tyiary 2024 FE35EICHAYMEZEMETEMBER

FS7#4#—AXAbty>a>y TAIZILY FOZI R | —REYIaV(RIAZ—FBR) I FST74+—AX bty
gy TAITLY bAZOR) (RR&Z-—)

[18p-P06-1~11]1FS 7 #—AX v 3> TAIZILY FOZVR) (RX
&2—)

[18p-P06-1]
NAFVZa—FIIL%y bO-ODAZEEEH%Z B\ EE OFNT
O 221, hd 24T, LB k' 28 T8 (1. LAKRIBR)

[18p-P06-2]
EEtEy oV IICBIT3EF 72— VDB
OO BFE!, O 9+a04Fz 7. BF EA' 1.BEXET)

[18p-P06-3]
EOR T —/SiNA T )y RERSEZRAWVHEBEAAAZ 1 —F IRy hT—7 XU N—1
YEaA—T a4 T DMERELEE

OFE B, B EE2. ZH B3, 48 2 BL 52 BAH B—"0.88A. 2.MK. 3.5/
K)

[18p-P06-4]
Ag-Ta,O-&fEZ AVWIB U Y N—DRIFERER Y

O(B)ERMA FR', =ik BAK'. EE BX' &I B ES)IIB (1.BEALEET)
[18p-P06-5]

BRERAGENZHAVCESREEATINEF S T T ARFOERENBEICLZ ST TR
& 1]

O(M2)MAHE THELTEY. /i R, 4% =1 (1. RIEBAKET)

[18p-P06-6]

INOEBREICHITANEROBERINYIR ) FNDELREREICS5 I ITE
OFEF & a1, Vi MR, BE AR, &% 21 (1. HEAKET)

[18p-P06-7]
CNT/POM X b — 0% BT 3T /NA RAREICAIT-Z2EFRIaL—>3 Y

Oifg £35', AX BIF"2 (1. BEARETL. 2.#EX IMS)

[18p-P06-8]
BEAFERE T — T2 a—SI)Ry FT— 2B 3T ERICEAT 2> I a2l —
=

ODpRO #E"., T @22, Hh £%3, Fatima Zahra Chafi'l. B &= (1. EEERA. 2.2HT
K. 3.BHIKX)

[18p-P06-9]
BRIIMNFERRE T —TZa—JIRy b T —JICLBEBRLIEBICEET 5> aLl—>aYy
ORI R RO BE'. HFh 882 BEHF BZS FvrI«1 777047 F—N3| BEREE(
REKBA, 2EMI KA. 3.2HIX)

[18p-P06-10]
BEAFEFE T —SZa—F IRy b= e AR EZF B LB T —TSZa—
LRy FTJ—UDHE




tyiary 2024 FE35EICHAYMEZEMETEMBER

OMHE &%, kO HE. HBh 8P2. FEF B3 FvyI0 777047 HF—NS AFEE= (1.
EEAFERIA. 22T K. 3.2HIK)

[18p-P06-11]
Magneto-Optical diffractive deep neural Networks by Monte Carlo Method

OFatimaZahra Chafi', Hotaka Sakaguchi’, Hirofumi Nonaka?, Hiroyuki Awano3, Takayuki
Ishibashi’ (1.Nagaoka Univ. Tech., 2.Aichi Inst. Tech., 3.Toyota Tech. Inst.)




18p-P0O6-1

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

NAFNVZa—F0Ry FOE=ODORAIEREEAZRAV-EBOHEMN
Analysis of learning with various weight precisions for binary neural networks
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[1Z U »IZ] ¥T4F, Neural Network (NN) 12 &5 A THIEE (Al) ORENFELL, xR0l To
FERENEALTEY, NNAN— R =7 O S ZERITTERICED HILTWAD . ZOH T, ik
REZ R L 7o 2 o B2 — 2 2B W THIE 2 i (binary) EAZFIH LicHEml s STl Y
[1], — PR NN IZBWTHEAZ 2HEICAHBE L THWD Z LN T& % (binary NN)  [2]. Lo
L7en s, EAE 2EICEBRT D L HattRIIb 2BELILT D2 &, BLO 2 fHEATOY
(VIR HE S OBENRLETH D Z ERMOLNTWE[2]. £ THRAITEILICH L 2HE
HEHNBEGT L TY) L EMBEDED Z LI DEEOMERN EEBIEEL WS, ZhE
TIZ, PRV ASI T —H T 16 ==2—n8a VEEO/NY NN ICTHEA % 2 f6/3 fE (ternary) & L CTHEZR
M AE 2 85 U7 B IR E S s STz [3]. — 05, AR F~—27 L LTHW
545 MNIST 57— & T, 2 fll/3 [l 7 TO NN ORI M e O =R A 2 HEshae ~ D% I+
DTSN T\ oTe, Al 2 fEEAHEGRIERE L SGE LBEM T VT U X ABE~D K
MEAAERS 5 2 L 2 ARNC, BEADKEEZ AL & LB O BELA50 2 G L= THRET 5.
[Efgefi T4 U 2 fil/3 6 CHERm ] AT 784/F34UfE 128/ 718 10 O NN 28\ C, @k EO &
HEHWTMNIST 77— 4 278 L7-0b, BIVUE o HIIE~DEA%-0.2,02 H 50 %
e L, -1,0,1 GfE) /-1, 1 QMENIER L=, TO%Mm ST CGRMESRE RO, B¥Y
JHERRIZIX 1Epoch 7219 6000/1000 fE > — % % F\ /=, Fig. 1(a) @ X 5 IZHEERIZBIT D EAHHE
FBEDOYLATE 94%FRE, 3 HOSEEIE I1%RE, 2 EDOGEAIE 86%FEE L7 o7-. FHEZOREN
J@> 5 B ~DEH DA E T L= & Z 5, Fig. 1(b) DL IIZ 0 IO HANRKENT &2
otz 3MEICH LT 2 EOBERTAE LWOIL, BEL%E 2 EICERT DI 0 (o %k
DEAZ-LIIZEBRLTLE Y ZENRRNE EHEIND.

[2 ffadfme il T8 L 2 fl CHEgm] L SR U NN (1) (2)
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BT, BEAOREEZ/INEUELLT 1bit £ CIKT m% */(m

SH 2 HEATOFEEZTo/2L 25, Epoch3 = 7f*:?*fj 5

% Tl 80%FLE O TE4% 4 75 L 7= 4% Epoch4 LAREIE EW/*«HVA 3" ~

0% FIE % CABIC EAR ST 5 2 Laiba 50 T || 57 ~tanng
S, FIT 2 EESEANOT Bpochd ETHE S0 gest ||| e =
L. Epoch4 DIKEZ e Co2E LIz L 25, ®H sk : 0 : 10
B 2 fEICAH L7 HERR IRV T b 90%RE O B4 Epoch Epoch
ERFHNT (Fig.22). 2O END, FHORF ®

BT 2 EEAIC LB FBERY AN 2 & T, 2 { .

B COMREESSET 5 = & BbhoT. % )

B DRI 1 > 1108 ~ 0 T2 00 535 2 BT L JL .
T2 25, Fig 2(b) D& I 0 MDA/ S 7 weight T weigne
W ERPhoT. T RbE, 2 HETO Fig.1 Conventional neural  Fig.2 Proposed NN learning

FENZLVELO 0 MEONFHAIN/NEL 720 2 fE
L LTEBBORBER TRz bz BE X b, 1
SeiE & LLERET ATRE RS R TH D [2]. AHEIC
FolEonzmAEZZonTE LT, 4%IBIC
TEZRAGHIEISC 2 [ E A D ZEIRAS FLR0AE U e f A
BRI LWFEEHIEORBERHIRFCE 5.
[1] P. A. Merolla et al., Science 345, 668673, 2014.
[3] L5, 26 83 [RIIGH 2022 £k 21a-C201-1.
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network (NN); (1)(a) test
accuracy vs. epoch with
three types of weights of
float, ternary and binary, (b)
weight value histogram after
the learning.

sequence. (2)(a) Accuracy
vs. epoch in training and
test using binary and float
weights. (b) Weight value
histogram after the learning.

[2] M. Courbariaux et al., NIPS'15, 3123-3131, 2015.
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[1] D. Donoho, IEEE Trans. Inf. Theory, 2006,
52(4), 1289 — 1306.

[2] E. J. Candes, J. Romberg, and T. Tao, IEEE
Trans. Inf. Theory, 2006, 52(12), 5406 25.
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Comparison on Performance for Optical Convolutional Neural Networks and Photonic
Reservoir Computing Using EO polymer/Si Hybrid Modulator
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1. ZC®IT

WV P R—a B a—TF 1 7O ROIZFHIF
M=a—F Ry NTU—Z@RNN)D 1 DTHY
ANNT =2 LV FR—BOEEGELB LU
N—JBNTDT 4— KXy 7 ELEZHETEL, B
BTHEEEITOEVOREE DL, O DFHE
VAT DB LA 5 T BRI ICE LT
BY, EE - CHEE ) COLEESEITTA L
NA[RETH D LI TV 5H[1-2],
AWFFETILZ.EORY =—/Si A7V v FIZE
s AW ER A =2 —T NV F Y RT—
7 (OCNN)[3] & FERR T I A 468 L 72 RC %
FREt U i adailors L SRR 2 LhisaT L7z,
2. MEYIzL—vav

Fig. 1 {20t RC [EIEE O 2 777, AfRat T
X 51 ¥t MNIST 5 —4% &% v FEaEthEth~ A
XML, 0~9 XFOFEX TFOASHEIE
T — X %6 RC RIS CREFEE AL L, U P o3—
J8 A FEE LTz, & O Y PR — B IS IR
BEMBL, ZOEEMETHRIELZ, &b
HEBIT B BICB W TELEZFE LT
L &1TV, EiEan % Fhe Lz, ADEEE D
WIE % 2 Fig. 2(a), (DI, HAEIFIC
BWTHH LEFIZETE 50% 2R AL THAED
BHAZEE L, %Y 50% 2 W T Uiz, 0k
. K 86.3% DG CHIGEERAIT 5 Z L3 FHRET
HoT,

3. OCNN & DiEREH R

Fig. 3(a), (b)IZJ% RC 35 L TROCNN % T 0~9
> MNIST &R % 1T - 7= R4~ 9, OCNN
LTI OBEEr—xVvEHWEZ LIz k
D, 922%DNEE CHEIEEIT D Z ERFEETH
o7, —F. EEBERDY RC 2 AW =546, B
1RSI 3K 86.3%FRE TdH V) | MG ERM RS B
TlX OCNN O REFEFEENE S D hE R
Lo, —J . BERFRFRIC M E R B IR AL
FREFICRI L CIE, JE RC 25 2 & TKRIE
IR SN D 2 LB EE S iz,
4, F&o

EO RY ~—/Si ~"A 7V v REFSZH -
OCNN &3¢ RC Z et L, B REeRE S & R
Ml beieiat Uiz, ZOfEE, RCEZHWS Z
& T EIR DO L VRS B T g R - Bk
NARETH D Z L A MdE LT,

B
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RS (NICT) O & 56 HF 42 (JPJ012368C02101) A B 15 &
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Fig. 1 Schematic of photonic RC circuit configuration
in simulation.
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Fig. 2 (a)MNIST input data and (b) MNIST output
data for photonic RC circuit.
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Fig. 3 MNIST labels recognition results using (a)
photonic RC and (b) OCNN circuits.

(JP22H01555, JP23H00274, JP23K22825), SCAT #ff4t8)
FRDSAR 252 TIT DIV E Lz,

B 3R

[1]] Takuma Tsurugaya et al., “Cross-gain modulation-based
photonic reservoir computing using low-power-consumption
membrane SOA on Si,” Opt. Express 30(13), 22871 (2022).
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Temperature Dependence of a Ag doped Ta:0s-based Physical Reservoir
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FTDIT : EEEFRENICA A DMEDNMELZFINT 2 2 L TR P N—DEfEZ EBLT
X5, Fxr b INETIS, BB Ag 2 R—7 L7z TaxOs 7 & & W CEIESREZ (T > T
Too —MXES, A A2 OIHOHEITIRE OB TH D, & 2 TR TIL, A A IEBITHES<
UPFN—EEORGEE B E LT, U P N—EEOIREREIEZJE LT,

EBRFIE ¢ S0, Htk BT, B Imm 220 L 1.5mm OMJE L2 8 SO EM & S Mg TERI L7,
VT, ZOMBHEBIC Ag K —7 TaOs K2 A R L7, #—7%5 v b & LT Ta0s & Ag
ORA (EEL) N L1BIR41 002 HVWe, BENEDEZE S 0 —_"—%HNT, FF
WA X DRFEBORES L OFEYREAEOMIZ, =EiR~398K ORI TIT-o 72,
FERLEBR : Fig 1T 1:1 OF FORERBRZ2/R/T, TAHEE ITEE EF IS TRE
BTN SL< 2o T 723, 398K Thkia EAv o7z, W CRIE L7ZIRE FRERRZIE, REEEIIT
WCROLT, [ FE—EDMEER LTz, 398K TOB LRV TR 6N 7ob DD, A 4:1
DHFTTH, BE LA THNIL RotREERNRELZ T THLILICEY EHRWBIEN A b
(Fig. 1(b)), LA EDORIEIZER Imm OFE - TIT- 720 T, B 1.5mm O U P8 —H 1 X, HHAE
2 41 OFFEHOCTRERZRE L THhiz, TOME, BE EFICfo TUNS L o e REEHK
MER TIRTICITR > 72 (Fig. 1(c))e 245 ORIE TIEE CHUNEE V) ZHW=7o8, BN
KEWEE Y FAR—BNICER SN D B ABIT/NES L 725, Figl (IR LIZRERIE, Ag O F—
TENEWIEE R AW RESNERER CEZ 5 2 L, TOHGIBEAINC X > TR S
HNEEZORE ZINZHIRFETH I L 2R LTS, RO L LT Ta0s JBIZ K—
T I AgIRF DRIRASDBITLNE Z HiLd, BUE, ZOETMIESE, 2D TN D,

@ 4 ®) . © ,

2 |a o | Zok Zor

E or O\ g B o E 5+

@ ¢ o B 4A A

c 20 o c - c B
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Fig. 1 Temperature dependence of the time constant. Ta,Os:Ag ratio and a reservoir area size is (a) 1:1 and 1

mm, (b) 4:1 and 1 mm, and (c) 4:1 and 1.5 mm, respectively.
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EREBRAEEHhZAV-BCRBREAIABF T TRRFOEHR
EHRREICE BT TRGEHIE
Fabrication of self-powered artificial optoelectronic synaptic device using DSCs and
control of PPF indices by change in input light intensities
REAEET, CM2)MEMRIE, O0)/MM2 #, &5 #

Tokyo Univ. of Science, °N. Hosoda, H. Komatsu, T. Ikuno E-mail: tikuno@rs.tus.ac.jp

ANEOWFE Y 2T D2l Li- N INEF T T AHEFIL, et ATBREA 5 Liz1 >
oYy VAl TS AL LTHEBENTWS. 2L, ZIRETHESNTZZDOANTLEE
F 2 AFEF1T photocurrent M TH 578, v Al T A A& L TEMES W5 IZIFSMBEE
Mo DTN F—IENMLETH LM MA T, MﬁhﬁﬁmAk¢é<,/4X®§W%ﬁT
SN O TR FRENZP, 22 CHxld, FEFHINEBELEENT AL HAEZ1TD
photovoltaics TINTHES T T ARZRIZEB LTV D,

AW Cl, BFRIEECKEHL(DSC) % AV 7= photovoltaics LD N T & -2 7 AR & ER
L ZIK?%%ZP QE’T%EQQ LIZEBNTECTCANLY T 7ARZFE L CEET D L 2R L. A

, JEIREE DREREINEALD VT 7 AR E OFHMREE D —->TdH 5 paired pulse facilitation (PPF)
mdex TR B A A L 7P
m0ﬁ7xL@Tmﬂ%:mz@(mmmma&mmmmm%&%éﬁf%ﬁ%ﬁkbt St
W2 Pt ek, BRRIGIE I/ BRI 2 L, DSC Z1ERI L7-. T|EHIEIZIT DAQ(USB-6366, NI)
ZEEH L, AJDGIEHA (=658 nm) & L7-. Iu@’%ﬁg®£ﬁémtmﬁﬂwxmﬁ
9% DSC OBMETISE Vo) 2T . BRI L2 R1E, 7OV AN Te R OVOUL ARG AT 13 2
ms, A5 BIOYEEREIL S mW, %E5ENE 1 - 15mW & L7z, Veeld, BRD5RE DN/ L AL
Lo, VT ABELOIHZ/R LTZ. ZDZ &5, DSC i photovoltaics ZHEIC LW o=
FNF =TV F T RAEEERTZENLND. K 1IN, O/ VADIETRE P, P, DR L
L 7= PPFindex D43 Afi % 7~9". Z Z CPPFindex |, —EHDN/ IV AIZLHBKEEL JEHD
NIV A K HRABMEEDHTH D, Pi= &®k%PWm®m 100%& 72 > 7228, Py < P, O#iH
TIL100% L D K& T 7 RIGEDOHEIR, P,<Pr Tl 100% L 0 /hS<IHlEZ R L2, Z OfEE
WE AT DIRIE 2 FiE9 2 Z & 12 X > T PPF index 28I FTRETH D Z & 279, 4 HIZDSC D
RFEEL D YEBREERAFIZ BT DR & & biT, BARDED AT 5 DSC DX v U 7 ik A
H =R BZHONWT b E#EREIT .

(@) Light (b)
oN T T L II
orr ] UYL ol 4
- 1 PPFindex (¥
0.5 Facilitation —1 | Various P B ] mde;(4(0/°)
04 — 15 MW —~ 6 -
Shaln / —_— 10 MW = 5r ] 120
< e 4 -
> — 2.5 MW [N - 100
0.2 — 5 mw ok o
0.1 — —_— W 80
S Depression . 60
0 5 10 15 20 1 10
Time (ms) Py (mW)

Fig.1 (a)Vs induced by ten light pulses with different light intensities (P: 1 - 15 mW, Tp: 2 ms)
(b)PPF indices of DSC as a function of input light intensities of two pulses P, and P;.

(BEE] AWFTEIZ IST BHEAE A/ ~—2 a3 VARSI 7o R 7 = v —3 » TRIRHZE IPMIFS2144 KUY, JST
UAEARAFFE B BRERAFSE 7 7 7 F 2 IPMISP2151 O3 EA %1 F 72 b DT
[1] H. Komatsu et al., Adv. Electron. Mater., 10, 2300749 (2024). [2] J. Lao et al., Adv. Sci., 9, 2106092 (2022).
[3] H. Komatsu et al., In preparation (2024).
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In0 BEICETHAABROBRERISME) F/\DERETR
IT5EZ5HE
The effect of time constant of photocurrent in ZnO thin films on memory
capacity of physical reservoir
REXAHET, OaFLE 8th, /ML 48, H3 BN &% F
Tokyo Univ. of Science, °Toshiya Kounoue, Hiroaki Komatsu, Kotaro Takanashi, Takashi Ikuno
E-mail: tikuno@rs.tus.ac.jp

Persistent photoconductivity (PPC) Zhi%, JEHEAE T L THE I VB LHEFEMIZhz -
TREBEROBEMPFEL R TH LU, PPC R 2RI v OIREHE 2 B(L S5 2
LD, THVE THEAMEORIES S — l\a%F@EDJJIJ Lo TRENMEI S T& 2B —5T,
PPC Zh 75 NHIDMIZ R & 0 2 S HRLIEIEICEE T 572, ITETIIANTIOLEF T 7 A D
ELTHEEZED TS, ZRETHEXI j;, PPC ZhRIC K DB WRFERAZFIH L7 ZnO RAT
HEF T T AR L, RETFHPRCNGHARETH D Z L 2@t L7z LasL, PPC#hE
I K DBVREED PRC OFLHIFLIEMEIC RIF TR0 > TV, RIFETIX, ANy ¥
NEZEEZDZ & TREGMEZHIE L TR A ORFERZEF> Zn0 ERAZ/ERL L, SEEIROREEE
S PRC ORHREIEMEORIIEIE Ch HitlER R (MC) 125 2 28 E T~ 7=,

ZnO JERIEIH T A BIC ARy IR L=, ZnO OfERMEEZE 2 5728, ZnO ¥ —7%7 > MNE
k (on-axis) &, ZnO #—%4 v ME_ES 05 cm Ml (off-axis) (ZFEH A BLE L7z, 1’F§%L7‘:
ZnO FEED &SR K& OO &1 XRD, SEM Z JHW TR L7z, SR A HET 27290, AuE
R HERE S, UV UL (E : 365 nm, JEHREE : 10 mW/icm?) #FREF L7z, ZnO IO Y
Tt & X 1(a), (D)IZ/RT. On-axis DN H L3 0 FEEERIX, 3.7 ms, 25s T, b FA3 0 K EHIL
040ms, 0.10s TH-o7=. —J T, off-axis D H ENVIFEHIE, 17ms & 255 T, b FNY
IRFEARIE 1.5 ms, 2.9 s Th o7z, Off-axis DR A —F OIEWIRFEHIL PPCHRICE D b DELE
2 b5, MC ZaHlid %72, ZnO HEEEZmELY 8L L CEEXH, short-term memory & A
7 &FAT LIz, BTV AE (Tp) 12325 MC #7:9. On-axis TiX Tp % 1, 10 s IZRET
D&, MCIHEF L7z, —F, offaxis TIE TpZ 1, 10 s IZREEL TH MCIHK FL2ao72. L
oo T, RODRFER L BWRER ZFFOWEE Y 3% [z PRC TiE, 1 ms 225 10 s DAV

DA DAT =BT MCIHE T LNz EnbhroTe.
(a) (b) (c)

ON ON
uv uv 141 —
OFF i i OFF i I . . ®
0.05 : 0.8 : 12 - * °° .
on-axis off-axis 10+ ] - .
—. 0.04 . -
= z 06 O 08k _
2 0.03 =2 s
a— - L u —
E 0.02 E 0.4 0.6
5 5 04 . —
O 0.01 O 02 M on-axis
0.00 02 @ off-axis -
: 0.0 001 ] ] ] |
0 5 10 15 20 0 5 10 15 20 1 10 100 1000 10000
Time (s) Time (s)

Pulse width (ms)
Fig.1 Optical response of the (a) on-axis and (b) off-axis ZnO thin film.(c) MC at various pulse widths.

(FEE] ABFIEIL IST BEFHEANT A 7 = a VRIICEIT 72 KT 7 = 1 — 2 TR S IPMIFS2144 K OY, JST
UAMEARAFFE B BRI ZE 7 7 7 F 2 JPMISP2151 D3R 252 1T 7= b DT
[1] H. Komatsu et al, Nanomaterials, 12, 940(2022). [2] S. Jeon et al, Nat. Mater., 11, 301-305(2012).
[3] H. Komatsu et al, Adv. Electron. Mater. 10, 2300749(2024). [4] H. Komatsu et al, in preparation(2024).

© 2024%F [CRAYEER 19-060 FS



18p-P06-7

© 2024%F [SRYEES

CNT/POM v MU —7 ZH T HHT A AT \)T 7=
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Multiple-electron System Simulation

for Implementation of Paper Device with CNT/POM Network
Pk AR, KRR Wl
1 BEEIRBEEL T, 2 BEER IMS
Shunya Watanabe', Takahide Oya'*
1 Grad. School of Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat‘l Univ.

Email: watanabe-shunya-cb@ynu.jp

1. FRE R

BEETO Al DFEE X2 TE—2FIMo
B’xy NU—2r &b Ll Lizma—F Ry bU
— 7 ThbH, =a—INRy NT—=73HERD /A
v a B a— R K DY T N T RN—AD
BRFEDBED TS, —J, ffgfle (=2—n=
V) OEE AW T D=2 —mELT 4 v I T A
AT D B K AIATOI TV 5,

e, —ARrF ) F2—7 (CNT) LAY AF
VA K L— K (POM) 2 & » THERL X415 CNT/POM
Xy NI — I Woma—aENT v T TN AL
LTHERESINTWD, HJE CNT (SWNT) % Hw\i-
SWNT/POM 7 & Ly MU — 7 | ZEENEIINS
DL IOV ANIEET D Z LGSV,
F/-CNT/POM % v hU—27 % U H L v h=a—7F
WAy NT—=ID—DTHDHI P —n_ar b a—
T4 IS D b STV BB,

2. AR

POM (I L7 b AR EMEEND, 451
WEEZ LS ED L TEHOBETEEMT D0
F+T®H%, CNT/POM v hU—27 TlL, v MU
—Z WD CNT & POM DY ¥ 7 a Vi T 8
BOE S POM ZHAD 5 Z LT, 2L
DS D EEZEX BN TWD,
TCICHEFRIEOLVI 2L —va &2 o
THEY, INFETITHIZIT, BETRIEZICH L
HMEFVSF—NRarva—T7 4 7ICET 505
IZOWTHE LT AP, AElE, CNT/POM X > b
U—71Z8IF5H CNT & POM OV x 7 a %

HEL, ZEFRIIEELZV I 2 b— 3 VELT
polz, Y ab—a URER (Fig. 1) I2BW T,
PVADFEET H T LR T E o, FEMITEEEIC
Tk~ 2,

Input voltage

Output current

TIME

Fig. 1 Simulation result for multiple-electron system,

where a junction in CNT/POM network is supposed.

(2% k]

[1] H. Tanaka et. al., Nature Communications, vol. 9,

2693, 2018.

[2] M. Akai-Kasaya et. al., Neuromorph. Comput. Eng.,

vol. 2, 014003, 2022.

