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PyOMP: Parallel Programming 
with OpenMP in Python
Giorgis Georgakoudis,
Lawrence Livermore National Laboratory
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PyOMP: Parallel Programming 
with OpenMP in Python
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• easy, portable, popular

• easy, productive, popular 

• easy, fast, extensible JIT compiler

PyOMP: Portable, productive, high-performance 
parallel programming in Python

PyOMP 
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Python’s parallel programming software landscape
is highly fragmented

dispy
Delegate 
forkmap 
forkfun 
Jobibppmap
POSH
pp 
pprocess 
processing 
PyCSP 
PyMP 
Ray 
remoteD 
torcp 
VecPy 
batchlib 
Celery 
Charm4py 
PyCUDA 
Ramba
PyTorch
DaCE

Dask 
Deap 
disco 
dispy 
DistributedPYthon 
exec_proxy 
execnet 
iPython 
job_stream jug 
mi4py 
NetWorkSpaces 
PaPy 
papyrus 
PyCOMPSs 
PyLinda 
pyMPI 
pypar 
multiprocessing 
PyOpenCL
cuPy
PyKokkos
Taichi

pyPastSet 
pypvm 
pynpvm 
Pyro 
Ray 
Rthread
ScientificPython.BSP 
Scientific.DistrubedComputing 
Scientific.MPI 
SCOOP 
seppo 
PySpark 
Star-P 
superrpy 
torcpy 
StarCluster 
dpctl 
arkouda
PyOMP
Dpnp



5LLNL-PRES-2012164

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow

#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

PyOMP supports familiar OpenMP syntax in a 
pythonic way

Imports

with context
construct

Hello from thread 31
Hello from thread 3
...
Hello from thread 20
...
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with openmp("parallel"): Create a team of threads.   Execute a parallel region  
with openmp("for"): Use inside a parallel region.  Split up a loop across the team. 
with openmp("parallel 

for"):

A combined construct. Same a parallel followed by a for. 

with openmp ("single"): One thread does the work.  Others wait for it to finish 
with openmp("task"): Create an explicit task for work within the construct.
with openmp("taskwait"): Wait for all tasks in the current task to complete.  
with openmp("barrier"): All threads arrive at a barrier before any proceed.   
with openmp("critical"): Mutual exclusion.   One thread at a time executes code 
schedule(static [,chunk]) Map blocks of loop iterations across the team.  Use with for.
reduction(op:list) Combine values with op across the team. Used with for
private(list)                        Make a local copy of variables for each thread. Use with parallel, for or task.
firstprivate(list) private, but initialize with original value. Use with parallel, for or task
shared(list) Variables shared between threads. Use with parallel, for or task. 
default(none) Force definition of variables as private or shared. 
omp_get_num_threads() Return the number of threads in a team  
omp_get_thread_num() Return an ID from 0 to the number of threads minus one  
omp_set_num_threads(int) Set the number of threads to request for parallel regions
omp_get_wtime() Return a snapshot of the wall clock time. 

PyOMP supports the OpenMP common core on 
CPUs and...
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... the general form of common core GPU 
programming

Data
env

Target
Region
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Pi on GPU
Imports

Target
Region
&
Data
env

Loop
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PyOMP extends Numba and bases on LLVM to 
support both CPU/GPU parallel programming

Lower

Lower
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Directive

Region
markers Array metadata

Numba IR + PyOMP nodes



11LLNL-PRES-2012164

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow

#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

PyOMP lowers the extended Numba 
IR to LLVM IR with PyOMP intrinsics

Intrinsics
markers

Directive & clause qualifiers 
operand bundles

LLVM IR + PyOMP intrinsics
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Split compilation with the PyOMP LLVM 
pass lowers intrinsics to the OpenMP API

C
O
M
P
I
L
E

Device LLVM IR Host LLVM IR
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• HeCBench benchmarks
• C/C++ OpenMP offload
• PyOMP

• Hardware
• AMD EPYC 7763 CPU + NVIDIA A100 

GPU with 80 GB of memory

• Software
• Python 3.9
• Numba 0.57.1
• Clang/LLVM 14.0.6
• CUDA 12.2

Evaluating performance

Program Description

adam ML

floydwarshall Graph analysis

haccmk Cosmology

hotspot3D Thermal stencil

lavaMD Molecular dynamics

miniBUDE Protein docking

• Metrics
• Kernel execution time
• Data transfer size, time
• Compilation time

Georgakoudis, G., Anderson, T.A., Archibald, S., Supinski, B.R.d., Mattson, T.G. (2026). 
Programming GPUs with OpenMP and Python. In: Yan, Y., Klemm, M., de Supinski, B.R., 
Saule, E., Klinkenberg, J., Pophale, S. (eds) OpenMP: Balancing Productivity and 
Performance Portability. IWOMP 2025. Lecture Notes in Computer Science, vol 16123. 
Springer, Cham. https://doi.org/10.1007/978-3-032-06343-4_14

https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
https://doi.org/10.1007/978-3-032-06343-4_14
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Kernel execution time: PyOMP is competitive with 
the C/C++ version

Lack of FMAs
Can be optimized

* *

*

*Toolchain differences, we expect on par 
performance with LTO, LLVM upgrades
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Data transfer size: PyOMP is comparable with the 
C/C++ version

Numba elides
unused fields
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Data transfer time:  PyOMP is slower but data are
re-used in compute (also impl. can be optimized)

Numba elides
unused fields

metadata
static
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Compilation: PyOMP JIT compilation (first time) is 
slower than AOT C/C++ but caching mitigates
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• https://github.com/Python-for-HPC/PyOMP

• Installation
• PyPI: pip install pyomp

• Conda: conda install -c python-for-hpc -c conda-forge pyomp

PyOMP is open source and available to use

We Users!

https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
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• PyOMP brings OpenMP to Python

• PyOMP is implemented on top of Numba and 
LLVM

• Competitive performance vs. C/C++ OpenMP

• We are working in the new OpenMP Python 
subcommittee to make Python officially 
supported by OpenMP

Conclusion
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Thank you!

georgakoudis1@llnl.gov
https://github.com/Python-for-HPC/PyOMP

mailto:georgakoudis1@llnl.gov
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
https://github.com/Python-for-HPC/PyOMP
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SC25 OpenMP Tech Talk 
Seriesopenmp.org     OpenMP API specs, forum,

           reference guides, 
and more

link.openmp.org/sc25talks        SC25 OpenMP Tech Talk
          videos 
and presentations
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