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Simulation analysis on binary neural network circuits implementing magnetic tunnel

junctions with high magnetoresistance ratios
EXRBEER, ©M2) A R, W XXE, RE W=, RE K, RH Oh, L& F4£
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°Rei Kusunose, Ayane Matsuzaki, Seiji Adachi, Kota Ando, Tetsuya Asai, Takao Marukame
E-mail: kusunose.rei.g9@elms.hokudai.ac.jp

XU D) TED Al OER I, HERE Y bEWEADREZEZRT5=22—F LRy T —
7 HRABIEOBIHARD N TWD, ZOHRTH2HEARBZHNAI NS T =a—F LRy
NU—7Z (BNN) [EI#&%, HEOEEIZ L D EE b EIEEB NIRRT 5. — ko2 y
BICEAZE (L L7 BNN TIIHEGaIEREN BT 5 2 ENFM LTV, Fxld BNN I3 L
TEBADAAEERT DI2ODOH LNWVEE FEEZREL, RiE ORI ®E Lz[1]. =2
THREA2DODRDOAT v 7L LT, FFEETHELN 2 HEAZFEEATHEZ BNN #iimnl 2 %34
4. AlE, BEY I 2 b—3 a2 kv 2 fEO BNN B AT L, 2 [HEA A2 FERTLHE T L
L CAHER AE Y MRAM THW LI TV D HENE b > L 2E (MTI) 2487E LT, MTJ Ot
FERHIE & RPT 2k (EERBUE © TMR ) (ZB83 57
A AREHEE 2 RE LI O THRET 5. BNN model BN circuit model

[MTJ Z v 72 BNN H¥] X112 BNN ODEF /L EZFRIE O
ST DEIEET VA RT[2], [3]. R & R 2R o 2 il
HARFTRETHY, EH5DREEEICBWTH ANES x X
EEREEZYIVEZAT-DIZHWWLNS. ZOERITRL
TEHA w, WORT NEEZED D VIS5 2, oFR
TIHE TN ERE TR I, REEZER CIIME B EBE M o
:% X ﬂffﬁﬁ]\ Nb. FNLOEEH DL \&i{%%i&%}iﬁi‘%%& Fig. 1. BNN model and its circuit model [2, 3].
FERE & 72 B HIBIERIT G- 2 DAL, RK/DVHIBIS AV CTHL T y 23R
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5. EHAT OEFILTMR L CERLS, B TMR i (@) =0
ZHOVDIE EFEANREBR OEDR R E SRS, z ome 04mn
[5ERERE] Z— OEIE T MTJ (2% LT current-mirror Bl ‘g 20 | «eeco2ma | L. L
X0 EE G2, BREESHESHTEROKNMNIED 6 = o= tooug 1.-¥
WEANEL 5. Fig.2() DL IIC, TMR LA EL 2BI1EE £ R |
HREE AN RIOEEZAENERT 5 Z LN MR TE, £/, & 10 . _.;'_"-::-__,_
it L OVEREE L OMMBEURIC LY MTI OI|FEIci#E £ ol -
REPANELT D ZENbhoTle. HEENIETO MTI ~ = |
H 2N 5 EMEORET L BRELICIVEEY, KT T 0

0 100 200 300 400

W4l CliE Ik 725720 20mW BETH - 72, TMR [%]

[ERRZERIEIE] = OFEK Tld MTJ 1T inverter [F]IR DA T & (b) 40 |

LTHWLND 2D IHIO KR & & LIFHIRIEN ARG L, Fig. | |
20)D L HIZTMR EEA KX VIE CHFFZENR KX 2D 28N 24 [| o 80KO ,
FEFR T 7o MT) DI K E < R BIELHALELS 72528, 8 | o
inverter Bl DIE S KEZD X A I TN SN D T2 DIEE 2 [ R
BTSSR D[RS D 2 ERbhoTe. 5 | e

[ & D] HERIEFEITES MTI ORI D & HlimsE 2 40 | ot
RIGEDFONED, EROMEIIERARICBIRET 5. & | _a™
IRp [ 22 R[] B CIR B AR S HBE DO L — R A 70 b 0 lmlae

% GTE CIIEGET L7 Bl E ERB 2 iy 2 TETH 5. 0 100 200 300 400
[1] R. Kusunose, et al. JJAP 64, 04SP05, 2025. TMR [%]
[2] T. Marukame, et al. IEEE ISCAS, 2020. Fig. 2. Analysis results of MTJ resistances and

TMR ratios for (a) voltage difference and (b) time

[3] D. Miyashita, et al. IEEE A-SSCC, 2016. difference Girouits.
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Analysis of Split Weight Distribution Learning for Binary Quantization in CNN
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[1ZU®IZ] FHE, Al T==2—F L%y FT—2 (NN) OKRBBUEIC L - TRELTWSHAR,
FNERF DIE B VB2 D OB RARIE & 72> T A[1], NN OEETIEIR Yy T —27 O
TR TH HEL LIESOREMERAFEN LA TH Y . EATHRT A 22 Wil o
Ea—T 4 IRV ARY) AV Ea—T AV IPERENRTND, DL 572 ALEH A N— Y
= TICBWCOIREMEREICHN N BEADOELIC X 0 EEE % Z2HIE T 228353k L
TW5, BEAHE 2MEICE LT D EHEGRBENMET 32 2 EDR ML TV R, Fxid=g7r v
TYXLELEET L2 E T2EEFHED NN IZBWTHBRE WS GO D Z 2 A
HLTWER], ZHETORETIE, NN OEADEFRFHICELO DA 2 NHRIELFETHD
Gradient Descent for Binary Weights (GD-BW) O IZE2FESE 5725 NN IZERHNTEY L LV
ERHI R EHRIAI=2—F )3y T —2 (CNN) (28T 5 GD-BW OIEFFITHE L TV 7h-o
7o AAFFETIX GD-BW % CNN (A LHERTERE A 7F-l L 7= THE T %,

[CNN ~® GD-BW Djiii ikt | AW 22 TIZ CNNEF /LD 1 -5 Tdh 5 VGG i L7-, VGG11
I TBEIALIE 8 JE., BFEATE 3 B 57210 ResNet 72 R FEA 72 CNN & Helg L CHUEL /)
NI LN TH B3], AEl. VGG 1% L T(A) GD-BW Jii ] L TV R0 Seft, (B) i L7z
Fiz L TERER, )ETEEITDRWGA, Q8O EZ &L LIZGE. B)EHA
IHED I B LTZHE. ETORE &L LG EICBIT DS 2T Lz, 7 —4
t v M CIFARIO Z W TR S, £

: T (a) 90 (b) 90

DEBHE 2 HFL UGS Tt 7 80 L= 80 |
E2 2R T, 260 Pt = 60

[F5RL&%] 9. (AGD-BW i/ g 50 g 50 |
LAVEHETOQE)@DENEROSE 5 30 [ mat T T
BELET 5L (HQELHHHH81% 220 | @] 335 [ — 8
DHERITE. QDIEE LB b8 57% 7>+ 10 [ oW <10t e ()
7o Tbb, BfAEOAETEL T 0 20 40 0 0 20 40
HHERIERRIXIZIT AL LWy, B AniA Epoch Epoch
HJEw ETbT 5 LRI RIEIZSE L (0) 90 .
7-(Fig 1(a)), &I, (BIGDBW %l T5 gg i ?1%131 (Ll;f;teenrclfaar?lci;;r:vci}t]hozf
RETHOHQOBZ LS 5 EFERO T g GD-BW, (b) after learning with
I & 720 (A) & T 5 & RIRAYIT M g 50 gg'gx (tfo)rafftjlrl leaé‘;ﬁﬁe‘g’tlég
HEAVEURA > METF LEFiglb), Lo 5 39 =@ O tayes (1) without
LAaERb, BICBWTEEAEDA 8 20 L ——(3)| quantization,  (2)  with
GBDW %M I4 % (B)&1T 5 & &kl < 13 L e (4)| quantization for FC, (3) with

quantization for convolution

PEEEZ M E L. (DI L Tl % Lk
[ 2 5 5 L 72 5 7= (Fig.1(c). (3)@)IZRE L O gpen Y
TIXEpoch 238 2 5 L (A) L D HARWFER

Lpole, TNHORREY | GD-BW (T2 A &2 &b L THRm L 2B Icm W ERE 2 5] & 9
FEFELLTCONNICHL —MBEHAETH D Z ENARBE SN, REBAMEIZBIT S I 2 b —
Va URERIZA)DORIEIZB N TET VDO NA R—=F A= BNl S CnehoTz, X
ST, AR CORTRKEOHIMEXR CHBITERFRF R TOEEN LR D THY . 5% S b 537
MEHZ L W GD-BW OEIEMBSREES D,

[1] S. Chen, Nature, 635, 22-24, 2025. DOI: d41586-025-00616-z, 2025/06/12

[2] R. Kusunose, et al., Jpn. J. Appl. Phys. 64, 04SP05, 2025. DOI: 10.35848/1347-4065/adbbfb

[3] K. Simonyan and A. Zisserman, arXiv:1409.1556 [cs.CV], 2015.

layers, (4) with quantization for
all layers.
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Investigation of Weight Quantization Methods for Spiking Neural Networks for Low-

power Hardware Deployment
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[T 5] ATHBE (AD) R==2—F /L%y FU—2 (NN) 1L, #EEZE (DNN) 04k Al O% R
R, mWEHREMSEREZ LI L U, HEE N ZHIET 29072 — R = 7 OFEBLNGHE & 72
STWDH, AN X T =a—F /LRy T —7 (Spiking Neural Network, SNN) (XA /3A 7 LI
XN DB 7ME IS K W E R EARE - LB 58T, EMFEN =2 — o O < JEkD
NN L0 HIEMEEE I RUBENAEETH D[] L, N~ R =27 RBEOBSATIIAEY Y VY

— 2 DHIFILE AN WO @R EALITfE O =L —HE
DN &N o TR TFET D [2]. FFIZ SNN O 7738 3 7
EF N AN R =T I2v v B 7T BB bit k5
D EAAEDORFFCTH B LI N LI L 72, N HEE
HOWREFRS ER ER->TND. 2D L D) ik & fif
RTDFELLT, BEHEBNAERDTHS. BET{bETE
BIEDHRy NT—T /8T A=K % LD /L7aunbit 5 Cilt
PIMICERT 28 TH Y, ATV HIROHIEZ &3 a]
REL 725, AFFETIX, Z0EF{k%  SNN ([Z@#EH L, &
ZD bit I & FEMERR OB AT~ THET 5.
[SNN OoFELE& L] Hfli/e LFEHEASL 724
T A7 AT #AYE (Spike-Timing Dependent Plasticity: STDP) %
72 SNN O &ERIZBT 2721772, X% E L
SNN E7 /L%, 784 D AS)= = —11 2, 400 {# D BLEE M
= a—u s, 400 HOMEIM = 2 —a U B S T
53] AJENBBEN = o —u  ~OERIT SRS,
Bl = o — v U Bl = = — 1 o~ O — %
—, M= — e DB = 2 — 1 o~ ORI
=Xt D = a—a NI eEAET AR E Lo TV D
(Fig. 1). FEHIZBWTIX, 9 XTCOVF T RAELZTE
L7z bit lECTE L L, EAOBHIRFICIT— BEkifa s L
THWEFHZITo721%, BERFLTLHEVWI FIHE L
2. ZOXIREMEOL L, MNIST T—4% 1% v b &
T2 BT, B bit 18 & GRS O BIMR 2 R L 7.
Z DOFESR, 9bit LU THAVTFRFRAGEDK 89% & 72V, &
TARIZ XD KR&E e tbies bid e v o 7= (Fig. 2). —H T,
L VK bit TOBAICHNTIL, Bk DAL B
N7, AFEFETIL, STDP “X— A SNN O HAB/EL
FEAOE AT D & & B, bit HBLUR Y T
— 7 HEDOEEIC L DREEDOEREHETL, ~N—F
U T IR TR EHEEHI O W CEERR AT D .

[1] P.A. Merolla, et al. Science 345, pp. 668-673 (2014)

[2] W. Wei et al. arXiv preprint arXiv:2502.05905 (2025)

[3] P.U. Diehl et al. Front. Comput. Neurosci. 9, 99 (2015)
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Fig.1. Structure of the Spiking Neural
Network model. The arrows represent
synapses. The model consists of 784 input
neurons, 400 excitatory neurons, and 400
inhibitory neurons.

Epoch
@ o 1 2
100
90 =
< 80 =
X Train  Test
5 70 —8— -0+ 16 bit
g 60 —e— 09 bit
8 s0 —o— 0.8 bit
2 40 —e— 0 7 bit
£ 30 —e— 0B bit
E 2 —e— -..0---1 bit
10
0
0 60 120

Number of training example in thonsand

(b) 100

= 80 |
= '
5 0t 6bit | 9bit
© 60 | \
5 .
8 50 | poos
2 40 | ‘
% 30| 7bit| ~*1epoch
= o2 | 2 epoch
10
0
1 6 1 16

Fig. 2. Evaluation resuBllfts of the quantized
SNN model. (a) Accuracy transition during
training. (b) Post-training inference
accuracy comparison across different bit-
widths.
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Classification mechanism of optical patterns directly irradiated to a solid electrolyte reservoir
BREEET OB Mr&EREE, WEHEH, EHRAX, EEE HORE 4800 R
Waseda Univ., °Kenshin Takeo, Tomoki Saitoh, Souta Satoh, Kanon Nakazawa, Kouki Masuda,

Tsuyoshi Hasegawa
E-mail: kenrpgl@fuji.waseda.jp

XCDIZ: HEMNE A A BN EAT OEFRERE L Y P—BITHWD & U FAR—EIC
BRI LI Z = OGN TE D[], Ziud, BEAZ — K AF LT RPThy 7 8 E v
DA EIZE > TERRIBDBANE Z S TR THD LEZX TS, — 5T, JeEEEoOm R
REDEORE OtE) ICHKEFET LI LD, NE—U N TED AN =X LIIIREMRIAT
NERHEEIN TV, £ 2 TARMIETIL, BEEOME 242 722175 2 & T, B4bho
IRE = ANRAF LT BRI Ko TRE — U 3R ATBE L 720 TV D Z e H NSO D Z LI L
7o BHYEDOWRNFHADFEB TETNDLIENDH  FDORA N = ALIOVTORGEER BITo 72,
EBR RNy X NAOTENLT 7 AERE (BEE : 20nm, B : 8mm, Figl(a)) % U A
—JEIZ Wz, SEREICII A e S T T v BRERHT K D REDRIE 21T o7, FRE S
H—r (ZV v ) OEEXNRELZ —EICT DI ET, B AAZ =K T ) F—JEIc ]
FansidtE (7x FoE) BREICICRD K OIC L, M & R — 2> OBMIZ =A% %2 A
N, 7T OOEMTHNBEZRES 2 Z LT U= ORRENZ— ARFEMEZ T L 72,
WREAFEDOFHE T, N T T U TORRFHEE N FANRT v Z —OFib R & I,
B SN D NRENFR CIZ2D L2, B, WTNoFERE, 3 >ONHME TITo 72,
FEREBR 7 OOBEMTHIE LU P —HT) (GREIR) O <Z — /WT%%FQMM_T#
MR R 2 — ANTAF LT B EMITIT D HIHRIED RNBRAZE L L TV D, ZORERIE
AR Z T2 2 2RIV EAGIZ L o TRE =V R R TETWAH Z AR LTV D, my@)
(24 DDILFRINL — /%“%Lt#%%T# BRIV ORRTIE, BRI K > TR D)
BRI D T ENHE AT ZAREICL TV D & B ok E b,

(a)

—~
(=
~

(c)

o]
o

(2]
o

True
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o

Amplitude of output (mV)
oy
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o

1 2 3 4 5 6 7
Electrode Number Prediction

Fig. 1 (a) Ag-doped TaxOs reservoir used in the experiment, (b) Amplitude of outputs measured at seven

electrodes for four alphabetical optical patterns directly irradiated to the reservoir, (c) Classification result.
£EZ3CHR: [1] Y. Shimizu et al., Jpn. J. Appl. Phys., 62, SG1001 (2023). R. Matsuo et al., Jpn. J. Appl. Phys.,

