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Particle-in-Cell (PIC) is widely used in kinetic modeling for various kinds of plasma, such as
fusion plasma and low-temperature plasma (LTP) in negative ion sources. 2D/3D device-scale
simulations using PIC are computationally intensive and can require days or weeks of runtime
on high-performance computing (HPC) clusters. Key modules of PIC are known to be memory-
bound, and the runtime is primarily affected by the size of the computational grid, the total
number of particles [1], and the memory access patterns. Periodic sorting [2] of data structures
has been shown to improve runtimes due to increased data locality. Choosing an optimal sort-
ing interval that balances the increased runtime from sorting overhead with the performance
gains from improved cache hits requires extensive parametric studies. The optimal interval can
vary significantly based on the underlying hardware, as well as the physical and computational
parameters involved, and evolves dynamically with the underlying physical phenomena across
different stages of a multiscale-multiphysics simulation. In this context, we introduce an adap-
tive Self-aware sorting mechanism which uses real-time iteration time to trigger a sorting when
required. Our results are validated using our in-house developed massively parallel (OpenMP-
MPI based) 2D particle in cell code named GICS-PIC[3] across multiple hardware systems
and various simulation configurations, which include varying grid dimensions, particle per cell
(PPC), and varying time steps, demonstrating that the proposed strategy consistently deliv-
ers near-optimal performance and achieves a 5-30% speedup compared to the no-sorting. The
mechanism successfully captures the evolving randomness in the data structure, triggering sort-
ing only when necessary, thereby balancing sorting overhead against performance gain without
human intervention, making it a practical solution for advancing high-performance plasma sim-

ulations.
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