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Radiative Transfer Equation (RTE)

e The RTE describes the interaction between radiation and
media
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e ¢ accounts for the number of photons at (x, y, z) propagating
along direction s = (60, )
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Spatial discretization

e Uses the finite volume technique
e Uses upwind numerical scheme, relative to s, to get the values
at the faces
Angular discretization
e Discrete Ordinates Method: angular integrals replaced by a
weighted summation

e RTE becomes a (coupled) system of linear differential
equations
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Parallelization considerations

Solver procedure
e ¢ can be obtained explicitly, but this requires visiting each
node in a specific order
e this order depends on s = parallelization is possible solving all

directions concurrently

Example with two processors

e +Son and —S on can be solved
simultaneously

e after that, —§ on pl and +8§ on
can be solved simultaneously
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Mesh partitioning strategies

Structured mesh

e Circular domain, various mesh sizes, with hot and cold
boundaries

e A general structured partition in n, rings and ns sectors

e We used the following partitions for the
structured mesh:

@ Given the number of processors, choose the

\\ . . . .
2 R\\\\\‘?:\‘\ n, that minimizes halo size
N Al ri
o rings
© All sectors

@ k—metis algorithm
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Mesh partitioning strategies

Unstructured mesh

e Circular domain, various mesh sizes, with hot and cold
boundaries

e We used the following partitions for the
unstructured mesh:

@ Partition into several rings, then each ring
with k—metis

@ k—metis algorithm

® Unstructured mesh with smooth domain
boundaries
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Results

Stuctured mesh (~ 40k control volumes): Strong speedup for several partition types
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The number of rings and sectors in structured partition is chosen to

minimize halo size
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Results

Unstructured mesh (~ 200k control volumes): Completion time and halo size
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e Best performance is not for smallest halo size
e Data for k—metis is almost identical to data for 8 rings
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Results

Unstructured mesh: Smoothness of partition boundaries
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e The unstructured mesh are built so that they can be partitioned into
smooth subdomains

e The rough partition is obtained with the k—metis partitioner
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Conclusions

e Conclusions are valid for two dimensional geometries only (3d
geometries have not yet been tested)

e k—metis partitioning method yields the slowest computations
on the tests performed

e The factors that influence the completion time are

@ Smoothness of subdomain boundaries
@ Arrangement of subdomains (ring partition vs k—metis)
©® Halo size and load balance
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