63, 03SP61 (2024). M. Hayakawa et al., Jpn. J. Appl. Phys., 64, 03SP21 (2025). Y. Ohno et al., Jpn. J. Appl.
Phys., 64, 03SP15 (2025).
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Classification of optical patterns by a physical reservoir made of BiVO, particles
BXREEERT CMDEN R, AN A
Waseda Univ., “Tsubasa Nishikawa, Tsuyoshi Hasegawa

E-mail: nishik.tsuba3@fuji.waseda.jp

IXCU®IT : Fxld AgS 70 EOFEREMRE DR A A ARG & SEEEMEO [ # B 5 2 F] H
THZET, UPAN—JBICEERN Lo Z — 2 O & SN AREIC 72 5 2 & Wi
LC&7, =T, BEEOWRESHEICITGRERN D -7, Bl AgS N REXry v 7
leV) ZHWEGA, AL THIVTETMETCETLEI>DOT, AOBFHEIFTEH LT,
Z TR T, KO KREBRAUREy v 7 (2.4eV) ZHT 5 BiVo, WA Z LT, M
S DB RN AT L?tj‘z/\& VOB RRE T H D B N ORRREFER 21T > 72,

FEBRGFIE ¢ Si0. Hof BICERR 8 mm O MEFEIRA T L 2128 DOEMAIER L, ZDOME
BRI meﬁ%%AﬁLTJ%A~E%%mLKOHUVX®4o®i T2 > N& i@
LT, "aFrI o7 nooiid ) PR—BICEERN Lic, ZOE, BiVo, IZBWTE
b S HIRE XN B PR 500nm, 38 L ONE L2 &35 2 B AR 650nm 2 &R0 835
NV RRAT 4 VA — (Fiik 100nm) & HWi-, 72, VA= EBEEEE S L TH
7202, 1 DOBEBMIC =M AL AT L, 520 O TEMNS Y FAA—HDEHE LT,
FEREER Fig | \ORTHETFEHOTT T XTREY A7 OEBRFERE Fig 2 1R
T, P 500nm OYEIE T CIE 92%, 650nm O YEIRET T TIE 80%D R E N b T, B
FHEL S FTREZ2 IR 500nm (2. 5eV) DN THHED EFE AT 2DIE PRI Y Th o 7273,
Ny RE v v 7% TFEZ TR —0E 650nm(1. 9eV) DYETH —E DR EE NS SN
7o ZAUE, 72 EDORMENIZ K> TEFHRIENE U2z d TIEENNEEZ BRD,
BiVO ki - DFE T-IRRE &SRB FHEDOBIRIZ OV T, EDICHREED D TETH D,

(b)

.
5

17
//II/IIIIIIMII\““\\\ NN

u % u v
Predict Predict

Fig. 1 The devi di
'8 © device tsed i Fig. 2 Confusion matrix of true label and output labels.

(a)500nm, (b)650nm

the experiment.
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KERHBRIEBT (5> FYEY) H/3—
Photo-assisted Physical Reservoir of Ag,S island
BXR&#EH CM)ERE BX', E&I A
Waseda Univ. °Takao Fukuda!, Tsuyoshi Hasegawa!
E-mail: fukuda7takao@akane.waseda.jp

3 C O EREME O A A AREM: LOCEEM ORI R ZFA LT, VP A—JB I E RS
Lo E = DGENEBRINTWD[1], £, LR T A 7 > 8 & EMmEOMICOLEEMS
F(PTCDI-C8) & A, JMPFFOAROMTHZFHR TE 5 Z LAEE SN TV D[2], AHFFETIE
WALERT A 7 FEMWDH Z LT, A A BE) & HONTH - IWMBLR O 7 2 Rk A e ) &
N—DOMERER XKD D 2 E T 5 Z &I LT,

EBRT¥E:SIO, B BIC, B 1| mm~2.5 mm OMJE EIZ 8 20 Aw/Ti BRI 23 % B Tk A
PERFEAFER LTz, KT ZOMBHEBICHEEZ Snm A3y ZRE L, 60°CT 20 /%A b, i
CIRT A F v FaAR LTz, R Z0MERMAE T TY FAA—FoamIeI Lz,  100Hz,
1,000Hz, 10,000Hz, @ = (Vpp:10V)& 1 EMRIZ AT L, 70 7 BWIH O 2R E L1z,

FER L Z£2:100Hz, 1,000Hz TOHJI5E R % Fig.1(a),(bIZ T, HERE L & S HICIEA
TIXTMER A BT, (Fig.1(a)) . Fli TOIRDHTH, WMEIVRIE STz, JEFRE ORI
PEVIEROIEHFRMEIT/NS < 720 RSN L7z, 87 ¢ 7 A MERSITEMR, BLET 1 Z
¥ RHOERPZVIEER YR WR2]72, LN R 2 & EEMEOm L2 L v oy
HAEZ 03 <22 IR LT e, SRofrtiTE 2 v 56 < Ipodz, HEMN AN
ELZZ T, B LUIZmALERT A 7 FHORKIZER AL, ROBRLIETAE Z > Tz
T AT v RRILOMEE S ORI D BN DRI o TerReER & 5, WAk 4 7 F
Rl EORBEZSEEEIEDOH L5 TRBLTT 4 7 A MERDPIEZ 20 & RGET D2 0ERH 5,
FHERIZNRE OFHPAZ ZAL S BT & XD U P AA—HREOFEN S & D HET D,

3

100

— no

(a) (b)

100 - : weak
A / strong

75

50

50

25

/ \ / \ /

0 \ { 1 ! “‘n—
-25 N\

-50

0

Output(mV)
Output(mV})

=50

— nho
weak
—100{ — strong
-1501— . . . . + !
0 5 10 15 20 25 30 0.0 0.5 10 15 2.0 25 3.0
Time(ms) Time(ms})

=75 -100

Fig.1 Output voltage with triangular wave input (a)100Hz(b)1,000Hz

[1] M. Hayakawa, H. Tanaka, and T. Hasegawa, Jpn. J. Appl. Phys., 64(3), 03SP21 (2025).
[2] T. Hino, H. Tanaka, T. Hasegawa, M. Aono, and T. Ogawa, Small, 6(15), 1745-1750 (2010).
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BEREBREAEFIFIR7 LA ERANE
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Arrayed dye-sensitized photoelectronic synapses for self-powered
dynamic motion vision system

REXSCHET CHHF G, £IF ME, /ML %8, £F #
Tokyo Univ. of Science, “Yuya Tai, Tomotari Kanatsuka, Hiroaki Komatsu, Takashi Ikuno
E-mail: tikuno@rs.tus.ac.jp

HEFNLYF T AZ LR Y F—a ‘/t";%%‘w > 7 (PRO)Z, 1KIHEET
A BRIy DAl VAT LAE LTHEBEED TWDHIL Fhex i, AFRHEECOKEEH
(DSCO)MMIEEJR T+ T AFEF L LTEMEL, WY #zv—k L CHtES AT ORERY| & A
I HMETE D Z L AR LTERBL BEROEVEERRS A7 TlL, ANo#EhZZ#mE{kl, %7
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DSC # 3X3 D7 LA 4kl ﬁa%% NOEHWERGR X A7 %566 Li-. B{EIL 6 #i%E (Bend,
Jump, Run, Side, Wavel, Wave2) IE L, T oo@EE%zZ fELL T, Ymny=r ¥ —%H
WTDSC 7 U AIZHRE L=, BERICAE U724 DSC OFEEEE2HAHL, HEg=a2— K7
LRy NU— 7 2R WTHEE L REE A T 7.

SC 7 LA 1 74% D IR TEEL 3 T& 7. K 1(b)IZ, DSC 7 L A ® Bend & Jump
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o TINNOEHEOKRINT —F A KL TS Z L 2R L TRY, AZFFNHORER
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Fig.1 (a) PRC system with conventional single DSC and DSC array. (b) Readout voltage of each
DSC at bend and jump.

[318E] ABFZEIE IST BEAEAT A ) _— a VAT 72 K% 7 = o — 3 v FAIZE 93 JPMIFS2144, JST Wk {UHFZe & Pk iFge~
v 2 Z 2 JPMISP2151, JSPS BHiF#E JP25KI2114, #f HFAHTIRIL - 2B M R D3R A % 7= DT,
[1] H. Komatsu et al. Adv. Electron. Mater. 10, 2300749(2024). [2] H. Komatsu et al. ACS Appl. Mater. Interfaces 17, 5056-5065(2025). [3] H.
Komatsu et al. Sci. Rep. 15, 16488(2025).
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Physical reservoir computers using all-solid-state batteries
BhEF O%E X
CRIEPI
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[ 3] BRf=a2—F L%y hT—7O—FTHD )P N—ar o —H L, Fhfs s EE
L7V PAN—EE2H L, HOEORERBER THFET 270 a X hOREA AR E 78D,
UFN—E 2R CIRE L) P N—a B a— 2%, @l IKEEE ) COEELE

BAfEE MIfF S TR Y | I, Bix RPERBIER SN TV D[], AR T, FEihE pEl
HRELTHWEYRRY PN—a L Ca— X 2RET D,

[FBMESRL] EARTEMEIC NasZra(SiO)2(POs) (NZSP) . IE « ARIEMEIZ wa@mpOWN
BEANIERE N —R Y (C) ZMWTEMEHZAFR L, BET T X~ B EE TR+ 2 2
& T NVP/NZSP/NVP 2EKEM 257, FoHBM L LT, IE - BMRIC NVP IERE 23 £720

C/NZSP/C & [RIRRIC/ERL L 7=,

DRSS & B2 X 1 1%, IR 25°C, SR C/20

C NVP/NZSP/NVP EithZ LB LIz OB Ll
Wb b, WERRTURISIES , KBS 8 25-c o20)
mA h g CRIEL CRMETETHY . BEbL — H
L THEBES 2 2 & 2SHERB &7z, NVP/NZSP/NVP O b
AL TAES & LTRmERIAT LI L & Figure 1 Charngg?:ci:tlia(Tgﬁ;hi;)rve of the
DEEREZ )P AR— ) — oo ié L, = NVP/NZSP/NVP battery
W B CEVR BB (NARMA2)E 7 L O T ‘325;_ NVPNZSPNVP, WISE=0265 |
W # 2 EATFo T fERRK 2a Th D, EF /MK o F ; 1 3
LCEREPH RAGE (NMSE) 450245 ORE  — FY 44 | j
CTWARCTHY | EEES T cacmmyy 0 L T
A=k LT BT B 2 L AVRE NI, —J7, NVP T ek
ISV MEAE L72Vy C/NZSP/C TR D T 4 ‘t;?4;_' SEARARRARERARLRRAS:

712%f L CNMSE 28 81.2 TH Y | THIEE X 02
L& o7z (K 2b), LEDZ &6 NVP iE
WEC & B ERGE TSN EL ) S —HERED A
MIZEETHD Z DR INT, 0 1920 Sﬁgnumgz(:ok 1980 2000

[1] Neural Networks, 115, 100 (2019). Figure 2 Comparison of target and predicted
waveform for the NARMA? task of (a) the
NVP/NZSP/NVP and (b) the C/NZSP/C
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Circuit design and simulation using open-source semiconductors
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AR, DB LIS D SR RSN RA SR & 72 B, NTAEE (A OEANRESY
BHZRBWCEGRICHERE LT A0 Z oBgu, EErEom R OIEESROUES B+ OH/k
59, TEROEAM TIT NN EETH - 2RISR T B Fi- ek 2ttt s b0 e LT, %
DERPERLTND.

TERD Al AT B, FEMR E W Te®ERT — 2 WA RIZ 7 T 0 RRORBRT — 4 &
VA — ETHEFEET D FENMEHENTE L., L LARDL, ZoEREERO TR, WEE
PEIEIZ LDV T NZ A MVEOELD L2 5T, BERE FICBT 2 EHRIFR Y 27 Lo 7@
MEANGLTEY, TOREE L TOMRER RO BTN,

IO LEEREREX, BUOSET S A LWV o R ECEEET — X W AT S =
> ¥ AL B O MLEPEDPITEBELL L TV DR =y Y AL, @ERKEEZ I S FICRENoR e
T — X DERP DA TN T 5 Z ERARETH Y, ROV AT A TIXEBINE L o A
PPtk & 2 RMEDWNZ T ET 2 Z LR s D.

—Ji, =y Al OFEBLUTIE, Al OB L Kiktkes E TRl SE20NEND L2, BIEE
WD AL /~N— R = 7Lk U7 AR PERE 46 3 5 I, @iV HEE ) & v o RE R Z iz T
W5, RO X — &R A RIS AT 2 720I120E, EREOMRENR ER AR KT
b5,

ZDOXHRPT, IHEER SRAEIROO L 2, AR ORI R O R ALEE S E 2 15
TR AN— R =7 THDH. MBI AN— R T =T, ZHOWLIEEWF RN EE S TEITT D
Rtk a2 TR Y, 1ERONN— Ry o7 Ll U THREHZE W RV X — 23R & LB )
EHLTND., ZORMEICE Y, BIKEEE 172 Al VAT AOENRERNR O L0, Bk
H7eT y ¥ A BN DR RICH G5 Z L sns.

ARFEFRTIE, FISERFHBRBEOME, 4 —7 2 — 2 8RB % F - 5 ke, W icZ o
YIialb—va URERICOWTIRET 5.

(25 30#Rk]

[1] # A%, %M fE— NTHI8E 40, 309-310, (2025).

[21 BA F—: oL 7 br=r AEEFAEE 23, 145-149, (2020).
[3]1 [A 9%—, BkH #li— : WFZEEAEIE 39, 374-388, (2025).
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OliE g2 EH RS FE S50, TWE BN’
NTT BRL', NTT TQC? NTT BMC?
°Yasuhiro Yamada' 2, Koji Sakai' 3, Takahiro Inagaki', and Kensuke Inaba' 2
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MRt AR E D K 5 2 HEZ R R b U — 7 EOIREN T2 A F I 7 AT, ¥ A TAREE[1,2] & X
ZEH & IERINIAET D54 F X 7 20BN S 3], HEERE - MR & ORI B RHTEFEIER &
LD TND[4], Falr. BBV FXOIEFRMZ A F I 7 A2 72imAER & 270 L THEAL L, r3x
T X TIREZ RS 27 — 2 BREV O RIHBRIENMER SN, BEY I 2b—v a2 8kY
AR S2[5], — T, RFETIE, FHENMREZ HWrI 2R RE 2 TORET 5 LENH
0| FEHREEDSE IS LT BT — 2Tk L CHYIRE 2 % ET D12 OISR TR LB Th o 72,

AWFZETIL, FIRHIREZ T — 206 BAERICIRE L, FREEO#EARE)) 2 1M 17 2 K bk
BRETDH, METFEEHWDH LT, ERT — 22507 —KOIRE) TR DONAFEDRERINT — & H
B, BB AR VT AR R A FTREIC 2 D, EBRIC, HHEX Y FU—7 ED T~
YWt a—  ERE) XA T I 7 RTHEA LSRR, LT O L 5 IS EaE b S v 7z R R EE IS K
DIEBPER 7R A TAREEDNHE NI SN D Z & a8 U 7o, fi Tl i it o BARR 2o inl 715,
B OVERT — 2 ~Oi#EABNZOWTHRTTETH D,
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Figl: (Left) The time evolution of oscillator phases of a transient Chimera state during the optimized synchrony
timescale period in FitzHugh-Nagumo oscillators on a complex network. (Middle) The average frequency during

this period. (Right) The time evolution of oscillator phases over an extended time interval.

