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Goal: Enabling multiscale simulations
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Stella is MPI only.
Scalability in terms of real-space resolution of Stella 
was majorly hindered by memory usage.

→ Detailed analysis of memory scaling of high 
resolution input case:
Run different configurations, measure memory allocations per 
function and build analytical model with Extra-P

● fields::allocate_arrays: 0.5GB*p
● init_g::ginit_noise: 2GB + 0.09GB*p
● dist_fn::init_kperp2: 0.04GB*p

→ linear dependence on p means memory replicated across 
processes

The models estimated the memory requirements for 
target run



Goal: Enabling multiscale simulations
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Another Problem in Stella: Available Parallelism with MPI as it's often used in velocity space parallel mode



Strategy: Port Parts to OpenMP
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~60% of runtime for timestep OpenMP parallelized and partially verified before 
major refactor upstream.

Greatest missing region is and advance_implicit(20%)

The memory models indicate that 2 processes per node would work on current platforms, 
so we chose to do add OpenMP parallelism.
Focus: timestepping



Whats next?
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Merge OpenMP porting upstream.

With OpenMP mostly in the timestep, we find that the computation of the response terms 
and the corresponding matrices is a major bottleneck. While this is initially only done in the 
initialization, it's also required once the time step changes (which can happen quite often).

The next step is to find solution strategies to initialization of response terms (varying matrix 
sizes). 
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Background
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● Code: GVEC (Galerkin Variational Equilibrium Code) is an open-source software 
for the generation of three-dimensional ideal magnetohydrodynamic (MHD) 
equilibria.

● Programming: Fortran, OpenMP, MPI
● Inputs: hmap_RZ, hmap_axisNB
● Analysis: Scalability of OpenMP threads, with two inputs.
● Analysis platform: MareNostrum 5 (GPP partition, 112 CPUs/node, more info)

https://www.bsc.es/ca/marenostrum/marenostrum-5


Structure & Focus of analysis - Input: hmap_RZ
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We observe an iterative pattern

Within this iterative pattern we 
observe a sub-structure, which 

correspond to different OpenMP 
Parallel regions.

We observe that the repetitive 
pattern doesn’t change across 

iterations, therefore, our FoA will be 
one iteration.



Scalability - Input: hmap_RZ
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Efficiency Metrics - Input: hmap_RZ
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Further analysis: 
showed that the load 
imbalance was caused 
by differences in IPC 

across processes.



Efficiency metrics - hmap_RZ vs hmap_axisNB
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Input hmap_RZ hmap_axisNB

NUM THREADS 16 28 56 112 16 28 56 112



Load Balance - Input: hmap_axisNB
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Parallel Eff. 70.41% 71.12% 63.05% 64.45%

- Communication Eff. 99.25% 99.59% 99.61% 99.51%

- Load Balance Eff. 70.94% 71.41% 63.30% 64.77%

Further analysis: that all unbalanced regions were caused by 
variations in IPC across processes.



Background
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● At this point, based on the analysis comparison of both inputs, the code developer 
implemented some changes, to improve its performance.

Input baseline improved

NUM THREADS 16 28 56 112 16 28 56 112



Continuous performance monitoring - Manual Instrumentation

• We used the code annotations they already had implemented in the 
code to plug in TALP DLB.

• To provide the user with more insight on regions performance.
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Continuous performance monitoring - TALP Pages
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• With TALP Pages we get performance scaling efficiency tables for every commit like 
the one above.



Continuous performance monitoring - Next steps

Integrate TALP Pages to the 
GitLab CI/CD infrastructure 
of GVEC, to provide region 
specific efficiency and 
execution time evolutions 
across commits.
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Example from another code:

More examples: 
https://tu-dresden.de/zih/das-department/ressourcen/dateien/toolsworkshop/2024_09_1
9-ValentinSeitz.pdf?lang=en
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