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C DFSCIE, 20194E 3 A 20 HICFHEBER L LDHBHERRTO T — 7 > a v P CEENFT - 1 5H
HHOBERDOE 2WHTH 5, F1HRTHEML 2 & 51, NEME AR ZMEL, 0SB
EDOMBEDH - MITFHRICB I 22X — 7 —FickhsbntBbhd, Zalic, BEEDWAB WA RS
HCB U 2 AREOMAMERZ, L L TEFENERA» BRIV E -5, FH2HTIE, FH
TYHEAEC BT 5 4 DOHARNRMHAEH, T2bbEN, BHA. BBOMHAEH. 9 WHEAER
WZOWTHNT 2, BI3HTIE, A=A vFa—I -l INEIN2EYWFBITIE 24— L
Ly v ORI OWTBRRSE, Ll o2 F U T ORI EHNTEDY, Zh o 0EREFOH
5D VBN T T7OHEKRE L, BTN REROBEEIC Lip > CREIINE T 5, H 4
ESfiicid, ATHBEO TELBEETH S =T harRU ALYy FZa—I) 3y FT7—21CD
WTIHRR B, BOHiTIE, %L DHEAIER S 72 9MT27-dDHETHIRACT v 32y b7
— 2OV THRRG, HlZ =2 —F L%y F7—20HENb LREWFENZY FT—21Icon
TEHIS N2 DENRAE O L HEEEERT 2 &, BRIEER 2 7 oflfiE4 7%y b7 —
JOERBHRTHS EBbND, F7H T, SO OHEAIEHR OO D7 d ORFEA R
ETN, EbbiFur b - FT IARREEAET VICOWT—ET 5, F8EITIK., RIEFIC
BT 2% RMEICS NS, 2VEITTT - 7—/ )V F - B—H —EHIE 3 ARREIC I8 T %98,
— D n REEICITETAARTRTH 5, FHIMTIE, BEFIC LV RIRESWEZES HEAEF
WIZOWTHNE, TOETFIVIE, —BALREFNET VT, HEEFOFRPL, =a—I1 %y b7
— 7, EYANEORT ECBMI SN S % K OIERTRBIR A EICHEATRETH 5, FTEmOEiTIx, A
FBERAODHBATIC BT 215 L MOB O LB HEERIC O W TOEWFEROBANIRZIRET
%,

F—U—F I RAVT7 Ry bT—7 G- IMBE, SRR, LDEHE, HEER, =27 ra v
DERE. 74 —SLrkervy v, UhL vy b=a—F 1Ry FU—2_ ualtd - R
7o A, AT T, T - EEE, JEEEREs AT TV, A X

1. Ui

KL DUlik#F T H 2 TE (2019b) TigEam L7z & 212, LAREO S I T LEHBEICEIT 2 #7172 HFAR A
EDD 22550, ZORTHHRBLELLDLTHLIMROX -V —FDO 1 2B3FEOI 5 L BN SHD
THHAE L T2 5 9 2, 205613 MANOHERIEL R 7 e VBlO =2 —F5 )V %y b7 =228 2HE/EH.
W - BBREMEAMEH, SRR £, S 5 3MEEiiie S 2 2B EY I B T 2#ld 2 9 2 & —[HH
HiEfR ETH 5,
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C DFmCIE, FEHEAEEIARE 3 H 20 HITAT o 7e BAILBER S0 BHANIEAT T o 72 BJH D 5 b RPEMEMEBIEL 2 DT
BB, HPERIC VT, PRUCEELSRAEHIE (TH, 2019) 2 shiz v,
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ZhTi, Ao I N OMEEREDNT 2R ED XS BHEND L THS 55, DWIN b ED M
HEFINETMEICLDIDH ST TIEHE2, FFFICRoNTWw B, Hl2IE, LERBITOTEOIITED—D
W2 HREE O HT (covariance structure analysis, 3144 structural equation model) (e.g., Bock & Bargman, 1966; Jéreskog,
1970; McArdle & McDonald, 1984) %3% % %%, T O HETIEEKE OGRS 6 HHRICH 5 LIE S 3 BHP
RTFHEORRERZ R T 5, EE. BRPHAOME TS, flzlE=a—F Vv b= F =2tk T
TEHEEESZEAL, R7 B VBEORBEOHERZIT>Zb DB WL D0 dH 5 (HlZ 13, Takane, 2015; Molenaar,
2003), L2> L, #hf&filE 1 D& H> TA TS A4 A (chaos) HHHBIT 2 2 &b o> T3 (FlZ X, Guevara et
al., 1981; Hayashi et al., 1982; Mees et al., 1992) L., =2 —5 1% v F 7 —2 CRZEDOHF AN NE TIIHE X
nTHH (HlA1F. Babloyantz et al., 1986; Pereda et al., 1998; Dafilis et al., 2013; Korn & Fanke, 2003) . #2£(91C 134
F AMIAD 7- DI IFGIGED R TIR T H 558, HDHAEEDITET VIZBIEE TV Th b, IERIEHSIC LS
BESEATO L 5 BB ET VEEAL T, BOTELRALH L2 THAH, iz, RRIIETONHCH, &
TR 72 IRE RS AT LSRRI IR R ST C b 2 A3, ITAETIE A A A EHT 72 £ D 72 D D IEHIBIRG RIIMENT (nonlinear time
series analysis) 25EHZED TS (FlZ21E, TE. 2015),