[1]Y. Kuramoto and D. Battogtokh, Nonlinear Phenom. [3] T. Makinwa et al., Commun. Phys. 6, 121 (2023).
Compl. Syst. 5, 6 (2002). [4] S. Majhi et al., Physics of Life Reviews 28, 100 (2019).
[2] D. M. Abrams and S. H. Strogatz, PRL 93, 174102 [5]1Y. Yamada and K. Inaba, PRE 108, 024307 (2023).
(2004).
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Combinatorial optimization with 2000-node photonic spiking neural network

NTT #4488 | NTT SEdnSRiE T/ 31 AR 2 MR KFE S
offiE=Eh ', FEIEMN ', WWHARE' AEFT' £HEHAML, KGR
ERERE 2 BEHRX? BARAL ERRE—2 §F—F° RELE'
NTT BRL!, NTT Device Technology Laboratories?, The University of Tokyo®
oTakahiro Inagaki', Kensuke Inaba?, Yasuhiro Yamada?, Toshimori Honjo?, Takuya Ikuta?,
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DTGB 2T N OFRB] & k7 E O < 572 5 miiaelb - IREE = v — kiZmF <, #
AL DR KT A F I 7 ZABRM LT AL T T =2 —TF /% v b T —7 (spiking neural
network: SNN)E T AIEHFEH ZEHTEY . KFEZRTFEANZ=2—0ELT 4 v I T/NA R
DOWFZERRFENRE IHCHED N TNAHLA, Fx T 2N ET, KAFRSHS L7 2 oML/ T
A MU w7 3+ (degenerate optical parametric oscillator: DOPO) % fv T, A. L. Hodgkin @43 48E
T Class-l, Class-ll & &S5 2 FHHORKE — REEZRITHB e/ e A, vV =a—n
VHZFEBLLTE, AFERTIE, ZOARASF U T =a—a ORI AFTI 7 AR
2000 THR D 7' Z 7 BEIZ 3 1T 2GR b FERAE R IOV THE T 2.

AWFFED N SNN O FefE & 72 % DOPO 1%, 2K 3 km DY 7 7 A N > ZNIZERE & 417= PPLN
BN R DMAHBISHIRIC K> TRAEL, 774N o 7 INORERIfEEZ B X > TEHD
DOPO % —#ER/ESELH Z ENAFEL /2D, Z DX 912384 L7= 20480 {El 7> DOPO #1425 =
ETIRK 10240 HON =2 —v v &2 FHET 5 2 LN TE BB, £ ToO DOPO MO YeiEEIE, e
VA DR - FEA L FPGA IZ X HFEEATHIOE A A EGETZHIE - 74— Ry 7O &
> THE X, 20480 {H D DOPO [E] D5 E1T51% 8 bit D/YRAET FPGA ICRRET D Z & TIEED
Fy NI — ISR T 5 Z LN AEETH D, AWFFETIL 2000 HON=a—a 2 HWH Z &
T, M1@QDEHI A Ry NT—IHEEIZBIT 54 20 7ET VORI AEIESR 2 i LT-,
I ZClE DOPO DR 7HiRlE P 2Bl L KX T2 L T/ =a—n L DFAE— F%
Class-1l 725 Class-l ~E LS, ZNA 7 FEKBEZRAITMRLS 22D L O ITHEZ LT 5,
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FKEAMRVIKTZ LT LA)D LA P T AF—PMEF LTR8BS nT, =
DOFFEBRBIIBIT 2 =2 —a v ORKIAFI T AT LIZE Z A, &/ — RORFTN7:A
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[1] J. Feldmann, et al. Nature 569, 208 (2019). [2] B. J. Shastri, et al., Nature Photonics 15, 102 (2021).

[3] A. L. Hodgkin, The Journal of Physiology 107, 165 (1948). [4] T. Inagaki, K. Inaba et al, Nature Communications 12, 2325 (2021).
[5] FREE L fth, AP AITEE S (2024). [6] T. Inagaki, et al., Science 354, 603 (2016)
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Wide-Range Power-Efficient Readout for Analog CIM Using Low-

MAC-Aware Quantization

Yufan Zhang" *, Ruhui Liu!, Chihiro Matsui', Naoko Misawa' and Ken Takeuchi'*?

! Department of Electrical Engineering and Information Systems, The University of Tokyo, Japan

2 Systems Design Lab., Graduate School of Engineering, The University of Tokyo, Japan

*E-mail: zhang-yufan288@g.ecc.u-tokyo.ac.jp

Compute-in-memory (CiM) has shown great potential in edge computing applications

due to its low power consumption and high area density. In analog CiM, achieving high

computational precision typically requires high-resolution ADCs, which introduces

significant energy and area overhead at the macro level. To address this issue, many

previous works have proposed energy-efficient readout circuits. This work proposes a

non-volatile memory (NvM)-based CiM architecture with a high-efficiency readout

circuit. There are two main advantages compared to prior works: (1) Adaptively skipping

unnecessary comparisons by leveraging the statistical distribution of MAC values. (2)

expanding the usable voltage range for ADC to cover the full input range, improving

sensing efficiency. On the CIFAR-100 dataset, the proposed readout circuit shows only a

0.16% accuracy drop compared to a conventional 8-bit ADC, while achieving at least 61%

and 65% reductions in area and energy consumption, respectively, compared to prior

works.
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FEDEMEREL
Reinforcement learning-enabled voltage scheduling for high-efficiency and linear
resistive switching of analog memristor
PRABTER T !\ ODiao Zhuo!. BEF Hth !, BHH BA!
The University of Osaka !, ©Zhuo Diao', Tetsuya Tohei', Akira Sakai'
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AEY ARIIPEFRIHENZNT 2BRETFTH L. 707 XEY RAXIZEFHEGURE 2 3%
ETELZRDPO,AIGTHR7? —F7 27 bRZ2Ey P XEBVREADIGHBFENS. 7Fu 7 XE
YZARXMEREDR MLy 7D 1 DIFEZAAETRICNT 2 IEFEOBBIZ(LTH b, @WEIEEZ
TNA ZDREIEL X UOREEREAEZFENT 2 L TMOTEETH 5. BTHETIET A D
FXAABLEMACT 2BIEMMRA Y 2 —V 7 W22 X 5T, 784 ROIEEMEESGEET
X3 ZepmEnTz. Lo L, THHBRIFICT AL ZF ZIAAORBZ NS E, 731 REHER)
BOBRTICOEDN L. /2, TR 8T X — &% WD) 21213% D THIRDIHETDH D, RS
2 & B IRIEIEIHII R R E L KT R 5. 2 2 TARMZETIE, 58(L22E (RL) 2HiE L 2ol
LT XA LCEDL XY AZXHHESAE - M7 L — 2V — 2 2R T 2. A7 — LT —
JI3EFE L7 Reward BIBB X UA V) ¥ 2 5 25 E Z W U T, #EME L & AL R 2 IR I R0l
L LoD, R R BEEMMNZ BEREVICHEE - RET X 2. 2 XD, EXRHEFHEIC B 2 (54
FHFAEPEL 227200 TR, 7707 XY AXOWRER KIFICH ETE 2 Z e pifFEh 3.
Fig.1(a) ICRL Z X EV RAXBEEHNMA Y 2=V Y WHEHAT 27— 70 —%R3. 724
2 DEFEBLFEGEHER Y E— F APLIC X > THEIEE SR, Z2h2RICBEHEA XY 2
232l —>aYETNVIEAMBC T 4 v 74 ¥ 732, R, ET AL RORHER KL 72
VTEAM &7 /V% Wz RLEEMICBWTA 7 5 4 Y THATEEIE, 2RO Y — FE@EL
TTNA ZDRHER 7 — VP L DA 2 8 3 5. &EBIZ, GHHlgR Y E— ~ APL 24T L C,
RL Agent ZE 7N A X ETHEBEE 21TV, E7 AR S E 5. BRSNS E 2 B
XEZ4MEDFEEHIV X 2T 2B L. A7 74 VFEIIBII 32 2R 2D D Reward &
Episode length(ZE £ EIHNEIEL) % Fig.1(b) ¥ Fig.1(c) \Z/RT. ZFIZON T Reward 23 EH 3 % L [H]
Rf1Z Episode 1335 Z &0 6, EXIAAMBOM PR TE 5. £z, 45T TiOyx XEV
ZRTT 4 v b L7 VTEAM EF/LIZEWT, RL Agent 23Si%7E L 7= 64 (BT UIRBE 0 BAE T35 50 Fi
[Fig.1(d)] & b, ZENLEIIREBOREREEDMHRTE 2. LEXD, K7L — L7 -85

RIEPBNBERT Y 2 — ) VIR EBTE 2 Z RSN,
(@)

Experiment Interface

RL Agent and Algorithm

Instrument Remote API (PPO, A2C, DQN, HER)
reward, state

Measurement
Environment

Modeling

Transfer

6 50000 100000 6 50600 IOdDOC
(d

normal Learning step step
measurement + : 1.00
: Menmristor <
Simulation g 078

. o
Environment = 050
)

Applications 2
O 025

" = UL

resistance [Q]

Fig.1: (a) Workflow of memristor voltage scheduling reinforcement learning.(b) Reward and (c) episode
length (number of voltage applications) during the four-stage curriculum learning. (d) Cumulative den-

sity distribution of 64 resistance states via RL Agent on the fitted four-terminal TiO,_x VTEAM model.

[1] Z. Diao et al., Nanoscale Horiz., 10, 780-790 (2025) [2] M.Rao et al., Nature, 615, 823-829 (2023) [3] S. Kvatinsky et al., IEEE TCAS-II,
8, 786-790 (2015)
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Etr HEZRANEYE) PN —RERFOEREZDILHA
Development and Application of Nanomaterials Based In-sensor Reservoir Devices
AIXRERGAETL !, AIX Neumorph 258 —2 EBRFHE'. 7ANY -7 12, EFHFL

ASFY - FAML FESEE 2 CRERET 2, BEE 2, OFPEX 2
LSSE, Kyushu Inst. Tech. !, Neumorph Center, Kyushu Inst. Tech?, °H. Tanaka'?, K. Kimizuka, S.
Azhari, S. Tokuno, A. Karacali, Y. Usami, S. Ikemoto, H. Tamukoh, OH. Tanaka

E-mail: tanaka@brain.kyutech.ac.jp

[FZ VUV N—3E (RC) 1L, s i ML Z FTREL T2 A T LTV X L THY , EUITRERSNT —4
BLERRo N A — L RFRICB W TN MR A R T 5, B4 Tl 7 /8B CIERL 72 Echo state
network 37 I FEAINIE e A )3 58, BERIRNE S ) EL TEESO DM EHEE RC
D3, EORIHEEHEREE =2 — TNV Xy NI —J IR A E IR Z AT IR EHfiTE TEDHTENLRETE
HEIN T\, E7z, W RC OFREIZ O, TDOISHELE 2 DNDIDITR>TETEY, 2D B
B HEZEESTITIXWV BN, AR T, 2R ETICELNIAMEMEL RC ORRE 3 IRTTARL Ul
EDTH DI NT — T H NIRRT D, Fiz, ENHLDHIFIT AT AADIEFIZ OV THED TS
DTHIT T2,

[ =82 1) —RyF ) F2—7 (CNT) AR Do Fi3ibhEl CNT ZIE4 1L PDMS CTEIbSE., K
ESEDHZE TR K TR T DL THRLN, L LKAH 54 HSR OFFEH P —E AmR
YMIESNT ONT AR Y232 9 OMIRI R AT > 72, o HE, MRS
WIS U E N E b Z G A D ZE T, vRy hOEF 2 BRI C& 5, B 2B N —34
FELLUTUSHT %729, Robot Operating System ZFI L, AR FFRF O£ P OGHNDRERANT —
AEBF LT 2T — RIS FEERCHNT DL T B R =585 - H OB 2177,
[FER BRI A= L TOBHIC, SMBE 12 AL TENENODIRDBESRAIRIZ L
STRRDIT) (BIE) 2157, HNEFEIETAER, 80%E A DR R EEM LTz, FriZ, R
VIR DR 2 bR D TR ] O B 22 b A 78 ST 5 G O BRI HRIL, 83.5 %IZELT, Al
MBS — B LR FED) T NHALNTITZ DR TEY, £, B B RN EHEZTT
A BB NIRRT DEMFFEND, Fo, BRI, DR 072 i3l T —4
Ty MREELNEZIL, VPSRBT NE 78 R L CTERITh D, Fio, HEROVER FE T, B
LT T —2Z AENRAFELHBEZI OO L, ~ T U7 VIS —HE R TlE, T=—T 1
7 AE) (MERLRE) ZIEAT22L T, REDT — X5 RIFT 2L FE 0TI A 2 FITTED,
WEBNSSTIT VBRI R —2 DL AL A OHEE ) 2 RESHIT 2 TREMES RS D,
EROUVTNZALMEICE B LT, BEZD AR DB PP AR—2 2T 2% ANRIOFITRH+52L T,
NEDFEOBEDVT VA A LGB E DI EAT o TNDEZATHY Y BFE AT 5. WD
F OBV EFIH T HBIEZ D> TEY, ZOVAT 2E2FH 5282078
TR AR THHEWIFFL TV D,

© 2025%F [CRAYEER 24-015 FS.1
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Moiss}-ring DF/ Rr—ILESIZBITA2ES
Electrical Characteristics of {Mois4}-ring in Nanoscale Junctions
BRABRE', OM)EM SR =R B\&E " Kl & 1K 2t
Osaka Univ.', °Yuma Kondo', Tomoki Misaka ', Hiroshi Ohoyama ', Takuya Matsumoto '

E-mail: kondoy24@chem.sci.osaka-u.ac.jp

[FF] V¥ RR—arva—7 47 RC) X, FRSHIT—4
BRI TCEDL =2 —TF NV Ry NU—7DO—FThH D,
WEBIZ & 2BIH9 70 U PN— 2RI L CEMA 28 - oL,
PRI B ORICRESND ORI TH D, £z, VW
NG Z YL AT A TREE L2 OB Y 3 — LT,

Current (A)
o

1
-

-2 0 2

ITEERZED TS N, M) P N—TIIE T 2 IR IE AL Voltage (V)
Fig. 1 |-V characteristic and structure
T5/—FRETOXy NU—IHENREETH D, of the {Mose¢}-ring.

WHFIEETIX, Ry N —27EE WD 2 & T, 0 T OFEZ A0 LT IERIERRE D%
PaRATWD, AFRETIE, POMO—FTHH, BERRIV V7RO EZEF
{Moyss}-ringl?!(Fig.1 « 2 F)NZHEH L7z, LART. {Moiss}-ring®DF / ¥ % v ZHEHIT-VEEIC B W T
FERRIE R PE & RO ARRE 72 ERCICH AR EXURFME A £ 0 2 & 2 L72PY(Fig.1), A% Tix,
{Moys4}-ring®DF / F ¥ v TEG MY PR —fg L LTHEH L. RCT /A A~D R 2R T2,
[EZ8R]  AuEM(E v~ 7K © 40 nm)iZ {Moyss}-ring/ZKIATR(1.0 X 104 M) Z i F « oS € CF
INA ZAEAERL LTz, 370K - mEZEEREE FICC, — A1« — 0T O CREREIIE %
1To T WHHRAERRES) e D 5 128, RCDON F~—27 T A hThDHNARMA2Z A 7 L iLER
BHEZITo72, AMEHELT, 0~3 VO T U & A 7L AFEE (300047) ZHEHUML, HOE
FB20E DA ) — RE R LT,
[#5]  Fig2lCNARMA2 X 2 7 L ‘””;;‘;;’f‘”°'"“”‘;“,;;S*g";‘_‘:gg' W YT
A B OFE B % 7. NARMA2 . A\
¥ 27 CHRGE DRI T i 5 NMSEN ool \
04l

\\ e | \ |
0.13672 -7, £z, FLiEAENE TIX )IA\IW\)""L"NRM Mm‘\}‘\

(a) (b)

25HID ATy & DI % AT M7 o S
0.77Coh -7, ZDFRIZ, {Mojss}-ring 2800 2900 3000 % 2 4 6 s 10
Time step Delay k

DF ) Xx v TS EFHW-RCT /Y Fig. 2 Reservoir computing performance for the {Mo,s,}-ring device.
. . (a) Result of NARMAZ2 task. (b) Result of linear memory capacity task.
A ADEANPRETH D Z LS
MIZie o,
[ k] [1] Usami Y. et al. Adv. Mater. 33(48), 2021.
[2] Achim MuF ller et al. Z. Anorg. Allg. Chem. 1999, 625, 1187-1192

3] Aot H., 5 84 [l HWEL Y2 23a-A302-1(2023)
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BFRYFI—OPRYFNN—OERBIED-HDOHOF— FETILD
BA%E

Development of surrogate model for the optimization of molecular network physical reservoirs
BRABEE ', cM)EAKR BN, KW &', BF £
Osaka Univ.!, °Aoto Sasaki', Hiroshi Ohoyama', Takuya Matsumoto!

