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The role of functional independence in supporting reproduction
of dynamical systems by reservoir computing

Satoshi Oishi', Hiroshi Yamashita®, Hideyuki Suzuki!, and Sho Shirasaka!

! Graduate School of Information Science and Technology, The University of Osaka
1-5 Yamadaoka Suita, Osaka, 565-0871, Japan

Abstract State space reconstruction is a technique for mapping an observed time series into a higher-
dimensional space and reconstructing the geometrical structure of an unknown dynamical system.
Reservoir Computing (RC), a trending machine learning approach, is believed that state-space re-
construction can be achieved in the intermediate layer of RC, called reservoir, through generalized
synchronization. Moreover, learned RCs have been reported to make short-term predictions and repro-
duce the qualitative properties of the original dynamical system. In this study, we introduce a method to
quantify the quality of state-space reconstruction in RCs from the viewpoint of functional independence,
and confirm that RCs with a good reconstruction space (reservoir) can contribute to the reproduction of
the dynamical system well.

Key words state space reconstruction, generalized synchronization, attractor, reservoir computing

1. Fras REZE B OBIEN B FL L LTI, BEES
R TR % F D T 22 PR AR 2 MR 3 2 B PR AR
(21, 3] DFEREPHI SN TN S, SEFFEHINT
W% Reservoir Computing (RC) [4] ¥ FEX415 RNN

IRFEZEEI SR (State Space Reconstruction) [1]
ek, BRRY 2 SRITZEENICE S 2 8 TRAIOD
NFERD S ORMANEZ HH T 2 FETH 5.



(Recurrent Neural Network) O 7 7 a—F1%, V¥
N—EEZH 3 RC DS E IR AE 22 [ R Al A3 52
HTETWaeEZILNTED, 2003 h 4+ KR
FILED X R 7 2 ENTELFRETHLEZ LN
TW3 [51, [6].

RC OERH L HHAIZ DN TR S, B
DIFFRDIREE x (1) Z BB b 12 X > THMIL,
BRNE () = h(x(2)) DEFSN B & &, RC IZRXD
X o IR ER b O AR LTREI NS,

r(t+1) = f[Wieer(t) + Wipu(t + 1)] (D

22T, r(t) e R™IIR £ 12 BT % ESN OWNERIR
e f  R™ — R™IEIEMEILBEE, Wi, e R™IZA
I, Wi € R™™ X RC OBBATHI RS, #HY)
TR XA —XTHEERX N RCIE, (1) RORFRIFRE
ENUTHRIZERDIREE x (1) & V) FAN—DRFERIR
Br() ICEHRT 2 22T, VEN—ZERIITTO N
R OB & B 3 2 IR 2R FA X % 22 R
TE 5 R [5], [6] ICHEER [T I2vEZ 6N
TW3. RC CHRAITHIZITS %5E, RC OHIIE
Wou € R IIFIEEIFIC X - T¥E R, Filla
WFa+1)=Weur() EEIEXNRSE. X512, FHl
0% () XOANe LTHIHT 2 22T, n Xk
PR RER BERNERE AR T TE S,
)72 hyperparameter O N CHERL L7z Z D H#E RC 1,
71 A ZRERF DA F RN I T 37200 TR, Rt
RNNEZRDEMENZEE 2RO Z e G T hTwn
% [5], [6].

FEIEPEISERIC K 2 IRABZE M AIC B8V T, Tak-
ens DIDALEH ¥ (2], [3] DEMERZ RT3
72D DTS DI >TWS A, RCIZK
2 IRREZLR FRE R IC B W TIE, FIREOFREREAE D
WEERIZIIHBRETIEE->TES 3, ESNHEDIAALT
7] L LTHIDN B RBREETH 5. ©RIC, ¥
D XS RC ZFEITHET + 7 7 X E ERK
TEZDEAFHTHZ L, T HIRAEZRH MR
ZRIATE 722 LTHRRYITHR 1RO
WIS 2 BReRW. 22T, AFETIZZ T,
RC OIREZEMEMKOE L i3 2 FikE, VY
N—JED 7 — FHE DO BR%Z BN O WS &
ERILT 22 THRELE, ZOTIKIT, BEREE
RICB 2 IRABZZ M AR O B % 513 % 7= I H
WH T X ER R R (8] OBERICE SV T»
%, ZL T, $BEFEIC X o Tl L7 RE 72 i
RRZER] (VA=) 1ZRBWHEROBRICERT 5

I EMERET 5.

2. BERER

ZZTE, B—L YV 7 77 RENRIZRC T
IRREZERI A B K O W R DB 21T - 4R %
NS 5. AL CTIRE T 2 IREZEH RO H %
A3 5 FIEE, EHEET & (8] IO W TED,
VHPN—D 7 — N[ OB O 2 TN E &
L322 THMREMOEZFHEST 5. Lidio
T, VIFAN=D/ — N (VFA—ZEHDKTT) D
B2y, ZodEbiEERSFHREINS ZIilk 5.
Z O EET & & RC @ hyperparameter D KFEE
% X1/ 1RT. K14 Tid, Lyaounov 58 RC
@ hyperparameter DPBEfRZ £ T, FEHRIE Lorenz /712
KOHEEZXL, By MARCDY 77/ 7H#
2R, HEBMERETES K Z WV CREBZERI B O
H2SEW) RC @ hyperparameter % FiW T RC % #5E
THLE, TONERDY 77 ZHEBEFELY 7
7 7 b O RC ZMETZ LI ehnhrs.
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