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ABSTRACT
Significant investments have been made to close the performance
gap in high-productivity languages such as Python, Julia, R, and
Matlab. However, the challenge of writing code once that performs
efficiently across CPUs and GPUs is made even greater by archi-
tectural heterogeneity. We present the latest version of JACC [2]1
(Julia for ACCelerators), a performance portable CPU/GPU library
implementation for the scientific LLVM-based scientific Julia pro-
gramming language. JACC provides a unified and lightweight front
end across different backends available in the Julia ecosystem2,
enabling the same Julia code to run efficiently on many CPU and
GPU targets. Thus JACC leverages existing community investments
while ensuring interoperability with the Julia ecosystem. JACC’s
goal to boost users’ productivity, since the same performant code
can run on multiple architectures allows for more time to be dedi-
cated to science rather than code development and maintenance.

Our poster for SC25 presents a completely updated version of
the JACC best poster finalist at SC24, showcasing the latest added
features in the JACC library for productive scientific computing.
First, we describe the new and stable JACC API main components:
(i) portable memory allocation for multidimensional arrays and
shared memory, (ii) kernel launching via the parallel_for and
parallel_reduce functions using the basic and advanced APIs
allowing for defaults and launch specification control, respectively,
and (iii) back end selection without code changes using Julia’s
widely adopted Preferences.jl package. JACC’s architecture is then
described showing how it leverages five back ends (i) Julia’s Threads
on CPUs; and (ii) CUDA.jl on NVIDIA, (iii) AMDGPU.jl on AMD, (iv)

1https://github.com/JuliaORNL/JACC.jl
2https://juliagpu.org
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OneAPI.jl on Intel and (v) Metal.jl on Apple M-series GPUs. Second,
we present two newly added features: (i) JACC’s shared, for exploit-
ing cached shared memory among threads, and (ii) JACC’s Multi
module, for programming multiple GPUs in a vendor agnostic way.
These options allow the portable programmability of future super-
computing nodes with an increasing number of GPUs. We show the
performance gained in the common AI-foundational convolution
operation exploiting GPU’s block-shared memory on Perlmutter’s
NVIDIA A100 GPUs and Frontier’s AMDMI250X. Third, we present
preliminary results comparing JACC’s performance with scientific
kernels with available vendor and performance portable models.

JACC application workloads ports are provided for several rep-
resentative science application workloads3: XSBench, miniBUDE,
LULESH, BabelStream, and Hartree–Fock. We showcase prelimi-
nary results comparing the portable JACC implementations on XS-
Bench (memory-bound), miniBUDE (compute-bound) and LULESH
(memory and compute-bound) on NVIDIA’s A100 and H100, and
AMD’s MI100 and MI250X (Frontier’s) GPUs against available pro-
gramming model implementations on C++. JACC’s XSBench per-
formance is competitive with other programming models on AMD,
while gaps still exist on NVIDIA GPUs. Results on miniBUDE re-
veal that JACC is competitive on NVIDIA and GPUs with existing
gaps on Intel Arc A770 GPUs - only supporting single precision,
providing a glimpse into JACC’s portability. Results on LULESH
suggest that there is considerable overhead when launching small
load kernels, as opposed to Kokkos’ C++codes. Hence, we showed
that JACC is competitive on a wide variety of workloads and can
achieve performance similar to that of OpenMP, Kokkos, OpenCL,
SYCL, and vendor-specific CUDA and HIP baseline implementa-
tions on C++, C, and Fortran for several memory-bound workloads,
though gaps still need to be understood for specific cases.

Our comprehensive work shows that JACC is a strong paradigm
for the Julia for HPC [1] ecosystem. JACC and Julia allow developing
and running complex performance-portable codes for scientific
applications and exploratory work at a fraction of the cost. We still
recognize that due to its novelty, JACCmust still be evaluated across
multidisciplinary science domains and heterogeneous hardware
architectures.
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3https://github.com/JuliaORNL/JACC-applications
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