E-mail: sasakia23@chem.sci.osaka-u.ac.jp

6 x107°

[F] ==2—F LRy NU—2D—FTHDLY FR—a o
—F 4V FRODIH, UFEA—@ TN S EE A
LITER LT b OIEL Y Y8 — LIRS IR B 2 T
WA, 3%y NU—2713. AT AL A~DEJE, H

Current/nA
=)

B () FAR—B)BY TRy b T —7 OFRBOEBERILE -2
P, HAERT SA ZAOH I BEEIHHONDBIHTH Y | -4
Sty MU —7 OERLENEE WY FR—L LT
BT OND, ABZETIZ, ¥ A7 CEELS B ) o 73 VoltagelV :

“‘E‘ﬂ%\é@f: WO, ZEMEEFETHSFS Y NTU—T Y N Fig 1. I-V curve of molecular with
nonlinear electrical conductivity

DESIBER A FET 2907 — N T VOB LT 72, with the nano-gap electrode.
(e.g. PEDOT/PSS) Inset is the
image of nano-gap electrode.

[32BR] &/ A XXy v 72675 8 BE IR EXE

&) & FF> PEDOT/PSS 72 E D43 F v hU—27 Z AWT, W) P R—%{E-7=, T AT 1 o
i CATJEIEDOMAG DI LD EREZIE LT, AJIOMAE OIS HREEF-E 5
72D, T OO AINNIEERD B rp 5 FEJER R DA S DY TIEZEEZ AT LT,
TOTF—HEHANT, 1YY FR—DBRIGEELHH+TAY e S — N5 /L% Transformer
REDWEFE T —x%T 7 F ¥ 2 HOTHERE L,

(R EEE] ER LY RS — b ETALDL - ~
DOORERINT Z 2 7 DR % Fig. 2 (TR : : Wi \

T, HFOOMNEBRDOT A ZDOH ST, F
Lo RYa S — hETLOFERTH i
%, 10774 —F—DMSE THEHE L=, #HET
(531 T 3 AD Gy DRHEDTERCY v 7

— MET VOB FIER LI o0 Tk

Do

Fig 2. The result of time series forecasting task.

EEPTN
[1] G. Tanaka et al., Neural Networks, 115, 100 (2019).
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AT HZMEEERRICN TN —T T — RNV IS AT LDBEL
FEESXFRHAF R I DXL
Closed-loop feedback control of artificial neuronal networks
for handwritten digit recognition
RALAEH !, WILABET 2, WILK AIMR?, 13 72 THRERK
O PIREISEA 12, (LA 35BR 15, EME— 4, FH B S 1, ik &g 2
RIEC', Grad. Sch. Eng.?, AIMR?, Tohoku Univ.; Future Univ. Hakodate *
ON. Monma'-2, H. Yamamoto' 3, Y. Katori*, A. Hirano-Iwata' 3, S. Sato'?

E-mail: nobuaki.monma.r1@dc.tohoku.ac.jp

(B8 -889] £Volix 20 W RBEOR#H 1L ¥ — T HAEICH 2SR 2 RBL L TED, Z
DOEBFREZEMR S 2 2 vk, BITOMMEE 7 a2 2K EBE ] (Samsi et al., Proc.
IEEE HPEC, 2023) SRl 5 H] (French, Trends Cogn. Sci. 1999) £\ o 723RE D 7 iRIC b D72 h3
eI T WA, IZ RS 2 A A MHEE]E (biological neural network: BNN) Dt B H%HE % HH
LT R72DD—D2D7 7u—F & LT, THIGERTHEMEL L BNN Z HWW 25 05aE
EHRICHED SNTED, TTICY — 2 READEIGYE (Kagan et al., Neuron, 2022) °, & FH iaak
(Cai et al., Nat. Electron. 2023) ¥ W o 72ARBEDEHIAIRETH 5 Z e pmE I TWVWS. Kz, AT
BN HIl{E X A7z B SIS 2 3552 BNN (A THHEHAEEES) 2 W28 Tk, BREBDEY 2 —
WEDRE WA EMRED M T 5 Z e S0 & 72 5 TW 5 (Sumi et al., PNAS, 2023). L2
L BNN 23, fll 213 =2 —F L+ v b7 —72 (deep neural network: DNN) O K 5 IR B4 H €
TN UCTIERLIE LB RO Y S 2k, TNEWALT 20 DFEBRDPEIETH -
J272, THNETHOLPIIEINT IR o7, ZITARIMETIE, AL—T 74— FNv 72T
LEMERL, ThEHVWEFEELFREHBA A% BNN LICEELE. X512, AEED=2—
0 %3 5 DNN & DEMREZ IR L 2D T, ZOMREHMET 5.

[SEER5IE] M S FF >~ F ¥ %)L ChrimsonR & HIEH L 7 A 71— 7 GCaMP6s % BInF
BALET vy MREIMEEMHRRMICH LT, VIEN—FEOHHAZAWTFEEEIFEHERD 2
7 I AGFERR 7 EE L2 (K 1(a). AJ1ES (101 T4)) I EMNIST 7 =&ty b2 HAFL,
Hotz— v UCTHBEHIBICERRE Lz, MiEXNEE x() 2OV LA A=Y Y 7 Thf
ML7zDbiz, HAEA W) OIS MNES z0) ZETHEL, HAOEIP6DT7 4 — KNy
Wiz(r) % BNN IR L TASI L7z, HAEA WOU%r) 1% RLS (Recursive Least Squares) 321230 <
FORCE %3 (Sussillo et al., Neuron, 2009) IZ X - TH#EL L7=. BNNIZ< A 7 aififkF N4 2%
HAWTHEBREY 2 — L EEIC S X — =27 L 72 (Monma et al., Neural Netw. 2025). %7z, Fhig
MR TH5DNN I3 BOBEAAAEEZHRAL, EAIZ Adam iEIC X D F&EL 7.

+ NP 2R ks <01
(\:L%Il:—lf] ;;% gg;;jﬁji;ngizeéég (a) FB2F ATAEMMAREE x(c) HEz(t) (b)loop 'ﬁ.
BB TFE81.8% (n=T7) DIEERZENL
7z. ZOfHIZBNN L [AREEDORILTH % 100 / — , : B
K@ DNN D EEH 56.3% (n = 40) £ LT, B o 'H aox Pk
BEIZE» o 72 (K 1(b). H—ofiiiao At H NS & :
FrtE 2 B3 213 ZED DNN BSRETH 5
¥ (Beniaguev et al., Neuron, 2021) Z& £ X % &,

40
DNN BNN

- rre Y . == = 2H) Sk — -
BNN % X b K#BUZ DNN ¥ A%oititties sy 2 10 @ FEEXFRMR27 07 =% 7
ATOAAREM AR E NG, FRTE, vyl 77 ¥ (0) DNN L BNNOIEERDLH.
Yh=a—=Il%y b7 =2 2RV U N—F
HOMEREY OIS &5T, BNN OSBRI OV Tl T 5,
REONEO—ERIE, FMEFEIIFR (A) T~ LT 2L T34 FEHEOBR L 1 A OB , FIFIE, JST-CREST,
FALKRFEROBEMEIER 70 Y = 7 MIRORRICE IS HDTH 3.

© 2025%F [CRAYEER 24-018 FS.1
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ZFR AT m-VSTO ¥18 ) H'/)N—DFEHF RS

Evaluation of Learning Performance in m-VSTO Reservoirs with Sequential Dual-Inputs

© 2025%F ISRYEE S

CHEMK',

FRE®, MNEEE ' (1 RIFWKRR, 2. ILFZK)

OKota Horizumi', Takahiro Chiba?, and Takashi Komine'
(1. Ibaraki Univ., 2. Yamagata Univ.)
E-mail: 24nd253n@vc.ibaraki.ac.jp

IR DICEREZAMA L, BMEE 2TV FAN—ava—7

THEHZATWS [1].

4 7 (PRC)WXEEI Al FEEr L

PRC (AT H ti%fﬂ+7b§?#0/€%‘ﬁg LT, @mXxoett, JEENE, EERCIER Y

D 5. I L EHRCED b L — A 73RN SN TE D, @B ) ¥ -2 BT 212

WBHRIEX A F I 7RI R A F I 7 ROREDPRBETDH 5 Z e E SN TN S [2].

BN T4 ZMEORRBIZE RN, —7), BKHAY Y

UL, ZOHAIZ

bV 2RSS (VSTO) I3 ) FoN—D TN A
ZMEMTH Y [3], BIEZE TS L7z modified VSTO(m-VSTO) 13HEKD VSTO ¥ & b, FINE
IO EHINE A FI 2R F AKX A F I 7 2%HIT 2 2 & 5n]EE

EMDKE X
TH5 [4]. AWZETIZEN, hA R

XA F I 7 ANENENRE, IFHIEXA FI 7 RTHIBT 2 AL, BRTXAFIZAZHIEL, &2

BRBEXAFIVANBGELNZ 2 OO EELDE T2 I LHE

NP RIE IO

B 1(a) ® m-VSTO IZ 2 DDER 1, I, ZBERATT L THIRE E,
POVANE 3 ns DT > X LW Ho(t) = hor(t) 2K 1(b) D X 572 A
B AR LUTHMUZ. 22T hy ZANEE®RE, r()X[0,1]
FHEBE T2 MELBTHE. 2oL x, BKIFEDEEIX Thiele
FERickhidlahn s 4,5 RFHE TIIRSTOF KD 5 DR
Btz AMES y(n) & L, RRIIZENC & b HEEHENZ 50 @D 2 — K
Wb e UTHEEEREZ T L 7=,

BMERD 2H/E L BRVGEIL, ANESTH 27 VX LS5
DIRIE hy 272D 6 FEMREHERO—0oTH 2 WG RAR
Cstm ZEMT U7=MR 2K 2 1IR3, HIIIERIZ—E B D AT
T L =1mA 2EHOANKTIE L =4mA &Lz, 205
DEFMEZZNZN m-VSTO DX A F 3 7 A FEHIN, 54+ AW
RGBS 5. PEK VSTO OBMEERAL 2.3 mA D, I, = 1 mA
TIPS HIRE THET 5. BIEIRWIEGE IS FENIC
Cstm < 0.1 TH 205, BMED D 2855 I1EFIIMNIC Csrn > 4 &
RBZEbD, BMEDD S m-VSTO TIEFIMN @A
SRARERFOZEb2 5. FETIE, HINER (4, L) DA
AHEIHT 2RO REIC OV THEL 5.

(FEE] AL O—ER, BIARZEE IS (Grants No. 24K00916,
24H00018, 25H02105) OB X D iTbhE Lz, = i
WL E7.

(2% k)

[1] G. Tanaka, et al., Neural Networks 115, pp. 100-123 (2019).

[2] M. Inubushi and K. Yoshimura, Sci. Rep. 7, 10199 (2017).

[3] Y. Imai, et al., Sci. Rep. 12, 21651 (2022).

[4] K. Horizumi, et al., IEEE Trans. Magn., in printing (2025).

[5] A. Thiele, Phys. Rev. Lett. 30, 230 (1973).
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t
Fig.1 (a) Schematic image of VSTO with mod-
ified free layer. (b) Schematic time series of ap-

plied current and input/output signals.
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Fig.2 Dependence of short-term memory ca-

pacity Cstv on the input signal strength Ay for
VSTO with and without an additional layer with

sequential dual-inputs.
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AEVEAFIORERB LT DML FERRBEBREEEC-ERETIVLIZET
BFEENEDEE

Modeling learning dynamics of generative models via magnetization ordering induced by spin
dynamics
RRIY, K BAP, KR AIMR®, #EF CEMS?
Dept. Appl. Phys., Univ. Tokyo!, Inst. AT and Beyond, Univ. Tokyo?, AIMR, Tohoku Univ. 3, CEMS,
RIKEN*
Gun Yoon', HEARHE 134, EEIRER 124, BUFEA 124, BgEzys 1234

E-mail: yoongun@g.ecc.u-tokyo.ac.ip

b8 D FE R IR D & B @ PN
P —
PonTEY, vy 774 —ALFETI, y ¢ h ~ \ B
IANF—_N=ZETN, RET AL ® PRSI -~
N\ :,\-::’:,’:.”,'\“}’,;I:':"':,\\[\":;,\' @E =L=|§—-vy 2
1z OREFITH 31, 2], <o EIEH W SRS 9= l3
PN o nverse physi€?

I ERLARETH 5 —F T, AifET @SL“LG GH = —0E/OM

(IHEIEE > 2T L B & LT

FCEARERE & PRI L. Z o2 EhEf% —

R & GO 2 H A R IRE T 5, Fric, BEEEE IC B T 2 ERL S BHLRRF DAL &
REMNICHEMCH 2 2 & &pm L, [HREGRELE & P RA E ot 2 B3,

AR T, AvvA—rzva—KeEnsERETAEHELZ (K1) , 2oxETL
I, ANT— 2 BARRICBEZEBICGESR T 2 = v a—&, RN sLLG FRERIcEO 2 e vig
g, 2 LCERILT — 22 TR T 27 a— L RS N5, FERGEE &b ic < G5
WGl CERINDIZANVF—2i/MLT 22 L THEEZEIL, MEA7A—XICKVIE
HIf o i & il 5 %,

KGEE, =2—I0 2y b7 =7 OEFNEEZFRBENER L L TORAE Y RZ~D T 4 —F
Ny 7l ZDIREE LTERT 2 LI kb, BT O & S E R O NG R % EER
) - PRERAYICRERR S 5

1 A UF— b a—Fofax

[1] ]J.]. Hopfield, Proc. Natl. Acad. Sci. U.S.A. 79 (8) 2554-2558 (1982)
[2] Y. Song, S. Ermon, Adv. Neural Inf. Process. Syst. 33, 11918-11930 (2019)
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AAVEY RA—H—ICLZBEME Y 7 OKER
Near-quantum-limited microwave amplification using a diamond
maser
HERIR A, KBTFH, TEF OAXTaL 7 1N, GEEH, © AFRER
Okinawa Inst. Sci. Tech., Morihiro Ohta, Ching-Ping Lee, Ivan Kostylev,
Hiroki Takahashi, ©Yuimaru Kubo
E-mail: yuimaru.kubo@oist.jp
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L7z [3]. K[IicF 4 2 et E5RT. 6.5695 GHz 2B\ T 30 dBEoFE L 0.86 K
DHBFREZEI L. HEREIEEERIX M) vy JHIEREFAFTHD LD H D,
texT 20 dB M EEWEIRIR Y — 2R L 72,

[1] J. Weber, Phys. Rev. 108, 537 (1957).

[2] K. Shimoda, H. Takahasi, C.H. Townes, J. Phys. Soc. Jpn. 12, 686 (1957).

