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Analyzing the phase-space dynamics of 5D distribution functions using the
dimensionality reduction technique

Asahi, Yuuichi
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Phase space structures are extracted from the time series of five
dimensional distribution function data computed by the flux-driven full-f gyrokinetic simulation
code. Principal component analysis (PCA) is applied to reduce the dimensionality and the size of the

data. It is shown that this method reduces the data size by the order of 2 to 3 (10 TB to 10 GB),
without losing the ability to express the important physical phenomena like the avalanche like
energy transport.

From the detailed analysis of the contribution of each principal component to the energy flux, we
found that the avalanche like energy transport events are mostly driven by coherent phase space
structures, indicating the key role of resonant particles. Another advantage of the proposed
analysis is the decoupling of 6D (1D time and 5D phase space) data into the combinations of 3D data
which are visible to the human eye.



Maxwell

5 3 2
5 3
1

@

2

2
5
5
5
PCA
5 10TB
MP1
Dask [https://dask.org] Incremental PCA MPI
PCA PCA 3
PCA

@ 5



(Nt, Nr, No, No)x(Nv,Nw) (Nt, Nr,
No )X(Ny , Nv, Nw) (Nt) x (Nr, Ne, Ny,
Nv, Nw)

Cumulative explained variance

(mx) m n 0.4
1
*— (N;,N,, Ny, N,) x (N, , Nyy)
t r 02 A (N, Ny, Ng) x (N, Ny, Ny
0 [0) —e (Nt7NLp7NU|| ) Nw) x (N, Np)
y " =< (Ng, Ny, Niy) x (N, Np, N,,)
0.0 iy 3 2 -1 0
5 10 10 10 10 10 10
Compression rate [%]
3 (107B 10GB)
(Nt, Nr, Ne)x(Ny, Nv, Nw)
Dask Incremental PCA Incremental
PCA Dask Dask-ml
@) 6 PC=0 PC=1 PC=2 PC=3 oos (0
3 2e+05
s 0 A O W 0.06
3 2e+05
_6
6 PC=4 PC=5 PC=6 PC=7 0.04
le+05
3
= e |-
15_3-- | — [ L | i- ol 0.02 56+04
-6
6 PC=8 PC=9 PC=10 PC=11 0.00 0e+00
3
5 TRk (UGN Esume Sreee -0.02 ; -5e+04
-3 -co G| | :
° —0.04 PCe D P13 PC- 14 PC= 15 let0s
6 PC=12 PC=13 PC=14 PC=15 Col2 C— 1 = =
AR £ AR AT A
’ -0.06 ofREER AERS o loeios
S S e SR R Lo : N o) 7o ) / ’
-3 S SO L | 2etos
00030609 00030609 00030609 00030609 -0.08 ~60 0 60 60 0 60 ~60 0 60 =600 60
P ® ® ® R— Ry R— Ry R— Ry R— Ry
(a) 16 w=0.12 (b
16 R Z
€)) (Nt, Nr, No)X(Ny, Nv, Nw) ()
@ ®) 5



n=12

)

3(b)

n=12

@ QF/nTwipi/a’]

500

400

W
(=]
=

Time tvi; /Ry

o
j=3

3 (a) (b)

E
2

2(a)

1.20

1.05

0.60

0.45

0.30

0.15

0.00



2 1 1 0

Asahi Yuuichi Fujii Keisuke Heim Dennis Manuel Maeyama Shinya Garbet Xavier Grandgirard 28
Virginie Sarazin Yanick Dif-Pradalier Guilhem Idomura Yasuhiro Yagi Masatoshi

Compressing the time series of five dimensional distribution function data from gyrokinetic 2021
simulation using principal component analysis

Physics of Plasmas 012304 012304

DOl
10.1063/5.0023166

97
2021
86 92
Dol
5 0 2
, , Dennis Manuel Heim, ,
75
2020
5
37

2020




, , Dennis Manuel Heim, ,

75

2020

Yuuichi Asahi, Keisuke Fujii and Yasuhiro ldomura

Phase-Space Pattern Extraction from Terabyte-Scale Plasma Turbulence Simulation Data with Principal Component Analysis

3rd International Conference on Data Driven Plasma Science

2021

Y. Asahi, K. Fujii, S. Maeyama, Y. ldomura

Phase-Space Pattern Extraction from 5D GyroKinetic simulation data

The 30th International Toki Conference

2021