[3] MERAETR, KRMN, % 71 IS AW rRRT

TR, 252-31A-6, 2024.

[315¢]

AW SE D — L JSPS B # - AR BF g0
(A)(JP23H00169), HkERAIHFFE(H 2 )(JP23K17814),
B L ORI ARG SR AR OB Rk 2 52 1) 5=
M S A7,
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BEAEEFR T —T =2 —3J LRy b=V I2EITS
ERAEFRRICEAT SV SaL—ay
Simulation for parallel processing on magneto-optical diffractive deep neural network
REEMKA, EHIX? BAIKX OIRA BE ', XF €22,
b |5 3 Fatima Zahra Chafi!, H§ & !
Nagaoka Univ. of Tech. !, Toyota Tech. Inst. 2, Aichi Inst. of Tech. 3, °H. Sakaguchi!, H. Awano?,
H. Nonaka3, F. Z. Chafi!, T. Ishibashi!
E-mail: s193209@stn.nagaokaut.ac.jp

FLOIZ T4 —TT7—= 7 OWRRIEEEOREZ RS D720, Fox ITREMER DRSO
FRNRAEFIR LK FET T 4 — 7 =2 —F b3 v N U —27 (MO-DANN)D BAF IZHL D FH A
TW5 L2, gilal, |7 hrnikiE vzt s 74 R ORBICOWTHE Lz Y 23, #
BB S 20 ERHH, £ T, SR, —KOEPTEIZER OB N Z — Z3E L
THFEAWHNCAT S 2 & T, HEOEEC OB 21T > 72, FRK TIZ. MO-DANN IZ K 5 2241
HEEOFE I 2L —Ya VERICOWTHET 5,

EERAE MNIST OFEESHKT 4 FEEOHEE |

o)

B OB ZE VT o7z, HRET AL O i e
_ _ o, Magnetic domain =1
1R T, RAVEIZIE 50 pm D REZEXIT T pattern 3 Q
N ©

4 SDOR UHR NS — o ZllE Lo, SRR/ IH 3 Q §§
— 0% 1 pum? OREX 100X 100l THER S, 7 7 ‘ Ej%&
T —aldafg L 3.3° & Uiz, AFHEITIEE 532nm §§
DOEMREE L, HAOESE L TRGEO HED 58 %(n— 1)

RE S &M Lz, 5381% 100 Bomig a2 FIH L
T, BT hrvnErHnWizT I XA TITo 4nm(n=1)

oDy 7o A MR LI SRS RS | o chematic drawing of parallel processing on
FERLULEBOAKBES MK E b & ofRiEIZRE  MO-D’NN.

L7z, ZOOMERE 1000 BV K L=, 5725 100 AL OB % A CTHRERE ORI 217 - 7=,
ERLEE 1000 B0 K LOFER, RETINVOFE T — X 2 08 EIX 95%, 7 A k
T = ZN T B R X 79%7 512, BRABIZ | DORIR X — R HET NV T, T A b
T 2T D EMREN 83% ThH Y, WHRRICKL A FENFARETH D Z LR LN o7z,
ARFEIZ E 5T, MO-DNN OB R O @d bR BB MBI T & 5,

BAEE  ARHFZEIX JSPS BHFEY TP23H04803, JP24KJ1177 DBhEK % 32 1 CH i L 7=,

0.5 mm (n = 2)

Asuaiu) Jubr]

1) T. Fujita et al. Opt. Exp. 30, 36889 (2022). 2) H. Sakaguchi et al. [IEEE Trans. Magn. 59, 2500704 (2023).
3) SO, 2 71 BUSHYEL PSR AIGERZ, 24a-31A-4 (2024).
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BEAXPERFRT —TZ2—F IRy FT—VI12& %
EEWE(CRHT S Ial—a Yy
Simulation of image processing for Magneto-Optical Diffraction Deep Neural Networks
EEHEMX', BAIK? 2AIX’ OFI HR', RO #R' Hh 872
RE 82, Fatima Zahra Chafi!, B8 BBE'
Nagaoka Univ. Tech. !, Aichi Inst. Tech. 2, Toyota Tech. Inst.’, °R. Akagawa!, H. Sakaguchi',
H. Nonaka?, H. Awano?, F. Z. Chafi!, T. Ishibashi'
E-mail: s191001@stn.nagaokaut.ac.jp

[Tt ®Iiz])

IT4F, Deep Neural Network 2571 H &A1, TURZRFR 2T, BEGAEEC HIRSRELEL, &tk
IR ERER B CIGH STV D2, R EE-CIH R E ) O KRB L o> TV b, ENHD
A Z R 2T A 2 & LT, B TR IR ZFA LTobE T  — 7 =2 —F
NF ey T —27 (MO-DPNN)ZH#RZE L=V, AlElE, MO-D2NN O 2 RICO BT — & % @i (2
TSR T E DR BN LTe 2 27 L LT, FEEIRFOEB 2 HEE 1378087 2 mig
LR 2 2 7 DPEREIZ DUV TR~ Tz,

[ 385 51E]

1 um A DK E SORLX % 100X 100 W72 [EHE % 4 &
EL7ET v (Figl) ZHE L., &8 ol %
dy,dy,ds, dy, ds(mm) & L, JREZ HIER & LTHEE
EATO, BEX N E — o 2 P LTz, AR, J5E 532 nm . 1IN
DEMFIE & LTz, FHICIEL, Python3.9.16 & Tensorflow \ " JP ’ > Aeven, Yodd
292 %A L7z, FEHIEL. MNIST DFFEESHFET — 4 &
y ML B OGE T =ATE., AR OSGE 130 =AY
DEGERAH N S D K 91T 272, FEIZ 60000 Bz Fig.1 A schematic drawing of MO-D?NN

HAWT, =Ry 7% 30, Ny TV A X% 10 IZRE L.

IR LFE A2 1T o7,

[FE 5 & 552

gD 7 7 77 —nllEA0, %60 deg.. SFRAVE D&M
I % Fig2 |27, G OB E AT LAk,
_ ” SR S, L
=M E ) &, BEOBEBROGEIX. AR S > iy
MU, Z OFEEE . MO-DANN 2 H\ ik b %k A 7 50 -
NEN=MAIPLHE =ML LV HBRICERTEH LR Fig.2 Input images and output images obtained by the
ot FoMOREERLEREIERE. 7 7 55 —[lisA 7 simulation. Triangle and inverted triangle were

. i e N ted fi d odd bers,

OB NT R RS b X ORI B O fg;esjt;ely. or even and o numbers
Y HWMET D,

[HEE] ASHFZED —HB1% ISPS RHFE: TP23H04803 DBk Z % T 7= DT,

[Z%3C#k] 1) T. Fujita et al., Optics Express, Vol. 30, 36889 (2022)

Magnetic films

Input

PHREZ 4T 0.5 mm & LTHEE LESGEDO A EG & H

Output
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BRSAERFR T —T=a—3 LRy kD=0 &

IABREZFALEARRE T —T=a—3J LRy FT7—V DOLE

Comparison of magneto-optical diffractive deep neural networks and diffractive deep
neural networks utilizing optical path differences
EMEHXT, BHMIK? BHAIK? M) tAE £#H', O)FEAO FE' Hh 882
R5 1823 Fatima Zahra Chafi!, G5 &'
Nagaoka Univ. Tech.!, Aichi Inst. Tech.?, Toyota Tech. Inst.3
©J. Ikeda!, H. Sakaguchi', H. Nonaka2, H. Awano?, F. Z. Chafi!, T. Ishibashi'
E-mail: s191005@stn.nagaokaut.ac.jp
SR T 4 —T =2 —TF 3y NU—ZDNN)E, #ElO=a—F NV ry hT—F7 D—
THY, RHEEN P OEERFEOFITHIFFEN TS, Ll sfDLTEMEL, &

Vo AMENX MO-DNN & SEATHISE T H 2 AL FIH L 72 DINN & OPERRIC D TRl & af i 2

& TensorFlow 292 ZHWTHE L, ZZT

DFEEEHFET—FE > 160,000/ % FVWTHF 532nm  Magnetic films with magnetic domain pattern
MNISTO FEEZHFT — v FOSFIEME  Table 1 Accuracy of 2-layer model with phase
Rhr6H. MO-D’NN /NS IR ETHEY | Accuracy | 18.55% | 17.84% | 78.59%

HAZ DNATRE7RT A ZADBHFEBHRE L 72> TV D, T D OFEZ R T~ Fox [T B
DWERICTF R % F|H L 7= Magneto-Optical Diffractive Deep Neural Network (MO-D?NN)Z 243 L 7=
T-7=,
Fig. 1 (a) 13 633 nm O ERRMR GO % A G N
FLl., 1 mADKEEDOH T AR= 02— “.m 3“T
Z 100 x 100 W ~7=f2AE &2 A % D'NN £7 /1 .n. \ ‘, ‘H]}g,{s?[y
BoRd, ZAUCK L. Fig 1 (b) (304E 532 nm ..} } & S
EARIED A AFDEE L, 1 ymfOKE &0 \ N
REIX % 100 x 100 27~ [Z4UE % 44 5 MO-D2NN 633 nm Glass films with thickness pattern
TFNVERT, ZHHDOET L% Python 3.10.11
D’NN £ 7 /LTI E, MO-D’NN £ 7 /L3058 F N f)';tcnsity
EEd L <R (AoP)  HMEH L Lz, &5 9 AoP detection
5DOETVHAAHLTHEEK 1 deg. & L. MNIST %Mwm
Ba1To7-, BEEEBEIAIMMAGIEIZ05 mm  Fig. 1 A schematic drawing (a) D?NN utilizing
TS HERENE L 7 D HEECEDTZ,  optical path differences and (b) MO-D?NN.
Table. 1 IZfENEZ 2 BREOETVICLD

BT, EBLETALME LM LIHAIT  difference of approximately 1 deg.
(T IEMRARIT I8% PR & AR AT 72 > 72 23 AoP D2NN MO-D>NN

i 80% R D@\ R EE MG BaLTs, T Ok Detection Intensity Intensity AoP
FEMMFHNDL Z PRI,
ABFFE DL ISPS BHFE JP23H04803 DA Z T 7= b D TH D,
[ k] 1)T. Fujita e al. Opt. Exp., 30, 36889 (2022).
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Training of Magneto-Optical diffractive deep neural Networks by Monte Carlo Method
Nagaoka Univ. Tech.', Aichi Inst. Tech.?, Toyota Tech. Inst.},
°F. Z. Chafi', H. Sakaguchi', H. Nonaka?, H. Awano®, T. Ishibashi'

E-mail: cfz@vos.nagaokaut.ac.jp

Deep Neural Networks have been surprisingly developed and implemented in various applications. However,
as the DNNs have become more complicated, the high-speed computing and the energy consumption are much
challenging. Recently, magneto-optical diffractive deep neural network (MO-D?NN) device has been proposed 2,
Here, we used Monte Carlo (MCM) method to train MO-D?NN to recognize the handwritten digits, where the
magnetic patterns and the distance between the hidden layers are optimized.

The model of this calculation contains two hidden layers with the distance between the input layer and the first
layer, the distance between the hidden layers and the distance from the second layer to the output are considered

as 2.0, 3.5, and 2.0 mm, respectively. The incident linearly

polarized light is used as a light source with a wavelength
of 532 nm. MNIST dataset has been chosen as input data
S o , I* layer
for the classification of the handwritten digits. Magnetic
domain patterns in the hidden layers, which were

rondomnly prepared, were rewritten using the MCM with

60,000 steps, for 1,000 inputs in parallel process. 2% layer

Figure 1 shows the recorded magnetic domain patterns

at the size of 2 x 2 um? after learning by: a. MCM for 2 Accuracy [%] 82.89 79.60

hidden layers with the distances 2.0, 3,5, 2.0 mm, b. MCM Loss 0.69 1.03

Figure 1. Magnetic domain patterns in the 1* and

for two hidden layers with the distances 2.0, 2.0, 1.0 mm

nd 1,5 _N2 : .
B1 It is clearly observed that the magnetic domain is 2" hidden layers of MO-D"NN, determined by: a.,

successfully determined using MCM, and the accuracy is b-MCM with different distances.

imporved accordingly.

Figure 2 presents the accuracy and the loss evolution 1.05
against the steps of MCM. This confirms the reliability of 082 Accuracy 1.00
the Monte Carlo method into the training process of the 0.80 z:zz )
MO-D’NN. 0.78 0.85 §

This work has been supported by JSPS Grant-in-Aid 076 0.80
Scientific Research JP23H04803. . Z:Z

Accuracy

[1]. T. Fujita, et al., Opt. Exp. 30, 36889 (2022). 0 20000 40000 60000
MCsteps
[2]. H. Sakaguchi, et al., doi.10.1109. (2023). Figure 2. Accuracy and loss versus MCsteps.

[3]. R. Oya’s Master thesis, Nagaoka Univ. Tech., (2023).
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7/ EBERTFEEAETYURFZAVEZA—SILRY FI—H9D
RT—ILT ) F~DERE

Prospects for Scale-out of Neural Networks Using Nano-resistive Change Memory Devices

JEXRBefESR |, RE#MHEK?2 O £, MEE ' M)IIE B2 =8 #H—m?2

Hokkaido Univ.!, Tokyo City Univ.2,
°Takao Marukame', Rei Kusunose!, Ryoichi Kawai?, Yuichiro Mitani?
E-mail: takao.marukame@ist.hokudai.ac.jp

WA, AR AL 72 EDHEBRIZ Lo TS HM L S ATHEAD B L PN=a2—F /L%y R U —7 (NN)
DM RN I LTV D [1]. NNIZAROMARIEET LV E LIEHUEE 7 L3 Y XL THERK
SN, NN OFOOEEEENNN— RT3 v AE ) —ar Ba—T 4 J2], =a—aET—7
4 T EHRB3]72 ERER ENTWAH. NN OB TIEY T T AOBELRDEVIRLEFINDLD, v
TRAELTHWDDIZHELE R T A AL LTHamE FHICHHATEDL AT Y AZETLIEIAEY AT 4
T TN ARRF ST D2, 3], Bl 2 IXREHEER o x84 (FT)) THEAK S v @23 O R
Far (MAC) s STV 5[2]. FTI OEW-FEEE (-V) FtElx) ) =2 —DERD 72 MAC &
U CIEFITARVEE B ) CEME L, HEHEZHEES) TH o o AR TIL 100 TOPS/W A —
F—=DEWVIEIRINTND [2. —F, FTIOL 272 A VRT3 /A A THRES N TS T
W, EOESDOFFREIL Flash A E Y OSFEEL FEH L WVIEZN LY /NS WGANITEAETHS.
ZO7DFE S E LTEL (1) IERATYRTE2HIDOILELTCZELERTHT &, 2) ZEEZHW
TIZ2MEEAHDAAL TV =a—F 03y NaBHTLZ R8T o5 (Fig 1(a) [3]. £/ FTI DX
O RIMIEALHEFITIZ L AV EDGE T IV REICIEREEEZ G LT Y, ThEBIALT 572 I12i3sr
B 728 B S D VI A AR A LI L 722 (Fig. 1(b). £ 2 THBBTHER S5 & EHEL
FBAIET A ARG SN B D RNER R A T 5 Z EDNEE L. E o O F N HAL
DT ) A= —DOMEHZ L 2 BIEN AT Y BT DN HIUTFERDO KB LIZ E > TEE LW [4].

RO TIRIZ E A OGS, RIERERTI/NUL NN OTEV A ML —va UIEE-TE
D, ZIDOLEBEO AT IV r—va B8 TICRE>TFIFFEFRICHTH L. ZNEwkRT 579
WIZFTHA OB AT ) B 2@ T2 OIEN R N— R =T 7T v N7 4+ — L EEETHD
NELEEZOND. TOEEDHDLIEL LTULFig 2 X 12, £TEXMN - WEAICHAEE i
Rl WA TR TE NNy —UEEL, HOREORE A ISR T 5 [2,3]. LTI
EIMUD A A > FIZTHER AV BEZ 2N B E D 5 WIXEILEEZHZ TISWFNZENIN L CHIME S %215
L. IhbE~vAaICTHIEIL, AR MEGEDa L Ea—F Moo=y FEBETES L9120
TBITIENN OB ZILETE 5. EESTHER Y7y b 74— AT THIFRFCE D AL T 7Y r—v
a v LRI AT — LT T h~DREE R D.

[1] A. Mehonic and A. J. Kenyon, Nature 604 (2022) 255.

[2] R. Berdan, T. Marukame, et al., Nature Electronics 3 (2020) 259.

[3] T. Marukame, et al., Jpn. J. Appl. Phys. 59 (2020) 040606.

[4] R. Kawai, ef al., Jpn. J. Appl. Phys. 63 (2024) 04SP05. Nano device

. . i\/ Packa i

ge
Multiplier fccumulat/on (MAC) - ~ -

u= Zwi - X, e

i=1) i Flexible ﬁ

connections

Binary connection (BC)

w,=+1or-1 -/ LY -

Micro
to host controller
—

HRS

LRS

Nonlinear Linear

Fig. 1 Key points to implement emerging devices on NN
hardware; (a) binary neural network architecture using
multiplier accumulators (MAC) with conventional memristive
devices (e.g. FTJ [1]), (b) nonlinear v.s. linear /-V curves of
MAC (L/HRS: Low/High resistance states).

Fig. 2 A compact MAC system image of neural
networks with resistance change devices including
conventional memory and cutting-edge nano devices
(e.g. nano-carbon [4]).
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7FOT XEY XX DIRRZ « ZEFEIRIT L AL
Analog memristor pulse scheme for configuring linearity and multi-resistance level
PR ABREMT '\ ODiao Zhuo'. Meng Zijie!. ILAEF !, BE BN, BHEH!
Osaka Universiy', ©Zhuo Diao', Zijie Meng', Ryohei Yamamoto', Tetsuya Tohei!, Akira Sakai'
E-mail: diao.zhuo.es@osaka-u.ac.jp

ANL=a2—=71%y F7—2 (ANN) OEIMDEFRICRKELLE R E S 726 FTRAUTB W T, AL
BNZWRT 2 Z CIFEEREKIETD 5. ALFHAEII1EFEIC high throughput T K& OFEMITEE %2 i
FIALFRC = 2REINCHAFET 5. T2 EB S| 25HH 734 R12iE, CMOS [H]#§ 2 Bl ¥ 3 % GPU
X TPU DI, NMEREZFFBIE/ A v Ba v a -2 0EBRR T LTHRENEXEY R
AHBD 5. FHZ CMOS X—ZAD T N4 2121 % multi-bit OIHBEMIZEBO TV L2ru Py 7
FFPREL INEH, XY RAZXEIH—FRFT7 Fu ZINREFEIA[EETH D, analog-to-digital
converter(ADC) Z#HAA T Z & THERD CMOS 2 v ¥ a2 — & & B2 K>, —77, Fig. 1(a) 1278
T X 951Z, Z <L DX EY XXX Potentiation/Depression e TIFMRE R IRTI LN BE 2 /RT Z & 23
HYH, ZND ANNGIEOEEEZEL > TWVWS. Ko TXEY AXET7F a2k AIGTE T NA 2
& UCGEHT 2B, multi-bit 1053 2 B OIPUIRAE 2 HEFICHIEH S 2 72D OFEAfi s EE
%5,

ARIFFEUTBWTIE, XEV ZAXDOEEHUIREE (LRS) & SIEPUIREE (HRS) DE % I 2> D % BERE
DIEGLL U3 2 HEPELDOFIEAFIELHFE L. AFEOa v 7 M3, BE LS 5%
W, AL THEONEIIRICH DS, VT ILERA L TROEXAABILEV, kDL TH
% [Fig. 1(b)]. V,,(R) DIEIZ T N4 ZIZHRF 2 HRID calibration 7’1 b 2L TR LNz T — X & HiGEt
RN 2221k o TRDZ. AFEDFEA ML — a2 LT 45TFER TIO,, XEY R
& W QEFIHIENCEH L7z, 2 DFEE, Fig. 1(c) ISR L72 X 912, LRS & HRS D% %12 64 {4
DOEPURBIZ I B2 Z e N TE, ED V,, ZE 52 % Z & T, EEO|PUIREE (K %y T
RY) WKHRETZ S, oI, \WHLL NV OB Z ZEI MR OGN 2 2 B A[RETH D,
64(6 bits), 128(7 bits), 256(8 bits) DHLHUHEIZ 731 7= Potentiation & Depression iR % Fig. 1(d) {27~
T L HIZANNGE E U THOWRBOREEIIN LT, fHIZE OREEERE & multi-bit £1%2 &0

TiFam s 5.

(@) P/D with constant voltage (+6V) (C) 850 . HRS
— /3
900 g 800 =———=—=—=— N
Q eso o *
E 800 750 A M *
750 L T T T T T T LRS
0 10 20 30 40 50 60
0 500 1000 1500 2000 2500 (d pulse Count
pulse count conductance level: 256  conductance level: 128 conductance level: 64
(b) . 7 — 850 850 850
‘\\(RZ) ‘»\(Rﬁ) g, 800 800 - 800 A
V., (R)) o 750 750 1 750 4
500 1000 0 200 400 600 0 100 200 300
conductance level: 256 conductance level: 128 conductance level: 64
Ry || Ry Ry
s par’ — 850 850 850
800 800 800
% S 750 750 750
i o
read write 500 1000 0 200 400 600 100 200 300
pulse count pulse count pulse count

Fig. 1: 4 Ui F A TiO,x XV A XITE T 2 I UHIH. (a) EEE (26 V) ZHINN L 72 FEOEHTE
LEHE. (0) ZR LU EHHIEO -0 DBE SLAHNTFEDa Y2 R E (o) FRIT & > TED |
F7- 64 TEDIHTIREE. (d) Potentiation & Depression (25T, 64(6 bits), 128(7 bits), 256(8 bits) D
EHUE I T 745 R

[1] R. Miyake et al., ACS Appl. Electron. Mater., 4, 5, 2326-2336(2022).
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Online training of the energy harvester by using extreme learning
machine

Kyushu Univ.t, ° Yuxiang Wen?, Takeaki Yajimat!
Email: wen@con.ed.kyushu-u.ac.jp

This  research  presents an /,/( slct v | System Traning Diagram HaourSiie TeadilSauare
innovative approach to power [predvaey :
P - . Vo | weight Matrix P
maximization for thermoelectric \e) update AN ouput Acton . UU
age = e powers index . X
generators (TEG) utilizing an s weight A - B -
- . updates % 3 =
Extreme Learning Machine (ELM) 2. processing o | 07 O 0OLE \
and online training with Recursive Pout C X S { &
Least Squares (RLS) [1]. The EPTR 8 > \%
1 ] state T/ =
proposed system |nt.egrates a power e S S
management  circuit capable of |[stte | [action] [rewars] [ T | store the action index =
dynamically adjusting its switching ' ' ' Environment |  Pass the o
- . Matlab + ‘selectaalon
frequency to optimize power output 1. initial state ’ gym wrap
S . a
[2]. The ELM is trained to predict the . get & store reward, ot stte (a)

output power of the power
management circuit, enabling us to
control the switching frequency for
maximizing output power. This
method allows for the adaptive tuning
of the circuit's behavior to the varying
conditions of the environment,

| =10 Pou(_ VS, swik_‘,hing frequency for lefarer_n DT
—T=1

Model Output and Actual Rewards Comparison

o Actual Reward _
« Model Estimate T=20 —T=3
-

@ Highest Actual Reward R T=6
@ " Highest Model Estimate 25 / T=18 —T=8
\ / T=10
[ \ =
State: [20. / T=13
|
|
|
|

State: [19
State: [18.
State: [17.
State: [16.
State: [15.
State: [14.
State: [13.

ensuring efficient energy harvesting. : (b) i
The ELM outputs the output power /\
of the power management circuit 5 & =3l

gt 2

Pout (Reward}
Pout(w)

based on the open-circuit voltage of - i
the generator and the switching fcton Index O Fewo) )

frequency of the power management ~ Fig. 1. (a) Overall system diagram. (b) Real and predicted power

circuit. The output weights of the outputfrom tljg actual TEG unit and power managem_ent circuifcungjer

ELM are trained by using the real various conditions. (¢) The power output as a function of switching
frequency under different temperature conditions for

output power of the power  TEG unit, using a mathematical model [3].

management circuit as teacher

signals. The online training is adopted by using RLS, allowed for real-time adaptation to environmental
changes and thereby improving energy harvesting efficiency. Based on this ELM, the switching frequency
of the power management circuit can be quickly explored and optimized as shown in Fig. 1a.

The power maximization of the TEG system with ELM is demonstrated by Python simulation. Fig. 1b
illustrates the output power of the power management circuit as a function of switching frequency for
different open-circuit voltages of TEG. The black dots represent the real output power data and the red dots
indicate the predicted power output generated by ELM. There is almost no discrepancy between the black
dots and the red dots, demonstrating the accuracy of the ELM in predicting the performance of the power
management circuit under different environmental conditions. This work was supported by VLSI Design
and Education Center (VDEC), the University of Tokyo with the collaboration with CADENCE Corporation.
[1] Matias, T et al. Journal of Process Control, 27, 15-21. (2015).