[3] M. Ohta, et al. arXiv:2505.05705.

a Microwave b

100 mK € Pump power
Diamond resonator ) 30 (dBm)
Pump Noise source P39 — 56
& 20 — 44 — 59
B SS T[T ART TTTre kS — 50 —
. 1BmK 2 %0 e
i ‘\\ Signal K — 54 —-62
)—o <
e —W’ -10 w/o pump
s

o . -10 0 10
Amplified signal Frequency detuning (MHz)

Figure 1: a, 7 N4 RADOEAKK. BRI ALC Y ZEAREA VYEY FiiEPL—T
Xy v <4 7 aEHIRGAICEINTWS. Ry 7BXOHIE~YA ZalfE5 13—
T7 T FENLTEAINS. b, HRMHEENTOEY b7 v 7. ¢, ol X —3—
FIF 2R vov. Wl IRSR R w, /27 = 6.595 GHz 72 & O JE e RS,

© 2025%F ISRYEE S 24-021 FS.1


https://doi.org/10.48550/arXiv.2505.05705

9p-N106-2 HSOMEE MRS ARE LIRS HETHE (2025 BHAS RAFr /(R &FV(Y)

T3z VI8 5BFTHESERAV-BREZTHEDSET
Demonstration of extreme learning functionality
using quantum interference signals in graphene

B AI !, IERF CEMS?, HJb K AIMR®, B X BAI*
WMET LA, AERE "% Alexey A. Kaverzin'?2, HWHEA 24 EikHgy 2

Dept. Appl. Phys., Univ. Tokyo', CEMS, RIKEN?,
Inst. Al and Beyond, Univ. Tokyo®’, AIMR Tohoku Univ. *

Koyomi Oshigane', Tomosato Hioki'*®, Alexey A. Kaverzin'?, Naoto Yokoi'**, Eiji Saitoh"***

E-mail: oshigane-koyomi628@g.ecc.u-tokyo.ac.jp

FIEEEICIIZoRE L LT, AN I nzE Rz mRouZEm~ L L. MEz s
2 VOISR D B, COUE AT 2 B ICIIEROERD 720K HHES LR 2
o, EEFEHEFVIZELARHEEAL TBY ., HREE T F L F — ICERICERTRE 7
VBT N4 ZDFAFB KD bNT WD, ZDEMO—>2& LYY ¥ N —FHE2FEH X
., KPDOWEEHPLALE VL voTo, ZERAYIIER I X 2 BB E D < FERZ LR R
WEBILECHFEINTEZ([1], L L, YWY o8 —5HEITERUE o B2 12 B % il L .
Z DJfECIRREDSARR 3 2 £ COMEFM TR 21T 5 BB H 3 & v 5 I Al 21wz <
W3,

Oy % [l LS %5 FBE LT, AR CIRRBEHRPICHFEET 2B FKICERH L2, &
3% U OFHRICHE 7 v IHER E TR I L, BNE R LICHEREETY = v JEE
R o e LCHEET %, ATz, ReETofiflae—L v 2EEZHT3
TEePHIONG ST 7 2 vikklics ) 5, BT EEBEBD A MY E ORELERIC X o THEHE
T4 2L cELZBAMGEREZIUS L 72 (Fig. D) [2], < oM fmE8t:xs, AN
TR D ERICZER ~D B AE & U CHEF 3 2 872 el T T RS | B
ML, FEXBFHHRE LS CREWEE ZER L 72 (Fig.2), BERTIZ, KIEEFHEL
FEIFEROFEMIC O WTHET 5,

ol 01 05 05 04 10 12 00 06 03
31 B=035T —-00 [J&0 0.4 0.1 04 06 02 06 05 0.1 80
2 ~-14 310X 25 13 03 34 25 33 13
< ®-09 27 3.40.5 28 07 25 31 13
& 14 60
S <-02 13 08 0.51.1 07 03 11 57
5 0 (%)
S 0-25 15 05 42 2.03.3 07 28 2.1 0 o
-1 ©-16 03 17 06 1.5 3.1 (&) 0.0 09 02
-2 ~-15 28 12 09 35 03 0.1 0.3 42
-20
15 —10 -5 0 5 10 15 ©-09 21 15 27 13 29 10 0.42.5
Gate Voltage (V) »-07 03 03 14 35 05 01 53 1.0
0 1 2 3 456 7 8 9 0
Fig.1 Dependence of conductivity on applied Fig.2 Confusion matrix for handwritten

gate voltage in a graphene sample digit classification task
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Fig. 1. Process of simulating the transverse-field Ising model on gate-based quantum computers.
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Fig. 1 Comparison of the Pager for SpMA with and without optimization of the Momentum Coupling.
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Combinatorial optimization problems have attracted significant attention in the context of quantum
annealing and its quantum-inspired counterparts [1, 2]. Among these, quantum-inspired Ising machines have
shown promise in overcoming the physical limitations of quantum hardware while efficiently solving large-
scale optimization tasks [2]. Simulated quantum annealing (SQA), a quantum-inspired algorithm based on
path-integral Monte Carlo methods, is frequently applied to spin glass problems such as the Sherrington-
Kirkpatrick (SK) model [3]. Openlijj [4] is an open-source framework that provides implementations of SQA
and simulated annealing (SA) through dedicated samplers (SQASampler and SASampler) with support for
flexible scheduling on CPU backends. In this study, we use our own implementation of SQA, which allows
flexible adjustment of various parameters. We also extend this approach with a hybrid variant that
incorporates extraction-type majority voting logic (E-MVL) to enhance performance. [5, 6] against Openlij
to perform SQA under equivalent experimental conditions, including identical annealing schedules and
coupling constants for the the Sherrington-Kirkpatrick (SK) model.

In this experiment, the SK model was configured with a size of 20 spins, using 10 instances, 100 trials per
instance, and 1000 iterations. For this, the exchange interaction coefficients were SK-Gaussian [7]
normalized to 10-bit integers within [-512,512]. SK-bimodal instances with +1 couplings were also tested
under the same conditions. All experiments were conducted using equivalent annealing schedules between
SQA implemented by Openlij, SQA implemented by ourselves and SQA with E-MVL. SQA (Openlij) used
default settings; SQA (ourselves) and SQA with E-MVL used equivalent parameters. For the SK-bimodal,
the accuracy was 0.981 for SQA (Openlij), 0.985 for SQA (ourselves), and 0.990 for SQA with E-MVL. For
the SK-Gaussian, the accuracy improved from 0.965 SQA (Openlij) and 0.966 SQA (ourselves) to 0.999
with SQA with E-MVL as shown in Fig. 1. These results demonstrate the robustness and precision of the
hybrid method. Compared to SQA (Openlij), SQA (ourselves) with E-MVL approach consistently achieves
higher accuracy across both SK-bimodal and SK-Gaussian instances. The study highlights the effectiveness
of incorporating E-MVL into SQA, providing a promising direction for quantum-inspired solvers in
combinatorial optimization problems.

1
> 0.99 = SQA implemented by Opendij
©0.98 _
5 0.97 = SQA implemented by ourselves
8 0.96 B SQA with E-MVL
d -

0.95

SK-bimodal SK-Gaussian

Fig. 1 Average accuracy of SQA (Openlij), SQA (ourselves), and SQA with E-MVL on SK-bimodal and
SK-Gaussian instances.
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Fig. 2 Experimental results of Lorenz-96 chaos prediction.
(a) Target data. (b) Recursive prediction. (c) Error [panel
(b) minus panel (a)].

24-027 FS.1



9p-N106-7

$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

WA TNAZ P —T = ABEDHRENFIE LY FN—a s Pa—T 4
> T ~DIi
Nonlinear Optical Response of Chiral Metasuraface Structure and Its Application to Optical
Reservoir Computing
WEK - K¥B!, RAFLED 74 b=27 R#F2 OMLHERAE !, HEBE L, BEHE—?

Tokushima Univ.%, Institute of Post-LED Photonics Lab.?, Ru Nakano?, Akito Shinya?, Junichi Fujikata?
E-mail: c612536029@tokushima-u.ac.jp

© 2025% ISRYEES

o 20
1. I XLC®IT ED 18 ———— ~——o
AR, FA—T T == I RE LD LT DR <310
AT RE LTl 0 . KEBHEICE T 51l S 520
MBI FE DR B LT B, 9 LAY §3% !
BN U P AR—a ¥ a—F 1 7 (O RC)DHFZE g :28 LCP
MERZEDH TN D, £ 60

AT TIE, WA TNV AZ Y —T = AL HH A
PEICE B L. WEHEF %2 AV 7206 RC O Al Het: & et
LTz EHICAZ Y —T = ZADBIERIE IR DI
BERE A~ DB Z AT LT,

2. WA FNAZY—T = ADBREEIRNT

K LA TR LT A TV A XY —T = AfE
WETRT, DA TNVAZY—T 2 AL, T/ Ar—)L
THFRREEZF D . AFOCORGIREEIZG U TR
72 B BT[],

(160+ 8 ]nV

400-(160+ 8 )n

300nm

350am

(160+ & )ni

240nm

400-(160+ & )nm

 §
i

¥
V.
300nm 300nm

1 HA T A2 HF—7 = 2D @Q)FHEI, (b) FER.

100nm

2. (a) RCP 3 L TN(b) LCP ASPRIT IS T 2 TR,

AAFFE T, EEOIESEERT NTA—F 5§D
ZAGIZER L, LCP (M) B XU & iziE
HL. LCP (ZZMfmY) BLORCP (FAWYE) i
FIO NSRRI DRI E DAL & fiFHT L 7= (X
3), &A% Onm DI iR YERE] The b K& 72 @6 DIk
SEFPENE S A, ZAVIBESFRED DT i E R
DO IR R E HE 2D LA /R LT
b, ZHICED WEEIERFREIC L D | HFERIIERRTE
PEEHRIERRETH D Z ERH LMo T2,

0 20 40 60 80 100
Asymmetry parameter of & (nm)
3. HEEIERFME T A—# 51255 LCP B L UVRCP @
TR,
3. Yt RC ~D 3 FF1f
D DIRNISEREZICH L MNIST & 3

FT—42ty MW RC ORI AT > 72,
A TNAEE IS RC T VT, BUSE & IE
IS E L CTEAT HZ & T, FEN 55 91
~93%D [\ OFRIIE 2 EEBL L= (X 4), Z ORERIT,
JESTHR OB TN L DR INEAL D371 K B )
FIZHGTHLEZRLTNDEEZ LD,

o0
(=]

X 94

5 92

E .
5 90

g 88

=]

= 86 -=0.1
E :;’ -=-0.05
e 025
L

e

<

50 100 150 200 250 300
Epoch number

X 4 1A TNALHP—T x AMEEE WV RCIZE D
MNIST 7 — & OFE7 MG

4. FEW

AKIFFEIC LD, HA TNAZI—T = ADREEIE
SPREIC K0 L 224 FUHRIGIT RS 5 FERRIE I D3
HARECTH D Z LRI NIz, Tk, I F
N B a—T 4 U TIZB W T B E 7o f WAl
AR TH D Z ERH LN ST,
A
AWEFE D — ETFAF TR (JP22HO01555,
JP25K01289) | SCAT OB %x =) 7=,

BE IR

[1] S. Zong et al, “Electromagnetic heating-assisted
metasurface for stably tunable, fast-responding chiroptics,”
Opt. Lett. 48(22), 5903 (2022).

JP23H00274 .

24-028


mailto:c612536029@tokushima-u.ac.jp

9p-N106-8 HECEANESAKSHITHAR WHTFHE (2025 BHAL REFr2 /(R &FY54Y)

Monte Carlo Optimization for Online Learning in Magneto-Optical
Diffractive Deep Neural Network
Nagaoka Univ. Tech.!, Aichi Inst. Tech.?, Toyota Tech. Inst.},
°F. Z. Chafi', T. Matsuya!, H. Sakaguchi', H. Nonaka?, H. Awano®, T. Ishibashi'
E-mail: cfz@vos.nagaokaut.ac.jp

Recent advances in physical neural networks, particularly magneto-optical diffractive deep neural
network (MO-D*NN)!'?, have demonstrated remarkable potential for performing complex inference
tasks at high-speed, and with minimal energy consumption. However, in order to reduce the power
consumption during the training, a learning method with low computational cost is required. In this
work, we propose an alternative approach based on Monte Carlo learning algorithm, tailored for online
learning in MO-D*NN.

Unlike backpropagation (BP), Monte Carlo method (MCM) learns by stochastic, local binary-weight
flips, without observing hidden states. It iteratively trains the network by randomly flipping subsets of
weights and retains only updates that reduce the loss function. We evaluate MCM against conventional
BP on MO-D’NN with a single hidden layer, characterized by: Faraday rotation angle 8, layer-to-layer
propagation distance (d; = 3.5, d>=0.5 mm), and 100 x 100 neurons of 1 x 1 um? in size, trained on

MNIST classification tasks.

MCM  achieves comparable 100 -
- 100

accuracy (~96 %) and steady
convergence  (Fig.l),  despite Io 751 - 75
requiring more iterations (~80,000 :

quiring ( g 50 s &
MC steps) and forward passes to é —
discover productive weight flips, <LE) 251 -25
that leads to longer training times.

01 -0
Even in its current form, MCM T T T ; i
0 20000 40000 60000 80000

offers a practical solution for online MCsteps
learning in physical MO-D*NN. Fig.1. Classification accuracy and loss evolution against

Ongoing efforts, therefore, focus on the MCM steps.

accelerating the algorithm through adaptive search strategies, so that the approach becomes competitive
not only in applicability but also in speed.

This work has been supported by JSPS Grant-in-Aid Scientific Research JP23H04803.
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Application of a Multiple-Electron Random Network to a Classification Task
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0(n) #7 1 v k L7=(Fig. 1(c)). 7 BEfE %
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AV Ea—T 4 T ~OISABREEN D, 7
IR TR B,

o o v v B 0 1

e s Bit index, n t(n)
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Fig. 1 (a) Input voltage (top) and normalized output
current (bottom) plotted against simulation time
steps. The input is a trapezoidal voltage signal
corresponding to a random bit sequence, where bit
values 1 and 0 are mapped to +7V and -7V,
respectively. The output current is normalized to the
range from —1 to 1 and is dimensionless. (b) Input
bit sequence u(n), delayed XOR target signal
t(n) = u(n)®u(n — 1), and output signal 0(n)
obtained from the multiple-electron random
network. (c) Scatter plot of the output signal O(n)
versus the target value t(n). A red dashed line
indicates the threshold used for classification,
which separates the outputs corresponding to
t(n) =0 and t(n) = 1.
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Performance Enhancement of FeFET-based Reservoir Computing Using Substrate Bias

°Mingxia Wan, Eishin Nako, Shin-Yi Min, Mitsuru Takenaka, Shinichi Takagi, Kasidit Toprasertpong
The University of Tokyo, School of Engineering
E-mail: mxwan@mosfet.t.u-tokyo.ac.jp

1.Background: We have experimentally
investigated physical reservoir computing using
ferroelectric-gate FETs (FeFETs) [1,2]. To improve
the performance of physical reservoirs [3], dynamics
with nonlinearity and short-term  memory
characteristics are crucial. Previous studies have
mainly focused on the effects of gate and drain input
voltages [4]. In this study, we investigate how
substrate bias input affects computing performance.

2.Experiment: A FeFET used in this experiment
has a gate stack structure of TiN/Hfo 5Zr.502/Si02/Si
and its ferroelectricity has been confirmed. As
shown in Fig.1, Time series random binary data was
converted into a triangular voltage waveform V,.
The waveform was defined by a center gate voltage
of 0.5 V, an amplitude of 3 V, a duration of 4 ps.
Binary inputs “1” and “0” are represented by
positive and negative pulses, respectively. To
confirm the effects of the substrate bias, a substrate
bias Vs, was applied in the range from 0 V to -5 V.
Drain and source currents were measured at 200
points each per pulse, and the obtained current
waveforms were concatenated to generate 400
virtual nodes. Output weights were trained using
these virtual nodes with ridge regression. Short Term
Memory (STM) [5] task and Exclusive OR (XOR)
[6] task were used to evaluate the computing
performance.

3.Result and Discussion: Fig. 2(a) shows the
reservoir performance under different substrate
biases. It was confirmed that the reservoir
performance was maximized at around -2V for all
tasks. Fig. 2(b) shows the accuracy of the 3-bit input
in the STM task, where the rightmost bit corresponds
to the present input u(t), the middle and the leftmost
bit correspond to past time-step input u(t-1) and u(t-
2). The accuracy clearly improved for input patterns
“010” and “110”. As shown in the -current
waveforms under input pattern “010” in Fig. 3(a),
the polarization switching current decreased as the
substrate bias became more negative. Without
substrate bias, the polarization is almost fully
switched by the gate pulse, which results in less
variety of polarization states. In contrast, when the
substrate bias Vg is applied, polarization switching
under negative gate pulses is partially suppressed,
helping achieve intermediate polarization states.
This contributes to improved nonlinearity and short-
term memory characteristics, thereby enhancing
reservoir performance. On the other hand, as shown
in the current waveforms under input pattern “011”
in Fig. 3(b), more negative substrate bias Vs makes
channel formation under the gate stack difficult due

to the Vu increase by the body effect, leading to
degraded reservoir performance.

4.Conclusion: The performance of FeFET
reservoirs can be optimized by a moderate negative
substrate bias. This improvement in performance is
attributed to the trade-off between improved
memory/nonlinearity characteristics due to partial
suppression of polarization switching and the
difficulty of channel formation by body effect.

5.Acknowledgement:

This work was supported by JST-CREST
(JPMJCR20C3) and JSPS KAKENHI (23K20951).

