G1-5-1

[—kGiE ] TR ((2)

HIEANM S FEBETIVICE T3 HFRED-DILTFRICOWVT
T B L, BT 2, FTA %5k 23, i —ip 0
UG T A TS 27 A TR, 2 dGEASE B - 7 — 29 4 T ABEPR LY X —,

S ARMBER AR ERE B FCRERCA TR, 4 LR TR AIT &> & —
e-mail : aki@fit.ac.jp

1 BE
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WTOHEET, REEDODIMHEER A A R T O #EZ THTE 2 Z e BflE ST 5 [1].
Fax, HIMANNEZZZA MY =45 —=V 7 (ELMC) 2R LAKOFRPTE S Z 2 Z/RL
T3 2] AT, 20 X5 %8RS IR T 0% B THMER ) 4 RFER T O %
BEFHT2Ze% TBOETHL 2SR, ZOEEX DX LEMNT 5. REXRTE, Bl
FHIHAIMT EEEETARERL, ZXRTOHEATTH L TET VDD FEE LIF X=X
MOMN OB TRINS Z e RHEERNITRL, BUEFEBRC X - THEE L 2SR 2SS 5.

2 HHEANGSEEETIL

RCMC % ELMC Z tENICERIAT 27D — b L FHET V2 ERT 5. ETNMIE N HO
Za—mryhrbEEIh, NXToV ALy b AT r, M RITONEBAN ©, K RITOHIEAT] ¢
WXLT, M XTolhy 2 XX TEHT 5.

N
yi(r,x,c) :ZWi,juj(r7x7C) (i=1,2,---,M) (1)
=1
’ K
uj(r,x,c) = ¢;(r,x) + g; (@bj(r,m) + ZCj,ka> (j=1,2,---,N) (2)
k=1

ZZT, Wik, M xN1iH, uj, g; 1%, jEHO=2—m Ol BRI, ¢, v %, he
NN Ot oBE, C &, Nx KATHITH 5. FEWNRIEW &L, D85 X —XIZTDEE
BREZHOTRESN TS T 5. W OEETE, Hhy b Z20HEMES & OV —REEE R
MEs 2 W ZRD 3.

CO¥BEETNMIE, A% NxXxNATH, B% N x M 175, d % N Rt~_XZ b2 L, ¢(r,z) =0,
W(r,z) = Ar+ Bz +d, r(t + 1) = u(r(t),z(t),c) £ 55&, RCMC iIZHIE5 5. 2Dt X
o(r,x) = —r, 7(t) /v = u(r(t),z(t),c) &5 &, XHk[1] THDHEROEE ITHW S RCMC
WK 5. £/, ¢(r,x) =0,9¢(r,x) =Br+d 3% ELMCIZdXET 5.

3 IRFAEREIC & B TR

BAEL w(r, x, ¢) 1T\, il AT] ¢ 1ITRET 2l A 022/ T offEMEZ R~ Z & T, RCMC %
ELMC OB T 252 EH T2 2 TE 3. MR T2HEHRD S KL (1 < S <K)
DRFRX—RZEM%E P C RS L, K XITOHIEASTDZEED S +1 55, O M) ... 52
BWC, PEDS+18 pOu0 0 48 e PToOBBuRFETETED, RZ ML
@) = ) — O = 1,2,---,9) &, BWHIVTH2LT25. 2D ZHIBANDREED MK
¢ =0+ 30 00 TOEFADWI Y&, S KTEDRMANZ ML €= (&,6, -+, E5) KT
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S
yi(ryz, ¢) =~ y;(r, z, V) + zfj (yi(r,x,c(j)) —yi(r,x, C(O))) (3)

j=1
ERFTIENTES. DFD, MBEMUMERD LOHEHFICEWT, ETLOHNIL, FBEFEAD
@, e S SO OB L 72 5. FENRONFERD T X=X OIED 1| ROBE
&, p(c) = p@ + 7 (D — pO) R, & DIMTIC X DAL TREITS S LHTE 5.