[2] Yajima, T. Scientific reports, 12(1), 1150. (2022).
[3] Yang, H et al. Automation & Test in Europe Conference & Exhibition (DATE) (pp. 877-880). IEEE.
(2018).
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NATYY RF/ Fy boB8—F1 0757 — AT OEHREBEE
Short-term Memory Characteristics of Hybrid Nanodots Floating Gate Memory
'AXBELCEMNIK 'Q ER,CHEA £z 'HIR mi
'Nagoya Univ., 2Aichi Inst. Tech. ' Jongeun Baek, *Noriyuki Taoka, 'Katsunori Makihara

E-mail: makihara@nuee.nagoya-u.ac.jp

> /R - NBOGT A A o T EE 2R A RE R AL A SRR HoOm = )L X — SR TEBLT
D72, AR T Ry MD%E%/ Ry b &G LR B A T DI TV D, 2L
i’ﬂiﬁiﬁﬁi\ Si & Ry he®Ry YA RF/ Ry MNaemBEEEGERET 27t R
firzBags L, f@’a\%ﬁ Ky he7va—7 77— MIEH L7 MOSFET I28W\W T, v U
A RF /7 Ky MRS Hé%@ e AREF 2 R 5 & 36 ’\/)#4h+/Fyh«@
BTIEAD, Si fT Ry MO L HER 2/ LG T LTV B = & 2 IAMIC LTE (], A
METIX, SifREF Ry F7 B “—7‘4: YT —=NAEY OYEY %/\~ﬁiﬁﬁ%ﬁé‘]k LT, Fb
A L RER)RFE D B GO R & B L 7=, B

SRER>SiH-LPCVD (2L % Si B F Ry FOBKE VE—h b 7T A ZRICE LV U ¥ BT
J Ky FOWHRFEEZHANTER L PSi 7/ Ry NSt &7 Ny MaE#ELS 7 — MBI
n’ﬂ%aai\/ut n % MOSFET #H\W /=, #, 7V AX DS — NEIE 0.5um, 77— MEIE 10um T

%*%sfs.;:vf%$>hv4/ B 1.5V IZBWT, 7 — FNEEZ-10V 225 10V £ TF }—%ﬁél(l 3V/s)
L7=%E. T Rnb Ry haDBEFEAN - RFICERT WA 27U AR D 51
(InsetinFig. 1), fix K A€V 7 ¢ > K UIEIZ~1.8V TH 7=,
DNV RAZOBHYFEEEZFHMI T 572D, F— ME
JE-10V EIINZ LY Ry FoOBEmMERH L%, LA &
WATAVIRD 5 3V BT L LT @S 7V(7:n-74
—Lb 50%) DSV A B A2 EHAE A L(Fig. 1(a)), KL A V5
MDZAL A 3l L 7= f R (Fig. 1(0)), 7V ABIEITISE LTC
B BARIZRD Hv7-, KIZ, 7LV AMEE 1ms. .:uu
HH UEE 6.5V TREE L T, 7SV AATEN K LA &
_/32 E o T ] Lm*%(Flg 2 () WU VNS b
WZHED R LA CEBIRBECDICAD T 5 Z R0
to;niAleﬁﬁ LY Ky b~DOEBEFEADGHIE
FIEETH D Z L AR LTV, £ 2T, UL AEE(IE 2ms)
FIINEG 210 FIIN L CUNR V2207 & L 7= dbit (OREEE $/L
A % AN 77 U(Inset in Fig. 2(b)), 4bit 7SV AFNZxET 5 R LA
VEME IR R, FLA /%{}Ib IIATIE y IR L
THERA 2B 2 M D 2 & 3537 > T2 (Fig. 2 (b))e T DR
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é%?%?f@?é EC VIA—EEILISHTE S 2 Fig. 1 (a) Typical applied gate-bias

BEBSSIZET Ry h7r—F 4 L 7 — h AE 2B signgls and (b) corresponding Id of the
T, Ry h~DEBEFENAN - 5 L ZE 2 A AL v hybrid-NDs  FG-MOSFET.  1d-Vg

ﬁl]“g“%f) LT, BHIRREMENTRIND Z ER 0T, characteristics of the FG-MOSFET is
3CHR >[1] S. Miyazaki et al., ECS Trans. 58, 231 (2013). also shown in the inset.
asx100 22 (X10%)
(a) (b) ****************************** COUNT of 1s: 0

g

=)
N
=)

CURRENT (A)
[o]
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5 &
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4- BIT PATTERNS
Fig.2 (a) Change in the Id as a function of pulse number, and (b) Id taken after applying the 4bit pulse
bias patterns. An example of 4bit pulse pattern such as (i) 0000, (ii) 0001, (iii) 1010, and (iv) 1111 are
also shown in the inset in Fig. 2(b).
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CuMF2EF PVA ZHERTIEBIZHL V- ReRAM DA% B EKEFNE

Solution concentration dependence of ReRAM using Cu ion-containing PVA as a
resistance change layer
TEBEX, CM)EE HE, I X, K3 #2, MBIl #h
Kogakuin Univ., °Yuji Iwasawa, Ryota Kobayashi, Hiroki Nagai, Shinya Aikawa

E-mail: aikawa@cc.kogakuin.ac.jp

HEZDAIHIZATT, V7 L7 = ADBRISED SNT WS, ZDEH BT NI AD1 7)Yy MEIZiE,
EMEERTLE YT NVABYNRAIRTHY D, HAZAEY (ReRAM) HSEL TV S, ReRAM 1HIEEE H HVMEL HEiZ
KEEBTRAZEBEE (MIM #5E) D70, ERIENEZ -0 TH S 2. IR, 7UFT TV ReRAM LTI,
HFIRIEBILEME BVEDONEIZREINT VS 3, UL, INGIFHITZEENZ VW REDEENH S 39,
ZAUZK LT Bhansali 1%, MIM #i& % TR TREMEDOHEEEH THER) 3 4-TF LU IFFIF AT 2V)-R) (A
FL > 2 RF—B) (PEDOT:PSS)IZEX# % /- ReRAM %3R%&E L=, EFRMZATEMHLIZS VEWV Y. Zhid, &
JEEISNIZ &Y PEDOT & PSS BSMREL, NAIHRIEIF AT G- TLES = EEEZ NS, 22T, BHSBHEEAICL
LA LR TR G A BV B MEIZE R TH B LD Wang SDIRE ONSEBEET, KUY 7ILa—)L(PVA)
IZHREESA (CuSOs) B RIS 22 & T LEDRIRENRIR TE DL E X /2. CuSOs IFIKBEE L FLIEIEZLTIYFRW
A EEELR TR G2 R T ). PVA IR TH B L LEIZ, KAMBE D FTHEILNS D, CuSO:s DERLE T
MEEATEXS. INODREEIZLY, B ON/OFF HTRELEMA) Y —ATYDERNAFTX S, RFFETIL,
CuSO4/PVA DIEEH.L ReRAM M DORBR 2 THE L ~.

PEDOT:PSS(1.1 wt%, OrgaconICP1050) % IPA T 0.4 wt%E TR U7z 2RIZ, PVA(EEE 1500, FIYEHIEE) & CuSO4
FKFIM (FE 99.5%, FIJEAHSE) SH20 % Table | IRIEEILT 0.4wt%DIKBTRE AL, TEPEME UTHIR
PEDOT:PSS & A I—hU7=%%, CuSO4/PVA %ALY I—hUT 20nm DIEMBLBEERILK. 74NV TS5T74T
NE—=22"UJ=%, PEDOT:PSS & ALY I— U T EEEMBE Uz, RIBIZEEFNIA—Z T F AP T—3V~+3V D
#iFH % 300 mV/s THAIU LV R EIE U .

Fig. 1(a)iZ MR1 8L 51281 2RI ReRAM O -V et %
RY.VEBIL ReRAM DRBE X 2 AR UTRY . MR1 TIXAE

Table 1 Mass ratio of prepared aqueous

ARG -, UL, Cu A7 ORI RIS L 55 solution

DLEZ 5N, Wong SHI3SEAM S BOB BTk > T ags —ampleNo. PVA/CuSOs ()

AEEARBI DL EHELTEY 9, ZORELFELRD. —H, MRI1 1/1

MR5 TOERIIEENAME TN >7=DIL PVA DAEY ZAZHJZET MR2 10/1

HBLEZLND 9. PVA HOKBENEEEINCE>TEFRL, & MR3 10071

NG U TN ZLASERRICE T 5-0THS. MR5 TlE PVA H

D CuAAVENDLRNIENS, PVA BN RSN LRI, MR4 1000/1
BLEEY, SEOEREMETIE, MRI TN ADSESELR ST H MRS 10000/ 1

BILARIN. &7z, Cu lk PVA ITAAVEETHI LA o
HEIND-0, HEREPEEREORBRICOVTY HE '
Bl A
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Fig. 1 Typical I-V characteristics of the fabricated ReRAM.
The inset shows the schematic diagram of the device.

© 2024%F [CRAYEER 19-005 FS.1



16a-A33-6 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

Study on correlation between GCMS mapping and QCM sensing signals for ternary gas

mixtures.

Eng., The Univ. of Tokyo?, Mi-6 Ltd? IMCE, Kyushu Univ.®
° Qon pitipongsa Thanisorn®, C. Jirayupat™?, W. Tanakal, T. Hosomi?, T. Takahashi’, and T. Yanagida?

E-mail: thanisorn.2543@gmail.com

In the biomedical field, especially cancer prediction, researchers have identified multiple Volatile
Organic Compounds (VOCs) as biomarkers for diseases using Gas Chromatography-Mass Spectrometry
(GCMS), while gas sensor arrays are claimed to differentiate these diseases with notable accuracy. This
highlights a key question in gas sensor applications: is there a link between gas sensing signals and GCMS
analysis profiles? In this study, we introduce a novel method that establishes a strong correlation between
GCMS mapping and sensor signals, a long-standing gap in gas analysis, with machine learning techniques.
We applied this method to ternary gas mixtures of ethanol, toluene, and dichloromethane with QCM gas
sensors covered with 4 types of metal oxides. Utilizing Convolutional Neural Networks (CNN) and
Principal Component Analysis (PCA), we successfully predict GCMS mapping from gas sensors signal
with a remarkable average R? = 0.98 in stratified cross-validation and average R? = 0.96 in leave-one-out
cross-validation. Furthermore, we employed CAM (Class Activation Mapping) and feature extraction
approach for feature importance visualization of sensor signals, providing insights into the interaction
between various gas species and sensor materials. This advancement not only proves the capability of gas
sensors in distinguishing between different gas mixtures but also paves the way for enhanced gas mixtures’
fingerprint studies in diverse applications such as disease diagnosis, environment management, industrial

monitoring, and food and beverage quality determination.

-~ Experimental GCMS Map -~ Predicted GCMS Map

g 300 200000 £ 300 200000
£ 210 150000 & 270 150000
£ 240 100000 E 240 100000
- =
o 210 o 210
S 180 50000 S o0 50000
2150 & 150
Q 120 o 120
IS 1S
£ 90 = 90
.5 60 _5 60
T 30 T 30
§) L)
o 0 o O
o 35 45 55 65 75 85 95 105 115 125 135 o 35 45 55 65 75 85 95 105 115 125 135
M/Z M/Z

© 20245 [CHMIEES 19-007 FS.1



16a-A33-7

EF ) YN—IZ& S MNIST 3 EEEREDETNISO 7/ 3 R[] T DOHEFEAEEAE
MNIST classification accuracies by quantum reservoir across multiple NISQ devices
B2 MRt 42—, ®REXZ RUTHEERFIRtE 42— CHEZ !, KPFH!?
iz L, st BOET SRUEKER? KEFRAZ FHFE? HbHi— 2 FESA=?
R&D Center, Toshiba!, ICEPP Tokyo Univ.?,
°Ryuji Sakai?, Hideaki Oba?, Hideyuki Nakagawa?, Kazuki Uematsu!, Tomoyuki Takeguchi?,
Yutaro liyama?, Lento Nagano?, Ryu Sawada?, Junichi Tanaka?, Koji Terashi?
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NISQ (Noisy Intermediate-Scale Quantum: /A XD 5 TR E a2 Ea—F) T/, A %1%
AT 212id, /A XMEOHLETT VT XLAELIPIZERGHT D2 ENROONDH[L], &1
WFEIL, B Ea—2OFLRIGAED 1 2THY | /T A= fF& B ARIEOFEH[R2]R
REINTNDR, /A XD D NISQ T /34 ATII/NT A—H E it T 200 HETH 5,

Alal, BFEEONRT A —=FFEH VL ST ) A AOEEEZZIFIT WEF U P N—[3]%ff
- T, HED NISQ 7731 A LT MNIST 433EOMERE & HEFERIIC SLBGHIE L7, &+ U 93—
NG RA=B % T o Z DMETEE LT A ANROEWEFERR 2 &R O ) 2 d i
MIZET NV THET 2, #HIIIZIE, MNIST 7 —% ®% 7 & > | 10,000/2,000 £ (555 IFEAM) % 4 >
7o QASM ¥ =2 L—Z DOfER E | IBM 7 70 R —E X TR I DK NISQ 7 /31 A [4]D %5y
B ORER % Fig. LITRT, 1THIOREHAFIR L 727 34 A TH Y | BN T A~ LIcT A
ATH D, MABROEHI T, /A ZXDH S NISQ T /31 A THIEMENIE T 9275% & 720 |
QASM ¥ 2 = L—HF D 945% IV WEREZ 5 7=, — T, FERARID OT A A% 7 A LT
AR, PERENRZE LI HIL LT, iU, BT A RO ) A ZAOEN, FFHZ) — T
U RZT—DBEBNREEL TWNDLEEZILND, FELWSHTIC OV TIHE THRET 5,
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Fig. 1 Heat map of MNIST accuracy across training devices and test devices

[1] J. Preskill, Quantum Computing in the NISQ era and beyond, Quantum, 2018.

[2] Mitarai, K etal, Quantum circuit learning, PhysRevA.98.032309, 2018.

[3] Sakurai, Aetal, Quantum extreme reservoir computation utilizing scale-free networks, Phys. Rev. Appl. 17, 064044, 2022.
[4] https://quantum.ibm.com/services/resources.
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BETIEEXNEARBORLUEIC L H2EF) P/ \—RBOEREHIEE
Circuit evaluation for quantum reservoir via similarity between output density

matrix and maximally mixed state
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BRI RER B+ 2 B2 —4 T 5 Noisy Intermediate-Scale Quantum (NISQ) T /3A R %
AW BT, ZOFRBETAEL D /) A AOEEL B TE 20, NISQ miF 7 /=Y X
LO—FETHLHEF VP A—[1IE, VTP AR—L LT BFEIEICTFE AT A —=F 2G5 FE R0
W, Ft ) A ADREEZTICS WRER DD, L, &1 PA—REOGRMITELICH D
72, NISQ T D7 /LY XL & U Chfi 7B OHIE N E E D,

TexlTET, &F VPR E U TAREZR AR & AR 72 B & OEW AR T 5729, 6 qubit
DG 72 BRI TRERANENG 2 2 7 O THKEEE D ROEE & EWERKR O 2 fEZ e L, &F
UHPNR—EIEOWUEMELORDBNEBIE L, KRFIEEFZ A2 & LT Nonlinear
Auto-Regressive Moving Average (NARMA) # %7 . FlI¥EEEFEFE & LT Normalized Root Mean
Squared Error (NRMSE) ZfEH L7, ZOfEE. THIKEE O ERE CTIEReZ 3 L2240 THY
NEEORIRENFEMETHESND Z EB0role, Thbh, HIKOEEITIZ R KIES
BB~ LML SEHEIRIT, &Y PAA—L LTAREREE THDL LEZHND,

T, BEATAINRKIEGIREBIZR D MR (T2 2 L 2RA L. BRKIBEIRRE & R
DOEFEATHIOFEREIZ LY &1 UV FAA—EROR LELAZHET L2 FELRET D, EEMITHK
KIBEINEE & B EATH OFELE 2 5EiE 2% o Poor performance circuits
T 270, WEDEIHTH7rR=y 1] o TPt
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[E13#% & N EEIZ 10008 ) DElEsRfE /T 120
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Frobenius norm of the difference between the density matrix and the maximally mixed state
Figure. Relation between the Frobenius norm and NRMSE
[1] K. Fujii and K. Nakajima, Phys. Rev. Applied 8, 024030 (2017)
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F—EBFENIN =7 UoRRICAT-RENEORIETL I —F
Amplitude encoding of localized orbitals for first-quantized Hamiltonian calculation
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MR R Ca R, BE 0B e EORIAWGEIBIC I W TR FHAM T L EHF L 0 L2
M Z RS2 2 ERHIfF SN TS, BT 03U XA TE UIE LIERIHERES @Y ic= > =
— RFaf7c& By MREPBLICEF SN TWD Z EZRHEL TS, FlZIEZENI L =T
YOIRE T HF — % RO D BEAMAEHEE TIE, RERE L OFEZR Y RREWIIHLRESHET
AR Y AR I D B e 2 EB T 5, £, BFHOSEZ A 7B
LREFBHPAB=2—TNFy NT =7 TlE, SEANINV =T U ORERKRED A Rl &
L[, EEDOZEF Yy MREBEZERT L HINIRIET 2 — FEEEIND, n EFEY P X
T AT 0D HHEZROT O, FRNTRE SNTZBIE AT A —2 20 L TEEOREZ =
a— 952 LI, BARMICHIREBEER R T E a X PR ETH D, LarL, FFEDFEED
FIREIZH D M BRIIE, — R 7R > = — REir o A I SBT3 2 FIMKRE O B |
EEARTARMENZRE W E RIS L D,

ABFFETIL, JRIEBEBDEREORIEAE A 2 AT 53— REAN AR T 5[2], BiERA L —
A RIBT 2 — T2 EFRERITDFEMIZEET L2 RN TRy, Zht&F7—
UxZBil o =% ) OMEIMOFEINZHET 2 2 & CTRIEBRBROBIEH G OIRIBT a2 — N&E
%4 % (Fig. 1(left)), ZDHMOEF YV V—ZATETE Y NI ng 12k LT O(ng)DRIFEES & b
bonTe, Fx OIIFT L 2— NEISRRDBICEAARETH Y . Frio, FEMICBIT 28 71E
FERAPHER B TH LD, YHREBITEE, RENLEOHRUE L LTRESNL & 0T
HLEN DRI N D720 ThH D, ZOMBICB T 287 Y —A%RT, K%IZ, IBM 2MHehtd
LEAEROE 2 Ea—& ETOIATHERIZOWT LT 5 (Fig. 1(right)).

® ibm_nairobi

i [ap=05,
Mlay=05.[{t
I Ro=a. |1

Ancillae [0)n,~%1

Data reg. \O)nq

Figure 1: (left) Quantum circuit for amplitude encoding of the linear combination of localized functions.

(right) Observed probability on the encoded quantum state on (red) ibm_nairobi and (blue) ideal simulator.

[1] L. Cong, S. Choi, and M. D. Lukin, Nat. Phys, 15, 1273 (2019). G. Budiutama, S. Daimon, H. Nishi, R
Kaneko, T. Ohtsuki, and Y.-i. Matsushita, arXiv:2311.02871 (2023).

[2] T. Kosugi, H. Nishi, S. Daimon, and Y.-i. Matsushita, arXiv:2404.18529 (2024).
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Robustness enhancement of spin-wave Ising machine via interference asymmetry
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Gain-dissipative Ising machines (GIM) is a
faster optimizer compared to traditional computers,
which balances gain and dissipation to stabilize the
system and guide it toward the optimal solution [1].
However, all these traditional GIMs have to rely on
noise perturbations to escape local minima due to
the absence of quantum tunneling effects. On the
other hand, real-world noise is difficult to control
precisely, which can lead to performance
degradation in GIMs [2].

To address the issue of weak noise robustness in
traditional GIMs, we have designed a GIM
architecture based on spin wave interferometer
(SWI) with asymmetry. SWI leverages the
propagation and interference effects of waves
generated by the collective excitations of spins in
magnetic materials, providing a low-energy
information processing technology that does not
produce Joule heat. Figure 1(a) shows a Y-shaped
spin wave interferometer made from a yttrium iron
garnet (YIG) with a thickness of 20 nm and a length
of 400 um. Figure 1(b) displays the curve of
interference gain versus phase relationship under
different conditions. It is clear that by adjusting the
frequency, the interference gain can be in an

asymmetric state without rotational symmetry.
@ )

Bistable

B
r

]
n

800 GHz
774 GHz

Intcrfgrcncc gairll (dB)

50 T30 T80 240300 360
Phase (degree)

Figure 1 (a) The spin-wave interferometer based on single-phase
YIG film. (b) Interference gain (dB) versus phase of the spin-wave
interferometer. The nonlinearity shows periodic bistable.

Based on the interference nonlinearity, we
constructed a simulation framework, as shown in
Figure 2(a), to explore the performance of SWI-
based GIMs. For benchmarking, the MAXCUT
problems with Mobius ladder (ML) and random
square lattice (RSL) topologies were employed.
Figure 2(b) presents the performance of SWI-based
GIMs under symmetric and asymmetric
interference conditions when solving the ML
benchmark in different noise environments. It can

be observed that the performance of the SWI-based
GIM significantly degrades with increasing noise
intensity, consistent with previous reports [3]. In
contrast, SWI-GIM with asymmetric interference
maintain an almost 100% success rate in solving the
problems even at higher noise levels. For the RSL
benchmark, SWI-based GIM with asymmetric
interference also exhibit stronger noise robustness
compared to those with symmetric interference, as
shown in Figure 2(c).

(a) Coupling ()utpm

wnﬂlcc E_T/

100 e I

Noise intensity
Figure 2 (a) Schematic of SWI-based GIM. Within the

simulation framework, only SWI interference and spin coupling

=Asymmetric
Symmetric

modules interact with each other. (b) ML topology and the success
rate of SWI-based GIM on solving 100-spin ML. (¢) RSL topology
and the success rate of SWI-based GIM on solving 100-spin RSL.
The gray vertices, red and blue edges represent spin,
antiferromagnetic, and ferromagnetic connections, respectively.

In summary, the asymmetry effectively enhances
the robustness of SWI-based GIM.

This research was partially supported by Institute
for Al and Beyond for the University of Tokyo, JST-
CREST (Grant Number JPMJCR2202), AND JSPS
KAKENHI (Grant Number 23KJ0605), Japan.
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Controlling Vehicles Using Quantum Annealer
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BT ==V 7= UIE, 2011 4EIZ D-wave System £EIZ L > TR AL S AV TRARE, BEAIC
Wt TnWD, &7 =—V 7 L, EFREAWTREDOMZ RRFICERERET 2 FETH
D A BA TR AN EE R RIRE D FRETH DH EEZ LN TV D, FriC, KEBEHEAEYE
e CREOMERIZE LTl 0 | AP OME2]. AN— 7+ U A faifb[3]. Felr TIEE A
EEORKAE[4]72 L. EHEROME~DICHNRFE TN D, Ak, BF7 ==Y 7
~ ¥k W TE 3 IRGEZERNZ 3BT D EER R OHIfH 2 37 T,

ARIRTIL, FBEIEN T X AIZED Y TONTCHEMICRIET S Z 2B E LT, 20
L& BREVMRDEZE AT 220 b AR 2 IBIRT 2 K o icE b x T o7, £, SBEIK
EEDOHMIME T X NIHRET D, RIZ, BEMEDOALED S QUBO (Quadratic Unconstrained
Binary Optimization) fI&H[S)1Z1ERKT 5, £Dk, BF7=—V I~ U ZHWT, BEIADORK
a2 RD D, mBIT, FBONIRRIZESWTBEMEOLIEZ FH L, B O QUBO MEAER T
%o BEMANBAHIZELRE L O R BMIZRET 5, ZORELEY KT Z & TBEAD
21T 5, Alalix, QUBO REDKAFET% & LT Forward Annealing[4], Reverse Annealing[4],
Z L Ol Ay 2 i b 15T 5 Simulated Annealing (SA) [6]% AV =, X 1 1 XRHE O KR DORE
ZRLTOWD, tIFF A LAT v 7R L, TIHTXTOBEEDHRICRE L XA LRXT
TThDH, XIIBEHE, @THHOMARL, ZNEhOMGITIST 28K E BRAZR L T
%o (@) t=01F7 ¥ ACERE LTZAIWIREE, (b) t=T/2 X HAHIZ ) O & Clfze 2 k) <
WAHIRAE, (o) t=T IXFHMMIZELE L72REEZ R L TWD, AENE, FHMEFEE & LT completed
tasks ZfH L7=, completed tasks & 1%, FBEMAZHERIZERIEL- & 2 I2HOHIZEE L2 F
BOEEEEZIET, 8 BOBEKEL 100 FHET S Ia b —a VORER, &4 D completed
tasks %, Forward Annealing Tl 163.4, Reverse Annealing T3 1582, SA TiX 162.6 £72»7=, =
NHORERN G, MM FIE L REORE TR T T =— U V7~ 3 2 X BB ER O HIH#E A3
FRETCTH D T E BRI E T,

(a)t=0 (b) t=T/2 €)t=T

Fig. 1 Example of controlling vehicles. (a) Initial state with randomly placed vehicles and destinations, (b)
All vehicles moving towards their destinations while avoiding collisions, and (c) All vehicles having reached
their destinations.

References

1] M. W. Johnson, et al., Nature 473 (2011) 194.

2] F. Neukart, et al., Front. ICT, 4 (2017) 29.

3] G. Rosenberg, et al., IEEE J. Sel. Top. Signal Process., 10 (2016) 1053.
4] R. Haba, O. Masayuki, and T. Kazuyuki. Sci. Rep. 12 (2022) 17753.

5] A. Lucas, Front. Phys. 2 (2014) 5. o

6] S. Kirkpatrick, C. D. Gelatt Jr., M. P. Vecchi, Science 220 (1983) 671.

