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Motivation

• Heterogeneous programming
– Integration of OpenMP tasking with GPU offloading (OpenMP 4.5)

• Motivating example
– BLAS-3 TRSM

• OpenMP new specification proposal
– OpenMP target tasking



TRSM (Triangular solve) – BLAS Level 3 routine

• Widely used dense linear algebra operation
– Ax = B -> A is either a Lower or Upper triangular matrix and B is a dense matrix

• Parallel TRSM
– Decompose matrices into tiles

– Two main operations:

• TRSM -> Good performance on CPU, not so good on GPU

• GEMM -> Good performance on GPU and CPU

– Parallelism and data-dependences can be described by using tasking

• Very similar to other BLAS Level 3 and LAPACK routines 



Heterogeneous TRSM – OpenMP tasking and target 

• Uniform decomposition
– Same tile size in A and B decomposition

• High number of tasks

• High number of CPU-GPU transfers

• Low IPC on GPU-GEMM
– GEMM on “small” matrices



Heterogeneous TRSM – OpenMP tasking and target 

• Non-Uniform decomposition
– Square tiles for A matrix

– Rectangular tiles for B matrix

• Maximize GPU computation

• Lower number of tasks

• Lower number of CPU-GPU transfers

• Higher IPC on GPU-GEMM
– GEMM on bigger matrices



Heterogeneous TRSM - CUDA 

• More complex to implement
– Synchronization

• Streams, async APIs, explicit 
synchronization, events, …

– CPU-GPU communication

• Explicit use of communication functions

– Combining Libraries (CUDA and cuBLAS)

• cublasSetStream, …



Performance

• SUMMIT
– 2 IBM CPU Power 9 

– 1 NVIDIA GPU V100 (Volta)

• CPU-GPU
– Non-uniform beats uniform

– CUDA-async faster than OpenMP

– OpenMP gets 85-95% performance of 
CUDA



Proposal – Target tasks

• Motivation
– Better programming productivity

• Simpler heterogeneous code

– Better CPU-GPU communication

• Minimize memory transfers

• OpenMP target task proposal:
#pragma omp target task depend(in:TILE_A[r][d]) depend(in:TILE_B[d][c]) …

#pragma omp task depend(in:TILE_A[r][d]) depend(in:TILE_B[d][c])…

#pragma omp target enter data map(to:TILE_A[0:aSIZE],TILE_B[0:aSIZE], …) 

#pragma omp target data use_device_ptr(TILE_A,TILE_B,TILE_C)

#pragma omp target exit data map(from:TILE_C[aSIZE])

• Current specification:



Conclusions

• Non-uniform (tasking) workflows are important for performance

• Heterogeneous OpenMP is possible 
– Integrating target offloading with tasking

• OpenMP, although not faster, presents a much higher programming 
productive and portable
– Performance closed to the performance of an optimized CUDA code

• OpenMP target tasks
– Increase programming productivity

– Better and transparent exploitation of CPU and GPU
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