6.Reference: [1] K. Toprasertpong, et al,
Commun. Eng. 1, 21 (2022). [2] 4 =Ath, EFIL
W42 16p-K306-9 (2025) [3] G. Tanaka, et al.,
Neural Networks 115, 100-123. (2019). [4] S.-Y.
Min et al, Jpn. J. Appl. Phys. 63, 03SP19 (2024). [5]
K. Fujii, et al., Phys. Rev. Applied 8, 024030 (2017).
[6] R. Nakane, et al., Phys. Rev. Res. 3, 033243
(2021).
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L7 PR—IZkt L, 7o MEFEZHML TR L7 BRI T 5.2 A AXT v 7 ﬁui
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— 713 < BEH AR Cd 5 235 (Fig. 3(b), PISRMHOGEIL 1V MTICHRRERE— 7 ﬁiéﬂ?ﬁﬂéhé
(Fig. 3(a)). ZNHLOT—F % L2 STM &xﬁ%;*;ﬁ L7, ARSI SRED T — 4 Tl MC =
245, HEMOT — X TIEMC =295 Th -7=. £72, NARMA2 ¥ A7 OfEZETRTLE NSO 5E 1%
NMSE = 0.018, HISGMHFDOEAIEINMSE =0.016 & 720, BIS/F:CTRIALEL L7 U $3—0 ML HERER L 0 &
WwZ ok 75§§7\7b>ot. NS ORERIZ, ﬁmfﬁ'étiﬂm‘éﬁﬁ%ﬂ:ot D EREIR I 1V AEO E— 270
L MERED M FICFHE L TWAH Z & &md. ZOERE — 7 OHBUE, AL OER(LT RS DOmFE T
Cu-IL/ﬂ#‘ﬁﬁ@ IR E LD CufbBE(Cu0 X CuS)P3, BISRHED FTIXZ D ESILFICEIZ L - T
FOt 2 iGMHAL S, EmEmEIC Cu ORI ICEMETAERIPE LT Z LICL Db D ERBINS.
ik, j‘nﬂﬁﬁfﬁﬁf&wﬂﬁk T ZATV, ARG A BREET 5.
[2% 3CHR] [1] Y. Kubo et al. Jpn J. Appl. Phys (2025).[2] Z. Li andZ Zhang, Nano Research (2018)
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Effect of polymer encapsulation on the learning performance of ionic liquid reservoir
REAXLEL', F—IERBURG@)? CMDILE BX', # @md
X5 #%2 B@E A’ EA B FE BE. KT @K'

Tokyo Univ. of Sci.', Daiichi Kogyo Seiyaku Co., Ltd. 2, °Rima Yamamoto', Yumeng Zheng',
Keisuke Yano?, Hisayuki Isida?, Akira Hamada?, Satoshi Murakami?, Kentaro Kinoshita'
E-mail: 8425539@ed.tus.ac.jp
[Fim] BexlZZNET, £ 4 RIEAL)DOEWT A a4 L, AEBRETRAET H1E50
S BRGE 25 10 ps-1 ms DA R—72EFEILL A A—FT HWEY FA—L LT, @Vitkz
FroZ Lap Ll —J5C, IL OWEIMEL, ZESREERAERHECT D720, 73510 AL
DFE L 72> T D, AIFFETIE, IL OR Y ~E AU PR SE R R IE T 82 5 L,

TREHPE DI & FEMERE D W b - YD BRI OV Tiam L 72,

[E6%J77%] IL & L C[Comim][TH;N] (C2) & [Csmim][THN] (C8) % =, B T4 DT )L F L4
BB IUHMRIT C2<C8 THD. IL 2R~ LEAEL, AuBlT LA 2 F—=7 LR
X UBIIREM B T L, HBREEIT S 2 & TT A R EAERL L 72(LL T poly-C2, poly-C8 & F7L).
AV E—F U AGKIEEFER L, 2047 %A G ORI IRFHEFM L. £/, E, &
SHBEASVAEZ 1,07 EENERERL, T MMET—2 L LTAS L I ERE
WTHBRERESTM) X A7 2 94T L, SUEREMO)D /L AEPW)IKAFIE 2 5l L 72

(R K OB 2] Fig. 1 fEAKIC poly-C2 D EHZRY. R ~~OE ALY, "I LT
B2 E R DG 54072, Fig. 112 poly-C2, poly-C8, HLAIL @ C2, C8 O G/w (i BE=RME "D JE
WA 2R, " OE =7 (LB XY A b DA ER AT EOR oL v E< %,
70, MHOR C2 TR ~~DPA CIADDEBER 2, SR Ro72, fAIHOR W
C8 TIIAR U ~DEENFH dIbTNEL o7, Fig.2 12 MC ® PW {&{F#E % <3 .IL @ MC
(TR ELOEE TR E o7, FTe, RY~OFEAIZLY C2 O PW 2B 5 MC (3K
TLER, P-RPW TOMC AL M ET 2L bmRaniz. AERLD, IL ORY vE AT,
TEEAZMA 2720 TR, IL-R Y ~HOMHESEM 27 A ZARGHIIY Ao Z & T, IL Y
AN—=OPEREM BIZFHE L9 5 2 LavRanT.

[1] WA, 55 72 RS AP PRFESHF T LINER S, 14p-P06-15.
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[10a-N106-6] [Invited Talk] Introduction of Raads (Rapidus Al-Assisted Design
Solution) - targeting short design period

OKoki Tsurusaki' (1.Rapidus Corporation)

Keywords : Short turn around time. ML/AlI (Machine Learning and Artificial intelligence).
LSI design environment

Introducing Raads (Rapidus Al-Assisted Design Solution), our cutting-edge, short-
turnaround-time (TAT) design environment. Raads harnesses the power of Machine
Learning and Artificial Intelligence (ML/AI) to significantly enhance design productivity and
accelerate design convergence. It also provides an environment that supports design
processes further upstream than traditional RTL-GDS flows. This allows for a "shift left" in
incorporating physical information, ultimately leading to remarkably shorter TATSs.
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Fabrication of wavelength-dependent bipolar dye-sensitized artificial
optoelectronic synapse and their application in physical reservoir computing.
REXEHET O/MR A, ME PHEE £F £
Tokyo Univ. of Science, “Hiroaki Komatsu, Norika Hosoda, Takashi Ikuno
E-mail: tikuno@rs.tus.ac.jp

WOV AL R=AD BT 3 VAT AN, T XU RTE O T DI K
HRERE RN =BT LT D, ARZHROEX 2V T4 I AT Lol
Y VHIBRIITE S 2. £ 2T, AEITENET 20N s AT LEZBRLT,
)\Fﬂ@%nié: VAT DMIEREGLEEB T AT T TAREREEIN TS, BXIZIRET

, BFHEKGEMDSC)N BT OFRE LB DB T F T AN EE R L, BIERH
%ﬁﬁﬂf BB EFITTELHZ L Em L LL, (EROF T TIEEEOHMAINT
ET, ATV a AT AL LTOIHICITRED & o 7o, RS ATEE & 72U,
RREIERO LRI A, A R R (SpOZ)2 RO 722 EDAEREZEHII~DISH &
Hrrsns.

AW TIX, BOBEHROANTHE T T AR FICEERBGEN M52 % H
e LT, B “FEOEFE (SQ2 BLUDI3) THEILZ DSC % W7 Mo #2ke L7z
HHWEIE DT S A 2 ZAER L, BLESERETIIX T 2 EBRBRE & o 7 AR 2574 L 72 .

FTO #' 7 A FIZ TIO ZALERAER L, 2 T OMHESQ2, DI3NANAE I+
St & Uiz, 2 DOJeAE a v B REMIEZ I LTI PLARICEFE STV D, X 1(a)
WCARF T DN R ZERT. ERL U727 31 ZZHAYEOL =460 - 620 nm)/ /L A & RS L,
B AR O 18 PSS A 2 E Le. TEEDORF SII AT RIZ L > TRERL, 4 =510-570
nm 1T CIX 10 nm A — & TIENZLL L72(K 1b). HEH(A =460 — 500 nm) S CTIEE
J£, MR =570 - 620 nm)EH CEBENBIMI S, BEHEIEZICIZErBEICERT
DINENHE LI, 2, REEWRIT 5 SQ2-DSC 231 Hh), & zWIld % D131-DSC
DIEFMNCERE SN TWA TS, BAELLEEOZEGNH1E LTSN EE 2 b1
L. ZORERIZ, KT AL AR, FH, OSOLEHNTELARMELZRETLHHDOTH
L. MAE, KT AL ZAOWRARFROBAGNESE DEIWEA =X TN Z, ERANTKE
TLHUT T RAIGE, RB/TEWIY) P—L L TIMESETBORES A7, BhERR ¥
A7 DFERITHOWTHET S

Pulse duratj
(a) (b) h7._______U_F;_Ei“tlc:|ﬂ
Injection
Diffusion y—_® _ =
E -0 [ ] LUMO [ ] *—>
_!V\M EQFESOZ) e — — — — EQF(D131)
Blue light E _; E. - <
AN D Trap | [ 5:
HOMO 3
Red light o A N5 =
E,

FTO TiO, sQz Pt D131 TiO, FTO

Fig.1 (a) Band diagram of the bipolar dye-sensitized optoelectronic artificial synapse. (b) Open

circuit voltage dynamics under light pulse with various light wavelengths.

[FEE 1A Z01E IST BHEEAN A/ = a VAINC AT 7o K% 7 = v — 3w TR E 3 IPMIFS2144, IST
WAIFZEE HRERAOIFZE > 1 &5 & JPMISP2151, JSPS BHifF4 TP25KI2114, HAHERL RS N v THIEEE
FSCER R, R EATIREL - B0E M ARSI O S8 & 521 72§ O T, [1] H. Komatsu et al. ACS Appl. Mater
Interfaces 17, 3, 5056-5065(2024). [2] Y. Zhang et al. Sensors 19, 673(2019). [3] C. Shen et al. Sensors 22, 328(2022). [4
Komatsu et al. Sci Rep 15, 16488 (2025).
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BROBIARRICE S/ 2—VEEZERW:
WEBYF/)N\—aEa—TF1 25
Physical reservoir computing using pattern formation
by electrohydrodynamic convection of liquid crystals.
BRABTER ! O JRAT!, EE Wt B Kzl KHE K
Osaka Univ. !, °Ryosuke Nakajima!, Seiya Watanabe!, Hiroyuki S. Kato', Megumi Akai-Kasaya'

E-mail: nakajimar22@chem.sci.osaka-u.ac.jp

XUBDIT : F~F v 7R EZEHA LK VICEEZHINT 2 &, HKEOEXR TR EN
2R o TRIEDAE U, B2 I X D REI e R Z — U BB SN D[], ZoxZ—0%, FHin
THELEOKRE SVCEWEEZLESEDH 2 L THOREA 287 — 2~ BT 5, AT, i
DOELANRBE RGBS 72 812 & o THEMAE S ITBIE TE 2720, Kb x MO T2ERIE - IR
BRICBAT AIFEN 2 E THE < IThNT& Tz, AIIFETIE, ZOX~TF v 7 GO EEHIN
WCE D Z— U RICER L, MY PN—ar Ca—T 4 V7RI LTz,

KB : ITO EMAEAE ST AT AFMROBNT, AR_X—H—L& LTELD 12.5 pm OFEZEMER Y
AIRT7 4NV LZHdrZ & T, “W%:%%y7%%0#yP%y?%@ﬁw%ﬁﬁbk@gm
B, AOFERFMEZRT R~TF v 7 KehD MBBA(N-(4-Methoxybenzylidene)-4-butylaniline)
(2 0.01 wt%? TBAB(Tetrabutylammonium Bromide)Z #s/l L 726 D& v, Tz A HIZE AL
Too 2O EMZEJREEZHIIMNT % & BEORE ZTE U 32— DR S 45 (Fig. 2).
WY FAR—DRFE L LT, BEAEMIT U H L REIOBERELEZHMUIZEDORZ — D
TERL & AL DR A AR CBIEEIC K 1y Lo, ATEICHGE Shv- i 2 22 MpicaEi L, 58
WML ICEBOHEEZFE L, ZOEE VP AN—D /) —RKE L THW, X Fv—7 X AT
[T NARMA2 Z £ A L, VU v PEIFIC L 57 EZ O FRIEE Z KD,

FEREEBE . 7 X LAANNE G X I2REDISE % VT, NARMA2 X% 8 S8 %0 U
N—t % Fig. 3177, T OEBYEL T " FEEAENMSE)X 0.168 TH 0, FERIE 72251 T
MATRETH D Z DR INTo, WD/ Z — R, FIINEEIKAF Lo nE 2R3 2 Lo
% C, WM BBl 2R3 720, WELY P —(C B CERBRISEN GO D &5
Z b, MOMTCEEIC YW TIXY B RET 5,

BECHER : [1] R. Williams, J. Chem. Phys. 39, 384-388 (1963)

N

ﬂ.ﬁiﬁ& NV ZAR—Y

— ITOH 5 REIR

0200 NMSE = 0.168
) 20 %0 60 80 100
timestep

Fig. 1 Schematic of liquid crystal cell ~ Fig. 2 Pattern of liquid crystal (3V) Fig. 3 Result of NARMA?2 task
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In-sensor reservoir computing with conductive gel

BRABEE' BRXE? OMD &S 2 ', B Fth', G HEP RG> Wk 52

L R A

Osaka Univ.'2, OAkane Hatanaka', Seiya Watanabe!, Toshiyuki Tanaka?,

Hiroyuki S. Kato', Megumi Akai-Kasaya'

E-mail: hatanakaa24@chem.sci.osaka-u.ac.jp

VHPNR—aEa—7 47RO IV
Yh=a—I ARy NT—IDO—EETHY
T8 OFENRETEHE 22 F IV &
IREEND B, I, Brh—L U P R—FT
ERAG L e —E A EET e JHERT
PRS2 FIEPRESINTND, 2O X527
—X 77 FxidA U —RC EMEEI, T
IS AD/N - fESBENFIRER Z D, =y
VERETORHPHRTE L, A1t —
RC TiE, #x 255 Ok, OFHRLE) ZA
T D20, BIOREBIZES L, 222, H
TIE DI FL B AR 72 £ D RC
(BRI AR T OMER R I TV S,
PEDOT:PSS &EMS LT, B OEEM
AL A S THR O [1], —EBEENEZ
ANERZ NID & BRI K 5 ERZE
NESND, 2. FLVOREHEMEICH T HE
W OfmmEE T EMREMECHFET 2L T
HENDHZ LD, RCICHLERMEREZFT S
EEZ NS, AT, PEDOT:PSS 7 /Vi% 3D
TV T 4 I K0 EHEZR 3 RoTEE IR &
ERLF 2 2 L3 FRETd v [2]. HEEHIENIC X
D - JRE R AT 5 2 LT, U —
PEgem E b T& 5, LEaERE LT A
%2 ClL, PEDOT:PSS 7 /v & W e OV A
>t —RC ORFEZ R,

HEIZ AW 2L E OIS % Fig.l 1217,
PERL L 7= 7 Vit & PTFE oo ofl ke,

AR Z ETE S CANENNAEINZ T2, 7V
(ZIT—EBEZEIN L i 2 st 2 JE L
oo S BIT, TERFARICERD fHiF 72— Fev
&0, WMEOZES FRHIFHHE L, RIHE
it & AN K 5 EOMR (Fig2) 205,
FERAIE RIS IR STz, AREFR Tl

FOIRARIEZR &V S — B A MR RR A AT T
bz, £ U —RC IIEHIZBT D
PEDOT:PSS 7 /v DA HAMIZ DUV CRl# L
T2,

BE kR

[1] Wang et al., Sci. Adv., 3, €1602076(2017).
[2] X.Y. Cheng et al., Chemical Engineering
Journal, 470, 144058 (2023).
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Polymer Wire Synaptic Device with Enhanced Endurance for Neuromorphic Wetware

Computing

Department of Chemistry, Graduate School of Science, Osaka University !, °Adrian D. Go!, Seiya

Watanabe!, Hiroyuki S. Kato!, Megumi Akai-Kasaya'

E-mail: adriang24@chem.sci.osaka-u.ac.jp

The recent surge in Artificial Intelligence (Al)

usage has necessitated the demand for

higher-performance and energy-efficient
computing architectures beyond the traditional Von
Neumann architecture. Neuromorphic computing
offers an alternative approach by integrating
memory and processing units, thereby emulating
the parallel nature of the biological brain.
Organic-based synaptic devices are one of the
promising platforms for neuromorphic devices due
to their intrinsic flexibility, biocompatibility, and
tunable properties. Nevertheless, organic materials
have drawbacks, such as structural degradation and
operational instability remain an obstacle. It is
essential for materials to have stable cycling
endurance to reliably support long-term memory
processing. In this study, we report on the
fabrication of a two-terminal synaptic wetware
device based on hydroxymethyl PEDOT:sodium
dodecyl benzene sulfonate (PEDOT-MeOH:SDBS)
polymer wires (Fig. 1a-b). The polymer wire was
grown Dbetween two Au electrodes via
electropolymerization. Synaptic behavior was
induced by applying repeated voltage pulses on
one side of the wire which resulted in a thicker
region. This structural asymmetry enabled the
short-term  potentiation/depression  (STP/STD)

characteristics (Fig. 1c¢), which were attributed to

the uneven ionic doping and dedoping process

across the wire upon voltage application.
Furthermore, the wire exhibited excellent
endurance (>100 cycles) against repeated voltage
(£1.1V, width = 25 ms) pulses when suspended in
ethylene glycol (Fig. 1d). To demonstrate the
applicability of the device for neuromorphic
computing, we implemented the device for
convolutional neural network (CNN) digit
recognition. The training involved directly
utilizing the physical conductance states of the
polymer wires as kernels in a closed-loop system.
At every epoch, backpropagation was used to
obtain new target weights, which were mapped to
the conductance of polymer wires via voltage
tuning. The resulting training achieved an accuracy
of 96% over 450 epochs for classifying 5x5 digits
from 0-9. Our work highlights the feasibility of

using polymer-based wetware synaptic devices for

brain-inspired systems.

