
GPU Computing with C++20

nvc++ and CUDA
Pierre Aubert



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 2



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 3



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 4



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 5



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 6



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 7



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 8



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 9



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 10



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 11



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 12



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 13



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 14



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 14



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 14



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 14



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 14



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 15



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 16



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 16



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 16



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 16



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 17



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 18



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 19



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 20



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 20



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 20



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 20



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 20



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 21



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 22



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 23



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 23



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 23



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 23



Pierre Aubert, GPU Computing with C++20, nvc++ and CUDA 23



Conclusion

▶ Good performances on GPUs
▶ With nvcc (CUDA)
▶ With nvc++ (C++17 / C++20)

▶ Tests with HPC SDK 24.3
▶ Compiler nvc++ powerful and easy to use with C++17 and C++20

▶ No explicit linking
▶ Automatic GPU Targeting or with CUDA VISIBLE DEVICES
▶ Avoid static allocation

▶ Warning about industrial software
▶ Will to drive for update
▶ Old GPUs become obsolete :

▶ nvc++ : compute capabilities ≥ 6 (no K80)
▶ nvcc : compute capabilities ≥ 3.5 (no K80 in CUDA 12)

▶ Need to save binaries to ensure long usability of GPUs
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