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Introduction — problems
• Numerical treatment of relativistic particles in Boltzmann (or 

Uehling-Ulenbeck) equations represent a problem as spectral 
methods does not work due to non-Abelian nature of Lorentz 
group of boosts

• Mildly relativistic case needs exact QED matrix elements as 
limiting expressions are not working there

• There is no general solution to take into account BE and FD 
corrections for the reaction rates, especially difficult this 
problem is for MC methods 
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Uehling-Ulenbeck Equations 
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Discretization of U-U Equations 
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Reaction-oriented approach
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Particle splitting technique 
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Particle splitting example 
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Collision integrals in spherical symmetry
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Our approach to integration
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Structure of collision coefficients
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Computational complexity
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GPGPU calculations
Feature list needed

• 64−bit atomic operations (doubles reduction)

• Large number of computing units

• Reasonable price 

Best choice for the tight budget:

• AMD Graphic Core Next (GCN) architecture of Tahiti family 

(280X, 280, 7990, 7970, 7950, 7870 XT) — 0.75÷2.0 TFLOPS of FP64

Careful error-handling is implemented to overcome known problems

Alternatives:

• Nvidia GeForce Titan series — only Titan (1.5), Titan Black (1.8), 

Titan Z (2.7) and Titan V (6.1 TFLOPS) — overpriced, hard to find

• AMD GCN of later families — Hawaii, Fiji, Polaris, Vega —

0.4÷1.4 TFLOPS of FP64 — overpriced for the same performance

• Some professional cards, like AMD W9100, W8100, S9150, S10000, 

Nvidia Tesla K40, K20, V100, Quadro GP100, etc. — 1.2÷7.4 TFLOPS of 

FP64 — overpriced for the same performance — best for lavish budget



Conclusions

• We constructed and successfully adopted 
fast numerical scheme for treatment of 
binary and triple interactions in relativistic 
plasma in Uehling-Ulenbeck equations

• The scheme implementation in C/C++ will 
be made available under a free license after 
some improvements of current realization 
(several OpenCL devices handling, 
automatic error correction)
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