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The BerkeleyGW a software package for studying electron excited-state 
properties of materials employing the GW, Bethe-Salpeter equation (BSE) and beyond
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OpenACC / OMP-Target 

Optimization



Epsilon: Computational Kernels

MTXEL CHI-0

ZGEMM based kernel FFT based kernel 
Initial implementation:
Single stream no blocking of innermost loop

Initial implementation:
Simple offload of the submatrices before ZGEMM



Baseline Performance



Epsilon: Baseline Performance (Cori-GPU)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU run, 20 MPI tasks each 2 OpenMP threads
● GPU runs, 8 MPI tasks each 1 GPU / 5 OpenMP threads

MTXEL CHI-0 Total
CPU Only 402 150 548
OpenACC 64 27 100
OpenMP-Target 63 27 99
CUDA 15.2 14.7 41
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5.6x OpenACC and OMP-target 
Identical performance



Epsilon: Baseline Performance (Cori-GPU)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU run, 20 MPI tasks each 2 OpenMP threads
● GPU runs, 8 MPI tasks each 1 GPU / 5 OpenMP threads

MTXEL CHI-0 Total
CPU Only 402 150 548
OpenACC 64 27 100
OpenMP-Target 63 27 99
CUDA 15.2 14.7 41

2.4x4.2x 1.8x



Epsilon: Baseline Performance (Cori-GPU vs DGX)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake) 
● Cori-DGX, 1 node (8 A100 GPUs + 2 sockets 64 cores AMD-Rome)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU runs:

○ Cori-GPU (Skylake): 20 MPI tasks each 2 OpenMP threads
○ Cori-DGX: 32 MPI tasks each 4 OpenMP threads

● GPU runs:
○ Cori-GPU: 8 MPI tasks each 1 V100 GPU / 5 OpenMP threads
○ Cori-DGX: 8 MPI tasks each 1 A100 GPU / 16 OpenMP threads

MTXEL CHI-0 Total

OpenACC (V100) 64 27 100

OpenACC (A100) 45.8 14 67

OpenMP-Target (V100) 63 27 99

OpenMP-Target (A100) 57.5 14.6 78

CUDA (V100) 15.2 14.7 41

CUDA (A100) 17.9 6.1 30.1

CPU-Only GPU
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Epsilon: Baseline Performance (Cori-GPU vs DGX)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake) 
● Cori-DGX, 1 node (8 A100 GPUs + 2 sockets 64 cores AMD-Rome)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU runs:

○ Cori-GPU (Skylake): 20 MPI tasks each 2 OpenMP threads
○ Cori-DGX: 32 MPI tasks each 4 OpenMP threads

● GPU runs:
○ Cori-GPU: 8 MPI tasks each 1 V100 GPU / 5 OpenMP threads
○ Cori-DGX: 8 MPI tasks each 1 A100 GPU / 16 OpenMP threads

MTXEL CHI-0 Total

OpenACC (V100) 64 27 100

OpenACC (A100) 45.8 14 67

OpenMP-Target (V100) 63 27 99

OpenMP-Target (A100) 57.5 14.6 78

CUDA (V100) 15.2 14.7 41

CUDA (A100) 17.9 6.1 30.1

CPU-Only GPU
1.65x

1.5x

2.3x

1.16x



Epsilon: Baseline Performance (Cori-GPU vs DGX)
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● CPU runs:

○ Cori-GPU (Skylake): 20 MPI tasks each 2 OpenMP threads
○ Cori-DGX: 32 MPI tasks each 4 OpenMP threads

● GPU runs:
○ Cori-GPU: 8 MPI tasks each 1 V100 GPU / 5 OpenMP threads
○ Cori-DGX: 8 MPI tasks each 1 A100 GPU / 16 OpenMP threads

MTXEL CHI-0 Total

OpenACC (V100) 64 27 100

OpenACC (A100) 45.8 14 67

OpenMP-Target (V100) 63 27 99

OpenMP-Target (A100) 57.5 14.6 78

CUDA (V100) 15.2 14.7 41

CUDA (A100) 17.9 6.1 30.1

CPU-Only GPU
1.65x

1.5x

2.3x

1.36x



MTXEL Optimization 



Epsilon: MTXEL Kernel

FFT based kernel 

Initial port: Single stream no loop blocking of innermost loop



MTXEL: Baseline (64s)



MTXEL: Move small arrays into GPU memory (58s)



MTXEL: Improve Kernel Performance (53s)



MTXEL: Introduce Streams (43s)



