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Plasma Parameters (typical operating regime for ExB low
0.10 __ = . temperature plasma)
g o e Operating Pre_ssure E16f?g/v rr_13Torr
E 0.05 JNEI Biased Voltage Z:g e Plasma Density = 10 m
= ::? 0:4% e |on Temperature = 0.026ev
... 02 e Electron Tempgrature =1-10 eV
0.09%3 — e Max magnetic field = 1-10mT
X (m) e Electron cyclotron frequency = MHz - GHz
e lon Cyclotron frequency = KHz
Numerical constraints of .
Numerical parameters
0.10 PIC
E P e Voltage— At < o, (plasma frequency) ~ million steps
é 0.051 Source / Driver
8 Ax <A, N, x N ~ Thousands
0.0% 5 o Magnetic FiIt(e)r2 ] - ]
: : : 21 particle per cell ~million super particles
Position X(m)
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Restoring Spatial Locality Through Sorting
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The Optimization Dilemma: When to Sort?

A

Sort too often: Sort too rarely:
Overhead dominates Cache misses degrade

= (O(N) cost). performance.
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e The “Sweet

EA Spot"?

Sorting Interval (Steps between sorts)
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Current Problem: Finding this
sweet spot requires extensive
manual parametric studies.

Variable Factors:
» Hardware (L3 Cache size)
« Particle Density (PPC)
* Physical Phenomena
(Entropy rate)
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ell and Comp

Block G
Monte Carlo Collision/Predetermined ionization BIOCk A
! Initialisation of
a) profile

data structures
based on input

. Update trajectories and energy of particles based parameters

on plasma chemistry

—

Block B
Self aware sorting

Block F At

Mover

[Update position and velocities

Grid Data structure

« Read from grid data
structure

« Write to the Particle
data structure

Block D

Poisson Solver

) Vzd) =-p/e0

« Solve for potential and

electric on grid points

. Read and write on grid

b)

Data structure

Block C
Charge Deposition

Interpolate charge density to

grid points (p)

. Read from the Particle data

structure

« Write to grid data structure

J

‘ X,Y, Z, Vx, Vy,

‘—» 52 bytes <«

‘ > 52 bytes «—— ‘

Ex | Ey |

Ex | Ey |

Vz type | X,Y, Z, Vx, Vz, Vz type l(— Particle

| Ey |(— grid

16 bytes ‘
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16 bytes ‘

16 bytes ‘

Particle Data structure

Typical breakdown of runtime for a PIC

Miscellaneous

Mover

CD
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f Aware Sorti

Real-Time Adaptive Trigger for Self-Aware Particle Sorting

Particet Summary: Particle-In-Cell (PIC) simulations are often memory-bound. This mechanism monitors real-time iteration times to trigger data sorting only
when cache misses significantly degrade performance, eliminating manual tuning.

[ Performance Measurement J [ Conditional Sorting Execution ]

Post-execution, records Charge Deposition (C;) Bucket sort rleorcli_ers padrt.icles by gridhce::_to restore data

and Mover (M) times to define ;. ocality and improve cache hits.

[ Minimum Tracking (Tmin) ]

TRUE Fastest possible iteration time recorded immediately after

- . eshold Exceeded sorting to establish baseline.
Trigger Evaluation (The ) ¢

ST T FALSE [ Maximum & Variance Update ]

Tracks maximum iteration time (7,4, ) and difference (D)

for evolving randomness.
Adaptive Threshold Formula

Tth = 0.5(Tmin + Tmax)
Trigger point recalculated, balancing overhead against speed gains.

Data Table: Demonstrating the impact of the mechanism compared to static or no-sorting approaches.

Sorting Method Runtime Performance Human Intervention
No Sorting Baseline (Slowest) None
Fixed Interval Sub-Optimal (Variable) High (Parametric Studies)
Self-Aware Near-Optimal (Fastest) Zero (Automated)
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Benchmarked using GICS-PIC (OpenMP-MPI) across diverse hardware architectures.

a System 1 (Desktop)

E System 2 (Server)

m System 3 (HPC Node)

Processor: Intel Core i5-
9500 (6 Cores)

Processor: Dual Socket
Xeon E5-2630 (16 Cores)

Processor: Quad Socket
Xeon Gold 6238 (88 Cores)

Cache: 9 MB L3

Cache: 40 MB Shared L3

Cache: 121 MB Shared L3

Memory: 8 GB RAM

Memory: 64 GB DDR4

Memory: 512 GB DDR4

Complexity: Low

Complexity: Medium
(NUMA)

Complexity: High
(Massive Parallelism)
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SIMULATION PARAMETERS FOR THE FIVE CONFIGURATION
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Config | N, [ N, [ Scale factor | particles | Struct Size (MB)
1 192 80 20000 2.7ed 0.1 +13
2 500 200 20000 1.8e6 0.7 + 89
3 1000 | 400 20000 7.2e6 3 + 357
4 500 200 2000 1.8e6 0.7 + 89
5 1000 | 400 500 7.2¢6 3 + 357
0.26
“ 0.24
0
E
= 0.22
0.20

250 500 750

0 2500 5000 7500 10000 12500 15000 17500 20000
Iteration

—— Iteration Time —— Threshold —— minlter —— maxlIter
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System 1

config

Mode

Runtime @ Freq

Self-Aware

parallel

139 @ 500

133

= 2 parallel 1085 @ 50 1086
- CRITE a) 3| parallel 3625 @ 50 5165
g as0 System 2
£ P R R N R I Serial 829 @ 50 848
H H H . 3 | Seral 5738 @ 50 5794
‘ 3 Serial 23666 @ 50 24547
1 10 50 500 5000 Nosort

. it I Parallel 103 @ 50 104
5, | [ 2 Parallel 862 @ 50 881
f, T b) 3 Parallel 3527 @ 50 3023
B, System 3

e I Serial 630 @ 50 671
2 Serial 4491 @ 50 4403
: 3 Serial 19178 @ 10 19821

500
Sorting Interval

Parallel

42 @ 500

Parallel

340 @ 500

344

Parallel
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Parallel
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