4 BUERER

ZRICOHIMAINC X 2 BAIE TR OB LT, =21 = 9T 0,41 =0, + p1 — 52 sin(276,,)
D 2 RIED T X — RN TR 28 U ChlEsEce B Lz, 8T 70E ELMC ZHW,
N =200,M =1,K =S =2, {&(tBI% g; % tanh & L, HREUATHI C 3, |C; ] < B OHPFHTS
VELIRE L. M 1(a) X, TTONEROEEHTHD, &, &, RO —h—0D 3 [P ¥HE R
ThH2. =10 0FAEOFRRERE, K 1(b)(HIEA T DZER), K 1(c) (73T X — X 22/ P
ZHLTHRR) WORT. = A —@3¥FE BT 2HEANZRLTVWS. f=107% OFEE,
FERETEIDBEVEETEGTELY, I XA -REMOMEIHATERr -7, BR LT,
B=10"6 DFEICNRT A —REMO#EE XS EETE R
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AWFETIE, BOKFRHOBMEZIERL, fIHANGEEZEET VO ERNCBWTET VO
DREFEE S ORMIEMH TR I NS Z e 2B L7, BUEFEBRICEWTIE, ¥—2<y 7O T
B 2R 7z, SRR D AL ORI O H P RFRE DT I X DFRED —DOTH 5.
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dynamics in extreme learning machines with control inputs,” (in preparation).
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1 #E

MRNOERSE Ay VY =2 2R L. WMEOBELH 25T, ZONERIBIZ D
IFIGE, M7 ¥ D EENZLICER > TnD, (LERIGER Y b7 — 212813 3 DIEH%%
M3 27012, 2y V=27 OREED OO REFM L IRZ O EPVET 2 RIS &
WS RIS X N hY, (RER B O Y AT AANDBERIIRIRIRTE 5 720 ARFFETLE. M5 R
e ¥ a CITHloBGRE I L, BASEE L7,

2 BESE R (Structural Bifurcation Analysis)
F9. MED RN OWTHAT 5, M o5 {X,, 1M, ¥ N HDOKIE

Ry: v, Xi+ - +vy Xy —— v X1+ +vi, Xy (n=12,...,N) (1)

PR BERIESR Y vV —2 (CRN) 2&2 %, SVEDBEEZIEREZXNZ LDz c RM 2R
BRI U, RIGHEEREE r € C2(RM xRV RY) 2522, 2SO ARERIEIRD LS5 12
ZB6N5,
& =vr(z k)= f(z;k) (2)
L. veRMXN THY | v =vh —v THBEEHRT S, FNIG R, OFEEEEIZ S
R =& ke, WCHRIFET 2D, FFEOBBIBIIMKE L2 WbDE T 5,
kerv OHE {cp H | BNMATATHNE C. kervT ORI {d)}F | 2ViN/ATH%E D 3%, IEH
1791 A ZRD XS ITEFKT %,
Ogr | C
A = ( 5710 ) c RIN+L)x(M+K) (3)
LD Opr DIEPADPLEPIZOVWTIX CRN HEDAPHGIRETE S, C 2 DIZOWVWTH v DA
POREZD, AFZCRND FReY—DATHRD NS,

EH 1 (Okada, Tsai, et al. (2018) and Okada, Mochizuki, et al. (2021)) When v is full-ranked,

det Jy o< det A

in which J; denotes the Jacobian matrix. Moreover, for a subnetwork I' = (Xr, Rr), when there

exist permutation matrices P, and P, such that

. AF *
P’"”ﬁ‘(ﬂﬂ)

with Ar being a square block, then det Ar = 0 # det Ar. implies that only chemicals in T" (e.g.,
x; such that X; € Xr) would exhibit the bifurcation behaviors.
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EFE 1ICE D, DIROFAESRN (det A =0) &2 E) 2R3 70 7 CRN MiE72 1 CIRET &
% [1,2le L2L. ZOHEHE —BLT 2121%, RO DRMBIREEDK > TV 5,

1) v OB F 700 (0 F D RIFRZFD) CRN IZOWT B FRIKDIE DT 5412 DD,
2) A rvavidloiic, ATHRDLHIBEIREZBEZ72) XD EBERBEGBRIFEET 5 D%

3 ERR
AWFFETIE. ROEHICE D BB 2 D DRMBILMIEZ fRIR L 7=,

FEIE 2 (Main theorem) There always exists an invertible matrix 7" such that

Jy *
() (i) (ool ).
* cTC

=:A A

where J,; is a modified Jacobian without trivial eigenvalues associated with conserved quantities.

