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Scientific context



Context: aerosol-cloud-precipitation interactions
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“Cloud and ship. Ukraine, Crimea, Black sea, view from Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)



Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:158.2    t [min]:8

0

20

40

60

80

100

120

140

Ae
ro

so
l p

ar
tic

le
s c

on
ce

nt
ra

tio
n 

[c
m

-3
]

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:23.45    t [min]:8

10 1

100

101

M
ea

n 
ra

di
us

 [u
m

]



Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 5/35

Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:156.6    t [min]:32

0

20

40

60

80

100

120

140

Ae
ro

so
l p

ar
tic

le
s c

on
ce

nt
ra

tio
n 

[c
m

-3
]

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:166.1    t [min]:32

10 1

100

101

M
ea

n 
ra

di
us

 [u
m

]



Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 5/35

Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Context: aerosol-cloud-precipitation interactions
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Computational grid: 128x128
Computational particles: 221
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Needs:
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Needs: Pythonic
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Needs: Pythonic, Colab friendly
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Needs: Pythonic, Colab friendly, GPU-enabled
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SDM & PySDM



Cloud droplet collisional growth
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Fig. 2 from Shima et al. 2009, reproduced by PySDM.



Super-Droplet Method (SDM)
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Super-droplet simulation of a shallow convective cloud

(figure: Shima et al. 2009, QJRMS)



PySDM (github.com/atmos-cloud-sim-uj/PySDM)
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https://github.com/atmos-cloud-sim-uj/PySDM


Super Droplet Kernels: CPU and GPU backends
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PySDM backends
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run-time-compilation

GPU parallelization

???

just-in-time compilation

CPU parallelization

∼100x faster than pure Python



PySDM: workflow
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PySDM: technological stack and workflows
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Python python.org
Numba numba.pydata.org
ThrustRTC pypi.org/project/ThrustRTC

GitHub & GitHub Actions github.com
TravisCI travis-ci.org
AppVeyor appveyor.com

Jupyter jupyter.org
Binder mybinder.org
Colab colab.research.google.com

python.org
numba.pydata.org
pypi.org/project/ThrustRTC
github.com
travis-ci.org
appveyor.com
jupyter.org
mybinder.org
colab.research.google.com
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github.com
travis-ci.org
appveyor.com
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ThrustRTC & CURandRTC



Background: C++ Thrust (thrust.github.io)
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C++ parallel programming library from NVIDIA
mimicking std::algorithm of the C++ STL

host/device vectors, iterators, reductions, prefix-sums, sorting, ...

open-source, included in the NVIDIA HPC SDK & CUDA Toolkit

high-level interface (STL-like, CUDA-boilerplate-free)

multiple backends: CUDA, TBB and OpenMP

enabling code portability between GPUs and multicore CPUs
(preprocessor define to switch between CUDA and CPU threads)

e.g., optional dependency of Boost.Numeric.Odeint

https://thrust.github.io
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ThrustRTC: Python, C#, Java (github.com/fynv)
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library of general GPU algorithms, similar to Thrust,
can be used in C-interop languages (Python, C#, Java)

uses NVRTC + dynamic-instantiation, instead of
CUDA runtime + static compilation + templates (Thrust)

with Python: compilation, linking, dll-loading hidden from the user;
automagical data typing; easy “pip” installation

flexibility wrt level of indirection:
– built-in algorithms (e.g., arithmetic, reductions, sorting, ...) or
– CUDA-free loop bodies (C++ code in strings, automatic thread control) or
– custom CUDA kernels (C++ code in strings, explicit thread control)

CUDA only

https://github.com/fynv/ThrustRTC
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ThrustRTC.For
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CURandRTC (github.com/fynv/CURandRTC)
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simple random number generator using the XORWOW
algorithm

https://github.com/fynv/CURandRTC


ThrustRTC: summary
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Highlights:

GPU + portability

Low entry threshold for developers (high level parallel
API: both built-in and custom kernels)

Challenges:

custom kernels

profiling

maintainability + CI (Fake Thrust, test coverage)
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Demo (role play: reviewer)



Demo (github.com/atmos-cloud-sim-uj/PySDM)
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Backends performance
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Portability and Continuous Integration
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Take-home messages



Take-home messages: key advantages of ThurstRTC
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portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: key advantages of ThurstRTC

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 31/35

portable Pythonic GPU solution with low entry threshold
for (research) developers and users:

built-in parallel algorithm library
(similar to std::algorithm, Thrust, ...)

NVRTC-based: CUDA compilation, parallelisation logic,
data typing entirely hidden from the user

seamless pip installation on Linux & Windows

without trading off flexibility of building less-Pythonic
custom algorithms:

C++ code in Python strings (incl. auto, decltype, ...)

either explicit (ThrustRTC.Kernel) or implicit CUDA-free thread
management (ThrustRTC.For)

CUDA interoperable (e.g. for atomics, synchronisation)



Take-home messages: ThurstRTC in PySDM

Piotr Bartman: Bridging Pythonicity with performance:Monte-Carlo on GPU case study using ThrustRTC and CURandRTC 32/35

rapid development of GPU backend offering significant speedup

CUDA-free code with high-level parallelisation abstractions

simultaneous CPU+GPU usage capability to fully leverage
hybrid platforms (async functionality in ThrustRTC)

result: portable GPU-enabled tools runnable also on Colab
(Google’s web-based Jupyter platform)

journal-review-level reproduciblity (goal: <1h time-to-reproduce)
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Thank you for your attention!
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