O T, F2HMUET, BRNAEEYR (BAR)., EYFR, RO=a—I V3 M7 —7 DNk
LW OWTHBICRANT 2, ETE2HTCEEMROMHAMERICO W TR ZHTIC, HARD 4 DDIEARINN
(four fundamental forces) (FHAfEM) 1ICo> W THINT %, %3 HiTlx, HMREYZ EPHS DEINEE L O
MHEEBAZTHOEBE L CHMeNTWwE 2 E—F Lk v (quorum sensing) 12DV T, i 4 Hi CIREHN 2 A
TANEE (artificial intelligence) D 12 & LTD2N— 7 b1 (perceptron) DWW T, i 5 HiCTIZITEDIREN L
ANTHBED 1 2THBYH LY F=2—9)% vy b 7—72 (recurrent neural network) I[Z DWW T, 5 6 fi ClifiE €
FILELTDORL TP %y b7 —72 (Bayesian network) (2T, 5 7 i CIZHELEAWE TV (community
ecological model) 22T, % 8 fi TIERIENFIZ BT 5 %M (many body problem) (oW T, 49 fHiTidT
FTFOHEE LN %R ED N2 %€ 5L (dynamical system model defined on the complex Hilbert space) 122> T
PPN

2. BARFOEXNHEERER

HABICIE N T TIc4 >R M AER (fundamental interactions) 2SHI 5N T3, T bk, HY
(gravitation) ., #if#%. (electromagnetism) . 55\ AH A (strong interaction) . M '8\ AH HAEH] (weak interaction)
Thb, £, ZNFNDHE, TEHICH I (graviton) (Blochintsev, D. 1., & Gal’perin, F. M., 1934) . 347 (photon)
(Lewis, G. N., 1926) . Z)L—*% ¥~ (gluons) (e.g., Gell-Man, 1962, 1964; Stella & Meyer, 2011), R > (bosons) (Dirac,
1945) H3EA LTl < o Wikipedia (2019) 12 & 1ud, BT IKEHI 2R (quantum) T, REFR IO Tw A0,

Za—PrOERAETIE, {ASNTVE LS ICENE220YE (ZnZhoEHEEM, mET3) I
8 < 7151/ (universal gravitation) F DA & X

F=G6-7, (1)
ELTCERESIND, 22T, GURIIALNNERTH S, HELNEZ, HBEZ2FE22 20WEOMICE < ITH b,
BHOOMEEIEAINIEANTH D, (1) X&, AL =2— v OBEHF7Y ¥ ¥ E7 (Principia) (Motte,
1729; Newton, 1687) Tifam S 11T\ 2B D5 2 ¥R A

F = ma, (2)

ERVS L, WIZEEIEEERIC L 2 2 EKHOEESOEIE SN, F 6 ficilm T 2 L EMED R r — A H
B 555 (e.g., Hirsch & Smale, 1974, Chapter 2, section 6), 2¥ 7% 51X, (2)HAD a3 EEm OEHOINEETH D |
BT EROMED 2 Mo, (2) RF 2B TR EALEL2056TH S, 2L, HRTIIE
NETA vy 24 v O—HERNMERE (Einstein, 1916) 12X b, EHRKEOEARICLIVET LI EPHMSGNT
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BY, KDL WERLYnOYETIZARELEROYEDIEL CRENOFELZT (EEET) s 2 L
TFhroTnb,