© 2024%F [CRAYEER 19-012 FS.1



tyiary 2024 FE35EICHAYMEZEMETEMBER

FST7#—ARbEyIay TAIZLY bOZI R | —MEyIaV(OEER) FSA1 J4—HRA by 3>y
TAITLZ bOZU X

[16p-A33-1~16] FS.1 74#—hX v 3> TAITL Y FOZJ R)

PR

secret place

[16p-A33-1]
(BIRIRGHRE] MO MREIRICE NS T R IoTHRi
OXIg #i' (1.AA> X1H)

[16p-A33-2]
FPGARE L7=ZANA X T UPFEN—ICLB ) TILE A LEFEERA
OHLE MK AR BEA2 BEE, Fzo ov>a3 EvLNARILY VILAR=3, XIg #i4. EH

BES, RiEF T3, B BIFE26, HE N (LERF. 2.8KIRCN, 3. BHATL. 4hkAkS RIE. 5.8E
BT KT, 6.8TKIE)

[16p-A33-3]
BRPFOEBZLEFAB LIYIR) S N—81E
OKE BE1. BRI AT, kB BE2(1.BEALEET. 2.3 15 KE)

[16p-A33-4]
AgSUTN—Z BWICREEE C BB RAICRI T 2%

OEw EE. BB (1.2 ARRAERET)

[16p-A33-5]
3MTHALIBYIR ) N —IC K B X FERH

OARH BE. ERNIRAT(1.BAKLEET)

[16p-A33-6]
Cu-doped Ta,0g UHN—ZBWHBRF/NE—>DHEE

ORI B, BBIIET (1.2AKEET)

[16p-A33-7]
ZEEIOC RRRBATER LIS/ NFESHROREBERBE TOYIE ) N\ —EE
ik E. MEE BRE OKkit BE'(1.EBAREBET)

[16p-A33-8]
J—OYHAEZFNRIZEST /RFIHFN—DIWINLICK S MHRER L

OM)M BE, MiB, BE R K B (1.E@AEBIET)

[16p-A33-9]
1 X VRIEYIB S N—FTNA ROHABRER.. T—2Km. BLUVEMFEETHEDHEICH
3 BENREREDEMRDDINPCAICK D EEL

OAfR #ift12, BA 163, B A2, FL giM3. Wk RA2 Fok L2 BHH. AT A (1.
RIBALET. 2.EHLHA. 3.BBKI)

[16p-A33-10]
ZBBWNESULZ L ZMA L Tc1 7 2 RIENE ) YN =T N1 ADOBERAIEMEREDRIRAE
B


https://secretplace.co.jp/

tyiary 2024 FE35EICHAYMEZEMETEMBER

OAMR w12, BA B3, B A2 BFL siM3. Wk £TA2 Mok L=2, M. AT @A (1.
RIBASET. 2.EKWH. 3.88KTI)

[16p-A33-11]

A F VHREYPR) P N—TFT /N1 ADFEBRIES T CIEBEAMWAIESAOME

OB Al AR "2, BA G, BFL g3, Wik FA #ok Lz 8 miEa KT @AB2 (1.
ERSH. 2. REBARGET. 3.88KI)

[16p-A33-12]
ZE>ﬁ®b11%$%®%®%ﬂﬁ%ﬁut%%§b?zﬁ%ﬂ%ﬂ

Otk fi'. FE ABE'. BN BEL LA ME2 FH —o5'. B HE (1.998 - MEHEEE. 2.
771"/-&55“/72-&/& )

[16p-A33-13]
AEVIEFSIVYN—AYEa—T1 2T ICL2EREEN T AERHFE

OB B% HA"2 A M &EE AE. 80 BEL FH -5 LB HE"2(1.95 - HHHER
B, 2. REKIE)

[16p-A33-14]

TJZ27x2/1MFA VT IINREOER_EBMNRZFB I 3BERMNEAA >V r—T0 T U
IN—DRAF

O A&'. b8 312 YA ' FE —ar'. B #E" (1.NIMS, 2.5 XK)

[16p-A33-15]
7 VFvRILERAVEERER —_EB NS VP RXRICED
YIS N—OEa—F1 >

O(M2)1t8F Lh3"2, FfE A& XA M. FB —55. LB 8E' (1.9E - MEMEEE. 2.R/EX)

[16p-A33-16]
TS5/ RBAVEY RESEVSN—2BWFEIHFTRR

EiE mE. Ol A= (1.BKIES )




16p-A33-1 BSOS AMIELAHELHHES BETHE (2024 KHAVLEN2RIBEA VS 1Y)

EYOAFEFRICFESE TR ol HifF
Low-power IoT with neuromorphic technology
AKX RIE OXIg HH
Kyushu Univ., “Takeaki Yajima
E-mail: yajima@ed.kyushu-u.ac.jp

IoT fLIZ L > CTHERZEM TR TE HHFREDH IV, 770 ROT—F &6 2 &N
TE5, LOLEREL Y ) — FROT 2T T NAT A R Y FiRRZEM T ORI
BEIHIFIAZ <L BRBNTZEEA Y Y — 2 LARIHERE VIR L7 S QBB A Rk b i1 5,
ZOE, EOMRREIFEICIL, HIERE DI B LWHFIRENREE DN TEY . ESITRONTH

B Y — R LBRA IR E ISR Lo B ORI & VW R D, ARR T, MfRE O
ey ) b TR IZEB L, W, R, JURMEZ SIS U IR E MO REME &
FEHT D, Filr e ZE M ORHb U 72 i SO E AN & /8 7
A
b hOREIIENTZ 2 Rt — b EE W DN, THREMKRD AD BHICES S Bl TE
B 20F# LV, KED AD BRI BEH-ELE N L— FF 7, HR oI ~07 7 & A,
BRI D7 m A h—2 72 BB ZRBEN S 2 AT H, —H T hOEEOE Y (2 IXRE
oUW X, BHAFFEDOIRE CRIRICEHMAT 614 4 F ¥y XM Lo THRED 2 EHBNZIZW S
LERLTEY, MM e X h—2 %, HEEHEBERMO FL— A7, BREBHI
5o TODOX I, KEEAEEIC LTz single-bit Eo v ko CL BRI 2R TRV B
Bl 28T, LPAICRERBRE N, O X5 RE2 0L & IREICK L TESIEIL 0/1 £
b3 2 & BAMEREEEEA R (VO) ITEFH L. MEO 0/1 J8WE 27 ¥ 2 VR L+ 5 2 & T,
BN 2Ty VU T EEBRTED 2L 27T, SOITHEBEBRORE AR R F 2o
72, VO, DER =R X —TH@mERREISE LR T ZENW LN LR | Sl ORIHEE
NI 2P IRARETH D Z & a2 T,
iz
A B OENT-HIEEERTO— 2T A VHIENR S 50, @iERs oy VI BEEEERAT L2 &
N DARIEE B I MCIIZRA D B 2, B 213 55728 7] & A9 2 BREE38 #E o0 BB IR Bl HIAEN L
F /Uy MUV OERIEEBEIER RO HNDET0, TOZAHIEAFATE 2RV, ZAUSK L
T, WA TR D=2 — b2 % [ —AREIRK ] BEAD Y XL SE — 2 T
WEESE 2 Z & C, BT, MR, TR EOEMRBIZZAEM LTS, 20X Y XA
FHHOVNE Z AT, 78y 7E5 L B0 LERRHICHLERRGITIE T E#d 2 & T, MRAZR
BHEENMEEZEBTELLIATHD, ZOXIREZDL L, 77 127 CMOS [B# T
BES) (~1pW) == —n CEEAZRGE L, BREREOERERHEIISHTE S 2 LE2RT,
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UHPNR—a v Ea—T 4 VTIRRIIT — 4 ORBERE LT D=2 —F v ry b T —7 Bl
T, KHEE DG HROIEN E L CTHEEZED TN D, ZOP TREEOMHZHE S U ¥ o3—
3. RSB EESOSED ) — RDTF X LipFky U —7 THR SN S, L0 BRI,
VEOFZFEZRHESEEL CEZHD /) — R LTHWAERE, — RYFAR— IFEFL/ — %
131 THIESED Ry U —27 U N—L LTSNS, BiFiE. / — KRB OERE —IF
FNZANBIZEEE S A MNENRH D03, BB L) FN—BEBRAEY Lo TERERFFT D720,
HWISEIC L D x v F—a ZARD 7 AREEENIEICARNTH L, 612, /— Fth
TLHEEFOREXE LT, 7haZETidel, 24 I 7B E Vo TR @A AV 5 A
WNAF TP NR=L LTHERT 52 & T, BhdHEE ORI HRFCE (1],

AlEFk 4 1%, FPGA % W =T U X LAl T Ao
XU PN—FRER LT B2 D AREWTZKIEO
B A BB D RO R O FEREFR 21T o T,
Figure |2, TV ZNVEIRD EASA ET « ET /LT

Tablet device Spiking reservoir network

AQ&’ES'V Y position X position

2 lb—va BTl R ERT, T AIADE Learning Inference
OWFRREEN SR SN D RE A a7 PNRE 2Rl %
10 ; ; :Anom:aly ; 1
Linh, EPORERAMPEI L TWDDBDND, 10° MM o
2 . . st
A RO BRI GHIL IS oW TR T D Figure: Handwriting anomaly detection using a

N ST T BT D B AT 5. 20 BT A,y st A

LB NS, SEX. HOA ZADROEN

FFR TIL, FPGA DI TEMI O B 217 - 724G 0 10 20 30 40 50 60
[1] X. Chen et al., Appl. Phys. Lett. 122, 074102 (2023). spiking reservoir network and its detection result.

BEADENE ZAROEREAT L L, VY R— FVWWWWW
0 : : ' I I A
42 d
EANTDEBEATIX 100 GRENSLS D2 ¥
Time (s)
BIEE © ABFZEIT IST-CREST (JPMICR19K2) D 42 % % 17 TIH L Tl T,
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X UBIT : D FIEOFERITEMIC L > TR EY, ZORMOME ILELIZE > THIEI T
L2 EBRS BT WS, ZOEHISEEHMT 52 LT, WY P A—ZZR SN 5 IERRIE
ZMAREE & R B R 2 R Y T C R CE D RN H D, ABFETIE, ST LT
8CB (4-Cyano-4’-n-octylbiphenyl) % F\>, Z OMGEEBRZTT> 72,

EBRFE : 8 DOBMRMELA um DX v v 7 &I LTI O I BRI #EG R - ’
ENTeFR T EAER LT=(Fig.1), i\ T, A SO°CITMBAL CF v v 7 &5 .'j \-
TR 8CB o F- & N L72t%, Rin L7z, 1 DOBEMRIZ AT EE 2 H { i \W
MU, BokBO S E, 3>OEMTH NG EHE L. Fig.1 Used device.
EBRAER . B L O=AEAE A L2 A0 AR (—#) % Fig2 \Znd, Wihol
Ab, 10Hz~ 1 kHz OFEHEIR CATNEENRKE FEMEAB I sz, Zhix, &
RR[H 26 v 7R DR FIEOFHEER (M) NEEAIMCE > TE LTS Z L E2RE L
TV, ZHUTx LT 10kHz TiE, HAEBIZATEIZITEWBIR E o7, 2k, ATIDJE
BN S 5y T BE IR OGS E R & [ASELL BIZ /e o727z L b b, Figd3 \ZmiiiliEs 27 0%
Bt R A ornd, EHREA T 1kHz THRKMEG.060) 2R Lz, ZOfEIE, [FEEOSMA:CHIE L
ALERT A 7 > R U AR—=DEGID[1]L D IT ISy, L, SNE Z W32 S osy
fi (Fig.3b) 135 'y NIOEPAICITZ D Z 2R LTEY, S RESCEMER, FUNE
JE7e E DR I Lo THIFEEAEDO I 625 EbHIfFC& 5, BifE, BLRZ o kic
M7= HHED T Y, YHIFEEA D =X LIETIZBRLEO THEETHTETH D,
[17Y. Shimizu et al., Jpn. J. Appl. Phys. 62, SG1001 (2023).
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Fig.2 Frequency dependence of output with Fig.3 Result of STM task. (a) Memory capacity

input of (a) sine wave and (b) triangular wave. and (b) distribution of outputs analyzed by t-SNE.
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XTI T, Al HEfTOERIZE Y . Al 2Ry FOBIRENTRBEAICEATWS, Al 2R Y K
RO BN DI DO—DI | EFEREDRTFH R DD, ZTNETICHLA b, mAR Yy F7—A L AgS
P AR—%HNT, EEEHRICE D 5 MEOWIRRER L T ORFERAMDAIRETHL Z L aWE L
T[] AW TIL, SR HKE M EA B LT, AgS UV A —FHWeil ) FN—a o
—7 47 (PRC) &EHRIAL=2—F Ty U —2 (CNN) (T KDL L OREE RO~
NTFE—F NV ZEAN LT, 2L, 10F8E (Fig.l(a) OWEEE#E R L, £/, VU
PR— I E AL D A 2 ER U SR O BB E U 7V 2 A A TITH 2 L 2 HIE LT,
EKEBRFIE  SRIEROIL, AT TR LR %2 CNN 2 W TS 2 2 & TiTo 7z,
WAL, 2 SOEE Y —F WY fiFlce Ry N7 — A THEREEA, B —nb
M SN DRRINT — 2 % AQ:S U P AN—IZAT), PRCICKDDIETIT o2, THH ORI & fil

HONREFEIREETHET DL T, v~ VFE—FZ VA EZIT-7- (Fig. 1(b)).
(a) (b)

on ot Processing by CNN Model ” U2 Visual and Tactile
- Take a Photo of the Object ~ ***%%, ‘32" A Loyr & Information Recognition
iz} / . rodes Correct!
Z ’ aper : 30% soft-ball : 50%
cushion hard-ball | A ?
=> 4 =)
N0 50%
L 9 _soft-ball : 30%

9 Convolutional Layer + ReLu

Max Pooling Layer

50% t

cloth : 20%

@ soft-ball : 70%

Processing by Physical Reservoir Computing

Ag,S

IN1

Output from Two Pressure Sensors
pet-bottle rubiks-cube 1

soft-ball Sior\’e

Fig. 1. (a) Objects used for the classification. (b) Experimental diagram of object recognition.

SR ERMOMEE Fig. 2 (R, BRI L ML L,

ﬂ H Grasp the Object

Zouts V9w,
()

HOEEERLTH Y | MOTHROAZDNETIIT 8428% — o
DR, FUEERHOH O TIIFL 2T6%ORE, ~VF 3 o F
£ — ﬁ/l/ﬁ&ffﬁ J: Z) iﬁ _,C i@@] fcﬁ %IJ/E[\ G: % v _,C . qziéj &3) . Only Visual Information (CNN)
07.12% DMK % R LTz, B3, MOENEBOZCITRERMAS || onTecomaion en0)

N 0 20 40 60 80 100
E % 5 LF@@&%%EU \@‘rﬁiﬁf*ﬁfﬂ:%@b \/El\ 5 Z k 7§§ < % 7’:0 The Proportion of Visual Information [%]
Y HIT, BEBRIOFERER SO TRERICRET 5, Fig. 2. Object Recognition Results

[Z%&3C#R] [1] K. Yoshimura et al., Jpn. J. Appl. Phys., 63, 03SP17 (2024).
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Optical character recognition using three-dimensional silver sulfide physical reservoir

BREHBET !

OM2) KEF &4 1,

&N Bt

Waseda Univ., °Yuki Ohno, Tsuyoshi Hasegawa

LT OI
ELHERUR U 72 S0 3R

DHERTLHZEbHESNTND
UHPFNR—=L 0 b EmWEGEARE NV 7T 4 T = v 7 i#EE
WITHALER U Y8 — % FH W TSP 2 1T,
EBRFHE  AFLUAR— KR EZAKD I R—HT7 ZATHYY 23T, FORNMANS

B s A7 N B[, 2], Fe.

E-mail: yuki777ohno@fuji.waseda.jp

DT FR— DR 2 ISR RE SN TN D, EOND—DIZ,
VY AN—Jg 2T 5 2 & THEBREA R
LSRN 72 3
Y aWE Lo, ARWFFETIE 3
3TV PN —DF T 7ol FE & Wt LTz,

. AIEF A &,

UHR—JEIz

WLV PN —73 2 oL

AL ER DR L &

HMEFEED D Z & T 3RITHULERWEL Y P R—Z A LT, ZOU P AR—DRRD 2 SOMEIZ A

H = A Y Zeffio TIFOIBIC
BARO H B O 1 DIZHREE 10V, JEH$K 1000Hz D I1E5%HE % 100 FIs AT L, D D 3 >DE
RN T KL CH O EE A
WZHWz, FE TR, EREZ2L - HH - XX - UU - VWV @ 5 /3

L7cH

CHEEEZRE Lz, ABEOEADE—T NG —

HL. 3 EMmE
B = DR EIT T,

FREEBLE HOKLTE 2 SOMHED WK LIzHE
T, BARIZ Ko CTHE R 872 > T b, Fig. 1(c)iZ
S — v DVHEIEERT, KR — o DiEWIC
IFERED LRICOR1 D, Zhb ORIE
[EATA0C Fig. 1(d)ZR"d, ABFFETILE ~NF—2 D%
BEClE 2 S OMliE 2> & A RO N SCF A B LTV D A%,
BHIZTZENHED THERT D,

E2F AR

WZRWTH ATV,
BE R
[1] Y. Shimizu et al., Jpn. J. Appl.

FHC 6 H & B

L7-HEXZRET %5 (Fig. 1),

Phys., 62, SG1001 (2023).

[2] R. Matsuo and T. Hasegawa, Jpn. J. Appl. Phys., 63, 03SP61 (2024).
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4 SO O FLAFIT

ZHCIE

DA E 3 DO % Fig. 1(b)
1T 1 SO B CHIE U745 B <
Lo THEERER>TND, ZDOLIH 7R

— & &N TRITFRME AT o T R 2R
PHET 90%LL EOKEEZ FEBL L 7=, F BB
SRR D 0FE R L2556

Predict sy :ssom

Fig. 1 (a) Schematic of an optical character recognition system with 3-dimensional AgzS reservoir. (b) Input

and output waveforms when H-shaped optical characters are illuminated. (c) Average voltage measured

with each pattern at one electrode. (d) A confusion matrix of the optical character recognition.
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Cu-doped Ta0s V)Y /\—ZRAW=XRBHNN2—2DHE
Classification of irradiated light patterns using a Cu-doped Ta20s reservoir
BXREEET OCM2) RN B EA/I R
Waseda Univ., °Masaru Hayakawa, Tsuyoshi Hasegawa

E-mail: pbmsue-49-ntg@suou.waseda.jp

FUDIT : T E TITH A 1E AQS 72 & D EREME 2 NN ) H8—T U P — g T jEHE
BT LIeN S = 2BIEE FICEBETICANMEZ L LTHRA D Z L a2@mE L TE L

Cu-doped Ta;Os 1% F—/32 R T 5 Culi - AFIHEN 2 TER T 5 2 & T8k & L THRET 5,
Z D7z, Cu-doped Taz0s z U /3 —J@IZ VUL, Ag2S [AIER. YEAE S OB BRI ATEETH 5
EWIFFSILD, & 2 CAMSETIX, Cu-doped Ta,0s U 3—R DM HKEEEZ BT 50, S HIZ
X, B L7 — o O EREOME 2 E 2 TH ARRPOBGREFEREZIT o7,

FEEBRFIE « SiOz Foti FICEAE 8 nmd MJEEI A FHTe L 9 12 8 DD EEAMR(Au(100nm)/Ti(5nm)) % {F i
L. TOMEMHERIZIES X —7 v % VT Cu-doped Tax0s % 22nm AR X KE L=, JCHRE
ZiFaeF 7T EERL, TAT7 7 Xy HXUV Q40D FNRE— 8B A Y v b
WL CTYFAN—BICHS LT, HOBEEZHED DI IEREOBERE S B AT L,

FER - EBE: Fig. LICHX,UV O 4 SORBE A2 — ONFES A7 2T 1258 %2 7T, Fig. 1(a)
OIRFATHNE 5 BIOZFERFEDON 1 BIOFERZEZ /R L TRV | 5 RO TEERITH 99% & 72 -
7o Fig. Lb)ZIERLIE D B — 7 FRANZ 361 2 /) BIEOESE L I ERZE L =T, N7V XIEb D
D, BRES S E — KA L THIRIEA R e > TV B, B — 7 BN A T, Z ORI ORI O H )
HEDTHIIRT MV DS % t-SNE TREFT L7 S, B 2 — I ) BAN—= b0 o
R bR > TN D Z LAVRESNT(Fig. 1(c)). F72. AV v FDAIE % 90 £ OEEE S 256
THEHRSERWGAE LR LT L L TR TE D20 E I DL, ZOBEIT Y —Hn
ZWTEOREMET LI2b DD, #78%DRGE AR Lic, O/ Z — 0 ZIEF KN L2 GE
ORHIEZRIET 522 B EELTEY ., Y HITZORRE LI THRET 5,

x (b) — (@
0.1065
— 3 X
15 2 7 U
9 0.1060 v
-10 S
2 0.1055
-5 5 R
S 0.1050 N s
> SNL. CISEL
-0 o 2 I IR s
: 0.1045 7'),,‘\‘: If"\"-‘:‘:‘:"_'"}{" -
Predict S

Fig. 1 Results of classification task of irradiated light patterns. (a)Confusion matrix of true label and output
label. (b)Mean value and standard deviation of output from one electrode. (c)Clustering map by t-SNE
analysis.

ZZ3CHR [1]R. Matsuo et al., Jpn. J. Appl. Phys. 63, 03SP61 (2024).
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ZEREIOCRFRIETHERLICE T /HFESHOD
RAEZZRRETOYIE) HFN—EhE
Physica Reservoir Made of Random Network of Gold Nanoparticles
Operated in Liquid Nitrogen Bath
BEAMR BHRIET  WiES, MEE, BH R, O K RE
Grad. School Informatics and Engineering, The Univ. of Electro-Communications (UEC Tokyo)
Kaito Kobayashi, Yuki Hayashi, Hiroshi Shimada, and ©Yoshinao Mizugaki

E-mail: y.mizugaki@uec.ac.jp

FC®IC FxldEF /KT (GNP) EEEKD
PIEL Y FAN— SIS 2 L2 1T TV %,
WEAE, 30 nm X GNP 2 124 R TOZERERIRE
WX TERL 72 6 i 3R FI2OWT, A
VU AR COREZ I Lz (1], FE, b
TEE 12 12T B, 15nm XGNP o
R4 FEREET %I e TREFN GNP O E Fig. 1: SEM image of a fabricated random
TAVF —Z NS, WRESREE T ORE network of gold nanoparticles with 12 electrodes.
WZOWTHET %,

KRERAE BN = St ER LICEFRY YV
727 4— (EBL) L EHZEHEEZMVT12A
DEBEMEER L7z, ZhooEMmE, Zh
5 DUHERHELRA 1 um OFE EICEE XN 3
X2V A 7Y b L, RIZ, B EICEREN
3um O L Y R R % EBL IZ & D & 72, e (5 me  div

COBFRE R R A FIARIC 3 IR L@ Fig. 2: Output waveforms for a 100Hz, 6 Vpp
JRFEERZER L7z Hndan A Fia sinusoidal input voltage measured at 77 K.
Wik, 1EEIXERE 15 0m, 2 BIEIKER 15 nm

: VA :

NN

coocooooo0o wow

Output (50 mV / div) Input (V)

& 30 nm OEA, 3 [EHIXER 150m & 30 nm s 5 {WI\I/I\)_ t[?ggfcy; 99%)
BLUL50nm OEGHE Uiz, &R, LI R %% \N\/\/cosine

b ¥ ZAUCHE L GNP 2 Y 7 b oF 7 Tl g, | (oeurey: o)
L7, BETIE, WHRSRELICT, | D0l §°ﬁdmdqdquwﬁmﬂw
TITAREERENL, (T OBEE ) £ 8 AAAAAAAAT 2 1
LCBIIL 7 | Tilmel (5 Imsl/ dilv) I

faR  Fig. LIS L R0 SEM R, Fig. 3: Results of the waveform reconstruction
Fig. 212 12D A1 & 9 D DRI 21 tasks using an echo-state-network scheme.

T, TRHZAHALT, WY P AN—DIGH &

22 D—oTHh BB ER S (o F-iEy  oier  AUEEO—EIE ISPS FHI T2 JP20H02201

Fig. 310789, X—% v M E-Tiz99%  PHHRO® LfTbhz,

DEEEIERENTED, Yy s—r Lt /NP, 2 84 [HI S YIRKZREETE, 20p-P04-3,

MEREL =2 2395 [2]0 2023. [2] K. Kobayashi, et al., Jpn. J. Appl. Phys.
63 (2024) 064501.
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Improved performance of the Coulomb-blockade-based gold-nanoparticle reservoirs
connected in parallel

ERAERET

M) # B/E, /M B BE R K BE

Department of Engineering Science, The Univ. of Electro-Communications (UEC Tokyo),
°Y. Hayashi, K. Kobayashi, H. Shimada, Y. Mizugaki

E-mail: y-hayashi@mizugaki.es.uec.ac.jp, y.mizugaki@uec.ac.jp

1. IZU®IZ
YHPNR—ara—T 47 (RC) DHFE LR
L) PR—JE %, B x TR BT N A AT X A
2T PR—0NEH SN TWD[]. Fex
%, &7/ Ki 1t (GNPs) 7 > ¥ LELHI 2 PR )
PoR— L& LTHW, AWV a5 2 ki 1o
PRI L > THERBD LT 5 Z L 2 MEEL T
X 72[2][3]. GNPs 7 > & LAEH| DO IEFIEHEIL b
VANMRED s —u UHEEAZERETHHO
Thsn. AW TIE, EEOMT%FF> GNPs
U NR—mWHT 5 2 & TrERER A2 -
7.