Moreover, when there exists permutation matrices P, and P, such that

o AI‘ *
RAR—(<9%%C>

with Ar being a square block, then det Ar = 0 # det Ape implies that only chemicals in T’

would exhibit the bifurcation behaviors.

2% D, REFEELZFO CRN I MEDIEENZEHATE %, /2. A Y a2 EZBEZRO T
LZREEZZET. RORICED AT LOLREL DI TE 3,

% 3 For any x € R, sign(det A det A) # (-1)~L — z is not a stable equilibrium point.
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~7n 77—V 3HMKO—ETH D, RIEMREE (M1) X PIENE (M2) DWW
ML TWD, 26D 220DH 7R 4 712 ODEFREBIIHEL TE D, M/NRBEOZE(IZFEW
TEPAET 2 Z T, REROBBRNEZ 2 EZONS, ZOHREZHET 272012, —bxh
TSI R 2 VT, 707 7 — Y OMMALOBIRRICEI G 5 % > 7 F VARERER &2 T L 72,
ZORR, BAMTREIXRTOY 7 F A FHRTEZEE 2 /R$ O LT, SOCS3 EIETFHARIES
% & STAT3 2 G LAk MM TR 2 R & 72 < 72D, T 51T KLF4 AR4ET % & NFxB &2
IRIED T ZEE 2 R & 72 72 5 & W0 D HEmH Tl 21572,
SE X

[1] Okada Takashi, Je-Chiang Tsai, and Atsushi Mochizuki, Structural bifurcation analysis

in chemical reaction networks, Phys. Rev. E 98.1 (2018) 012417.
[2] Okada Takashi, Atsushi Mochizuki, Mikio Furuta, and Je-Chiang Tsai, Flux-augmented
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062212.

AAIGSHEEER 2024 4E 2 H#IHTRE (2024-09-14/16) Copyright (C) 2024 —&HEHIEA A AIGH R ER



G1-5-3

[—kGiE ] TR ((2)

[BFTY fOE—ICL B3 TADARIEDRFH DT

IR R HAT &L, BA B2, A BB 3, kg B4 4, il ik 4, Bl —Eg S

L AbiEE KA KBS ST B EUE R /MDS & > & — | 2 JLiE K2R A ek S, 3
AR R AR R E RS R AR 22, 4 AR ERE R C AP A - BB E AR IE,

LRSI AIT £ > X —
e-mail : nami@math.sci.hokudai.ac.jp

1 BE

R 7 — 22§ BIEF T > b v ¥ — @i E CTA» A OMHR N EBEMIC X 2 5eErIkk 2w
L, TADPAFRIER JEFRIEROIES Y b o —OXENHENE L2 2, Bz o —n
B DO MBI RED RIERHCIZ TADPAERETERL, 292X BRI 222 TERHEL L
THETS. ZOMBETAPARIEBIUTAPAERZIEY Y brE—IZ X > TREOUIT
W3BZEERLTWS. AHEHTIIEMOHIEM TA DA DRI U TN U 7= 4 5 2 W)
T 5.

2 1FL®IC

IHRERERIIBATICE T 2 BN D 1 D1, FERINCIBIET 2 N EREFHAL, RRVIDHES JUEaR
EfEERD 2 THS. ZNDARETHIUIIRIIZERT 5 X4 F I 7 A2 HFRITE > TH
HEFUELTES. —F, FERRIIBNTICE T 2 —20RAEZ, 7 V& LEORNGE KRS
ORI LE WA D 5. IRERIGERE & HERGRIERE 2 MRk S Fike L TRRYIOI Sk
W EBIEF =Y br—2FHT 5. FRFIZ BT 272012, FRYIZESLT 22 Tii50
HRDMIINT 2>y /Oy b - LTy b oY —2ERT LI TES [1]. JH
Flzy b —3RRYO T Y X oM Ee KM T 28 THD, NERP I ANBREEINFROT
YERE=DIETHE I EHTIUE, SELLERRID»SLERS T 7 2R L, GR7 7 7H
EDDEFEXNATHEHDLY b a -0 oRRIZREMN T2 e TES. ZOFERE, 704
LIRIRERTNH S IRE G2 SR D ReRHN E TR —INCEHR T 2 2 e N TE 5.

