
Performance Analysis of OpenMP Target Offloading in Score-P
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Introduction
OpenMP supports offloading to accelerators via target directives, with the option to target different architectures, selecting them at runtime, interoperability with
low-level APIs, and more. In recent years, OpenMP offloading gained a growing user base with frameworks offering support as well.

With the OpenMP Tools Interface, performance analysis of OpenMP target regions is possible. However, the current support in performance tools is limited. Here,
we present a prototype for performance instrumentation and measurement of applications using OpenMP offloading with Score-P.

Score-P Overview

Key features:
Highly scalable, supporting
platforms ≥ 500k cores

Supported platforms:
Linux clusters, HPE Cray,
Fujitsu & more (using
x86 64, Power & ARM)

Supported parallelization
models: MPI, SHMEM,
OpenMP, Pthreads,
CUDA, HIP, OpenACC,
OpenCL & Kokkos

Recording of I/O
operations

Profiling (CUBE4) & event
tracing (OTF2)

User library wrapping for
C/C++ libraries

Available as open source
under a 3-clause BSD
license

URL: https://www.score-p.org – Contact: support@score-p.org

Current OMPT Compiler Vendor Support for Score-P

Compiler
Host Events Accelerator Events
Host Target Device Tracing

AOMP 18.0-1 Full Full Full
CCE 17.0.0 None Full None
Clang 18.1.6 Full Partial None
GCC 14.1 None None None

NVHPC 24.5 Full Full None
oneAPI 2024.1 Full Partial None
ROCm 6.1 Full Full Partial

Full: Required parts of the
interface are implemented,
but may have runtime bugs.

Partial: Missing features for
full support (e.g. multiple
accelerators).

None: No or insufficient
support.

Accelerator events require
all three event types.

OpenMP Tools Interface (OMPT)
Portable interface for analysis tools. Supported by performance tools like
Score-P, HPCToolkit, TAU and Nsight Systems, and correctness tools like
LLVM Archer.

Tools register OpenMP runtime callbacks, which get invoked on directives
and runtime function calls.

Support for heterogeneous accelerators through device tracing interface,
where events are written to buffers, which are flushed during program
execution (similar to CUPTI).

Event correlation via two IDs: One per target region, one for data transfers
and submitted kernels.

OMPT Workflow Example

record 
!$omp target

record 
accelerator events

record 
!$omp target data

record 
!$omp target submit

User Code OpenMP Runtime OpenMP Tool Accelerator

sd Data Transfer

target data op (begin)

allocate / delete / transfer data

target data op (end)

User Code OpenMP Runtime OpenMP Tool Accelerator

buffer request

!$omp target

target (begin)

ref

Data Transfer

ref

Kernel Execution

ref

Data Transfer

target (end)

buffer complete

User Code OpenMP Runtime OpenMP Tool Accelerator

sd Kernel Execution

target submit (begin)

execute kernel

target submit (end)

Simplified diagram for callbacks during an OpenMP program run. Accelerator events
are recorded to buffer, dispatched to the OpenMP tool via buffer complete asyn-
chronously. With this, we can write accelerator events correlated to host callbacks.

First Profile and Trace Results – SPEC HPC 618.tealeaf s on LUMI-G with AOMP 18.0-1
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