2. EBRHE

FRAb At & Si Febi _Biz, 28859 300 nm o [ JE
TR AR E S 6 oA EMmE B
VY7o 7 4 LEZEFREIZIVIER L. Si0,
Fim B2 GNPs Z[EET 5 7= DIZ Hi R %
T AL EH, RIAR 15nm D4 R fan A
RIARICHRIR S B 7-. 2%, /7 RFBLOD
SEMFEZ 1, 10-7 5 v ¥V F A — VESr K
TS, Bl oA FRRICIRIZRSES 2
& T GNPs 7 > & LERHIDSTERR STz, ARF5E
T, 1Fv7Eiz2o50FF (Reservoirl &
Reservoir2) % {E#Y L7z (Fig. 1). Fig.2 (27514
OIS X 2~ g B EREEREF (77 K)
THHILTt%, O ANEEER Y P —0
18IS AL, T Eiuthis 226 O J1E

[E& A 23—\ T CTRIE Lz, ARBFETI,

ANBIED 7OV A G Z2 2L S, B— U H3
—FnZTh, BLXO 2 VA=W
NARMA?2 E7 /VORE RS TR Z4TV, THIFR
A g L7,

3. EBER

Fig. 3 1CH— U P R—D X, B L OMHIHERLIZ
L7 A O TR EZ RS, H— U FN—0fk
BLpigt+sL, Yo AMRIZENTHIE
SKERL D 1F 9 7% Normalized mean square error
(NMSE) 23/h&< 720, 7L AR 0.25ms |2
T NMSE 1% 0.132 & 72 o7, WHIRERRICT
NMSE 23N &L 2o 72Dk, k& 5
TEXH0EEEZLND.

g T

Fig. 1 SEM images of GNPs random arrays with 6
electrodes. (a) Reservoirl, (b) Reservoir2.

Reservoir1

Input Reservoir2

—_—
—_—
—_—

Fig. 2 Schematic diagram of two GNPs reservoirs
in parallel configuration.

-1 T
4x10 —=— Reservoirt
—e— Reservoir2
3x10-1k —=— Parallel
|
0
=
2x107"}
1.5x107"}

102 102 10
Pulse period T /sec

Fig. 3 NMSE values of the NARMA2 task for
different reservoir configurations.

BEE AT O —#IE, JSPS BT E
JP20H02201 DB D & LTz,

ZEZICHR  [1] G. Tanaka, et al., Neural Networks.
115(2019) 100. [2] b, %5 71 EISFMBES
F 2= ATk A, 23a-P09-1 (2024). [3] K.
Kobayashi, et al., Jpn. J. Appl. Phys. 63 (2024)
064501.
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A+ U BAEME Y H1—F A AOHHBRER. F—2RT. BES
BHFEEROMICH S BEMERED IR SPCA)ICESEEIL
Quantification of Potential Relationship between Output Current Waveforms,

Data Dimensionality, and Machine Learning Performance
in Ionic Liquid-Based Physical Reservoir Device Demonstrated via PCA
REASEHET !, ELH, BRATL?

AR 1, BAR RGN, B AL BL ﬁ&*ﬂ Mk ]/A 2, Bk r“#Z, 8 mE ', KT @K

Tokyo Unibv. of Sci. !, AIST %, Tottori Univ. 3
°Y. Kubo %, S. Miyamoto 3, H. Shima 2, T. Nokami 3, Y. Naltoh H. Akinaga %, Y. Zheng ! and K. Kinoshita !
E mail: 8423519@ed tus.ac.jp

[FFER A BN & BV EMEREZ W TE DA E ML) ET L E LT PR—ar B a—T 1 7 (RONIE
HINTWD. RCHND U FR—EIIMELT NA ATEEXBZ DI ELARETHY, ZO L2727 A A 3ELY
PR—F 1 2 (PRD) & FRHEN S . TR, $x 72 PRD OWFENEIHNCITONATEY, FxldinETL 4
AR (LY EMAE TAE C 2 BRALZES R Lz ) /8 —F /31 Z(IL-PRD)[1-3]DWF5E & o T X 7=,
ZIVE TOMFETHUNEE 22 & OBMERIE ST A —% & ML HREDBIGRZ 31 L, IL/EmA i _ETORRLIE TR
JSIZHED 7 7 T T — BB Y FR— ) OIERIEME 2 @, MEREZ M E éﬁé EERASINILEL, 2] A
W32 ClE, PRD Ok aHEE 2N 5720, HAMEBOT —% &> b AKROFHNEICEH L7-[3]. IL-PRD 2> 5 H 7
SNT=BIUE T\ ER T T (PCANZEES KT v 7l 2@ L, Woohlil S 7 B E 2 HEEE LT ML
PEREA 7=, ZUC L0, BRI & ML MEBEDBIRICOW CE BN GG 21T > 7.
[EBRF ] A2 THW-E 7 OR&E % Fig. 1 177 IL1E 0.4 M ® Cu(THN), Z 7 L 72 [Csmim][TEN]TH 5.
ZDFEFITN OB E DR IR T — 2 w(DEAD L. 22T, EEAD =AM IV AEE (BE
+3.0V, 7L A 500 ms)ZZNENNEC0E BT w2 AL THIE LTZHNERT — % 268 ) — ik
(5AE 7 — REUL soyTrEkonib L, BT — 21780 Inaw Z1ERC L7, ZO1THIIC PCA ZHH L, 7278 (R%
~50 FCRMINCEL S BT ERT — 2178 IR ZFEE L. 0%, IRZEFEHIZHWZEDO ML €7 /L0
PREZ G D728, STM X A7 OFBEREMC)E L TN NARMA2 # A7 OIESL ) 172 (NMSE)E R
@Eﬁ%%%ﬂ?ﬁi L7z, 2O, WTFHLOZ A7 IZBWTHIT —ZITIR)E L, 7 A M T —Z 13 Iraw &:E L7
FEREOEL] Fig. 2B L 020X (B LU I10)ZRKIc7 ey L VR TH 5. EEBE#BEO 2%
FRLTWD. £72, w(D) © 9 H<00001”DNETELEGFEN A INTZEOE om&%%/ﬂ%kio Hk
L, ENENDOEFRIEE O F-HIMHE IAve(R)OD«EZfb%-f%iaM}*—@@iﬁ%f% L 7. Fig. 2(0) DFRFRIE Tawe(10) &
Tave(1) D7 ATae(10, DTH . Fig2(@)Il R L 12 IDIZIZE AT U AR 1.0 V (HED v — 27 ik 7z
E, L& D Ipaw DBIREI(T — X RS TRET BB X Z O E TV 5. Fig. 2(b)D 1(10)D I
FE Tjaw DT EFEETH D, 10 < R TIEBEIZIRITIA EZALIT D - 72, Fig. 2(b)DAHID Alae(10, 1)I255
H32%&, R OEINZES T, FRIZ 2.0 V MR TERKEFEO E— 27 RDBARIC 2 22 e B o 7z,
Table 1 |12 STM Z A7 O MC fiils KIYNARMA2 # A7 O NMSE & R DR EZ F L 7. 1=R=10 TIEEDH
HDXAZIZE TS ML HRENM EL, 10 <R TEFI L. 26 DFERIE, 77 77 —&EiIiC L 28R
v—7 70 L, BIOIFRIETIC L > T —# Bmkonfb 34, ZUlflE-> T ML tredndm L35 2 & %ai)/?
LTWa. RWFZEIZ LY, @EPEREZR PRD OXEHI AT T PCA LK T > 7 Bl CIROTHIEE L7225 & S L
o7 =%t > M ML PERERHAMICFI A 3 2 8 7o 22 sl 5 vE D T@Tém‘_ Z OFHI S EIC X D, IL-PRD 5
HA SN DB LT — 2 ORTTE, £ LT, £ 5D ML PERE~DO AN DRI R ST,
[Z3F3CHR] [1] T. Matsuo et al., ACS Appl. Mater. Interface. 14, 36890 (2022). [2] D. Sato et al., ACS Appl. Mater. Interface.
15, 49712 (2023). [3] Y. Kubo et al., IEEE Access. under review.

1.00 - 0.2 Table 1. R dependence of STM
g o7 @ R\ and NARMAZ? task performance.
5 vl ~ MC value NMSE
3 % ~ R forSTM  for NARMA2
g 025 005 task task
% 0.00 “ﬁ' 1 0.5089 47.62
E A 2 0.9021 7.513
Wor [— O
| € uulcnl hzu I(l; 0, uuclnl 1012 I(1 : os 4 1343 3823
) .. ) Voltage (V) Voltage (V) 10 1.831 0.1438
Fig. 1 Schematic view (upper) and  Fig. 2 Reconstructed current waveforms
micrograph (lower) of IL-PRD. of (a) I(1) and (b) I(10) and Ala.e(10,1). 39 1.860 0.1436
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ZEBHNERIEFERILZFALT
A4 7F D BRIEYE ) F3—T 134 ADERDEIERED R AFA

Origin of Information Processing Performance in Ionic Liquid-based Physical Reservoir
Device Revealed by Three-Electrode Micro-Electrochemical Cell
REXELET ', EEHE2, RIRAI®
AR i 2, BA RES B ALELE #6, Nk RAZ Bk IEEZ 8 M, KT @K’
Tokyo Univ. of Sci. !, AIST 2, Tottori Univ.
°Y. Kubo %, S. Miyamoto 3, H. Shima 2, T. Nokami 3, Y. Naitoh 2, H. Akinaga 2, Y. Zheng ' and K. Kinoshita !
E-mail: 8423519@ed.tus.ac.jp

[Fig] =y ¥ ara—7 4 07 CIEERLEOEE VL @O RMERRD ML RO Hivd. T OB 4
T2 TR SR AT & LT B ) H R —F 31 2 (PRD)DBIRENHED b TW5. Fx T2k TA F kIR (ILY
EMS CAE U2 BRALFE S E R LBl U 8 —F 314 Z(IL-PRD)[1,2] DB 2D Tx 7. L v BiRn
WX 1 AT 1 10 2 EERRQE)SE 1% T IL-PRD O SRR 8 (MLYPERE D R 21T > T v, IL/&E
FR AR COBMEER TG & » THER SN D IR 7 7 77 —BFRA MLYEREZ [ L &E 25 2 2L MM
L72[1,2]. —77, 2E WIETH 5 7= O Wl OB CELS & BTSN RIRHIE Z v, Ak Sz BRI
XNTDENENDOREDHGZHRTHZ EIERETH 7=, = 2 CTRIFIE T, BBb LB TE ZNEXA L
THENTC & % 3 BGE)HIE & T ML PERE & 37 L 7= %@f*% FRALSOG DNE TG SO T, K 0 B 72
BILERE 2T 2 LR o T, LIS DOFF S Z ORFEA ML IZB W CEEREE 2 1= &, £/, 2E H
ETIEE D LPOEMTHICBCICE T D72 3ERELY rﬁi&% PEREDSE\N 2 E AR S T,
[BBRF1E] Fig.l 1IZAMFIE CTHW =~ A 7 v BXALF L TH DH. AR Eﬁfliﬂtbﬁﬂ‘z IPtEMHTHY, mE
1% 100 pm X100 um T&H 5. 2E ?Euﬁﬂﬂﬁﬂﬂﬂ*ﬁ(wm&xﬂﬁﬂ*ﬁ(CE)@ﬁ%{ﬁﬂ% L7-. 3E {IE Tl B RE
FRRE)HFEH L72. IL 12 04 M @O Cu(THEN) 2 S L 72[Camim][THEN]Z W2, ZOFE AT LN T U Z AT
A A T2AE B AR AR 2R R R 1 T — & u(T)}: LTAS L Z :f‘“l”&“0”Li%n%zhrtkﬁ@*ﬁiﬂz/\"wxﬂ:ﬁ—
ELT RBEIEEE 1 Vs IZEE L, BEIE3ERETIEE1LSV,2E/ETIZE3.0V & L. &=t ERE
BEAAE ) — RiETEkTeb L, w(T- Tdelay)%%’eﬁéﬂiT Z L35 STM ¥ A7 %3417 L, ML PEREZ #Fl L 7=.
[f55R & 2] STM & 2 7 OVEREFRIE T4 % Memory Capacity (MO 1% 3E I & 2E HliE TEN L 1.047, 1.877
TV, 2E WIEDITH 3EJIE & _EVMEZ R L7z, 3EHIE L 2E HIEDZFNENORESMHIZTB N T, w(D%
AT LU TARR ESNT=ERIEE A Fig. 2()B L O0) (R Lz. 2 b DX T 1 2 XA LAT v THIETOEZD
ANNE(Z T ZNZFES W TERIEE 2 4551 LT 5. 2E HIE TIXEBEMmME I8 U R R BIRIE T 5 03,
3E JE CITmEMMEI U IR Eim e — 27 BBl S5 Z LTz, B & B LG O f:E T
IXEBERVINERE IR U TR L 0 BEEICE (LT 5. & 2 CRLLUG & &It SO O R dmHRE ) % el 3~ 5 72
zsb Fig2(a) D7 — Z\Z RS2 H L CTH 1, 52 ER O _RoeT —ZICRITTHK L= 9 2T, 7 7 A5%E
FEE &R — b ¥ —< TRl L 7. {Ez%@*”éur“ﬁxmb\ 2 DDV T AR TOLNFEREL, BALRISOE
FRNEEN D117 L0117, “101” L “001”"1XZNZEH 79.8%, 7192% Th -7z, —J7, BILNKIGDEENEEND
“000” & <1007, “010” & “110” DR IXZ N LH 78.5%, 56.4% TH 0, SWHENNEERE R 2L GA TV, &
ST, BuMEY bIHERE F@Fa‘:ra‘wtfﬁl@ BT R DFEICE I TH D Z LR yh-oT-. BLRIG CTE
JEBENB S A ER & LT, EMEmICER SN CuflbAWIc L > T Ptic kb Cu OEbIEH S Sh
TWHZ ENEZLND. HIZ, IL-PRD 22 E, 1w, < L CRIRMZR AR EDOEMEN IL g
felbiZ e BALIc & H LTT/\/(X%our?“é LT, ML DX A7 L TCEFDFEREE 2 RLTX DR
BT DA ATREIC /2 D EWIFF S5 2E JITED 528 3E JITE & L MC BNEWELR I, SV aolakE %2 5
2 D AC SN 2E T ié:‘?‘o SMDOEBMBTHICAELDTZDEEZZHND.
[Z3% 3CER] [1] T. Matsuo et al., ACS Appl. Mater. Interface. (2022). [2] D. Sato et al , ACS Appl. Mater. Interface (2023)

2.0 2.0
(a) Three electrodes s (b) Two electrodes .
Lsh MC=1.047 b Me-1877 AN |
~ ' = s
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5 5L —ou—ow0 f |
5 7 1 — 110 #f -0.5
© 100
0.0 Lo — 011 — 010
& -1.5F 11— 110
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Fig. 1 Optical microscope image of 3 Fig. 2 Color-coded output current waveforms measured by applying
electrode micro-electrochemical cell. random binary data stream in (a) 3E and (b) 2E configuration.
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14 BEYMBIFN—T NAAOBERRIESE LIEBBHYANES ~ Ot

Operating Current Fluctuation of lonic Liquid-based Physical Reservoir Device
and Robustness for Non-ideal Input Signal
EHP . B XxET? BIATS
°B A ARWH 2. EAREES. B LA, NEERA. PUkIEE. 88 mE%. K TRAER?
AIST!, Tokyo Univ. of Sci.?, Tottori Univ.?
°H. Shima!, Y. Kubo' 2, S. Miyamoto®, T. Nokami®, Y. Naitoh!, H. Akinaga', Y. Zheng?, and K. Kinoshita®
E-mail: shima-hisashi@aist.go.jp
[Fam] WELY S —FHE(PRO)L, & BIIMEE B EH R RE A 3 Aol 2 721 AL BN F R S D o T iE Ik
(RN T, AR TR ML)IC LD AL 2 F2 2 35720 OF 1172 FIEL LU TIFES LTS, =y VHEIRCAE
RENDE BT RIE B DI RESN —E TIHRL BRIFEA L0 /A XD LH 2RI E A A 95, Lo
T, PRC TUHR—JBEIHIT SARZIL, (B B OIEEARME~DMESRD DD, Fox 1TAARIRAL)EE
R S T G 22 B AAL RS2 L= ) 3 —F /S A Z(IL-PRD)DAFZER 2 D TRV, TR ETIC
TGN A AT A AENEEATHF A A IL-PRD (255 PRC O ML PEREIC5-2 BB SOV TS LT
X72[1, 2], Ty VREICA RS NAIE B L [FIEEIZ IL-PRD B &b 2 OB EMEREICIEFARM: 235D, B2 IE, [F—
O ETEE IL-PRD IZ AL THASHAEIRMEIZITFELZ BHY | TOREZELT A AEO R KUK
173 %, ZIETO IL-PRD OHEREZHIClEL, ML EF VDR —=2 7 L7 AN NS T —Z By MNIE B L,
PR A G F/2ME 5% IL-PRD (AN L THIEL T e, A Tk, ANE B OREICESE 2 NA T
FEFRARBYATIE B LU, FEREARME DL IL-PRD H KO FEERARNE L O B Z 7,
[EBH1EFig. 1(a)lTAHFFE THU = IL-PRD O e AHEMEI T B THD, [ SHROWNESTIL Pt BT
HLTEY, IL/Pt RmEBE SIS, IL-PRD (2 L7 IL 13 Cu* /4L T Cu(TEN) Z 0.4 M IRIIL7-
[Camim][TEN] T D, FFIZEEL AT DHEIL/PRE TESALF OGS E Y, Bt /15415, IL-PRD
WXL BHALAT T (TSNZ07E“1"D 2 fET —E BT H MIESN L T2T PG 5 OB RS u & = A
BV AELTASL, IL-PRD O IENTZEBHROT —Z "MARAE ) —FIETERITG/EL T ML 2175
72(/—FK#% 50), BJE/ ULAD/HILVAET 500 ms ELT-, 15 50 TAEBILE, 51" IF EBELERL, /LA
W E(PH)IZFESE N EWFEAYE B ul (L2891 CTIE PH=£3.0 V, K&K Tl PH=+2.7 V), £7/21%. £ PH IZ
TUHENIE01 V, £0.2 V DFELZEAPH N2 72 3EEAERE 5 u2 % IL-PRD ~D AJMEZE L7, Fig. 1(b)iZ
PH=£3.0 V DA D ul & u2 D—§%&B7RLIZ, IL-PRD OEMEEROFELE N REV KRG T L, FEHE 230H]
SNAHEZEHR LTyl & u2 IZXT 2 ERZHIEL ., FHFLIESTM)Z A7 DFLEAR BE(MC) % L~ T,
[#EREZ 2] Fig. 2 X225 T IL-PRD (2 ul Z AN LU CTHIELIZEBRIEIE TH5, IWIENFHIESNZ TS 255
3TS ATETD u DASIRE—NIELT 16 o (ZTANLT LIz, Bl 21240001713 A, A, A, EONAICE
JEZFIINU7ZBR 0 IE B ERIINRE O BRI T D, ul F7213 u2 % IL-PRD ([ZKKAFTADLTHIELZT —
Yy Al, A2, [ARRICEZERCA N L TIE LT —% 'y VI, V2 &35, Fig. 213 V1 IZxHe 35, &
HIZ, V1 DI FAZ LI A AL TRARRICEREOROE N ENERIEIEL LT 7 — &y e M1 &3
5o £, FL—=71C AL, V1, M1 Z\/= 3 FiFED STM X A7 DET VEER LI, TNEFNDOET V%
P(A). QV)BLRRM)ET D, BIFMEDOFELET DRKEET AI>VI>MI1 ThHD, TANT —ZEL T, P(A), Q(V).
RIMIZZENZFL AL, V1, VI Z AT (FFARATIT L, 872D TS OF —2tyh) LizGaL, FEEABRAR w2 7>
HEIESHL A2, V2, V2 Z A LT85 LT MC Rl L7z, ZO#E R4 Table 1 IZEEDT, EHLLDELHIZE
WThH, BT /L Q(V)D MC X P(A)° RIM)D MC LWH RED -7, £7o, P(A) TIEA TG FIZIEEARMED N
STEREIT MC DVELLUE T LT, ZOfE 1%, PRD OF A ZENVEICH D — E O FEFAEM NG EN DL
23, PRC @ ML &7 LD AJUE 5 OIEBAEME R DO M) BIC T 5 LGHZ 2R TN,
[(BEICER]I[1RE Al 55 84 RIS AW B PGPS GRIEE 5 22a-A302-1), [21Ki% fil, 2 83 [H]
i B 2K IR AN S GRIEE 5 23p-M206-7)

(a) Table 1 MC values in three
e e ool models. Data sets Al and V1
m"o' mi m'(')"'":‘l 0 Jm __ correspond to ideal ul, while
Lol slin S il p no A2 and V2 correspond to
g 05f 1—oout  non-ideal u2. Data set MI
£ s was calculated from V1.
i e 1
i ] 00F MC of STM task
s 1110 Model (training/test data)
(b)3 - —loio
s Z 05 . —00(1,2 P(A) 1.95 1.45
%0 = (AI/A1)  (Al/A2)
—‘é’ e —1000
g i S e Y 11 DA
e R T Vel (VIND  (VI/V2)
me (S
Fig. 1 (a) Microsc(opy image of Fig. 2 Color-coded current-voltage curves 1.96 1.81
IL-PRD and (b) example of input ~ measured in vacuum by applying the input RM (MI/VD)  (M1/V2)
voltage signals u1 and u2. signal u1 to IL-PRD.
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AEVEDHAFA RN THDEDFEMEAEZRN-EHHBEHLF XERFIFH
Precise-Prediction of Chaotic Time-series Data,
Achieved with an in situ Manipulation of Chaotic Interfered Spin Waves
NIMS!, JFCC? ©CdfK #i!, R X&: B BE2 LA M&E? F8H —#H' LB 8E!
NIMS?, JFCC?2, °Wataru Namiki?, Daiki Nishioka?, Yuki Nomura?, Kazuo Yamamoto?,
Kazuya Terabe!, and Takashi Tsuchiya?!

E-mail: TSUCHIYA.Takashi@nims.go.jp

PIERY A= I U Ea—T o U7, FE TR PAVNE B TR ) PR — s e

—7 4 V7 (RC) & @R L ZE M ~DIFIE GARRE 1 % & OW T NSA A TITHO N L= —F L%y
NT—2 ThH D, RCIZHEZLWET NA AD/ T, WEMERPT T LAY VK& S in 1
THT 5 2 & T, BATZIERIENE & oot EHREEESEOND 2 ERH LN 5T,
[1-4)ARMFFE Tl BEUREMRE 2 H O TR B DRl « EITROGBNC L 0 R B Rt E 2 DY
L. A TFHOIFREEORIE L U P R—oEkattom Ea X7z, [6]

Figure A IZ/ERL L 723 U PN — ORI A2 7777, YaFesOwn(YIG) Hiftidh LD 4 SOhke 7 7
FERIET T FICEY . YIG FCIHERE TS LAV ERSMmINESN D, YIG EOEKER
B Nafion & Pt&EM T BEEFIINC LD YIG ~D 7 1 b U (HYDOFEABBEZ AIREL 5, 2D & =,
YIG D Fe A A NZETFIEANS L, Fig. BIIZRT L 9 IZ A B R ORI EW 7 & O
DRESEM LT, BEEIREBIZBWTEBRIND R R DAY LD A AT WP U
N—RAE %A VT Mackey-Glass 2R CRUIR S35 1 A ARERFIT- ]I 2 A 7 % i L 7= (Fig. C)
Figure D (27”3 L 9 ICIEROWEL Y B3 — L Lifig U CTHRD TREIWVERE 2 157272017 Tle <L KRS
FRIOTZDD T I 2 b—3 9 ETVOMRRICILET 2 MHEEZS5 2 L ITSI Lz, M HIX YIG
~OT 1 N ARADEBELEWERICE > 1o D A AN A B U E T OBHEEIC S W T HEmT 5.

AWFFEI L T 22 A PR BE E AT JEHEEHI B2 TIPJ0045961, JST & = 72317 [IPMJIPR23H4 .
JSPS BHFEr [IP22H04625) 35 L 0% [IP19H05814 | (-l 7EfE ik & B [ AR m Ak D Bk %
2T CEIT SN,

[1] Nakane et al., IEEE Access 6, 4462 (2018). [2] Namiki et al., Adv. Intell. Syst. 5, 2300228 (2023).
[3] Namiki et al., Mat. Today Phys. 45, 101465 (2024). [4] Namiki et al., Neuromor. Comp. Eng. accepted.
[5] Namiki et al., ACS Nano 14, 16065 (2020). [6] Namiki et al., Adv. Sci. in revision.
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YsFes0q, AP BN BN . I N SV, Time step k
R T 28V g o
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@9% ﬁ”s“ $ @%h %Bﬁh E
%ZZ ﬁ% %iﬂ @E ’ i} Tlm?es[ns] ? K 0.01 F ‘
Il Physical reservoir Il Neural network (Simulation)

Figure (A) A schematic illustration of the physical device using a YsFesO12 and a Nafion electrolyte and
spin configuration modulation in Y3sFesO12 due to an electron doping induced by proton insertion. (B) spin
wave variation at various voltage applications. (C) A result of predicting a chaotic time-series data deriving
from the Mackey-Glass equation. (D) Benchmark comparison of 10 step ahead prediction of the chaotic
time-series data. Blue and Green represent physical reservoirs and simulated neural networks, respectively.

Difference [mV] Voltage [mV]

Root mean
square error

NW network
lono-magnonics

LSTM
gCNN |
HES.