3 B3> raE—

BRDIABRIC m, BIER d ZED, BIEEER (T (m-1)d, - - Tt—d, T) ZHERT 5. KXl
5= (50,51, 8m-1) = (t = (m—=1)d,...,t —d,t) THLEIR 0 % (55(0),50(1)s- - -+ So(m-1)) P
Tosioy < Topy S0 S Ty yy) BT XOWERT 2. ZOERITED, KXt ITBT 5B
BERR (T4— (m—1)d> " > Tt—d, T¢) WO L CET 0 ZXIESH D M TE . B o FRERYIDfEIC
IOFTERTES. £/, HDAAKITT m 25 ZNIEBE o ORI m! LEES. Dlbrs, K
RN {x} L EE m! OFLEY {0y} ERET I TES. MRIIZEBEHUC I > TRET 2 L, B
RINCEENDEELT D 2 0IE 7 A R RN E L LTRET 2220 TE 5. @59 oy
WKOWTHZ ¢ IR N 2k 2. BXlt 1B 2HERZ 7 7 G, OMETH M = (my;) %,
t<u<t+N BB uiZOVWT o, =i Doy =5 THIUImy; =1 LEHRTS. DGy
YRAIY bR —HEICE ALy bu—25lEY Yy buY—%252 3 2 e B TE 5.
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4 BT OE—CTADAES DS

HHE S 2] 1ITBWTHIRIETAD ABE OB NE E BT X 2 [RIUE BTG RN BT L
THERERIIITAP ABRIBEIITIERPEBRT 2 Z e 2ME L. ZAUSTHIGL, EF=> b
V—2KELBD T 28R 2R LE (K1), 2512, BHEOIES Y v —oMiEz e b,
MREDEMEL Loz v 20 %0 LTy bV —2 2B L. Zhiuckh, TA»AERE
e U, BIERICE BRSNS EHE T 2BMO 7 72X -2l 2 28T (K2) Zh
LIZE> TTADPAERERR T 2HRERET 2 Z e HARETH 2 e EX NS, SHRITIEGIT Y
ke v —% Wiz TA D AFIED R % I IS %

.C06
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Bos, A20.  a1g
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e B14
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2. IEF > b e - L o THIH L2 TADAERRZHRLE T 2R EROSX y bV —7. ElZHE[E LT, HH

B 0.7 22 2 BEMOMICUEEZ 5 Z e TRLNT.

B ARZEIX JSPS BHFE 23K2578503 D748 %5217 7=,
BE R
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1 ZOEETHERD BEOHERA

—xt— DB & BT 5% < OISEIXEIN T — ABGROBIAA S, EEiE LT D R N T T
VPN TWS. —f, ARHEEHTIIREEOBINIS SPUOIRELTED, BIFEORHENS b
IVIEHEITREEE OALEICHWTWT, BIFEORS IHICEH#EDRSI D n fETH L LINET 5. &
HiE OEEF CEBFHhAR) 2k B Z EAHEETH 5. 2000 412 Barton & Eliezer 282 Offf#E %, 5
Z O NI il DS (X (t),Y (¢)) 7 SR (x(t), y(t)) &M Oz Efi# O® S TEHl - 72
A(t) &3k 2 AT HRAOMEIZEA/M L 72 [1].

