights)
⇒⇒ Transparent partition of data, asynchronous data transfers and communications, and computation/communication overlapping
⇒⇒ Support for a predefined generic kernel, or specific optimized kernels (user-defined or automatically generated)

Skeleton iterations

Profiling (Comp./Comm. overlap)

Example stencil program
/* Optimized stencil kernel definition */
CTRL_KERNEL_FUNCTION(Jacobi , CUDA , DEFAULT ,

KHitTile_float mat , KHitTile_float copy) {
int x = thread_id_x;
int y = thread_id_y;

hit( mat , x, y ) = (
hit( copy , x-1, y ) +
hit( copy , x+1, y ) +
hit( copy , x, y-1 ) +
hit( copy , x, y+1 ) ) / 4;

CTRL_KERNEL_END(CUDA);
}
/* Declare kernel to be used in the parallel skeleton */
REGISTER_STENCIL(Jacobi , CUDA , DEFAULT);

/* Parallel skeleton prototype included in header file */
void stencilComputation(int sizes[], HitShape stencilShape , float stencilData [],

float factor , int numIterations , stencilFunction f_stencil ,
initDataFunction f_init , outputDataFunction f_output);

/* Main program: stencil execution */
int main(int argc , char *argv []) {

...
HitShape shpStencil = hitShape( (-1, 1), (-1, 1) );
float stencilPattern [] = {

0, 1, 0,
1, 0, 1,
0, 1, 0

};

stencilComputation( sizes , shpStencil , stencilPattern , 0,
numIter , Jacobi , initData , outputData );

...
}

Video demo

Experimental results

2D stencils tested

Sequential
reference

Proposal

1 GPU performance 306 Gflops 300 Gflops

Proposal vs. CUDA reference program: Performance com-
parison of 2D 4-point Jacobi stencil using the proposed skele-
ton and a CUDA reference program in 1 Tesla V100 GPU. It
shows the efficiency of the kernel integration system.

GPUs
Celerity

avg. time (s)
Proposal

avg. time (s)
1 Black 20.94 15.83
2 Black 11.99 9.12
2 Black + 2 V100 5.92 4.77

Proposal vs. Celerity: Strong scaling comparison of 2D 4-
point Jacobi stencil using 2 TITAN Black + 2 Tesla V100 in
two different nodes.

Strong and weak scaling: Up to 16 Tesla V100 GPUs, in 4 nodes
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Strong scaling: optimized implementation
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Weak scaling: optimized implementation
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Weak scaling

Conclusion and future work
• We present a parallel skeleton for distributed multi-GPU stencil computations

• Generic: It supports any kind of n-dimensional geometric stencil

• Built on top Controller + Hitmap (abstraction and portability)

• Transparent data partition, communications and overlap of data communication and computation

• Good strong and weak scaling in a cluster of up to 16 Tesla V100 GPUs in 4 nodes

• Higher performance than a Celerity implementation for 2D 4-point Jacobi stencil

• Future work: More complete experimentation, improved support for more heterogenous clusters
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