R (%) 3FBRR T (electromagnetic force) D% &Y D 7B Th b, BERKA I IZMEN THOY
AR TH 2, BRRTIYEOK % (atomic nuclei) & Z QWEZE2E T 2H0OF 2510 TH D,
¥ 72[E%U (magnetic poles) (%, 1E#ifif (positive charge) & FiEEfif (negative charge) & FRRICEMGSOEBEMZ B
BwEBIEDF 7 AFEOEBMEIEH L0 5, BRAINCEB T 2510 FADHEAICHHTH 5, (B
FHEOHEEEH I, 7 —ua v D] (Coulomb’s law)

sze qqu’ (3)

r2

ELTCRREND, TIT, qq qE2 DOMENFOEMEL ., r I FHEOER%2, 7, K ZFHHIERTH %,
Flid, L g, >0% 0K N%E, bL qq, <0%51E510%, zhEhEd, LviEfE, (3) Rogkto
rOEBIE2 TR, 246 THY, BIEHRTIH|S] <2Xx107°TH 5 & v 9 (Wikipedia, Japanese, 2019) ,

—J. BWHAERICIZ 2 EES L, KEWRT =)V EToMOHEERIEE T (atomic nucleus) P HPET
(neutron) & BF¥- (proton) %, NEWVWRAT — )V ETOZNEZPETRETORBEETH 2 24— (quark) %,
ZNZTNREOMNT 2, MOEAEENS, HAKNKTEHEFTR %,

RIBI, 3O AER T O RS AR O R A & 72 2 iE R (subatomic particle) DM LAERTH b, #i
ZIBRR TN D H 2 EORMET D B A F Al (8~ decay, or beta minus decay) Ti&, T2 EET (R—2Hh
FEwd) LBEF=a2—1FY 7 (electron neutrino) R L CHMETFICEDLIZHRTH D, —FH., HHEOHTFD
B 77 AJii¥i (B decay, or beta plus decay) Tl. BT 2B (Zb6bX—FkTEn»wd) LB F=a—F)
7 (electron neutrino) % L CHIETICED 2R TH %, ML, FHFRNOBGT L FETOZhE 0D
IS 28R THD RV v (boson) ZMLTETP=2— M) /2B L AN 6MFTICEDLZBERTHD
HREE D IE— 1T & b MR Tld v,

CNETRTERLL I IC, ARR (EEPFRICRE) ©B T2 4MoMEEMIZ. ZhEhIcHE RN YE%:
AL Titbhass, EMFICE T A & 3R VAR EZTS EREHEZ2WETHY . YREr5zh
SR T S FRE RRIGHEINT 270 DG HINME, T4 b BIAVWEKRTOHRE) 3k v, ZHICKL T,
Dkoffici#m T 2 SMOMAERD Y b, EYFIcB T 2HEMER, ROEE=2 -V 2y F 7= 7L
RADT U2y b= TNV ETIE, HAFHZT S NEMEBIZREIGEIRT % 720 OJRWEK T OHIRE % K
S>TWwich (EYF) F v P 7 =2 QWAL 6 OREEEFRF> T/ (=2 —F V%Y FT7—27ET )
LT, RNREHOEAERE—RICIENTTH 2,

17

3. VA= LtVIVYT

I ZAIRE & I ADHIREE S L, AGSCOMRMR T TE (2019) 2551 L T2 &k 5, Bl IZEK LIS
H D Wechsler (1939) VEFEL TV 2HDT, 2FDLHITH 3 :

“Intelligence is the aggregate or global capacity of the individual to act purposefully, to think rationally and to deal
effectively with his environ-ment.”

7o, NOHBEIR, BELICHE L 7o hARIEER & IRIEFIFERIC K DEERE L T 223, B odic 3R & A+
T i CHHIRE SRS CFET 5, Z LTI 61, Z0 &5 ZHMRAEY ©S 2T, LT (2019b) Tl
NIzEVF VDL ST, ML RROREREEFE T 2HELER>Tw5, TN TR, TOL I BHEIEED
IO LTHHASINDZIDTHA I, ZD1DODFHRY 25225 L BbNEDN, Zofithirsrn—5 Lk
v ¥ v (quorum sensing) T& %,

OFX =T Lty v ITiER, BEOMEPZNENA— b4 ¥ F 2 —Y— (autoinducer) (Fl#, Z2ANEY,
quormone) & MFNZYEEELET 2, MEIE, CO7cuEVROYETHLI7ALVEVOPLOEDICK D H
ORI EN S W RABEOFEEI G222 BAIL T, ZOERICES» TREDWEZEET 5 (Wikipedia,
Japanese, 2019), & LAKDOEZIFHER L T 28842 613, 74V v dMilashiciiii L. #ERIICHiEN o
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BEX T2 20, Z2BOEPERLTOIBRETIE, 4 OEPI7ANVEVEZERT I EICLVBREFO I 4L
EVORED DD MEANOREDS B35, ZOREE, L2749 —Th2BWERTF-AECEICHALENDE
BrEHESE2 L0 WA, il 2011),