HREEF DM Z2 BT D, T4bE X(t) =acost,Y (t) = asint DHFEIE 1920 412 Hathaway H°
Z D% American Mathematical Monthly T#i/t U TLABIEH I 5 & 51272 o7z [2]. FB4E
1921 4E(Z Hathaway 2HEEHZBIL T 3 DO KGN RMEE 2R U7 (3. 3 n > 1 TEBH L%
W D PR IZA BRI C 0 ICPUR U TEBFIZKRIIT 2 Z &, IIZ n = 1 OEEITITEHH 3k
CHEUMZFRDED Skl 2256 RORHE THEEEA 0 (PR LRWZ & B&IC n < 1 TIEERRH
KRS EEE DA RIS D & n AIZHiNUZZFNICIORdT 2 22 TH 5 (KM 1(a)). HL < 1921 4FITi
Morley 2EIH Dz HFT 25 EICBIL T, BEfdhiRz EXI L 72 [4]. £ D Nahin A 2007 4F
EB AR E O 2 ¥ o — X THUERIR L 72 [5]. 25 5 IEAMADEESEIRINT WS,

2 FEAODIBH & Wbkt

A T RS Z R 5, $74bb X(t) = acost, Y (t) = bsint,a # b DEE OB
M4, Nahin DFEEZHAVCEE LUK 6, 7). FHEMREZHMETS. £9 n > 1 TEBE & kEHED
PEEEIZ A BRI T 0 ICDOR U CGEBMZ RN U7z, IRIZ n = 1 OBEEICITERE 2 kS & [ UM
%[\ DD E Ml B AVEBRO R THE#EAY 0 (IZHER L2, Zh o M oEd & gkl e [ UERTH
5. BRIZn < 1 DEAIITEBHHIZPHPEIZIOR T 5. UL Z OF#GE XM O X 5 12 gk
DIAET BHEM % n KN U7/ TR L, 5183 5 ZIREIRDFEL 2D - 72 (K 1b).

,
16—
r | Ly
[ 1o E 5 i)
L x -0.2|-
10

(b) #EHE AR 1, KRR 0.5 DR E DM
ZJEET 556, FIXLEEDHET 5HEMHE n
REZHEN U 72 REH.

(a) RBEFH AL 1 OFZ AR 254
B 1: GEEEhAIC B 2 L HEH D& AR B, &%kl I D 13 0.5. ([7, Figure 1])
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HEHE X 0 < 1 CTOMPENPH EHEN TR AL, HI LMREVLITHIILIZHD W
IE &L Tz, BB (ZkEE & ORI DLz —E IR D720, REEFORI VLTS &
EEHEOERI ELTE0 672, T2 THEM X2/a® + Y2 /b2 = 112/ LT, X(t) =acost, Y (t) =
bsint TIXHWVHI N —EDNIA =R & AHEEP—EDNTRXA—R2EH U, BBEEPINS
DINT A =R THE K GEDOBIHHFRDOILIZE 1 2o 2 < B UAsh o7 (7, Section 4.]. Z DGR %E
¥ % 2 T Barton-Eliezer 238\ /2@ i) TR ROMEZHRD Z & TIROEHZ /R U 2.

I 1 hdEE OSFE AR (X1(2), Yi(t)) 18 U TEBRERER (21(2), y1(t)) RO oNzERET 5.
RREE DFEHMFRD N T A =R E2 t PO w TV BEZX L&, (X1(u),Yr(uw)) X3 5B HhRRIZ
(x1(u),y1(u)) TH%. (|7, Theorem 1.))

Z O S EBHHIFR DA D 72 G E R EEEE DEE A1 LREL TV Z ebhs. TR
ED KT p(t) ZIBHE SRR OFEHE, 0(t) & p(t) 22T EH & kg OEER T bLD
AL T 2L, p(t),(t) = p(t) —0(t) R LTI FOENS AR D 7D,

p=cosC—n,
e

WEREE DY (a,0) 205 KIEFHE D ICABI S 2 LARET S, MOBE pt) =L+ 2 DR =1 TH3
25 (1) IFEMRTHS. BHOGEIZIZ o) 2t OXNTRT I EHBHL WD o IFEIETEET,

. (a?sin? o(t) + b? cos? p(t))3/?
&= - 2)

Y%, (7, A7)]) 2% (1) BHERRICRS. RMETEI DI¥R (1) OWEEHHT 5.

(1)

HEE BERETH L4 HERFL BRI AR BB & KB I DA VNI U b
W ET. ARBFZEIE, JST AT S BRRIITZE 71 275 & JPMJISP2125 OMEE A% 1725 D
TY. ZDHEMEY T HBELREEEA L2 - —a— - AKXV X — FRIEKRIIEEZE] (240
BHLUEFET.
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