© 2024%F [CRAYEER 19-025 FS.1



16p-A33-13 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

RAEVEFHBIVYFNN—arvEa—T12TI12&d
EEED A RERS TR

High-Precision Prediction of Chaotic Time Series Achieved by
Reservoir Computing Utilizing Interfered Spin Wave

NIMS!, REX? OR% HX'? A #' &EEH K&’

HO B2 F8 % LB #ME 2
NIMS', Tokyo Univ. of Sci. 2, °Sota Hikasa'?, Wataru Namiki' , Daiki Nishioka'”
Tohru Higuchi’, Kazuya Terabe' and Takashi Tsuchiya'

E-mail: TSUCHIYA.Takashi@nims.go.jp

UPN—arEa—7 4 ZROMEFHHE 2 2 b, @#EHE &V D FEZ RO AL 5F
FiETH D, FRCYBBLRTY PN—ZEXHX 726 OIIWE RC & METIL, Bk~ 7ebf
Bl T, 2 THRBIDHEA TN D, T, IERET %thfy%gﬁ%@m¢é:&
?%@%&%@Rc%%ﬁﬂ%f&é_&ﬂ¢w% X 0 BRI AU |7 NI
I &0 EBRIZIEGE S 2P, RBFECIE, ZOFEICER L Mackey-Glass HEAX (MG
FREA)ICLV AERENT I A AEERINT — % ORI 21T - 72,

AMFFE TIE YaFesOn Bl dh (YIG) DR ML L 72 F F(Fig.(a) &2 AW T, LRt Tib~
72 MG FERUT K B 7 A4 ARV TR 24T > 72, Fig.(a)lZx L72FE 12388 T, Exciter
AB ZfhiEEim & L, RV O 8 Aa it & Lz, Zaub %2 AW TRIERIIZ 2 A )
S DR EEA FHL S, FHZEIT o7z, FMBIS 180 mT, /L AfFE 10ns TO Tl
W & BRI TE O ik % Fig. (bW d, THIEBIZEERE E K< —H LT, 20
AATIZBWTIERE TS LI A U RICE A2 PAN—ZBERO b DO LD H RV
PERETH D Z & DFERE ST (Fig.(c))e 2 205 8 Ui - ~OR i -2 oI x L
TTRFRENHEIRT L TEY | @mRoeERIIC X 2 @i bR S b, AR5
VX B T 22 OB AN A T HEEE I FE [TPJ004596) DBk % 52 1 CixAT STz,

b
®) (©

T T T 1 T T T 1T T T 1T T4

- MSE I: 343 x 10_4 —-I 0l1 C B Newsal Network

12, / § N ) S B (simulation) 7]

E3 AN AN ANARTANAE 6 Physical RC ]

= 0‘ 8 _I'_ \ :.‘ \ | \..' :'II ".- = 4k Thus study i
o e v \J N | b - 2

[ ! \ = - B

04F_._ Targel = e ;

= Prediction 1 2F i s &

7/ 0.0 1 | 1 ] - [ ] = ; ]

Exciter B " 1 " Exciter A 0 100 200 300 0.01 F : ]
Discrete time )

Fig. (a) multi-detection device based on Y3FesO12 (YIG) single crystal (H : the external magnetic field)
(b) Comparisons of target and output waveforms when external magnetic field is 180 mT and interval
of the pulse is 10 ns (c) The benchmark of the prediction of Mackey-Glass equation

[£% 3Cik] [1] Nakane et al., IEEE Access 6, 4462 (2018).[2] Namiki et al., Adv. Intell. Syst. 5, 2300228 (2023)
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T332z /4FVFVNAANDESR_EBMREFAT S
BEEBES A VT —T 1« VT VFNR—DFSR
Development of an ultra-fast operating ion-gating reservoir based on the electrical
double layer effect at the graphene/ion-gel interface
NIMS', BREEX’ OFM X&' 4tH LR ¥K #' 8 —H' LB #&'
NIMS !, Tokyo Univ. Sci. %, °Daiki Nishioka', Hina Kitano'?, Wataru Namiki', Kazuya Terabe',
Takashi Tsuchiya'

E-mail: TSUCHIYA.Takashi@nims.go.jp

WBLRICNTE T 2 IR 28 & B IR 28 ) B x—a v a—F 1 7(PRO)
X, ZTOMEMEOE I DBLRIR T v P Al T3 A~DICHBPHFE SN TS, Rz, 4>
F—T 4 T L DMESR D EEE X v U TEAIIES S WERIE 2 3R ER E LRI
HAF =T 4 7 U P R—(AGR)IL, PRI & FERIZAR AL &5 OV 1T 5 el FERy e Mt
HTHY ., ZHETITRHRMESRICEIT S PRC NEIESNTWS[1-4], —F., HFHRIEEZ A
A D IGR ILE AT 3 A & HA_RTEWWEEE B, ZAuE, FEE S O ik aoRE 7o iy
RIS 5 9 2 TIIA RS TH 5 053,4]. @il BRI RO EICE L CIEFEM B
DMETH o7, 2 2T, AR TILE A A AMAREE (~8 mS/em)D A 74 > 7 /L(EMI-TFSI) & CVD
ECER LGS 7 7 2 2R3 28X _HEE F 7 VA EDLDAER L (K 1), &
HENERIHEZR IGR ZBA% Lz, X IR T Lo, 1ER LR LT 7 7 = v ORHERN 7 E
TS A SO U 72 AR R O E2 R L, p BRI B A REFIEERT XX 1(o)lcRT L o1
260 ns TH-oTz, Zauid, MR EDLT &R TEMCERTH D Z EIZMAE T /3 AL
HLILHT D2 HETH D, RT3 2D KA VERIGEN D Lz U P8 —IRREE, Rk
ZEh A IR U7 BRI 6B E 2R3 L & I, PRC IZBIT AR T ~v—27 X A7 12BN
THENTMEREA R LTz, BRI, 7V A A 5 us THEIT L7 IERIBI B A #a % 2 7 T, X 1(d)
WRT KO AT =AM OHBE R L O AR AU LT ENENRE 99.4%35 KT8 99.9%
ERM LT, TR A~OES 2 7 IIRRCES E R mWE SIVTWA R[S, KT AT T F
7 = ORI E) 2 SO U 72 R T2 BAR B A AT AMTNETT D70 RO T RS
R LTz, Y BIIART ANA 2 OEERER A FEMERERHN OFE RIZOWTHET 5, ARIFIEIT
JST & & 3(F (JPMJPR23H4)F5 &L OV JSPS BHFFE:(24KJ0229) D ik 752 1 T TSV E LT,
[2% k] [1] D. Nishioka et al., Sci. Adv. 8, eade1156 (2022). [2] T. Wada et al., Adv. Intell. Syst. 5, 200123

(2023). [3] W. Namiki et al., Nano Lett. 24, 4383 (2024). [4] D. Nishioka et al., Sci. Adv. 10, eadk6438 (2024).
[5]J. Hochstetter et al. Nat. Commun. 12, 4008 (2021).
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Fig. 1 (a) Schematic diagram of the device. lon gel was prepared () ¢ o /\/'\—
by gelation of ionic liquid EMI-TFSI. (b) Ip-VG characteristic of - 10k . \ M
the device. The device shows bipolar behaviour reflecting the Dirac . osh i
cone. (c) Pulse Vg response of the normalised /p in the p-type 3 o
region. (d) Nonlinear waveform transformation task. The top panel -1.0p ‘ — M 99.4%
shows the input triangular wave, the middle and bottom panels 10f ‘ ‘ ‘
show the results of the square wave and frequency-doubled wave é gg/\M
transformation, respectively. The black line and the blue dotted line 2ol 7 99.9%
indicate the target and reservoir outputs, respectively. o 10 0
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I3 72z 0F v RV ERAV-ERES—ERB LS UCRFIT&D
W\ F/)N\—a v EPar—TFa Y
Physical Reservoir Computing by All-solid-state Electric Double Layer Transistor with
Graphene Channel
ME - MHEEEE L, REX?2 OM2)JE b2, BEE KEL EK #il
FH - B #E!
NIMS ¢, Tokyo Univ. Sci. ?, ° (M2) Hina Kitano®?, Daiki Nishioka!, Wataru Namiki?,
Kazuya Terabe!, Takashi Tsuchiya!”,

E-mail: TSUCHIYA .Takashi@nims.go.jp

Al HAFOE LT, 77 0 RADIFREEEZLBELET, TOLTEEEZITHI ENTED
TV Al T, ANDE %#miofu\é W) P R—a ¥ a—F 42 (PRC) IR
DIFRIZICE Z R U THEE EAT O @R E ThH Y . 735 A A ZOMHME & &g
S~ D A @iﬁ%ék&b\ Hl-lem o ¥ Al T3 2A~OIGRIZIENT T2 T T b, A
WFFECTIE, Rk & E e 2 WS LIS 2R _ER h 7 A& (EDLT) 124 H L7z,

ZOMETIE, Ty prARERE U PR EETHRIE LB E 7 7 7 = 2 v, £
LT, 7V A L——HEfEE 2 W C LiMsE e B R B AR (7’:&/v77x Li-Nb-O) X% — &
fin (LiCoO2) 7o &% L, EDLT Z1E# L7z (Fig. (@), ~"— MNEMICELE Ve ZFIINT 5 L
R NEC LM S L 25 2 & T/ I 7= //ﬁaﬁigﬁEOD EDL {35, ZAUTkV 7T 7
T VUDEAFXXVTEENEL L CTF ¥ R EWILD KA EI o 26l 5, BEXEFEFAG
BLORVF~—I H 272D 8T P AX O PRC MieFHti 21T > 72, 7 — NEE Ve #-1.5V
2 H+1.5V OFPHCHRIE L7- Io-Ve FritEE 7D & MMmE R ERN I8z Sz (Fig. (b)),
Z @D EDLT % IEMRIENE & FIRLIE A B & 3 D RER51T — % Tl # 2 7 (NARMA2) % Hv T PRC

PEREREAM 24T o 72, T DX A2 TiX PRC OIEMIEERL )] (FRE) &2 —5 > hEDERL
W) T FERRZE (NMSE) Off CREAM S 4L, NMSE OfEAMEVE & @EitkE A &3, EDLT O THIEE
IXEEE A SREECHE L TEBY (Fig. (). NMSE /X 0015 Th-o7z, Ziud, @tEREs 4
Y€ K EDLT OEfE (NMSE:0.020) 1 L bl LT 40%HIKF Lz, 7T 7 = > Ol 1
ERFMEIC LR U 7Rk 72 Io-Ve Bl GERIEME) 18 X 2 IEIB AR IRE 103, Z O @ WERRIZ K
LTV EEB 2D, ABFFEIE IST & X 3T (IPMIPR23HA) D 348 %52 1T TixfT STz,

[£% 3Cik] [1] D. Nishioka et al., Sci. Adv. 8 eade1156 (2022).
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Fig. (a) Schematic image of Fig. (b) The /,-V;; characteristics Fig. (c) The target and prediction
an ion-gating reservoir waveforms for a second-order nonlinear

equation task
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T3z /84D FESRYYFN—ZRHW:
FEESHFER
Recognition of hand-written digits using graphene/diamond reservoirs
BEXESR HiR HE CHEH =
Waseda Univ., Haruki Iwane, °Kenji Ueda

E-mail: k-ueda@waseda.jp

[F] EFFExIX, 77720/ FATEY NERD, EEEN VA NREHIC L0
BRSNS A RZRHE 28T F2AM L N, V9720 /X4 FEY N
JEAE S OIERSGAE 2 HIHT 2 T L 0 BA ONARE R GoiEREmM) 13283 223, Jid
BREH D WEESR T2 AW ETY P AR—HENMT X, SHEmE (BF; 0-9) BN ITZ5
FHLEE L 23 208y b (5X4) OfEANE = TRSNIZBHELETA A —1F 90%LL
ORI S N, FEE T (MNIST-784 (28X28) B v ) OfifiA A — (64 v
K (8X8) DM/ XF—2) OREFREIL 80%95 Th » 7=, TEEXETOFRIHEEIMEWFRIAIZ D
WTH AT, FEIHTFEMOLBET (28X28—8X8) BN bl E7-2 LR L=,
T 2 CAME T T EE T OMM MM Z T P AR—FHE 21T 9 F TRk E 2 LT 3%
i1 o7,

[38] ~A 2777 X~ CVD B X VER L IcRER/R M7 T 7 = (VG),/ FAYEL R
FEBEE TN TAITW, VG ¥ A YA OE AT Y 2 %) ZERL L 7o (BE5 A 40~120 pm)
FUIBEEMN | REED VG, XA Y AT ) A X AN TCFEEX T OERBERRE R T,
[FE3R] VG Z A VI ATV A X DONAREE TV 2w U TRUSIZ IS LEL L7223, A
7 % DIEE OWEEE ) DS EERERIX 12 B & AL bz, FEESHETA A—Y (28
X28 NE—2) ORPLELE LT, EREBEGER =y HEZYVEY 576 (24X24) B b
Fe LT 14724 By FOTF—H %2 8w MMED 3 DT —ZIZAEI L, 1247450 8 B v
N A S E — A EAE R L7224 X24—8 X 72) (Fig. 1, Left), 728, WnBEL{LBEORE &% %
BLTC8EyY MaEDOT—XIZFER L T\ 5D, D%, F1TE@B y MO ik —% &2 /LA
KA (1), T (@ONTEHRL AT Y AXTRE L, HEEEORKELZFEE LTz, = OEE
EEATHEICER Y IRTHET 2 HOEREET —% (Iinn) BPELNINLEEEEFELD 2 B=a—
TNFy MCADT L HETHRTHEHN NI L D, 50 "% —rOligT—22HE L, ¥
OYFRIE 22BN V) & W TR 2 R T2 08 100% Dk PR &2 15T, BFPA A — P OFFI%4T
DTG I E L FETHEN M ELZE D THDMN, RIZ50 X2 —2 D70 7 VT LR
N TETWRNWDT, U 7B EBINSE TATFEOAIMEEZHER L T, F-HE O
FEE ERERFRENEL b L — A7 OBIRIZAR 503, EORREOBGHERND LV @REE D EahE &

LM BHERE LTS,

Ref.: [1] Y. Mizuno et al., Carbon. 182 (2021) 669., [2] Y. Ito et al., APEX, 16 (2023) 071004. [3] 2023
A5 84 [A]
5 FF B 2 24 x 24 MNIST 8 X 72 data ne ey L~1,
e S a ,(C“t out of edge? (Rearrangement? Optical | photomemristors
= N AN 0- | 0- | _laver
wwar [ ] e g
e, BIR 5, 0 § ‘ S network
22p-A302- | === | - 1
13 L0 51015 202 | | 012345678 | g

. ° r 7 J

Fig. 1: Direct recognition of digits using VG/diamond photomemristors.
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High Fidelity Programmable Photonic Unitary Processor and Its Application to Signal
Processing in Long-Haul Space-Division-Multiplexed Transmission
NTT e 78F ', NTTSREREZ NTT 901487 °, ChSHE ' ZRitE 2 hEFEE® G B2
INKREAT?, BERMAL BEREN'
NTT DTL.', NTT NIL.2, NTT BRL.?, °Mitsumasa Nakajima', Kohki Shibahara’, Kohei Ikeda’,

Akira Kawai’, Takayuki Kobayashi’, Yutaka Miyamoto®, and Toshikazu Hashimoto'
E-mail: mitsumasa.nakajima@ntt.com

[(BF&] Tr I ~T7 kb E Anica= &)W@@%i HFHNTHRIATHIGH R A W] e
HY, FHEREOE RIS H~OWEREE > TWD L RS, BIEEOEEICBWTL, TV
&w%%ﬁ@mmmm;%%%ﬁ%ﬁm<%m%nfméﬁ,%%%E@Mm%ﬁ%&8®&ﬁﬁ
RREICBWTIE, KEBWALIZPE S REEHERER S TR0 2, KR I 2B 7T v R h 3%
ENTND 3, AT, AREERKICCa=F Y BRERKAERLS, 35— 77 A4 \&2H
V72 1300km #% SDM Yl E I A L, DSP ALER AT ORI IZ OV THRET L 7= D THIE 5 .
[328k - #ER] Fig. l(a)ic2 =% U ZHaRIH& D SDM AR ERE ~D UV TORT. fiEk S
Bk 4,5 LIXR Y, EZEOFIZE TIZR L, &Pk, — NI =4 Y ZBHER 2 ELE T 5.
% ) — R TLE S 2T — N O S ZHiIl# - FEkd 2 2 & T, DSP L ToD MIMO AL
ﬁﬁ®££ﬁ@10?%5%~F%Eﬁ%%%mm¢é.ﬁﬁ%ﬁ@tmegmnﬁﬂﬂm%
J K572, 8X8 Clements =% V) Z5falalk 2 {FHL L 7. SDM JGi&(E CTlE, HEZHWDM)IZ
;5@%%ﬁbhétw =& U EHERIIZIAVIBERER TCORmWEIE (FrEof74
HEEINTATHO RE) BNERENDH. 22T, &E%ﬁi@%l&&ét%%%aiﬁmﬁ
%%ﬁw,Hﬂa%@ﬁﬁ%ﬁ@&&wﬁﬁ%%ﬁ%KﬁW%ﬁok.it RLERRZZITIE S 1R
FEEOR T E2MET D201, BWEE 2 AWREREEZEA L, FO0EET 099, EE v
R C ##(1530-1570 nm) T>0.96 D BFEEE 21572, fHAHEKIL 2.8dB Th-o7-. KEFE %, 51.2km D
3 B— R7 7 A0 0572 BEIARERICHAAAT. JEEEZ T 2 BRI B 5 R %
@ﬁf:eﬁﬂﬁﬁ%b,xiﬁfﬁ%klwmm@ﬁ%%%%ﬁot Fig, I(b)iZ2 =% V) 754k
B2 EANT D56 L, =2 U BRI 2 il L7286 O DSPIZBIT 2 IS (bink © 2R
#1r@%~F%E@%%ﬁ%#é@?&mlxpﬁﬁiomfﬁm¢5t@ K32 = &
PE L. KEENRIE, EMERICIREREE L MR OB 1E VLI L CdE SR, RRTR

60% DIKJB N R 2157
[mﬂlﬁﬁnm%®*%i [E] 7 A 28 BR 8 15 NI Sl 5 P 2E i E (NICT) D ZFEF%E
(JPJ012368C01001) IZ XV ELNTZH DT .
@) . (b) KL= g VTR L R1=4 Y E@REREL
I Broadly spread Suppressed
P |¢F¥E

~ 2
£—F  {=@iT9) =— ‘\ l'l 1

0
1
DLJ\IL\ -H-,E«ﬂ; MUX DSP g a
- MIMO
(equalizer tap 30 \
E:B :@ length: 1) 295 E = . <
SDM fibpr - Chromatie ok e
dispersion =) P o L
Bls E = /
Al = 1) g% £ ..
=& ) ZTithgk F A L: 10 | . . =
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. )
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Fig.1 (a) Schematic of mode optimization for SDM transmission using photonic unitary processor. (b)
Required equalizer length as a function of transmission length.

[1]1N. C. Harris et al., Optica 5, 1623—-1631 (2018)., [2] P. Sillard et al., Proc. IEEE 110, 1804-1820 (2022).,

[3] C. Huang et al., Nature Electronics 4, 837-844 (2021)., [4] R. Tanomura ef al., JLT 41, 3791 — 3796 (2023).
[5] K. Ikeda et al., CLEO, JTh2A.87 (2024)., [6] K. Shibahara et al., OECC 194 (2024).
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Implementation of Photonic Extreme Learning Machine
with Intermodulation Distortion Caused by Subcarrier Modulation
KDDI 2 &®ERT OHPRE, EESE =HEEE
KDDI Research, Inc. OHideaki Tanaka, Takashi Kan, Hidenori Takahashi
E-mail: hk-tanaka@kddi.com

[FC&HIZ] JE (EfEakE, H7:10) AT e L,
==2—F )%y hU—2 (PNN) [ZiH&E. i@“ MNIST 7 — % O—#6 (%% : 10,000, MRFLE :
SVERIRE O SUCHIRE S LTV D A3, RBUR 2 AT 2,000) %\, AWG I D KIRIEEIE V,, & 5V
— X PNLEL L 72 D BB AR ~D L, fHE e E LTS T RAEE VW IRIFEETART L 2 A, X
AR TOFEBINEHE LVIRILTH 204, AR CILE NVEETHERENRbE 2D T & 2R L,
BRI C AN T — 2 ot & T #7272 PNN O WICHFREEDO ) — R7 U MNEIZATIT 5 IMD ik
R & ERIMFEICOWTHET 5, O EARATE 2 37 L7= (Table 1), 4801 Ll b THE
(2% - 5] FERRIDVBI ST, Rtk IZA MNIST 77— % &l
B L7 PNN 1. Fig | O 5 I L — 4% ML CRRGEE L 72 (5723 £ 60,000, *ﬁ.& 10000) AWG
(=1562m) % EEWHHEAER (AWG) Tye AP PVEBRINIE & | 2 B
S BB LY 7% v ) TR R T 2 DREEIL, ENZEh 93.36%&0 97.29% (Fig.2) T
TR 2012 CERE) L7 LN < v Y = o 45 3 HoT, FEHEODORFHRTRY TIEIRTLELZ: L CHfE
(V.—49V) CEM L. ZOEEKAET 4 54 F YHPF—nR—ar a—7 1 7 KO ELM Z#H L,
—F (PD) CHMBIML 7. RE 2T F TR FEBRZH/E SN TV D RERBEITENE 97.15%
MBI B b L. A PNN A S % [B1K%TN93% [4] TH V., $#% L7 PNN (X228
BEET 572 lc. MNIST F— 2% o | (Ertn R e TRREERCADRLZNOT = &
28x28, MEFH 1 256) WD Z L L L., T—4 % DTEFEDORTHEVAT X vE2H LT

784X 1 ZTH{L LTt 200k SRIRC a3MH, 2 C 0 < AL
M5 200MHz ORICHFIFRICREEI 7 X Y [S&3CEk]
7 ORE & PEHE RIS U T 5%~100% D K T4 [1]T. Zhou et al., J. Lightwave Tech., vol. 40, p. 1308(2022).
N b 3k ~ S —— [2] X. Xu et al., Nature, vol. 589, p. 44 (2021).
A TR BRI AN L 72, 2830 & O F B S F8 T [3] P. Antonik., IEEE J. Sel. Top. Quantum Electron. Vol. 26,
(IMD) IZE VALY TR U T DAY hLE 7700812(2020).
[4] D. Silva et al., J. Eur. Opt. Society-Rapid Publ., vol. 1,
(B EPEY L EREME) 2= A N — A5 EER 19(2023).

(ELM) BB AL B LT, U— K7™ k [5] G.-B. Huang et al., Neurocomputing, vol. 70, p. 489(2006).

‘8 ; .
F’eq“ency Vb Transmmance Frequency e
RF Spectrum
Analyzer b
e ‘
M) —

1000

800

0o
+- 0 ] L
LD.> Modulator PDEJ é 600
-4 0
<— Input Layer = Hidden Layer < Read-out Layer > o
w- 7 2 - 400
Fig. 1 Experimental setup for proposed PNN by using IMD. ~-0 3
w- 3 1] 5 200
o - 3 2 1
Number of IMD 801 1601 | 2401 | 3201 | 4801 | 6401 Co . -0
components 6 1 2 3 4 5 6 7 8 9

Predicted

Freq“(i;"jgange 40-200 | 40 - 360 | 40 -520 | 40 - 680 [40 - 1000 | 40 - 1320

Accuracy (%) 92.95 94.10 94.35 94.45 94.50 94.50

Fig. 2 Confusion matrix.

(Vy: null point, Vp,;: 5V, IMD components: 4801)

Table 1 Accuracy dependency on number of IMD components.
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Realtime prediction based on all-photonic reservoir circuit
integrated with a photonic readout layer
SRX!, CM)EMH EEF', Al KB, ¥l Rex', BE T’
Kanazawa Univ. !, °Keigo Takabayashi', Takeo Maruyama’, Tomoaki Niiyama!,
Satoshi Sunada’
E-mail: keigo2014@stu.kanazawa-u.ac.jp

ITHEDHREINOCIRRFERICE Y, FMERFRUBINGET 2 3 Ea—T 4 7 OFFENR
JERHNTHML TV D, 20720, KIEEE) CIERQENARER ) P N—arta—T 17
(RC) & i H H MR S B O @i b /e EOF Rz b oot LG e 70t RC ARERIER %
FDHTND. LinL, KON RC VAT LDELIE, Bt LR EZ 47 74 v OB ILET
ToTWE[l]. £ 2 TAIZETIE, S CHBLMEZITS 2 EAMRER Y — N7 U MNEE2a 2
UPAR—EIE R L, Thad T4 %8 T 52 LT, Bt v OB EERIE TORSRST
MR AREL 72D 2 & &R T,

ARZEN Y PN—FREERIT, 6 7 HIRBNO R0V P—Jg L, el d
B DN 7 % — & Mach-Zehnder interferometer  MZD)EH T 5V — K7 U Ngav U a Ty
7 EICERE L TR Y (K 1), JEATI BRI O ) E T3 27ps DIRBIETFEITTE D,

B 1R IRHIm SRR T, R OBIRIAAHAER ST L —Y 2t U P 8—RIEKICA T & LT
%Y, U—R7 7 MNETIE, ~/VFF v 3/ digital analog converter (DAC)% FVNCTHLFHT 7
—& MZIIZEELZEIT 5 2 & TEADITLEMTbNS. Dt R s LTS,
H—0y hEom A %GR UEEMEEZEEIEEZ AW TER L TV 2 & TEEETo o A%
BRCIIA A ARERIN 2 T2 1 AT 7O FRIA NMSE 031 OFE THIREL e o7, AFERT
1%, BRx e 2 A 71Tk D PERERHIRS RSOHE(VERIE LISN DA T A R E FE A LIRS

W9 5.
(a) ANiES ) . . )
Silicon photonic reservoir circuit L EcAd Flgl Onhne leamlng SyStem uSIHg a
R_ “ g . . .
, _ silicon photonic reservoir chip
s — : P . . :
integrated with a photonic readout
1. ORBIMDEH .
2 WH OB layer. (a) Experimental set up. (b)
One-step-ahead prediction for the
(b) (€) 2w Santa-Fe chaotic time series

10° prediction task (c) Learning curve.
NMSE as a function of epochs.