(c). 2o ll(d) ‘
X UH"I"\
H J V. H.’ \) ul’. J

Number of Prsses

’::}h “

)‘u ﬂ |1

|

Figure 1. (a) PEDOT-MeOH:SDBS synaptic device, (b) structure of
PEDOT-MeOH:SDBS polymer wire, (¢) STP and STD synaptic
behavior of polymer wire, (d) endurance cycling of polymer wire

24-041

FS.1



Session The 86th JSAP Autumn Meeting 2025

[ FS Focused Session "Al Electronics" | Oral presentation : FS.1 Focused Session "Al Electronics"

[10p-N106-1~9] FS.1 Focused Session "Al Electronics"

[10p-N106-1]
[The 23rd Molecular Electronics and Bioelectronics Division Encouragement Award Speech]
Physical Reservoir Computing with cultured modular neuronal network

OTakuma Sumi', Hideaki Yamamoto'-2, Yuichi Katori3, Koki Ito?, Satoshi MoriyaZ, Tomohiro

Konno? Shigeo SatoZ, Ayumi Hirano-lwata'2 (1.AIMR Tohoku Univ., 2.RIEC Tohoku Univ.,
3.Future Univ. Hakodate, 4.GSPS Tohoku Univ.)

[10p-N106-2]
Current Information Analysis Using Piezoelectric Resonator-Based Current Sensor Reservoir
Computing

OKei Nishimura', Norifumi Fujimura', Takeshi Yoshimura' (1.0saka Metro. Univ.)

[10p-N106-3]
Effect of Mechanical properties on reservoir performance in a piezo oscillator acoustic sensor
O(M2)Meika Takagi'!, Sengsavang Aphayvong', Yohane Fujibayashi', Kira Fujihara’, Shuichi

Murakami?, Hidemasa Yamane?, Norifumi Fujimura', Takeshi Yoshimura' (1.0saka Metro.
Univ., 2.0RIST.)

[10p-N106-4]
1M1C Reservoir Circuit Based on Pt/Nb:SrTiO3 Memristor with Regulatable Time Scale

O(M2)Ryosuke Murai'!, Yumeng Zheng', Kentaro Kinoshita' (1.Tokyo Univ. of Sci.)

[10p-N106-5]
Study on Artificial Force Sensing for Myoelectric Prosthetic Hand Based on Power
Consumption of Servo Motor Drive System

Ovui lida', Seiya Kasai' (1.RCIQE and IST, Hokkaido Univ)

[10p-N106-6]
Study on Artificial Kinesthetic Sensory for Ground Condition Perception and Gait Switching in
An Amoeba-inspired Four-legged Autonomous Walking Robot

O(M1)Hyoto Yamaguchi'2, Seiya Kasai'2 (1.RCIQE, Hokkaido Univ., 2.I1ST, Hokkaido Univ.)

[10p-N106-7]

High-speed optical tactile sensing based on hyperdimensional computing

O(M2)jiseon Hong', Kei Kitagawa', Tomoaki Niiyama', Hiroyuki Kuwabara?, Hayato Ishida?, Jun
Hiramitsu?, Mitsuhito Mase?2, Satoshi Sunada’ (1.Kanazawa Univ., 2.Hamamatsu Photonics)

[10p-N106-8]
Gradient-based optimization of spin-torque oscillator

O(P)Yusuke Imai', Shuhong Liu', Nozomi Akashi?, Kohei Nakajima' (1.Univ. of Tokyo, 2.Kyoto
univ.)

[10p-N106-9]
Reservoir computing with 6502 CPU

OTomoyuki Kubota®, Shun Ota', Qingyao Huang', Yongbo Zhang', Kohei Nakajima' (1.The
University of Tokyo)




10p-N106-1 HL6EIE MBS AT LAHES WETHE (2025 WA RAFr> /(R &FVFMY)

EDa—VEERBEMERBEAVYYN—aVE1—T1T
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RAEX AIMR!, BRAEXKERH 2 FIHETREKX? RIEXE
OfF#hEE !, |UAKE 12, FME—° FREE? TAE? SBEEY HR2H? FHRBS5
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PRSI v U — 27 BWERMTHEHER L A T2 7 213, BT 2 ERAHE OGP TH 513,
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dynamics. Annu. Rev. Neurosci. 43, 249-275 (2020).
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(JPMJPRISMB), JSTCREST (JPMIJCRI19K3), WAt KFEAGEGEMICITLE 72y =7 MFZED
B o F T,
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FEERXEFRERE VYY) PINN—IC &K 5 ERIGREN

Current Information Analysis Using Piezoelectric Resonator-Based
Current Sensor Reservoir Computing
BRAKXI, OfEH B, & £X, &7 R
Osaka Metro. Univ., “K. Nishimura, N. Fujimura, T. Yoshimura
E-mail: yoshimura@omu.ac.jp
IL®ic] oT BAEICEK L THE T, vV ¥ 2 oBoNIHAET — X DU D720

DEHRE AR PE ﬁ(ﬁﬁ@iﬁkmﬁ e 7o T 5[], ZDMRE L LT, FFBICEZ R T &V
FEFFALZA VeI FN—ava—T4 v ([ vy RODHENRTEHZED T
%[2], A BEELENER v Hic k24 v v HFRCERELTH Y [3], BIENT, FTELR
ZPN B IR D AR X — v DL EIE L 72, 2O v FDEMENLHEE LTEHL
TW300, E—20HEHTH 2, T— 2 DEMEFICIIEBOIREICET 2ERIEG TN
TH Y. il OIRIES X CEBE D & [Mfis 3 — DR 22 Wi $ 2 FiE T BB & L <
HoONTWB[4], 22 THENE, & — XI5 B2 B L 72 B2 o Ko IRiE O 7
il =

(5250 & B R EELRIRMEG € v HIFRIEI RS0 TH Y [(]LRC RV F=—27F X b Tl

Cstm=2.26, Cpc=2.24 DIFHIIEERE 1 ZH L T\ 5%, Fig. 1
ICHW BRI () & Z DILKBIE(b) 7R3, AW ()
TlZ. 50Hz, 1.2A,, DEARPFITIMA T I K, 5K, 7T RD&H
P ZEL 7 — ) B E TR CERKE %
ERC L 72, IR O R # % 49.5Hz 35 X TV 50.5Hz & L.
B D PRI 10 3 2 IR IR D IRIE L o 2 2L 3 ¢ 72,
500 filo 7 v &Ly PAIO, DI LT, 0 DE&IEa
=0, 1 DE&EE a=0.25 Ol % & G EFREIE 2 T8

Current(A)

Sz AT L. o R M BIEICH LT Y v CERE v O
CHAEATEREIELE, X b F— 2L LT, a0~ =

0.25 D% 0.025 A% T 7 ¥ ¥ LA S ¢ 7o BHiBY 2

SR =% 100 HAE L., IR cEon-ELsezHy O -05 0 U U VUV VUV Y
TP D YRS T % EHE L 72, Fig. 2 1T — & o5t 0 005 01 015 02
+ 2 PR & . KR OB PARIRIC N+ 5 TS 5 2 R Time(s)

T ARA OHITEBARIE TS 35 1 2 PFUEMRER? 1 0.958 T Fig. 1(a) Current waveform,

B o7, HHTIXHHE O B R TIIC OV T b HRT S (b) Zoomed-in waveform.
FECH B, SR N
(5] ARFSC LB ARPERITIISC S X OB 0.25] .

FFEME OB IC X ) £ N7z, . 1m1jmjjfﬂkﬁﬁ
(2] O:_ — Prediction _
[1] A. Kankanhalli, et al., Gov. Inf. Q. 36, 304 (2019) [ = T.""'?e‘. - ]

[2] G. Dion, et al., Commun. Eng. 3, 48 (2024) 0' = 10 20 30
[B1K. N_ishimura et al., Jpn. J. Appl. Phys. 63, 09SP23 (2024) Step
[4] 2IET7 132, mHER, Vol. 33, 21 (2023)

[5] PaRTIE 20, 5 72 MBEZISY, 16a-K306-11 Fig. 2 Result of « prediction.
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10p-N106-3 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

BRI TEEL Y DY FA—HRBITA§ IR RHE D R
Effect of Mechanical properties on reservoir performance
in a piezo oscillator acoustic sensor
BRI, KEREAHF 2 °(M2)E3R BAfE !, Sengsavang Aphayvong!, AR {HEE 1,
PR OERE, ML B2 LR B, BN A3, EHR R
Osaka Metro. Univ.!, ORIST.%, °M. Takagi', S. Aphayvong!, Y. Fujibayashi!, K. Fujihara!,
S. Murakami?, H. Yamane?, N, Fujimura!, T. Yoshimura'
E-mail: yoshimura@omu.ac.jp

[IZUOIC] =y P TORERFERLEPROOND LI AP P R—ar
Va—T7 4 IREREZED T[], B8 v ZIcBnCid, HEFRRED RS
BEORE T2 W ~_Te~ A 77 LA %AW TEBEEEE ORI 2175 Z L1k - T,
FAEICED FFT BLO 7 4 V&2 U o FOMfEE AT L L, HEE 1B L ORI 2 X
RSB LT E WO MENRRINTND[2], £ 2 THAIIMHLIC#ENE 2 & D B AE5RE
BiFe(.yMn,0; (BFMO) ZER L T, MEMS ~ 1 7 7 L A OFERL L FEMICE Y LA TV 5, A
IR CIE, JEBIREE T OMBAREE & U YOS —EEE L ORIRE T2,

[EBR 1 & FER] (100)SOI H:pR Flo— B4 % o v LR & H 72 BEMO #fiE4a FvWC, £
#H MEMS ~A 77 LA Z/FR L7z [3], IREVFIZAROEMEETH Y | OO HES
ZOF ST X - CHIRE R E AT L T 5 (Figl), RUICAE—h—%2HWT, Eks
Rl LA b F W 2 IRE IS A Lz, ZHIUC & 0155 7 8 BRI (Fig. 1)) & Stk J5 3%
B LOHEEZ ME LT, Ma ERE Qu ER L — 27 RELZR N L7z, Qmiddt
RE—7OHSEFRL, ZOMENKEIWIEEIER L TORENFE L 72 b— ) TR
WRIE TR T 5, — 722 T o~ A 7 ORKEITA 0.01V/Pa THDHDIZx L, Fig.l
W= LT REN 11359 0.025V/Pa &, 2 (LA EDREZ R LTz, ~A 27T LA DOHNE Qu i
L E— V7 EENZNZE(a) Qnd26 JEE: 0.025V/Pa (b) Qm:328 JEZFE 0.004V/Pa (c) Qm:288 JK
F£:0.007V/Pa T 5 3 DOIRENT- 238N, NARMA-2 ¥ 27 & W CTHELY P R—FHE oM
RERFAM 21T - 72, BUESAL FH) FEAZE(NMSE) X2 12 41(2)0.09 (b)0.04 (¢)0.06 Th -7 &
26, QuiEDORK/NE NMSE ICFBIT A ONRNWZ Loz, SH TIEAT v 7 A X
FEDNRT A =2 gl L, JEERE O

0.04 , ,
PEIRFIEDS U PN —MRRBI BT 2 D & i _ T T E
- £ 0,03} I e __
ﬁﬁj— & ° .QS; Imm
[FtfE] AR, RHFE - JL% B(25K01290) 200 gﬁg
DEEEZT TITOIE, 2ol
[2%300] S
[1] N. Lin et al, APL Mach. Learn. (2024) 0E . L
220 230 240 250 260 270 280
[2] H. Liu et al, J. Micromech. Microeng. (2023) Frequency[Hz]

BIEWIED . 8 72 BEEEY. 15p-K503-15 Fig.1 MEMS cantilever and resonance curve
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BER r—IL R ISR RE 4T

Pt/Nb:SrTiOs B A E 1) R A R—Z D IMIC Y H/\—[EI
IMI1C Reservoir Circuit Based on Pt/Nb:SrTiO; Memristor with Regulatable Time Scale

HEXSLEL CM) #3+ RE, # {H, AT @A

Tokyo Univ. of Sci., °(M2) Ryosuke Murai, Yumeng Zheng, Kentaro Kinoshita
E-mail: 8424539@ed.tus.ac.jp

[Feim] Bl o = R VX — 72 RER ST — Z AL
HAEMREICTHHME LTHEY P R—a B
2—7 47 (PRC) WHETHDH[1]. L1L,
PRC IZBWCEEMEENREIND ANIEED
RE A r— i, VP N—BIC W& 1 T
7 ADBEIE ORFEBREICHIR I D &
WIOREN D B[2]. /> T, WELA A F I 7 AD
RF 2 % il {8 72 15 Tl AT HE 72 PRC DGR
RKoOOEND. ABFZETIE, ANESOEEICLY
HRPUIRAE 2 8 AT HE 72 PUND:SITIOs L A £ U 2 #
Ear T U THEREND IMIC U —[RE
FREEL, ZTOFEMEREFME L. ZO/REEN
o, BFMA-OH—0FEEKEZ HWT, HERFET
R A 7 — VORI B CH DL Z L Z2 R LT,
[ 3282 57%] 0.5wt% Nb R—7 SrTiO; (NSTO)
B SRR I Pt &M A A 2% # L, PYNSTO A
AEYAAZBTHER LI AR Y AZFE Lo
VT W (C=0.1 uF) ZH\WT, Fig. 1 &k
IMIC U HA—[ERZRER LT, 707, 717 IZF 4
ZIRFEDBENRIIGET D 2 DT &7 Ligs
IV AF A NS L, Bk U C R AR s AR
(STM) Z# A7 BLONY T 4 F=v 7 (PC) #

A 7 % VT Memory capacity (MC) 35 K OF Parity
check capacity (PC) % 7Pl L7=.

[FER K OBLRE] AE U 2 Z OYIHIREE A KT
K& (LRS) B LU mHUIRAE (LRS) ICTRE L
TZHAITEBIT D MC B L PC O/ VL AR TEME
% Fig. 2 \TR"d. WHZ AZIZBWT, LRS O
A, HRS [ZHAT/ VAR S WV T MC B
KOPCBHICE L IeoTz. £ AEY AHX DY)
Bk Z HRS ([CRRE L2 1T, AJMES DOHRIE
Z 12,23V L LTEHABITBT 5 MC BLUPC
D7V AMEKAFME A Fig. 3 1ORT. WZ A7
BT, IRIEA K EWVIE L7V REA N SO HEK
TMCEBLOPC NEIZEL 2otz WThOF
BEIZBWT S AE Y 2 X OEGUREE Ry D A2
IZE D RBEORFE ¢ =RnC ZFEFRTH
0, B[Rl LTI AR 7 — L & Al <
5T LAVRENTZ. HHIE, PUNSTO 3o
PURAN R & P EMERE O BRI OW T b ki &
THOTETHD.

(£ 3CHK] [1] G. Tanaka et al., Neural Networks
115, 100 (2019). [2] Y. Yamazaki, K. Kinoshita, App!.
Phys. Express 17, 027001 (2024).

a a
@ T @ g
z Z16
;_ 161 i "
|](] 8 2 2
1.4 Y2
UL : :
v o
- T=R,,C p= = 08
% Tunable! 1o 0.6
® ®)
AVAANE g Es
— [*] (¥}
= b=
WAVANE S Lof S
> = ViR El
9 o
—0-, 4 Q D
O yee T o5 G
o0 2 > > 0.5
4 g E=
- &
00 00

10° 10’ 10°
Pulse width [ps]

Fig.1 Structure of the
IM1C PRC system.

