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Core functions of logistics route finder achieved in plasma-channel experiments
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Logistic routing and long-channel plasma generation shares configurational
common points, and rapid plasma ignition and its suggestions successfully shortened route findings
in a function of analog computing. Based on the maze-solving function of plasma and increasing
number of electrodes pair, plasma emission patterns form very rapidly in comparison with numerical
computation of route design. Such results were successfully analyzed in comparison with
reinforcement-learning models. These facts indicate that plasma possesses some kinds of analog
cgmpgting capability, which works remarkably for a problem of NP (Non-deterministic Polynomial-time)

ardness.



[1]

[2]
(3]
(1)
(A)
(B)
(©)
(2)
(4]
NP Non-deterministic polynomial-time hardness
(5]
3)

(6]

[7]



NP

(@)-(c)
@
[7]
kHz
V)
@
Ar 300 Pa
@ | —
(©) Voltage:
1.75 kVop
(b)y 10 TO0KY ——
1.45 kV
1.75 kV
(a) (b) 8 w/o plasma(0:90 kV) ——
)
% 6
s,
S
8 2
O
b // ...............
23 -2 -1 0 1 2 3
Voltage V (kV)
(a)
(b)
@) [8] (by The
Author(s) licensed under CC BY 3.0)




1x 1 mm?

(b)

20 kHz

)

(9]

max

(8]

©

20 kHz

(8]

o
© g
o

e B o O

©: BB © °
[O]: EEEE2 ., .o .

O:mEEL
O HEHE2 . L

10

10

Q  [1]

=|°"€ X n|°"g Y Expected =|°"EX n|ONg Y Expected
l t reward Q - v reward Q
5 i . 20 5 . . 150

4

Yaxis (grids)

o

3.0)

100
L AR ? ot AQ S
D 0
°
r Hop K 5°r HOp| b
— 100
)
L ' : € 20 150
Gl
4 > 200
L 11 250
«
-300
e o 350
1 2 3 4 5 1 2 3 4 5
Xaxis (grids) X axis (grids)
AQ
-402 -300
-103 ~.-133
-86..-48 >’. Q
71N\ "
+48 - +143

Ho

Q
(8]
(by The Author(s) licensed under CC BY




kHz

(GREERL)

(7]
VEO-1310L-18G-C, Vision Research
Inc. 100 kHz

(B3 T - OISR EEEE)

10 us

10%

[1] Jaeger, H., Harald Haas, H.: Harnessing Nonlinearity: Predicting chaotic systems and saving energy in
wireless communication. Science 304, 78 (2004).

[2] Karasaki, T., Sakai, O.: Maze-solving by long-path microchannel plasmas. Proc. 10th International
Workshop on Microplasmas (Kyoto, 2019) p. O-25.

[3] Ikai, R., Miyagi, S., Sakai, O.; Logistics route planning in agent-based simulation and its optimization
represented in higher-order Markov-chain networks. Complex Networks XIl (Springer International
Publishing, 2021) p. 38.

[4] Hughes, T. W., Williamson, I. A. D., Minkov, M., Fan, S.: Wave physics as an analog recurrent neural
network. Science Advcances 5, eaay6946 (2019).

[5] Monasson, R., Zecching, R., Kirkpatrick, S., Selman, B., Troyanskyk, L.: Determining computational
complexity from characteristic ‘phase transitions.” Nature 400, 133 (1999).

[6] Okuma, T., Maruyama, H., Hashizume, T., Tanaka, M., Watanabe, T., Nagai, H., Koiwasaki, T., Nasu,
H.: Effects of the Driving Frequency on Temperaturein aMultiphase AC Arc. |[EEE Trans. Plasma Sci. 47,
32 (2019).

[7] Somekawa, T., Shirafuji, T., Sakai, O., Tachibana, K., Matsunaga, K.: Effects of self-erasing discharges
on the uniformity of the dielectric barrier discharge. Journal of Physics D: Applied Physics 38, 1910 (2005).
[8] Sakal, S., Karasaki, T, Ito, T., Murakami, T., Tanaka, M., Kambara, M., Hirayama, S.: Maze-solving in
a plasma system based on functional analogies to reinforcement-learning model. PLoS ONE 19, e0300842
(2024).

[9] Nakagaki T, Yamada H, Toth A.: Maze-solving by an amoeboid organism. Nature 407, 470 (2000).
[10] Iwai, A., Sakai, O., Omura, Y.: One-dimensional particle simulation of wave propagation and
generation of second harmonic waves in a composite of plasma and metamaterial. Physics of Plasmas 24,
122112 (2017).

[11] Watkins, C. J. C. H. , Dayan, P.: Q-learning. Mach Learning 8, 279 (1992).



3 3 0 1

Go Itami and Osamu Sakai 106

Independent control method for plasmonic skin depth based on transformation from spoof surface 2022
plasmon polaritons to bound states in the continuum

Physical Review B 245406-1-10

DOl
10.1103/PhysRevB. 106 . 245406

Go Itami and Osamu Sakai 20

Formation of a Dirac cone and dynamic control of its half-metallic properties using double- 2023
layer ring dipole arrays

Physical Review Applied 034012-1-9

DOl
10.1103/PhysRevApplied.20.034012

Osamu Sakai, Toshifusa Karasaki, Tsuyohito Ito, Tomoyuki Murakami, Manabu Tanaka, Makoto 19
Kambara, and Satoshi Hirayama

Maze-solving in a plasma system based on functional analogies to reinforcement-learning model 2024

PLOS ONE €0300842-1-17

DOl
10.1371/journal .pone.0300842

4 2 3

Takuya Mizutomi, Yohei Sanami, Shigeyuki Miyagi, and Osamu Sakai

High density plasma activated by resonance properties of metamaterials and measurements of spatial distribution of plasma
parameters

75th Annual Gaseous Electronics Conference

2022




Osamu Sakai

Metamaterials: Its Wide-Range Science and Flexible Technology

International Conference on Frontier Areas of Science & Technology, 2023

2023

Yohei Sanami, Takuya Mizutomi, Kota Hamano, Shigeyuki Miyagi, and Osamu Sakai

Improved controllability of high frequency inductively coupled plasma generation by series resonant metamaterial structures

25th International Symposium on Plasma Chemistry

2023

19

2023

http://www.e.usp.ac. jp/~edtw/index.html







