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Scientific Rationale

GCR solar modulation

SDE equivalent to PTE 

numerical integration

Space weather

CR astrophysics

Turbolent medium

Time dependent environment
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Technical Objectives
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Methodologies and  Solutions

Available at the Spoke3 GitHub
(open source)

▪ Particle propagation indipendence

▪ SIMD parallelization on GPU 

CPU-GPU mixed CUDA code

▪ Propagation kernel bottlenecks profiling 

(Nsight)

▪ Optimization of stochastic computations,

WpB and passage to rigidity 
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Main Results

V1 → V2 = 26% speedup:

• Customized compilation flags → less registers

• Best WpB on A30 & A40 NVIDIA boards
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Main Results

V3 → V6 = 19% speedup:

• Switch from energy to momentum-rigitity PTE

V0 → V6 = 46% 

complessive speedup
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• H not optimized

inside

• H optimized 

below

• H and He not

optimized over

• H and He 

optimized just 

inside

Minimal & 

maximum resouces

request at CINECA

Large scale real case
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Cosmica 1D model

Tutorial COSMICA 1D

Preliminary new model agreement test

Code modularity

COSMICA 1D     &     COSMICA 3D

Updated on the Spoke3 GitHub
(open source)
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Cosmica development roadmap
Algorithm

V1

V2

V3

V6

V7 V8

• 𝒓, 𝝑,𝝋 of SDE 

coefficients 

computation split

• Multiple stream execution

• PRNG in local memory

(avoid L2 cache)

• Propagation timeout

(avoid thread divergency)

Cluster scaling & optimization

Parameter search paper

Complete code documentation

M7

M8

M10

intermediate

M10

final

M9

V0

M6
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Cosmica development roadmap
Algorithm

V1

V2

V3

V6

V7 V8

• 𝒓, 𝝑,𝝋 of SDE 

coefficients 

computation split

• Multiple stream execution

• PRNG in local memory

(avoid L2 cache)

• Propagation timeout

(avoid thread divergency)

Cluster scaling & optimization

Parameter search paper

Complete code documentation

M7

M8

M10

intermediate

M10

final

M9

V0

M6

Large scale production = 20%
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Final Steps

Last optimized version releases 

Test of different physical models

and code modularity

Large scaling and cluster optimization

Intermediet M10 terget

Parameter search paper publication

Complete code documentation

M10 final target

Version 7

Version 8

Strauss-Moraal model

Latest tuning of the group
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Technical Objectives, Methodologies and  Solutions

• 1 parameter not

optimized inside

• 1 parameter 

optimized below

• 3 parameter not

optimized over

• 3 parameter 

optimized inside

Minimal & 

maximum resouces

request at CINECA
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Cosmica development history
• V1 Milestone 7 version of the code

– Illustrated in the Elba meeting

• V2 Improving internal structure
– Usage of customized compilation flags to reduce register compilation allocation

– Implementation of the best Warp number per block derived from performance tests executed on A30 and A40 
NVIDIA boards

• V3 Optimization of stochastic computations
– Optimization of partial computations of the stochastic differential equation coefficients

– Reduction of the allocated variables lightening over-structures

• V6 Use of the rigidity as main variable instead of kinetic energy
– Reformulation of SDE in momentum form (one of which becomes trivial)

Available on the Spoke3 GitHub (open source)
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Cosmica Epicure profile
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Main Results
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New propagation computation
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Energy – Rigidity conversion
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Energy – Rigidity conversion
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Main Results

Submission of a paper to a HPC

and parallel computing conference
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Activated new project paths

➢ Sdegno Cascade founding project: parameter search (Cafoscari)

➢ Forbush scale study: CINECA GPU hours allocation (PICA)
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Cosmica development plan
• V7 (under development) Separation of SDE coefficients computation for each coordinate

– Instead of using matrices of coefficients they are computed separately to relieve the register pressure

• V8 (planned) Multi stream execution
– Execute multiple streams on the same GPU instead of using a 1 tot 1 coupling CPU-GPU with multiple GPUs

– Relieve register pressure with architecture compiler flag

– Change the PRNG (now it is Philox4_32_10 of cuRAND) to have more local RNG (not in L2 cache)

– Avoid thread divergency and execution time differences
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