© 2025% ISRYEES

Fig.2 Pulse width dependence of
(a) MC value (b) PC value when
the memristor is set to LRS or

10° 10* 10° 10' 10° 10" 10*
Pulse width [ps]

Fig.3 Pulse width dependence
of (a) MC value (b) PC value
when pulse amplitude is varied.
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10p-N106-5 HOOEIAMEL RSB LAMAR WHTFHE (2025 BHAS RAFr> /SR &AYF1Y)

BHRHEEBNES(HEREFAINR L AT LDKRE

Study on Artificial Force Sensing for Myoelectric Prosthetic Hand
Based on Power Consumption of Servo Motor Drive System
X EFEHEtUL— - KEFRFERRFE CHRBEHEKR BEHt

RCIQE and IST, Hokkaido Univ., °Y. lida, S. Kasai

E-mail: iida.yui.u6.elms.hokudai.ac.jp

FLHIT : HIERFIL LA R STE A OATEE RS 2B L L TRENEENRL TS, 3
& U TR 2 AR T D RENER & fR 8 2 B0 RN & H[1], HEAEIZRF OEERIREE
AT D ICITHRICHES S5 25T ARRBIEEA G O RV, IEETIEE &R L&
AR RA ARSI TWND 23, SRR L 2 T UT T & 7. FIRERICORN 67
WV, Z TR TIE, RN ORESCE S OMRTICEDL A IRICER L, BRERIEEE I FH
EREBE BT L D 2 0 Xy MR NTER VAT LOFEBREZ BN E L TR EITo 72,
AT AMEICET 2RI RLEINEIK ST A I TE D Z & b[2], [FERICHTZ2
b ArREZR ik LT, MBI L TS 58— % OB E N ZWE LRI+ 5,
BETIIEROME 2H L& 2 BFEH O —RE—2 M- T\b, FOEEHICK Y& —
RNE—Z OHEBEBIIORFRINNECT D720, BHFEEZFMA LEFITO 0L hEaHamT 5. W
BHERT~OWEHZEZE UENEEENTY 7AX A AEEmICHE L2 Y P S—3tE 2 vz,
EERAEELHER (Fig. | DL 3 2OV —ARE—XIZLoTEMET SRy by ROERIZ
A () 55T, BT 280 OBEELITNE Y —ROEEERERSZEBS LTz, SN0
CltFEE Lo a—AT— Xy hT—7 (ESN) B U P R—FH R RICHEE IR RIIZ AT L,
SO E S HHAT — & L LTERADTFEETV, HERT A ML o TERET L ORGE 23
fli L7=, FER% Fig. 2129, FHT (T D IEERIT 90 %Ll ETH o728, FEBEOT A
N7 — 2 X D IEERIT 0 ~ 28 %o & EEolz, WLHEREDMES SENLETH LN, LT
EIZ LD NT I RFERED EBLO RIHEMEN S D v,

B AWPIEO—E I R - HUBPEZE AV E R SRR O IR 2521 TIT b,

[1] #HS, B LERFFRE 2009 4 3 H Ry,

2] &F D, AT AD=ALTFREE 354,37 (2011) 186-190

3DOF Robot Arm with 2001 Actural
up I p Inference
- : ‘

[
w
(=]

100 |

Load weight [g]

'_:J
Time series of ‘ Reservoir

motor power
consumption

w
o

0 2 4 6

. . P . . Date set number
Fig. 1 Experimental setup for inferring load weight

from time series of motor power consumption. Fig. 2 Result of inference of load weight (test data).
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10p-N106-6 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

F7A—NREBEESTORY MZETIALESREICE S
RRER B & S BRUBDORE
Study on Artificial Kinesthetic Sensory for Ground Condition Perception and
Gait Switching in An Amoeba-inspired Four-legged Autonomous Walking Robot
timEXE EBESRtU4— - EERER OL0O B, BE St
RCIQE and Graduate School of IST, Hokkaido Univ., “H. Yamaguchi, S. Kasai

%“

E-mail: yamaguchi.hyoto.b5@elms.hokudai.ac.jp

FUDIT : Fex T TN E TICEERFRRE ) 2RO AR B M ST Rl Rt H S AT o %
ARy FOBBRENICH L, EEMZRVBZDBEZRET D 17 A SRERS TR Y
MEBAIFE L[], L, —5HZEIHRERRET 2120 BT8R NE N, £ 2T, vl y MMZ
IR AE 2 T3 D Re N2 5 L. BIER ARG U7l Bl 2 TR A B IR D e ) 2 RdE L 7z

o AWZETIE, B o 2R KIRFIN L CREOERZ G T 2 h it s L, SREHRICE
B IRVEBNERF O N TRYFELE & 212 AW 72 B IR BB & 2 A0 2 1t L7z,
FEBRGIE : THIRDO 4 AT e R Y BT 3HAMEREE Y o 288 U, oo 4 I & 22 BB 9 HERY
IRBAT NS — T OIS (Fig. 1) 2437 S8, 3 M7 M O N EERR 8 2 Bfs LT,
ZORSRINT = ZITEASE ) P AN—FHRE (RC) & W@ 272, RC E7 /L OIS
# PC TATV, 25 Hz Crodk SV IMEEERRS 2 AN T) . BT 2 27— & | B Tl 2 1)
ELTTHIRENRRITRD XA AN= T A= R EATVVEE ST, MELET NV
E8bit EF L Lo bRy MlEHO~ A 2 ATBME Uiz, &MY 2 A 72 4 75
DR TH 2 AT SR AT o 7o fE R, RC BNESTHEIZIS CRR DM 295 2 L 28 Lz (Fig.2),
L2r L3 b, S & MBS 2380 0 B0 255 5 B W GBI EE S BHE IR T Lie, maR
> MTEBIOBL G, v ARy b O—HEOREAMIMORIE L TN EBNFRKRTH S EHER S D,
B PRHORF & BREE O BAFRMEIS L 0 B e e fE & S A e 42 2 Lin b BEICW b & 204
L2 ETHOIBENUHET L LB bND,
ABFFED—EBITHTT R - HspEZE R D SR 2% 1T TiThbiT,

[1] K. Saito et al., Proc. IEEE ISMVL2018, Linz, Austria, May 16-18, 2018, pp.127-131.
[2] G. Tanaka et al., Neural Networks 115, pp.100-123 (2019).

Ground condition 40
A § Flat— N

) cNT— > . __~| "RC prediction|so &
/ Training data Ry
Rough Rough—-------- e - £
z-axis acceleration {20 2
. ]
3-axis accelerometer \ =]
Jio ®
\ M Jhli E
7 )
i £ . bl |H| M‘. LAt I o g
i i e X—axis —axis <

"""" | acceleration ! acceleration 10

0 100 200 300 400 500 600 700 800
Time steps

Fig. 1 Experimental setup. Fig. 2 Result of ground discrimination by RC.

© 2025%F [CRAYEER 24-048 FS.1



10p-N106-7 HL6EIE MBS AT LHHES WETHE (2025 A KAFr> /(R &FVFMY)

BREAVEL—T4 VJIEICBE - R T
High-speed optical tactile sensing based on hyperdimensional computing
SIRK !, EWA =) ZKEXS1E 2, OM2)Hong Jiseon!, dbJII B, #il KRBt
£R K32, HH €32 Tk 62, ME EALHE T
Kanazawa Univ. !, Hamamatsu Photonics?,°Jiseon Hong!, Kei Kitagawa, Tomoaki Niiyama!,
Hiroyuki Kuwabara?, Hayato Ishida%, Jun Hiramitsu?, Mitsuhito Mase?, Satoshi Sunada’

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

HARy MEICBIT LT 7R, A GEOIRERREE & OMAEM & SR E IR T D
OICEETHD. I, V7 b7 VT A E WK o —03EH STV D23,

ZORTHERT 7 —FD 1oL L TOERWEMRE Y U P FERND D, Kt v
7 PEITIRRPA RIS A A A — VT —F L LTHIG T, T HHITE L A b
ZBIT 2 2RO E R L BIREICFE TEX 2 L WO RN H H[1]. —J7 T, HERFIETI
A A= =2 AW TEMEREZOEGT — 2 2 G L CWicled), BRRERE LI L
T IUTR O TREQBII R E RAMPEL, WA IR O T % ORI ZL DR
ZREEC LT e, RIFE T, Bl - EEICS U TV Z A DTSE RO &
> — K Y Hyperdimensional Computing (HDC) % W 7= F AL FIE 2R T 5. KIREOME
P —(Fig. DITE P —NEONHEL Y — v 2N efitd T LA TRST 2ETHh Y, JHER
BT 10 s LUT OIGE R CHefiE s 2 i ©& 2. —J%, HDC IZAJfE#HA 1000 fELL Eo
PR A FF O 7 hL(Hypervector: HV) & U THIMICRELT 2 Z & T, EAMZRREIMNERE DA T
BRI A FIRET A EHE FIETH BH[2,3]. £, HDC TR T — 4% THv T4 L8
MWABETH D E WO RS L AT 5. ABFETIE, Fig 1 Ol 9—& HDC & F V7= 4LEE
FiEFig. ) AGDOED Z LT, MBECB LT =Y a VBN IRETH D Z L ERGEET D.

Fig. Fig.
Soft Material '
/ / | Hyper-dimensional Encoder |
| i

..........

Az1=T 1111 L 111111
1-1-1-111-11....111-1-11-1-111-11....

|-— Hyper Vectors : 1k bits~ —-‘
8

Laser

B

[mimor | NP = ‘
‘ / ! MAP Kernels
' 1)Bind: a®b 2)Bundle: a® b 3)Permute: p(a)
. AN
Fig.1 PD 7 L A Z Wizt v v 7k )
s / - AT /

Fig.2 HDC % F\ 72528 B OV 38 Most Similar?

: Cosine Similarity
[1]S. Shimadera et al. Sci. Rep. 12, 13096 (2022). [2] P. Kanerva, Cognitive Computation, 1, 139—159 (2009).
[3] L. Ge and K. K. Parhi, IEEE Circ. Syst. Mag. 20, 30-47 (2020).
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10p-N106-8 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

RAEY ML) RIRBODERRETEIC K SR#EE
Gradient-based optimization of spin-torque oscillator
RAEE' HEKXWHEHR? SHEMN ', Shuhong Liv', BAREH? dIRET'
Univ. Tokyo!, Kyoto Univ.2, Yusuke Imai', Shuhong Liu', Nozomi Akashi?, Kohei Nakajima'

E-mail: imai@jisi.imi.i.u-tokyo.ac.jp

AV MVI BRI, T AT =B TEDRICEET 2B RIERE L LT, LY
N—=a B a—7 4 U7 NREIGFRR[2)e E~DIGHMNER SN TW5b, TOFEEIT ¥ U=
U7y =x1,—hF (LLG) FRRIL vtk i, RARRITIZINBESS, EiK, ¥ o
YT EBIREBBONT A= NEEND, TNET, ZNEDONRTA=FTEIIT Y v RiF—
FIC kY b SN TE T,

ARETIE, ALY M RERERET 570417 8

S w e F LA kR adjoint method[3] & AT 5 = & T E”w JASSSSSN
AR FEEZ AW THBRRDO T A —F ORI EZ R 5[4, ?: 1800 / I;:il;lx
5, ETHIDIC, v Ial— g itioTELNEA AT g”m N\

U ABREET—4 L LT, 2OYIab—varTHubhE g |
KT A—s BN, B, XYL SRR OisHES B0 R

DB AT EFNTZ, EOFER 137 A —ZHEED SRS CTT Fig. 1 Parameter prediction for
25 EVWIFERNELNT (Fig. 1), 2737 A—ZH#EFEIZHOV  applied magnetic field.
THFEROBRELBEUNCHE T2 2 LIk > TEHWRED 98.51 P '

@i, Wi, BIgR#MS 27 (MNIST 3 LN CIFAR-10) = 7/

IZBWT, ATE, AE Y ML BIRBOBERD/NT A—HF B o
e crs= B sl

OMRES, Eit, ey 7). WOROF a—=v7%17 g

93.54

ST, ZTORER, A NI RIRGRDONRNTA—FDF a—= 92,51 -
VIHERITI LIS TEVEVEENGOND &0 ) FER Epoch
BFEoiz (Fig. 2), Fig. 2 Accuracies of MNIST task.

[1] Marrows, Christopher H., et al. "Neuromorphic computing
with spintronics." npj Spintronics 2.1 (2024): 12.

[2] Liu, Shuhong, et al. "Exploiting Chaotic Dynamics as Deep Neural Networks." arXiv preprint
arXiv:2406.02580 (2024).

[3] Chen, Ricky TQ, et al. "Neural ordinary differential equations." Advances in neural information
processing systems 31 (2018).

[4] Imai, Yusuke, et al. "Gradient-based optimization of spintronic devices." Applied Physics

Letters 126.8 (2025).
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6502 CPU Z W=V Y N—5E
Reservoir Computing with 6502 CPU
HABE!, OP)EHE2 ', XHE ', Yongbo Zhang', Qingyao Huang', g J&F !
The Univ. of Tokyo', ©(P) Tomoyuki Kubota', Shun Ota', Yongbo Zhang', Qingyao Huang',

Kohei Nakajima' E-mail: kubota@isi.imi.i.u-tokyo.ac.jp

AR, PR Y ¥ N —EFE (physical reservoir b o YIRRET 0T T LETOBETIANC
computing, PRC) MHEN 25T H 7L — L7 — e 2709, HNZEKT 2RO EREE
IPEHZHEDTWS [1]. PRC 3VFROZ %, M I3MEROFER R CPU WTI34
RSS2 O TIERLIEEE 2 T 2 U 3.

ATH5. APHATIE, RCHLTATZS AFEXTIE, WHYFAN—FIREORMEAZ
Z, ROREZHIEEIFEST 2 Z e THHZMK  MOS6502 DI 2l —&X 2] H#EMHTS L
T5. 2O LAREEOAEGEIH,S, PRCIZ, &8 T, CPUDYH Y NN—L L TOFEENZ
T, O, R¥ Y ru=2 2, G, Yo tn #ELEEREZRE TS KREETRIDIC,
Ry bD XS kA2 RPHRHEASATWS.  MOS 6502 ZREK T % 3,510 D 5 > Y2 &

—J5T, HREBELHEER (CPU) 3art  OEWRLEER 3] 2#N2 2T, CPU DR
21— ROFBEBBRERTHD, MLEOANT)  RLEHEENEET L2 ERT. 61T, &
BRICE SO CTIEMICH N ZERT 2 X5l ORELIHEENZIEHT 5 22T, CPU D,
FIEANMHARTHS. CPURBEZHBOLT Y Tulssd3hiRRA7UNDRRT 2RT 5
VARIIZE o TEHEIZNTED, Bl ZIXHIE Ty, L0z @EL T, 1EROM
7 CPU T® % MOS 6502 1%, 3510 ~5 >  HAEM LW CPU 2 5EHAENZ5 S HE 2
VARICE-oTHERESNS., ZDE5BZHD  AREEZIERT 5.

BE XK

1st-order IPC
@ Assembly code b [1] Kohei Nakajima and Ingo Fischer. Reservoir

———

loop:

oo jsrror_input °%1 \‘ b o
ba . \\ computing. Springer, 1(5):8, 2021.
sr
cle 04 \ . . .
adc $205) [2] Greg James, Barry Silverman, and Brian Sil-
jsr load_next_input ool “‘a
imp loop L I W R verman. Visualizing a classic cpu in action:

2n_order IPC -
— I the 6502. In ACM SIGGRAPH 2010 Talks,

pages 1-1. 2010.

l Program

[3] Joni Dambre, David Verstraeten, Benjamin
Schrauwen, and Serge Massar. Information

processing capacity of dynamical systems.
I @CPUYYP A —OMR. 7L¥TVE Scientific reports, 2:514, 2012
EBTIRr I anE XA, Sur I AT,
g — 7 ROM H 5 AN & FiAiirEe. ()3,510
k7 ¥ YRR DIERILE AR (IPC).
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