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Abstract
Heterogeneous supercomputers challenge traditionalMPI+X
with redundant GPUmemorymanagement and limited porta-
bility. We present DiOMP-Offloading, a framework unify-
ing OpenMP target offloading with a PGAS global memory
space and OMPCCL device-side collectives. Built on LLVM
OpenMP and GASNet-EX, it eliminates staging, simplifies
programmability, and improves scalability. Benchmarks on
largeGPU systems demonstrate reduced latency, higher through-
put, and performance gains over MPI+OpenMP.
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1 Introduction
Modern HPC systems combine manycore CPUs and mul-
tiple GPUs, demanding programming models that support
massive concurrency, heterogeneous data movement, and
portability. While MPI+OpenMP dominates, developers still
face redundant memory management, host–device staging,
and reliance on vendor-specific collectives.We presentDiOMP-
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Offloading, which unifies OpenMP target offloading with a
PGAS global memory space, enabling direct GPU remote ac-
cess, efficient collectives via OMPCCL, and scalable multi-
GPU execution without vendor lock-in.

2 Design of DiOMP-Offloading
DiOMP-Offloading is a runtime system for scalable OpenMP
execution on distributed CPU–GPU clusters. Built on LLVM
OpenMP and GASNet-EX, it extends the original DiOMP
framework with GPU support and tightly integrates PGAS-
style global memory and device collectives.

2.1 Workflow and Memory Abstraction
DiOMP intercepts device allocations from libomptarget and
redirects them to a global segment managed by GASNet-EX,
enabling remote put/get on GPU buffers without host stag-
ing. This shared memory space spans OpenMP offloading,
GASNet P2P, and OMPCCL collectives, avoiding redundant
registration and ensuring consistent lifecycles. As shown in
Figure 1, this unified model couples computation, communi-
cation, and memory scheduling.
Global segments.DiOMP provides PGAS-style memory

for CPU and GPU. Symmetric allocations use offset-based
addressing, while asymmetric ones employ a pointer trans-
lation layer to preserve accessibility.
Topology-aware transfers.DiOMP chooses optimal paths:

GASNet-EX for inter-node, IPC for intra-node, and GPUDi-
rect P2P for GPU–GPU communication. A hybrid polling
loop with bounded stream pools sustains throughput while
limiting overhead.

2.2 OMPCCL and Collective
Communication

DiOMP introduces a Group abstraction, like MPI communi-
cators, to scope collectives and synchronization. OMPCCL
builds on this to provide portable, device-side collectives
across GPUs, abstracting NCCL/RCCL while ensuring con-
sistency on both NVIDIA and AMD systems. New pragmas
(e.g., #pragma ompx target device_bcast) and APIs (e.g.,
ompx_bcast) allow direct use in target regions. Decoupling
groups from rank boundaries enables collectives across ar-
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Figure 1: Comparison of workflows. (a) OpenMP+MPI
separates memory registration and synchronization,
creating redundant mappings and inconsistent barri-
ers. (b) DiOMP unifies target offloading and communi-
cation, managing allocation and synchronization cen-
trally.

bitrary device subsets, reducing metadata overhead and im-
proving scalability.

3 Evaluation
We evaluate DiOMP against MPI+OpenMP on two leader-
ship GPU systems: (A) NERSC’s Perlmutter with NVIDIA
A100 GPUs and HPE Slingshot 11, and (B) LLNL’s Tioga
with AMD MI250X GPUs and Slingshot 11. DiOMP is built
on GASNet-EX and a customized LLVM, with Cray MPICH
as the MPI baseline. Figures 2 and 31 show that DiOMP low-
ers latency and improves bandwidth over MPI on these two
1An anomalous bandwidth behavior on Perlmutter has been observed and
reported, but is unrelated to DiOMP (see GASNet-EX users group).

systems.

4 8 16 32 64 128 256 512 1024 2048 4096 8192
Data Size (Bytes)

5.0

7.5

10.0

12.5

15.0

17.5

20.0

La
te

nc
y 

(µ
s) DiOMP Get

DiOMP Put
MPI Get
MPI Put

(a) Perlmutter (A100)

4 8 16 32 64 128 256 512 1024 2048 4096 8192
Data Size (Bytes)

5.0

7.5

10.0

12.5

15.0

17.5

La
te

nc
y 

(µ
s) DiOMP Get

DiOMP Put
MPI Get
MPI Put

(b) Tioga (MI250X)

Figure 2: Latency comparison of DiOMP andMPI from
4B–8KB. Lower is better.
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Figure 3: Bandwidth comparison of DiOMP and MPI.
Higher is better.
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Figure 4: XSBench comparison. Higher is better.
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Figure 5: Matrix multiplication speedup comparison.
Higher is better.

OnXSBench (Figure 4), DiOMPdelivers∼4% higher through-
put on Perlmutter, while matchingMPI on Tioga. For matrix
multiplication (Figure 5), DiOMP sustains superlinear scal-
ing. On Minimod [1] (Figure 6), DiOMP outperforms MPI
across nodes, highlighting its ability to combine performance
with programmability.
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Figure 6: Minimod speedup comparison. Higher is bet-
ter.

4 Discussion and Conclusion
DiOMP-Offloading differs from MPI+X and OpenSHMEM
by emphasizing portability and ease of use. MPI requires ex-
tra directives to expose device memory, while non-vendor
OpenSHMEMstacks (e.g., Cray-OpenSHMEMX [2]) lackGPU-
Direct support. In contrast, DiOMP integrates directly with
libomptarget, avoiding host staging, lowering overhead,
and unifying communication and offloading in an OpenMP-
centric model. Vendor libraries such as NVSHMEM and roc-
SHMEM, althoughGPU-Direct capable, are tied to CUDA/HIP
and incompatible with OpenMP target offloading, limiting
their portability. DiOMP overcomes these issues with a cen-
tralized global memory layer, enabling true cross-platform
interoperability. Figure 7 illustrates the implementation of
DiOMP, MPI+OpenMP, and OpenSHMEM for a typical one-
sided “get” operation. A central feature, OMPCCL, further
enables portable collectives inside OpenMP target regions
by reconciling allocation semantics and backend setup, en-
suring consistent behavior on bothNVIDIA andAMDGPUs.

Conclusion.DiOMP-Offloading provides high performance,
portability, and simpler programming across heterogeneous
clusters. Future directions include deeper task-parallel inte-
gration with OpenMP and tighter LLVM compiler support
for automatic remote data optimizations.
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Figure 7: A programmability comparison of a remote
get operation across models.
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