6x107!

4x107!
3x10°!

0 10 20 30
epoch

[1] Yamaguchi Tomoya et al., “Time-domain photonic image processor based on speckle projection and

reservoir computing,” Commun Phys 6, 250 (2023).
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Development of optical hardware and reconstruction algorithms for high-speed imaging
to visualize nanosecond phenomena
SRXY, CMDEE R', WA B4, U k8!, A T!'
Kanazawa Univ. !, °Shin Motooka', Tomoya Yamaguchi, Tomoaki Niiyama', Satoshi Sunada'

E-mail: shin-motooka@stu.kanazawa-u.ac.jp

FRA A=V T3 bR FHMOEME LRG0 THY, Hl2X, TESHETOmE
WO (B 21X, 77 A~BlG, EHRIIHT DMEOEBRKIGE) H b &R fiido Y —
T A TR ERR A R ASDIGCHPHIRE SN TS, L, TERO@EEA A —T 0 7T
fili SR 222508 0 AR S 41, — MBS OEGiRE PN TH 5.

Z ORI 572012, KBTI > 72 1 SOk ER T/ B % & s 5 % 8142
TEDHA AR LY TV —DNA A=V TV AT AEZRE L[], ZORE AT AL, i

FAE A B I AT DT DEE T o F LN E — BRI ESWTRY, TR r—
IWTCEEBT HBGEDA A=V OFEENAIEETHD. 7oL MPL—PF =X N =T DA T %
RAWemidiA A=Yy 7EiF 1Ry, REMOEGERE L ARETH 5.

K%%VX%A®%%E%FQ1K%#.v~$w%%vw%%~k774ﬂ(wm0«%é
Z & T, RN AN AL T D T U H LRE = B ERT D T H NI T —F N 2 (DMD)
FRICFRR LI A=V~ L, Dt zES, VYN —arta—T4 0 7F v T ~ANL

TEY, HOKZIREEZE L THRIET 2. Z20ESEZHWT, BB HEMENR L B 7203 T
179, ARFEBRTIE, 10 7 7 2D MNIST FEEE5% 10,000 BOH W THEG O FHERRL ATV, B
SLEEMERE 2 B D M LTz,

| Target Imagel Image2 |

@) | . Optical (b) | image l{ E Fig.1 (a) Experimental Schematic

1

1

1
! processing - ! 1
! AWG | MMF !
! - Image on DMD ! .

Photonic reservoir chip

! Reconstructed Ima; age 1 Image 2

image
e

Generator, PM : Phase Modulator,
MMF : multimode fiber, DMD :

1
1
1
1
1
1
1
Lens :
1
1
1
1
1

Oscilloscope

il

[1] T.Yamaguchi et al, “Ultrafast single-channel machine vision based on neuro-inspired photonic

(b) Results of image reconstruction

i digital mirror device),
| (T : Exposure time)

computing,” Communication Physics 6, 250 (2023).
[2] J. Hanawa et al., “Gigahertz-rate random speckle projection for high-speed single-pixel image

classification”, Optics Express 30, 22911 (2022).
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Optical sensing based on Hyperdimensional Computing
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Kanazawa Univ. !, °Hong Jiseon', Kei Kitagawa, Tomoaki Niiyama!, Satoshi Sunada’

E-mail: jiseonhong@kanazawa-u.ac.jp

Hyperdimensional Computing(HDC)i%, U H#/S—8HE O X 9 IC AT A @k oL 2 ~FHu4 5
LT, BFEOY Y T = s IR TRV 2 2 2 f b, @l 4 ATEEIC 5. HDC 1%
ANNF =45 %34 F VAL L T Hyper Vector(HV)&E W9 1,000 LA EDOBERITCORY FVIZE#H L,
A AREMEEE LA R AT 5 2L T—oDRY MUIUIEL ODIEREITOHZENTE D,
F7o, BRIEAHEBIC LY, DT — 2 TERFENARETH Y, HILWT—FZxo 7 m b
BA TRy NTES ISR 2 HEE 0 OBREA L L GA CTHUREERRETE 5.

AWFIETIE, V7 b=T U T AR L —F =& S5 2 & Tl A L — 1 —HEL S
H—r W) EIRTCIERICER L, Thi HV & L CTHWS[1](Fig.1(a). £k &7 HV X HDC
DJFFIZIESNTFEE L TRMO M RIEHR A HEE T & 2 (Fig.1(b). £/, HFEEEZHWTHAn
T2 a NEA TR MAOEREERTDHZ L THEDEIENFREE 78D 2 L A MEET
% [Fig.2]. ABFFE T, R RISEZAWEH LT — 2 B k2 BR+ 5 2 L o/NVEEE T
EHBLOE XN X —DEBDPIFTE D FELRT.

Fio | Fig.2
12.
g Stored
tor i HE I
tlof]o]-1] vee
(a) Encoder Memory New
c 2D LT | gynging | protowyee [EIEEIENCIENENCICIER
[ Training data |-{ HV Encoding || Class2 HV, P, wrew[o[A 1 [=]1] p=02 [LEPEEIEEE]

p=05 EMETENARIN]

| Test data H HV Encoding I—»‘ Query HV

Similarity

Class
Fig.l (a) HDC ZH\27z%. (b) A~<v 7

(b)
¥ X2V ABR L HDC & 7= 3 —F 4 v

\\ox v 7
— VS ° N
| o] [+]-To]1] Fig2 BFEEICEFL 7 b x4 77 b
Soft material D dimensional HV

Speckle pattern D %*ﬁﬁ(%

[1] Kitagawa, Kei, et al. "Optical hyperdimensional soft sensing: speckle-based touch interface and

tactile sensor." Optics Express 32.3 (2024): 3209-3220.
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Replication of laser dynamics with noise using reservoir computing
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Saitama Univ., °Keisuke Kase, Atsuya Kawakami, Atsushi Uchida
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1. [XC®HIC

HiEWery NO—IEERET AU L b=
2—T Ry N U—7 Z TR D ATAT
b TWbd, LrLans, Vb bh=a—F
Fv NU—Z I3 ENRETH D &V D KREDIELE
T5. £2T, HABELOHZOEEIC L EE
MNERCTX, VF—NR—arta—F 471,
Fax hOHEMAFRETH H[1].

VWP —R—ar a—7 4 TOWREFHDO—D L

LTCHIEZ A F 2 7 Z0ERNHE SN TV B[2].

M E A F I 7 A%, I A ZADOYIHESENEIC X
D RN RERIITRIBRETH D Z ERMbNT
W5, 2T, EMELA I 7 2A0ERICLY,
FEHIRCHEL LR E o4 A F 7 A0 HEN
ARETHD. XA T I 7 AOBFBIUTI Y ET ABE
HOEAF 7 ZAOERP /IS,

RONEETLHERL —FDOX A F I 7 2T
MBIERTHY, HEERNORDLA T I T AN
BHECTHDZ ENFMBN TS, £, HEERD
BB —Lr MRRICKVATEETH Y, EBRT
—HERWDEAICIE ) A AOREOFREN AR AT K
Ths.

T TR TIE, /A AR S iz sl e
—YFDOHFAT NI RIIH LT, VP —R—ay
Eao—7 4 0 7AW TEREZITI xS T
5. Fiz, HELET b2 2Tk LTERREE
izATVy, /A XORBOMEEITS.

2. FReEWBR

ANTHHIRYHEGTHHEERL—FH A F
2 A1, Lang-Kobayashi FFEA2 HEEFHEICIVE
W23 Ry 27225 —EEHNT /A A0
MzE1T 5.

AFFETIL, VF—NR—a L EPa—F 470D 1
DOThHhDHTa—A7—hfxy hT—7 2 HNTHER
EAToT2[4]. FHEERL, AJMEE & LTL—V
DEFBR O FEEREEL & % O BT AT O1E 5 %
W, BREROEBMRED 1 SEEHIETE LD
WHAEHOEBE Z2IT-7-. ¥z, HAEEICEHE
BROFEEF ORIERRfTO 1 fEa sz
LIV EAF I ADOEREITD.

R LIS AFTITADIF AT vF 7 X% Figl
WRT. T I 2E, BREBROERES»OHE
H L7z L— O YERREE & 2 D AT RE [ R 0O S 3 2>
HAERR LTz, Bl ESn=7 b T 7 Z (Fig. 1), /A
RuEMAMLUIZATIOT v F 7 ZFigl@)Lv b, /A
REMAML TN T T 7 # (Fig 1()IZHEEL L T
Wb, ZoOZENL, VF—R—arta—TF 1
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FORE A XML TR AN & LT
H%. SNR (FExHEE) 28 17.7dB L0/ h&W
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Fig. 1 Chaotic attractors of (a) input signal with noise,
(b) replicated output by reservoir computing, and (c)

input signal without noise.
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Fig. 2 Kullback Leibler divergence of input and replicated
attractors with and without noise.

3. F&D
AT, VP —N—ara—7 4 7 EHN
T/ A REMUT G R L —F XA FI T ADT
77X OEREITo 7. ZORERE, SNR V&SN
ALY P—NR—a v Pa—T 4 TILDB /A X
RO R MR LT,

BEI

[1] EBHAME NEES, St F—nN—arta—7
A7 B L g, JRSTHAR (2024).

[2] J. Pathak, et al., Phys. Rev. Lett., 120, 024102 (2018).

[3] R. Lang, et al.,, IEEE J.Quantum Electron., 16, 347
(1980).

[4] H. Jaeger, Scholarpepdia, 9, 2330 (2007).
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JHN—FEOREAZFA L - REHEE ST & EEHR
Analysis on Surface Myoelectric Signal and Motion Inference Utilizing
Reservoir Computing Framework
kX BEtU5— CZm &N, BAESt
RCIQE, Hokkaido Univ., CY. Hoshika, S. Kasai

E-mail: hoshika.yusuke.q3@elms.hokudai.ac.jp

[XCOHIZ : HNOIHERIZ A U D IEEEA A ERE S 2 FIH L CTERIET 2 HERFIL. BURTITE
EMR AR THY ALDOFENRET 5 L-IUCE S TORW[1], BEEOUEEICIE, FiRFE
B T HERES (REHGE) OB L ES O R A EMICHEANTLENH D8,
59 TR RINEI 2 ) 7V A DT LIEREBIG T 2 2 S IIA S Ciddewn, TF, HE
7 L O E 2 O TET M T Ol TV A 32, BHEENZWEDRIATE 28RS
NTWDLEFICEELST 5 LH LU, £ 2 TIEHc 3R EHEREOEMEMEL U P S—3HE (RC)
D& Z F— =T » 7 ST RO EE TR FIEZ G LTV D3], AdRE Tl BB
B L LT RC ZAMTRIREMICHEE L a7 P OERBREEZ AT RICOW TR S,
RERFE  HERE FIIAOBMENEN G- A L SV ARSRINC A SN b D TH D Z L0 b,
EMEE L2 SRR ERIC Yy v B T LT b D ERIRTE 5, BERR A AT, FOEEL T
LB L H DB R A B N L R S, oL SEEETT ORISR
mfHEIL Y PAR=JgH 1 TH Y, T b OFAGE A S EE) %
FKHL 9 D & DGR LD, T, Fig 1 ITRTLO1T,
HH ORI 8 8 AT K FEMR A B A BREEEIC X - T
BESEZHFEL. INOOERTTREHEEICL > TFOH
WZHLD T 72 3 s o O 1 2R BT X 50 GE L
7o

R SV OFOBMEICH LEEMELZIG L, 22T
R 1 O AR | (0 U T 2 B L 7 DB | o b

Lieb 0k VA=A L LTS, FRRCEHA Loy Mo

M5 I e NP D s WY W
EYAET — 4 L LTy FERET, HERBOREREE g~ ]
DERF 2 WGE Ute, JIE LINRE & ROz Fig. M

M2 o e

2 TR, THROMBMREIL 084 & FMEE oty BEF  wi|
R tput
T k> THERT A BEE IR TE 5 - LAERIICR [ C outpu

y-acceleration

EYRE N

shic,

[1] A. D. Roche et al. Curr. Surg. Rep. 2, 44 (2014). 0 10Tﬁ£ﬂ 30

[2] R Rajapriya, K. Rajeswari, S. J. Thiruvengadam, Biocybernetics Fig. 2 Measured acceleration (y-axis)
Biomed. Eng. 41, 554 (2021). and RC output together with

[3] B H, BV, & 83 [ESkZaH4s, 2022 4 9 A, #idrk. measured myoelectric signals.
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Accurate Estimation of Traveling Distance Based on Physical Sensations
for Behavior Development in Amoeba-inspired Autonomous Walking Robot
‘tBsEXE ESEto4— ONHE —%, BAE it
RCIQE, Hokkaido Univ., °K. Matsuda, S. Kasai

E-mail: matsuda.kazuki.m0@elms.hokudai.ac.jp

(FCHIZ Fhex i Tm et R 2 RS AWK a2 15 1o i LR IR R o A T b 2 T
nﬁy%mmﬁb\%®§¢$ﬁmﬁmbfwémo&@x%yfmaﬁwmﬁ@%%ﬁéﬁi
TRz @D D IERNOESTH D, HTORETITe Ry FAYPBEHELEH® L 2THT
ROV, T lTRANROE Y AR KRIRIEN LLE R FR 2505 2 Laedmtte L, SR
WIS THERETE D 1 > THLIMEE ORI 2 H LT D, Lo, BTRHCHED LT E)
WNET D ENEE Y Y OFHAIRGENE R LB BB Z B T& <25, TI T, A%

T U P AA—FHE RC) #iH LI > Y & A 7= BB EaP il O k25l 7z,
EERAE RO 4 AT R Y M 3MINERE & 28 L, EITHm (e dilidsm) OMERE
Bz g9 25 (Fig. 1), =AYy MITEBEICEL ROEBE 28T 5 L ofEaREL. =
DFIFKIO S & THRER R OB E 2R T D FHETT AT SE, S PC 12U ¥ 3—5F
B AT A&FEL (Fig. 1(b) . MEER P OM %2 1 w70 o7 LIeRgRAIT — %
ZANT), vy MATEBERY LRI LY RO S BEIRREORSRYI 2 BT — 2 L LT
G DEAATT 2258 STz, U P AN—FHRIC K D HEE R B & EREORZED /31 % Fig.

21T E, NNEEE DR " BRI KX 2 BB T3 5 cm FREEOBENIX LT 1m BLEOR
FEPNECTN, UV IPAN—FRHEZHND 2 & TBEIREOHEERER KIBICdE Lz, &612, Y
YPR=JFD /) — FEOHEIN & b 2R WHEEREEITREIC 18 B L. AFEIC K 2 BBt E A
DIVEDHEGRR STz, AR S ORDIBERZE L ED L L L bIT, UPAN—FRREZ Ry PAKIZ

4 UR B R L & b B 2l e L7 BERAMTOTE )0 KB 2 HI57

[1] K. Saito, N. Suefuji, S. Kasai and M. Aono, Proc. IEEE ISMVL2018, pp.127-131 (2018).
[2] KA, FBE, 576, HE, 4 81 MISWIGEIRE 9p-Z28-16 (2020).
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Fig. 1 (a) Experimental setup and (b) Estimation of traveling Fig. 2 Accuracy in estimated travel
distance using reservoir computing, RC. distance using RC.
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Relationship between coupling weights and computational performance
In piezoelectric MEMS reservoir
RAKI ' EERXI? #FXI’
OFF H' FEKRE' #AHE. mEET . HEBRKS
Osaka Metro. Univ.*, U. Hyogo?, Kobe Univ.®
°T. Yoshimura?, T. Haga', N. Fujimura®, K. Kanda?, I. Kanno®
E-mail: yoshimura@omu.ac.jp

XU wiz] AFZE Tl oMbl B E LT, JEE MEMS 3R 1% / — RIZHW=
PNR—FT2ERIL, ZOFEEFMETIZIT> TV AH[L,2], 2 E TIZHIRET0 6 OWEERE
CR [HIBEIC X D5 F e, BHRNE N7 P A Z(FET)IZ XL éiﬂ}&%@ﬂ%ﬁﬁf*é\%%ﬁ%mf 2.7
@ Parity check capacity (PCC)23 5 5417z = & %%&ﬁ:b’@\é[ﬂ AN, o0 RETEEXN

B DEAEEZOLND LT e 7B yakE L, Y #/\~E®4k EEEMRE L O
BfR 2 G~ T,

[SE8ds LOMER] M8 L7 ) Y- T OE MBI % FiglEUIrRd, HREHZEEDTLE
MEMS iR (5 E)% —SHWTE Y, FET TEZMICHEA LTS, —2HOHR (P D)
%o, IR - AW, CRFEIKIC L D2BIEZITV, Node A DfEH & LTW5D, SHIZFET ORBE
FHTICHEET 572, IEIEE C Node A DfE 5

IZ Vag 2% FET OF— M A L=, o @ **1mm* —
. . H '
#1250 Node A DIEETFET OF v X UVIEHL % Miss  PZT Rectifier

BT, F-"_>HD T}JE%(PZ) FET %A1 P1
PLTHEET A LT UPA—ETTLETH b
HimE L HEDAIMEZDOERBEDOEL Y SV E /

EBLTWD, Figlo)e)E, FIMLZREIOWE s Rectfer lN;deB
F(E). 725 Vaaa THIE L72 Node A, Bns o 2msH1980 )

HOEE(ENZENE . IR), Parity Check # A7 T \f T_‘\r‘
@ Cpacity fE(Cprc)Zr LTS, 7— h~DAT) (b) p—————w—— O[] 3
o ‘ N B AV AV

B BB & 72 %-2~0V D Vaag I8 THE e |

ABEBNKE L7220 Node A DIE 573 Node B ™ L A ]

BRI EEL KIFLTWD, S HIZZFOMHEEK

Signal
[ ]
o

TCre D EHLTEHY, IEETIT 28 L 0 .

oz, WHTIE Y — REIOMBIRES b AT, A S

DS —EOIRIE & B R & DBIRIZ DT IS B R

SIS ﬁ |
[B&E] AHFZEIT IST CREST (JPMICR20Q2, OZ Jwﬂme@ 0 2

IPMICR20C3) D324 & 21T THT DI, Fig. 1 (a) Equivalent circuit of RC system using
(&7 3Cik] two piezoelectric MEMS resonators. (b) Part of

[1] T. Yoshimura et al., Jpn. J. Appl. Phys., 62, SM1013 (2023) waveforms for the applied vibration (black),

[2] T. Yoshimura et al., IEEE Transducers 2023, 457 (2023) output from Node A (blue) and Node B (red)

measured at various Vadg. (€) Capacity for parity

=k Paran =53 S \°:“ _D.,
[3] &EAHh, &5 15 BRI L MEMS 3 LR Y 7 A 6P4-D-4 check task as a function of Vg
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Relationship between nonlinearity and learning performance
in piezoelectric resonator reservoir
BRAKI, CEH RF¥, B £ FF R
Osaka Metro. Univ., ©T. Shono, N. Fujimura, T. Yoshimura
E-mail: yoshimura@omu.ac.jp

(LD PV N—ar Ea—T 0 U 7F, FEHIA NODRENET vV Al ~OIEHAN
HFRESNTWAB[L], BAIFEELIRFZHANE) P R—a s Ba—T 0 72OV THFREL TE
V. RIENE 6 HOIIRT 2 W RE R A2 S L2[2], AW CIE. IR 2367 2L A
PNERS 2 HEERD T2 ORGET &21T o T2,

[SBRTTE KOG R] FEBRICIE, ATl & [RIARIC e 2 IE O JEE IR T 6 8 2 v 72[2], 2o
FebmlZEEA AR O A1) D 2 & THIRAEE A 72~76Hz OFPAICHEE Lz, 22 b0RTIX
N RITROIFREEEZA L TR Y . BN 2RE O B amol 42 LREHE Y o 27U &
AT, 6 EOIIRFITH 5 m/s? DI O IEIRE) 2 0 2 T b - 3LIREME 2 Fig 1(a)loR
To TRTOHRFITBOTIFREERBN TWD Z Enbnd, VP AN—HEOFMETIE, v
v hl—1h 2bitls D7 F L7 0 & 1 OANEG TIREAH L CTIESLRE) 2 SR ICHN L7,
BFoNIHAIEEND 1IREI 4720 10 SO 7 — K% T Short Term Memory (STM) 4 A
7 | Parity Check (PC) ¥ A7 %177, 500 @D AIIF5
2% LT 5 EIRZMEEZ 1TV, Memory Capacity (MC),
PC Capacity (PCC)DEHMEAFHE LT, Z DX 5 72985
ZARBY O JE WA 71.8~76.2 Hz £ TOFPETITV, FH
PEREZ Lk L7z, Fig. 1(b)IZ. T DEEEETo
capacity Z/~k9, B AT U U ADFIET HHEETO MC,
PCC O WVHEITZNEN 3.1, 27 THDHDIIK L, F7(E
L2V TIE 2.8, 2.6 TH Y, 03, 0.1 LAMEFLT

WV, ZO X oI, BRI EMERICRERE
ISR e ooz, HERELT, EXTY
TADPFAE L7 WGEIR CIE, FIINJEI I S & ILIRJE e 5 D
Lo THEL DD 2207 E MBI L7z vl RetE AN
EZTND, BT, BEF2EBXNR S LIoRER
RS ATV v ADIE S D E L SEIHE DR
REHNTEHEMISER T2 TETH D,

[ZE3Cik]
[1] G. Tanaka et al., Neural Networks 115, 100-123(2019).
[2] FEEFIZ D, 56 84 [RIRKZRILW, 23a-A302-7
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Fig. 1 (a) The resonance curve of the six
piezoelectric resonators and (b) the
capacities of short-term-memory
and parity check tasks measured at
various frequencies.
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Physical reservoir computing using piezoelectric AC current sensor
BRAKXI, OM)EH &, B £, aH R’

Osaka Metro. Univ., “(M1)K. Nishimura, N. Fujimura, T. Yoshimura

E-mail: yoshimura@omu.ac.jp
[lFLoic] EFE. A ) 2AZ2LELXICERIG 7 & DOIEFIBE % Fi oW Bi R 2 I L -3 Y
FR—ava—T74 7 (PHRC) OWFESEANATON T B[1,2], EEEE O LR &2
Tz /7T, v H P RC 2HllAEDEDL LT, Ty VT R ETTF — XA
fElr=—a—uELT 4 v 7y FOFEBICOHARGLEEE > Tw 5 [3], A% Tl EBRIREIUER
VY OBEERICEICERH L, P RC tHlaGbE = —vELT 4 v 7ERE Y ERE
5, EERIBMUER & v IR TECIENEE 2 FTER 2 N 2 BIEDHIE 2 AR T H 5
23, EIEAKZ K 725 & RN IR DFR CREPMES BoTwd, 2 TIOHREE
PIEE RC OT7 ATV RLICE Y ERL, T HICHTEROERED N2 — vili#iz 2 v 374
A LTI LEXIz, AAE TR, RV F~v—2 7 A M XY EEBIRE)FER -t v 3233 RC
ELTCHRRET B Z L ZTlED O T,
[525% & A5 IR] RoiF b RS o JEEIRE) T 0 Jelii ISR ARG Z Y 1) CEiit v I 2 FR L %
(Fig. DN[4]e 2 MOEEIRE 72 H W TEXMEZEKT 5 Z & TR QAL L. mﬁhﬁwﬁm
LV EAREEE R EXETnd, ZOERE VIR, KARA Z RRER AT 5 RIS
J %z &, BEHRREEORTNES T X Y KARGA IR
L. JEERE T2 EA CIRENRIE IS U2 EE% H
NF %, FFOHIREBEET 60Hz ICHAHI L 72, Q fli%
HHEL/-E A, 8175 THh o7z, Fig2 IR X %
Y. ZOOFEBRBTZLZN» oG bN-ELEE
XA F—F, Fry v 2CcEREELLT S, T2,
FIVYRZXT2ODIRETZERMICHEGL T, —
DHOIRE T2 5 oI X > CZo>HDIRE O
NHZEREIND X5z, ANfES & LT 1000 {HD »i »i

®L@

Fig. 1 Piezoelectric AC sensor.

0L 1D7vXaey MIlZAKL, ZHI)E L TRIE L L1
k5P X 7= 60Hz DRHABR 2 FATEMIC AT L 7=, o
Fig. 3 IZ 3A D& it % A1 L 72X D Parity Check(PC) & A L
7 DICB T 5 PERER> D delay IKFEEZ R T, R2D Fig. 2 Equivalent circuit of RC system
AT 3 PC Capacity (PCC)I% 1.87 TH - 7=, T using piezoelectric oscillator.

o T L A B BRI
X, FEEWRZ X7 ORRLMA L EmT 5.