IFX =T Ly BT ANVE VI, BARARDO (BEYMHR) OERNHAEERICE T 2 HAEMEH OB
WETHLZENTOLIRBEE T2 L0505, HL, 2O IIME» SEEAD@BELITHY, ZDE
RciIRME - BRERoMEERIZ, AR THOIERNREZ & 9,

4. N—te7h0OY

B ATHED 1 DL LT, =t T rarddd, S—t 7 hoid, BLEYH O Rosenblatt (1958)
DREL 72D 0T, FHBREOLEHBNEBEOETVTH S, TRETLILALEIHSA T 20, [FEAl
PN IR BRI I 3 % 1) W&TERE (sensory layer) & % > i& AJIJE (input layer) | 2) Mif5JE (associative layer)

® 0 I3kENE (hidden layer) ., 8 X OV 3) B (response layer) & %\ iZHiJJkg (output layer) & WEEN 5 3 &
oM AEER Ay b= MRESNTSE (K1),

— HEE — NI
(=E =) (Gaapa)=))

X1, —s 3@ S—t 7 b o v OB

N—t T rurofhcRrbEMELDOEZ, K1O3EDI LEEBLINEEOA» L2 50T, Hifii—v 7
I @ > (simple or single-layer perceptron) & WXl %, Wikipedia (2019) it > CTHMfi S — T b v 2 ER L 7L
TYRLZFEBRTEEDEDL SRS

9, S—v T ek, BERL LN S g (binary classifier) 2 EHTH5 TV ITYXLTHD,
C OBEUE n O FELED 6 75 2ERBMER 2 Fvx & 248 (1200) BT (x)

0, otherwise ’

f ={

WERT 2, 22T, wiREBEARY PLT, n 35— 7 +r Y OAIE b ENATATHD, £, x; K&
Fd;, j=1,.,5 1 BjHrTVOIFAANRYZ PVREZDOANCRT 28—€ 7 +u v ofiffith (%
i7" —2). %, 3 AN PLOETRET, x0=1 £ T2, COK, /A=t T borBEARY FLOK
Hhzk, XACK W EHT 5 ¢

wi(t+1) =w;(@®) +r(d; —y;(®))xj;, i=0,..,n. (4)
CCT, rERFEETH Y, y;(t) B t TORMERIE T,
yi(t) = f[2?=1 w;(t)x;; + Wo(f)xj,o]

THb, (4) RRESHERCTH B, KB, Tioa|d — y;(O| p2—Fosig@E L350y X a3
. HOHHUOIEELIRKERKE %5 £ TTH,

(4) i, AT =21y +D ={(x1,dq), ..., (xg,dg) 33 BIE ST BENT B (linearly separable) T7z > &, IY
WLAWI EDRDbroTWE, COWEEZRBT20MENEN2OMU EH 24—k 7 Fay (multilayer
perceptron) T3 % (Rumelhart et al., 1986),



DEBEEOSH EHHIZDWT (2)

5, UALYbhZa2a—FIXYyNT—=UFEFI

—F. UAL Y F=2—9)L% v F 77— (recurrent neural networks, B& L T RNN) (LAF%. RNN EHB%9) 13 aH =
2—=F VA y b7 =2 HBIE EEEEAERE (HA - S0, 2000) EEENRS 74—y 20— 7 (fid) &6
HE A% X9 (Rumelhart et al., 1986), U AL v F=a2—J L%y b7 —21, Hil21F Wikipedia (2019) TU R 7
v IENTWB K ST, BLEUFH (fully recurrent), T)Lw> %y b7 —2 « a4 %y b7 —2 (Elman networks
and Jordan networks) . & 77 4 —)U } (Hopfield) , FH)a4 (recursive)  [FUREI% g/ ¢—+ 7 1 v % v b7 — 7 (recurrent
multilayer perceptron network), =2 —J)VF 22—V "< (neural Turing machines), =2 —J )2y b7 —2 7y
v a4 — k<% (neural network pushdown automata) 7 &, ZNETILHL SADIZ IAPH LN T WS,

—>
<
—
<
¢ =
—>
<

—>
a

¢€

0-0
6

¢ =
6_’6
c

X2, BhEMoEEaE b2 vy F2a—=Fb3y b7 =27 O
(Goodfellow et al., 2016, Figure 10.3 % 4 %)