MTXEL: Streams + Offload CB (18.5s)



MTXEL: Summary of Optimization (OpenACC)

3.5x MTXEL

Baseline 64

Move Nfft Array to device 58

Use "loop gang vector 
vector_length(512)" for PUT, Mult 
and Get kernels

53

Introduce Streamed FFT 43

Introduce Batched FFT 38

Batched FFT with offload of CB 29

Batched with single plan creation 23

Streamed with offload of CB 18.5

Time in seconds



MTXEL: OpenMP-Target

  !$omp target teams distribute parallel do collapse(3)
       do iz = 1, Nfft(3)
            do iy = 1, Nfft(2)
               do ix = 1, Nfft(1)
      box_out(ix,iy,iz) = box_in(ix,iy,iz) * box_out(ix,iy,iz)
              enddo
            enddo
       Enddo
!$omp end target teams distribute parallel do

 !$omp target teams loop thread_limit(128) map(to:Nfft) collapse(3)
       do iz = 1, Nfft(3)
            do iy = 1, Nfft(2)
                 do ix = 1, Nfft(1)
                 box_out(ix,iy,iz) = box_in(ix,iy,iz) * box_out(ix,iy,iz)
                 enddo
            enddo
       enddo
 !$omp end target teams loop

Before: 63 sec After: 56 sec, >10% speedup 



CHI-0 Optimization 



Epsilon: CHI-0 Kernel

ZGEMM based kernel 

Initial port: Simple offload of the submatrices before ZGEMM



CHI-0: Summary of Optimization (OpenACC)

CHI-0
Baseline 27

Stream + Offload matrix elements 11.8

Keep fix buffers on Device 8.6

3.1x

Time in seconds



CHI-0: Summary of Optimization (OpenACC)
Copy all data at start

Re-use cublas handle

New OpenACC kernel for data prep on GPU



CHI-0: Summary of Optimization (OpenACC)
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Summary



Epsilon: Final Results (Cori-GPU)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU run, 20 MPI tasks each 2 OpenMP threads
● GPU runs, 8 MPI tasks each 1 GPU / 5 OpenMP threads

MTXEL CHI-0 Total
CPU Only 402 150 548
OpenACC 64 27 100
OpenMP-Target 63 27 99
CUDA 15.2 14.7 41
OpenACC-Final 18.5 8.6 40.4

Time in seconds

2.5x

3.5x

3.1x
Most of the hackathon focused on 

OpenACC implementation: overall 2.5x 
speedup compared to pre-hackathon 

version



Epsilon: Final Results (Cori-GPU)

● Cori-GPU, 1 node (8 V100 GPUs + 2 sockets 20 cores Skylake)
● Si-214 system (scaled: 4Ry CT ; 3000 bands)
● CPU run, 20 MPI tasks each 2 OpenMP threads
● GPU runs, 8 MPI tasks each 1 GPU / 5 OpenMP threads

MTXEL CHI-0 Total
CPU Only 402 150 548
OpenACC 64 27 100
OpenMP-Target 63 27 99
CUDA 15.2 14.7 41
OpenACC-Final 18.5 8.6 40.4

OpenACC implementation comparable 
performance to the CUDA 

implemenattion

Time in seconds



Summary

● OpenACC optimization of the two major kernel of epsilon
○ MTXEL: Streams and Batch-FFT both implemented with similar performance
○ CHI-0: Offload on matrix elements + streams + overlap MPI communication and ZGEMM on 

GPU
● Overall 2.5x speed-up for entire execution 

○ MTXEL: 3.5x speed-up
○ CHI-0: 3.1x speed-up

● The OpenACC implementation achieve similar performance as the optimized 
CUDA implementation

NEXT: 
● Implement blocking of matrix elements for CHI-0 to avoid hitting memory limit on GPU
● Achieve similar performance for the OpenMP-target implementation

Special Thanks:

● Helen He (LBNL)
● David Rogers (ORNL)
● Robert Searles (NVIDIA)
● Brent Leback (NVIDIA)



Backup



MTXEL OpenACC, Original

Perform outer FFT

Update pre-existing 
buffers on GPU

Loop over inner FFTs

Run each inner FFT 
multiple times

Update CPU with inner  
FFT results, 
postprocess



MTXEL OpenACC, Batched

Perform outer FFT

Loop over batches of 
FFTs

Create batch of FFTs to 
run

Run batch of FFTs at 
once

Allocate and copy all 
data to GPU

Update CPU with batch 
results, postprocess

Delete GPU memory