0.8
(FH&E] AT 1A B A AT S B © S8R 1 X 0.6f
Ef I NE L7, © 0.4}
EEN 0.2f

[1] C. Du, et al., Nat. Commun. 8, 2204 (2017) ok
[2] S. Kan, et al., Adv. Sci. 9, 2104076 (2021)

[3] T. Mizumoto, et al., 35th IEE MEMS, 487 (2022)

[4] T. Yoshimura, et al., Jpn. J. Appl. Phys. 58 SLLD10(2019)

Delay

Fig. 3 Coeftficient of determination
for PC task
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CTHRINEE, $EAREDS. SRIEETRAER. SUIITEINT MR AR,
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IR HfO, ZFAVAFEXTEY(F, REBE TERICEIEFIDIL. CMOS JOLREDHRINENRVTEN
SREWEBZED. ATHEEMITA > ATV E1-T1> % ([FUsE T DRk 4 BISFRETMTON TS,
BEREXTUD—IETHD FeFET(Ferroelectric Field Effect Transistor)(&. MIS(Metal Insulator
Semiconductor) h5> S RADGT — MR (SR EFEARZ AV, BEMB]ICL > THRBEADEFHE DR
ZRESH TRMBEEEZZ I 2 NEFEAEY THD. HfO,-FeFET TIEERDBORER(CHNZ. HfO, &
Si FrRIVEDRICAERR UL R E A LIRDOUT CEREHHE () NAEU. MREICFRZE T BRIENLFNASNT
W3, Bxift. BRAFHEEOFMREENTICELD., FEFET (CHIFBERHHE (ML) IRKR(ICOVT. BR DL E
E9300. LBRVWED, BIANBIEIDED. SR (CEUDEDEV T ERL D DIFTENBASHI IR
(Fig. 1), IN5EF. BRARROZEREIPEIA SEHETAIICHUTEERIMKTFIEZBL. TNENNA
BUDAVRY, T-ANRIERFME. BIASEEVA VT, ST LA BECHF2T 1 25— TittEe LD
T RREAR 2 BAZ TRAEL TLV%. B (E. HfO, MFBEATUTEUZIZERIRRE. ENSNEARBE®
ERRECREIZEZBNIT D,

P.: Spontaneous polarization

Coupled P, reversal and charge trapping

Program state Erase state
Gate
FE-HfO,
Program induced @@ —9©%© www——  Read induced
e trapping ) @ —  |IL-Sio, e trapping
Si channel

Fig. 1 Diverse phenomena occurring in HfO,-FeFET
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Impact of amount of ferroelectric polarization on reliability of FeFET reservoir
computing
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°E. Nako, K. Toprasertpong, R. Nakane, M. Takenaka, S. Takagi
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[IZewic] WY P R—a Pa—TFT 47
(11D EBUNITIERIE > W Ge B R v & 15057
AFITANEETHY  Fox 1 IRFBERT —
mekmn%%mt)fﬂ~:/t;~74/
7 h R UFERMICREEZ 1T - T & 72[2,3],
FeFET (X E X i X I OENNIZE - TAE U K
ER A (A Y| E%ﬁorjx Forix, VY AR—2
UV a—T 4 RIS LN D & TR
LTCWA[4], LavL %@%ﬁmtﬁ %#ém
%E’J*ﬁ%ﬂfrﬁa\c:ﬁzbnf TR ino T, RFSET
I, T3 AREFOBREE DB D U YN —
A ¥a—T7 4 IMEREL FeFET MEAES LB
FRIZOWTHRT=D T, FOMRERET S,
[EBRFE] KEBRTHWD FeFET 1 TiN/
Hfo.5Z1050; (10 nm)/ SiO3 (07 nm)® il N
TSR o TEB Y | HfysZ1050, 13 ALD {£IC &
V300 CTHERS L . mocrwﬂmﬁ%ﬁ5$
TG EMEE BB ST, Fig. 1 1R T X9
HORRINT —H %, /LA @E/ﬁ#ﬂ#;ﬁ‘@b‘
—HZ D 10T D, 7V ANE 4 ps, BEEILE
IEIE 3 V, FLEE 0.5 V O =AU 28T
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WCHIN U7z, RL A B, Y — AEG., EKE
WaEZNZI 1 7L AHT20 100 JHIE L, 55
NIZBFRIEE 2 5E LT 300 fHoAE ) — K%
R LT, Z0REE  — RiZV ‘y“/IEIJﬂa’%ﬁHI/\T
BLDTEITo7-, U N—DVEREREANIZ
Short Term Memory (STM)% X 7 & Exclusive OR
(XOR)# A 7 | Parity Check (PC)¥ A 7 [5]% H\»
T2o NJ17SVADBEFHEN & 5 —F DOFAEIZES
HET/VAANDZEEILIZO S B2 10000 2%
AN, D HHED 5000 VA% W=
Q#@ﬁ%ﬁ?%fkﬁ%ﬂ WZRIT DU P R—
PEREZ BEAM U 7=, SR AR DNFFONIRA A F 2 7
;w)jté‘ S &FHET 2 &2 P-V BIEIC otoféﬁ
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Experimental Demonstration of Reservoir Computing
Using Anti-ferroelectric HZO Capacitors

0S.-Y Min, K. Toprasertpong, E. Nako, R. Nakane, M. Takenaka, and S. Takagi
Department of Electrical Engineering and Information Systems, The University of Tokyo
E-mail: symin@mosfet.t.u-tokyo.ac.jp

[Introduction] The reservoir computing (RC) system is promising for sequential information processing with
extremely-low computation cost by only training the output layer weights [1]. A reservoir in the RC system requires
temporal memory properties and nonlinearity to transform time-series inputs into high-dimensional data for
efficient learning. We have reported a ferroelectric (FE) Hf,x«ZrO, (HZO)-based RC system utilizing the temporal-
spatial polarization dynamics of FE-HZO [2-4]. However, the single polarization switching of FE-HZO is
insufficient to diversify the output response. Unlike a monotonous switching for FE-HZO, anti-ferroelectric
(AFE)-HZO exhibits double polarization switching, which allows complicated response signals. In this study, we
propose an effective RC system using an AFE-HZO-based metal/ferroelectric/metal (MFM) capacitor.
[Experiments] A 16 nm TiN was deposited on a p'-type Si substrate as the bottom electrode (BE) of MFM
structure. Then, a 10 nm-thick HZO layer was deposited by ALD at 300 °C with five different Zr/(Hf+Zr) ratios:
0,25, 50, 75, and 100 %. Subsequently, a 16 nm-thick TiN top electrode (TE) was covered by sputtering and HZO
crystallization was conducted by using RTA at 400 °C for 30 sec in an N, atmosphere. Finally, Al was deposited
as the contact electrodes and patterned with a 60 um-diameter circular-shape. To examine the RC capability of
HZO capacitors, 10* time-series random binary data u(n) (discrete time step n = 1, 2, ...) is encoded into a
triangular-shaped waveform v(f) and applied to the TE of the HZO capacitor. The polarization switching current
is read through the BE and sampled as virtual nodes for the training/testing phases of RC. Two computational tasks
were conducted as the indexes of RC capacities of the HZO capacitor reservoir: Short-Term Memory (STM; infer
the value of the input before Teq-step) and Parity Check (PC; infer the parity during the recent Tyey-step and the
current input for evaluating nonlinearity).

[Results] Figs. 1(a, b) show the P-J hysteresis loop, remanent polarization (P,), and coercive voltage (V) values
of the HZO capacitors with different Zr contents. The [Zr] = 0 and 50 % show paraelectric behavior and typical
FE hysteresis loop, respectively. Further increasing Zr content leads to a hysteresis loop thinning at zero-bias,
resulting in AFE-like double-loop polarization switching. P, of [Zr] =75 % is higher than that of 100 % due to
partial o-phase in HZO system. The capability of HZO capacitors to nonlinearly transform the input v(¢) into high-
dimensional reservoir states x(7) can be visualized using t-SNE analyses. In Fig. 2, the AFE-HZO capacitor with
[Zr]= 75 % successfully separates 3-bit binary input v(¢) into 8 patterns of x(#). Figs. 3(a, b) show the correlation
coefficient 7’ between computed output y(n) and target d(n) as a function of Tyer,-step for STM and PC tasks, and
RC capacities (summing 7° over the Tya-step), respectively. It is found that the highest RC capacities are achieved
under the AFE-HZO capacitor with [Zr] = 75 %, indicating that its dynamical polarization switching enhances RC
performances. Fig. 4 shows the normalized history-dependent current response and differences between the input
v(f) with same u(n) and u(n-1) but different u(n-2). A large difference in the current response is advantageous to
distinguish the input patterns. The capacitor with [Zr] = 50 % shows a small difference due to a single polarization
switching of FE-HZO, and that with [Zr] = 100 % also has a small difference despite its AFE property due to low
polarization switching with small hysteresis loop. Meanwhile, [Zr] = 75 % has large and complicated response
differences due to dynamical double polarization switching, resulting in the highest RC capacity.

[Conclusion] We have proposed a high potential of AFE-HZO capacitor for an effective RC system. The rich
polarization dynamics of AFE-HZO enhance RC performance by diversifying the time-series response signals.
[References] [1] G. Tanaka et al., Neural Netw., 115, 100 (2019). [2] E. Nako et al., VLSI Symp., TN1.6 (2020).
[3] K. Toprasertpong et al., Comms. Eng., 1, 21 (2022). [4] S. Takagi et al., IEDM, 22.2 (2023).
[Acknowledgments] This work was supported by JST CREST Grant Number JPMJCR20C3 and JSPS KAKENHI
Grant Number 23K20951 and 24KJ0625, Japan.
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Reservoir Computing Using Dynamic Polarization and Charge Coupling
of Anti-ferroelectric HZO/Si FETs

0S.-Y Min, K. Toprasertpong, E. Nako, R. Nakane, M. Takenaka, and S. Takagi
Department of Electrical Engineering and Information Systems, The University of Tokyo
E-mail: symin@mosfet.t.u-tokyo.ac.jp

[Introduction] Reservoir computing (RC) offers real-time information processing with low computation cost by
only training the output layer weights and is promising for edge-Al applications [1]. A reservoir in the RC system
needs to convert sequential input data into high-dimensional node states for effective learning. We have
demonstrated an Hf1.«ZriO, (HZO)/Si FeFET-based RC system utilizing the ferroelectric polarization dynamics
[2-4]. However, the insufficient polarization dynamics of FeFETs are still limiting the performance. Meanwhile,
the anti-ferroelectric (AFE) properties with double polarization switching can be easily realized by increasing the
Zr content in HZO films, which allows us to use complicated response signals. In this study, we propose an
effective RC system using HZO/Si AFE-FETs with rich polarization dynamics and polarization-charge coupling.
[Experiments] The gate stacks of HZO/Si FETs with different Zr contents were fabricated as follows. The SiOy
interfacial layer was chemically grown on a p-type Si substrate to improve the MOS interface. Subsequently, a 10
nm-thick HZO layer was deposited by ALD at 300 °C with five different Zr/(Hf+Zr) ratios: 0, 25, 50, 75, and
100 %. Then, a 16 nm-thick TiN metal gate was deposited and HZO crystallization was conducted by RTA at 400
°C for 30 sec in an N, atmosphere. For the HZO/Si FETs-based RC system, time-series binary input u(n) (discrete
time step n =1, 2, ...) is encoded into a triangle waveform v(¢) and applied to the gate terminal. The 7,(f) response
is sampled as virtual nodes (VNs) for the training/testing phases of RC. We evaluated Short-Term Memory (STM;
infer the value of the input before e, -step), Temporal-exclusive OR (XOR; infer the XOR between the input
before Taeim-step and the current input), and Parity Check (PC; infer the parity during the recent Teiqy-step and the
current input) tasks as the indexes of RC capabilities. Here, the XOR and PC tasks can evaluate both short-term
memory and nonlinearity.

[Results] Fig. 1(a) shows the P-V; hysteresis loop for HZO/Si FETs with different Zr contents. The substrate and
S/D terminals are connected to ensure that the MOS surface is in equilibrium during P-V, measurement. The AFE
properties with four polarization switching current peaks can be successfully observed in HZO/Si FETs with [Zr]=
75 % (Fig. 1(b)). Fig. 2 shows the /4(¢) responses of HZO/Si FETs with different Zr contents under same v(f) input
waveform, in which high/low peaks correspond to 1/0 binary input u(n). The different 74(f) output responses are
observed, dependent on the past input-history u(n-1), u(n-2),... even when the present input u(n) is the same,
attributed to temporal-spatial polarization dynamics of the HZO layer. We examine the RC performance by
utilizing VNs for /4(¢) responses, where a large difference in history-dependent /,(f) response is advantageous to
distinguish the input patterns. Figs. 3(a) and (b) show the correlation coefficient 7* between computed output y(n)
and target d(n) as a function of T,.,-step and the total RC capacities (summing #° over the T-step) for each
computing task of HZO/Si FETs with different Zr contents, respectively. High RC capacity has been achieved for
AFE-FETs and [Zr]= 75 % exhibits the highest nonlinearity score. The nonlinear mapping capability of HZO/Si
FET reservoirs can be evaluated by t-distributed stochastic neighbor embedding (t-SNE) analyses [3, 5], which
visualize the distribution of high-dimensional reservoir state x(n). Fig. 4 shows the separation of x(n) for 4-bit
input v(f). A variety of different patterns are determined by nonlinearly transforming the input v(¢) into high-
dimensional x(n), determined by the present input u(n) and past-history from u(n-1) to u(n-3). The HZO/Si AFE-
FETs with [Zr]= 75 % achieve the highest number of distinguishable patterns of 12~13, indicating that its
dynamical double polarization switching enhances the RC performance.

[Conclusion] We have experimentally verified that the AFE-HZO has a high potential for an effective RC system.
The rich polarization dynamics and polarization-charge coupling of HZO/Si AFE-FETs enhance RC capability.
[References] [1] G. Tanaka et al., Neural Netw., 115, 100 (2019). [2] E. Nako et al., VLSI Symp., TN1.6 (2020).
[3] K. Toprasertpong et al., Comms. Eng., 1, 21 (2022). [4] S. Takagi et al., [EDM, 22.2 (2023). [5] L. van der
Maaten et al., J. Mach. Learn. Research, 9, 2579 (2008).

[Acknowledgments] This work was supported by JST CREST Grant Number JPMJCR20C3 and JSPS KAKENHI
Grant Number 23K20951 and 24KJ0625, Japan.
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[1] G. Tanaka et al. , Neural Networks, 115, Fig 3. Accuracy of number character recognition.
100 (2019).

[2] T. Akutagawa et al., Langmuir, 24, 231 (2008).
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Physical Reservoir Computing by Electrochemical Reactions
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DRl E T~ 7=, FHlciE, wATESh DR
BAER =Mz (P,:nik Legendre Z1H)

1\1011‘ — COV? (Pn(t — k’): Y;'"(t))
) o2 (P, (t — k)) - 02 (Yk{‘(t))

[ =B R ] Fig.1 (c)l% 2 mM K3[Fe(CN)g /KA

® NPV HiFt ToH U | IERIEH 22 B E B AL D
FEPER SN, DI, BEOENMBSRE
(0.07~0.25V, 0.25~0.43 V, 0.07~0.43 V) %4
B/ —RELTRCFEEIToTZEZ A, AT)
155 ® Legendre Z#LT-HIHE AL ITMC™=1: 0.992,
MC™=2:0.986, MC™=3:0.912 L 720 | ERITLDOE
BUZRB W CEWREE 2R Lz, EHIRLRE O R
T, Fig.1 (d)/> B =D ASME S BB AIZH
DOFE k= 0DFEIRI/INE < 72 DG DI
oo ZAVTEMEE m AT OB LIRS IR O YR E
B EORBE LIS LB L, B
FLEE LCTIEHT 2 2 E 3 WIFF C& 5, Fig.l(e)
X, EACNE 7 FEE, 3 RO — REET T
AEF21 / — ROEMITEIT D 4 mM K3[Fe(CN)g)
KEEHLD RC FHRDOFER T 5, Fig.1 (DI, [
FETT 7 77 —EROMEN 1 M NaCl KK
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Figure 1: (a) Experimental setup. (b) A schematic diagram of square wave signals consisting of four components.
(c) NPV diagram of the K3[Fe(CN)s] solution. (d) Variation of Faradaic current influenced by past input voltage.
(e, ) Reservoir calculation results of (¢) 4 mM Ks[Fe(CN)g] with 1 M NaCl, and (f) 1 M NaCl .
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Physical reservoir computing using conductive polymer wire.
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IXUDIT : EEMEE DT TH D PEDOT:PSS DU A Y —iL, £/ ~—D EDOT % & ATZHIBEAK
WIRIZIR U7 BARR SRR AR E A FIN 5 2 & ¢, BMEAICL Y EMMAL2U4ET 2 X
HIZAEET 5 (Fig. 1), Fex OIEATHFZETIX, Z @ PEDOT:PSS U A ¥ — O£ % 5| & AR <
FEXRICTHET, VA Y—Da X7 2 ARHMEREIZXH L TAEY AT 0 TICET
5z e WA Uz [1], ABFZETIE, #3 PEDOT:PSS U A v —%& i L= VR4 2 v &
TR UABICER L, WP R—a ¥ a—T 4 IR LTZBOMREZH#HAE LT,
FEER: £/ ~—(EDOT) & R—, 2 M (PSS) % & Lo ATBRARES IR 2 FEARETIZ I T L KRR A2 it di
ZHIN9 % Z & TPEDOT:PSS VA Y —& AR I®T, TDHk, €/ ~—OBLENL EOIEE
JE/ OV A ZEEEIEN L, BSiaa s COBMERIC L > TU A Y —RE2IEPfb 7=, 2D
TA Y —Io, ERERETCUA VT —ERRKREI VUMD EEE SVAEZRNT D Ea X7 X
VAR ER L, ABEASAVAEEHINTAE a X X RIK T TS, ZOUA Y—% [AlE
& U CHEANE TSN 2 A L7k 2 ERL L 72 (Fig. 2), U P —3HRICHWD AT —
A0 ET10EHESNE L, 0 ZABE VA, 1 EZIEEE VAL L TRENCEIINLZ, &
JEASVAEIMEIZA VA Y —Da X7 2 22 R/EL, £OEE /— e LTHW, R
F~—2r % A7 L L TNARMA2 LFlEAEMC)ZEH L, 1EHRLELERE O G- 21T > 72,
FEFR L EE  PEDOTPSS U A ¥ —Z EANTHEfE L 723UEH D NARMA2 ¥ 2 7231 % U H3—
DO % Fig. 3137, T OERYLFE) —FEFEZ(NMSE)IX 0.186 TH VD . KR THIATE T
W5 EWR D, — 77 PEDOT:PSS U A ¥ —Z W FHEke L 727k CTlid, NARMA2 @ NMSE % 0.596
L7 | EFIBEE & R U CHERER S DR L e o T2, MCIZEB W T b EIEEE CIL 1.76 bit,
W FIEERE Tix 1.50 bit & 720 | [EFIEEHEDOIE O 2N RUVMEREZ /R L7z, EAIEHETIE, VA v —D
AL E IR APENTDE, KTAX—ThHDDEMENELL, i arF 7 8 2% L
W BE 525, A B0 2 A VA Y —RLEOMAEERIZ LD XA F I 7 A0,
UHFR—DOHEIZKRE BTN B2 b5,
2 3CHR : [1] N. Hagiwara et al., Polymers, 13, 312 (2021)
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Fig. 3 Result of NARMAZ2 task

voltage

Fig. 1 PEDOT:PSS wire  Fig. 2 Operation scheme for series connection
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Physics-Guided Clustered Echo State Network for Prediction of Large spatiotemporally
chaotic Dynamics
(M2) O Kuei-Jan Chu', Nozomi Akashi!, Akihiro Yamamoto'
Kyoto University'
E-mail: zhu.guiran.72s @st.kyoto-u.ac.jp

Chaos is aperiodic long-term behavior in a deterministic system, and the prediction of chaotic dynam-
ical system states (e.g., as in weather forecasting) is a common and essential task with many applications
in science and technology. Chaotic dynamical systems have a property that nearby trajectories separate
exponentially fast, so it is tough to predict the future states. Recently, data-driven machine learning tech-
niques have demonstrated promising results in predicting chaotic dynamical system states. In particular,
echo State Networks, a type of recurrent neural network, have achieved model-free short-term predic-
tion and attractor reconstruction of chaotic dynamical systems. [1, 2]. However, for complex dynamics
prediction, the training data need to be enormous, and the learning will be inefficient, which motivates
us to leverage the physics information, e.g., the spatial structures in the target dynamical system, in the
network design.

In this work, we exploit spatial coupling information of the target system as a guide for our proposed
structure called physics-guided clustered echo state network (PGClustered ESN) for tasks to predicate
the future states of large spatiotemporally chaotic dynamical systems. As Figure 1.A shows, in our pro-
posed PGClustered ESN, we make multiple clusters in a big reservoir, and each cluster corresponds to
one variable in the target dynamical system, using the coupled variables as input as well. Each cluster
is just connected to the clusters whose corresponding variables are coupled with their own. Here, we
demonstrate the effect of our proposed model for two spatiotemporally chaotic systems called coupled
map(CML) lattice and Lorenz 96, which are discrete- and continuous-time systems, respectively. As
Figure 1.B and 1.C shows, our proposed models work better compared to the standard ESNs on the CML
tasks, in both short-term prediction and attractor reconstruction. Therefore, we know the coupling struc-
tures in target systems contribute to improving the performance of spatiotemporally chaotic dynamics

prediction.
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Figure 1: A. Architecture of PGClustered ESN; B, C. Open-loop prediction by ESN and PGClustered
ESN for CML, The blue and orange lines represent target and prediction signals, respectively.
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AR, BEAE O TXED & 5 RRERV T — X OB FENEACHAINTE D, #ED
AN DFRICEE S 2 € BRI IR R IRRINLBICH R 2 52 5 e EX b0 5, ZDRD
T, fME a2 MRRBHREICHE TRV LY =2 —F)L %y hT7—2 (RNN) TH 3 U HF -Gt
HAEHEIN TV, Jaeger IC K-> TIRR&ENTa—2A T — 4y b7 —27 (BSN) i [1]. V¥
N—EEHOPFTH LA HEONTVWEETALTHD, BEERDOEAMELR]ZIETDHE LTEZL OfF
Witz 2 TWb, FITH White 5DFHX [3] TlE. /A XEEAE A Y VU —27 DFLEERICD
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AL TIE, B DiFEamICBI 2/ A X2RR A AN ART I LT, ZRCATD RNNIZE
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WS> ZeB—RTH %, AWK TE S BRI 22BN N R 2 IO 2 f]E L TV S
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Fig. 1: A, B. A: blue/red nodes on the left represent inputs, grey nodes represent computational nodes
in the RNN, and light-red/light-blue nodes represent outputs for respective input reconstruction tasks
with varying delays. Each MC is calculated with corresponding outputs. B: x-axis: number of input

dimensions, y-axis: sum of all MCs for each dimension divided by the number of nodes
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T 4 ¥ 7 (PROWE, & N CHEHBHE SABLN AIEE/R A 2 9 PRC & L THER &LTH
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L 7= photocurrent 1732 < 5 ST AR L L, photocurrent (331 7 A F D446 R
BB R ERA NS W R EORENRHDH. £ 2T, BYMOT vV Al T /3A X
DOFEBUZ AT T, Fx X photovoltaics LD N THE T 7 AHEB LTS,

LTAT, REERITY FARNEOBRSEZRET HEER/NT A—ZTHY, PRC Dt
FMERBHRIE D —> Th 5 iLBAEMC) & DB EM SN TV DB Tk cfixix, U
PR DOREELNANTI D75V AME(Ty) ERRRED & &, RO MC BELND Z EE2HHH
W LB Lo, BB X2 A4 DA —)VOBRIZKET H720121%, AT —2DH
A LA =S CTY BPANEORER A G T 2 0LER DD, L, MREZEZTIC
photovoltaics B! N THFE T 7 AR T ORFES Z Sl U735 13720,

ARFFETIE, JEIREEITIG U CHBEE OWMEINE ORFER N ET 22 L mbitTn
L HEIRKEEM (DSC) BIZHEH L, DSC &X— A & L7 photovoltaics F 68 127
AR FZAER L, PRCJSHA~DF %M L7z

FTO 77 A RIZ, TiO, ZAEME(ERL, SQ2 k& W SOl L7z, ik, &
FRRIZZE AP, 3 U RREMIKAE FVW-. R L7 DSC ICHA) (=658nm) ~L
AEWE L, NMENBKELOBEISEICG 2 DB )i, (ER LR T%
WY N E L CEIESH, short-term memory task 2 & 0 MC Z 3l L 7=.

IR LY, IR ER tise (X 89 ms -2.9s FTL{L L (KM 1a). B 1bICASIT—#
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WMC BE6ND T, 22 0N5 2 EERBEL TS, M HIX, parity-check task (2 5 FE
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Fig.1 (a) Open circuit voltage dynamics induced by light pulse with various light intensity. (b) MC
as a function of 7}, with various light intensity (7,: 0.1 ms, AT: 0.1 ms).

(#EE] ABFZEIZ IST BHRHAN A 7 _—v 3 VAT 72 K% 7 = v — 3w TRl 3 IPMIFS2144 &
O, ST WHEAREFZE B BRI ZE 7 1 2 F 2 JPMISP2151 OB A 21T 72 H DT
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100501(2023). [3] G. Lee et al. IEEE Electron Device Lett. 45, 1, 108-111(2024). [4] H. Komatsu et al. AIP
Advances. 14, 3, 035026(2024). [5] S. Nakade et al. J. Phys. Chem. B 108, 1628-1633(2004).
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Improving performance in visible-light input reservoir devices
using multiple-output dye-sensitized solar cells.
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Fig. 3. Plot of C(D)? as a function of delay (D).
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