X213, BEnEMOFREGEZ D2V ALy b=a—I)%y b7 —20HTH 5 (Goodfellow et al., 2016)
—Hic, TDXI%F Y b7 =7 OFKZIE, BEONFEROFTICB T M ARXCES AFEAEH O TEL

TENTES, LD, ROESHEXRIZ, & LYY (recurrent) TH % (Goodfellow et al., 2016) :

s® = f(s(t—l);g)' (5)
e, SO REE t TORDIREE (state) 2R TR PV THB, £72. 013, FOREEZHET 285 A -9 R
2V THE, M2D2y b =022 HREAERTLE . DFDE51hb, BITEE 2172 —2IT 5 &,
AT 20 HRARTH L b D !

a® b+ Wh¢ D + yx®

h® | tanh(a®) (6)
o® | c+Vh® ’

y© softmax(o®)
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Chic LT, Mo FBRERRATERT 2RV ALY F=2—F )V %Y b7 —2% (continuous time recurrent
neural network, CTRNN) & &% % (#1213, Harvey etal., 1994),

6. RAIFPVRYNT—=UETI

RA YT 2y b7 —=21%, Pearl (1985) 2MEE L3y P =0 DdD 1 DOHETH 508, % OHHE
EREHFHICB T 2 0b W 2 EREROREAEOFHICE->TWE, 2F 0. F—2 OFEFIERL L F—2 235 5h
BB COEBEREFEIT B EIICEFTVDNRI A=Y 2ET 2 HETH Y. BHROTRICH b BiR %L
SETCVREIADHEHEEBLALEZ TV IbITRAEVER, FAlL LTERZ S 7ot bHIIEEN 7 5
7 (directed acyclic graph) D A Z KD HAPTINEET A &L D,

FAETIE, RAPT 3y b7 — 27 1 3WHE (machine learning) O 73%FCHEAEN 7% 7 — & QBTG R 2 5 M5
O pEIEREE (dependency structure) #[FIfET 2 1 DO HEE LThlibhTwa (21, Rebane & Pearl, 1987)
LHL., 22 CotBMEE R, HERTHOIBNG L AT LIEBRETII R, L ETHLHNAEREOEERS
HThh, HHORELFELEZ DD TRV,

7. BEERPNETI

—7i. WEEHOZ A F 2y 7 ZICELEEC 2 HBZETVELTE, B« FVT 7 DFiFEA (Lotka-
Volterra equation) (Lotka, 1910; Volterra, 1926) 15 % 2 FEEEE R (synecology, & % >3 community ecology) S )iA<
E5)L (Kuramoto, 1976) #3% %, Hi#FZ. @I (predator) (F) - #iE&WY (prey) (F) OZflic>wT D
Ry A 2 JESIE I3 iR (a set of nonlinear differential equations)

(G7i)=(E2p) wneoe

PHB, T, x IFHEREY WAXFY ), y3EEHY WA, v¥¥) o, A, B, C, DIZIED
FEEARTGA = T 2HOBOMEEHADOKRESTH S, ZDFDRRN (equilibrium) 13, 4 (0,0) & (D/C, A/B)
D2/HRTHO, ZOYAET Y (Jacobian) DEGEZ M T 2 &, F 1IN (saddle) TH b ALE (unstable)
(D/IC,A/B) 1L cH Y., HESDED DML (center) 725,
TR PICET 2 2 0B OFBLFKMOMEERIC W, BIAIERES (2009) =T - BFH (2003) A%
LWV,
—F. BAETIVIED b EREYMENR (BRI i) oL (synchronization) % 5
ETNTHD, RO &S wHMlizIEIEM s iR TRENS
d_Bi
dt
2CT, g, 13 wHOWRBE T (oscillator) DA () %, w; i3 ORETOHAMPEERL, Z OEIZER
B[R — L VBT R EOR D ERS S I v Y LI IN2bDET 5, £7-. KIHRETRIOMSHRE
. N BERICEEN IR TOREE LT, REEE K OES/NS VI BIENRHIZEC 5% 0h, chd
HHBMERHEL D LENIRENEL B EwH, EbblF., AL (fireflies) DRIBABISRICO W T, 20 Hfd oA
IZBEIT Science F3CIC % { DF BB SN T3 (Hl 21X, Allard, 1916; Hudson, 1918; Laurent, 1917) ,
CoMo BRI, #1213 Strogatz (2003) ITERS5NTW S & S ic, EWEMICIRS FHEAY R ©H %<
BEINTBL, BRAEFVIEIZOHMD 1 D THh %,

K . .
= w; —;Z?’zl Sln(9i - Hj), i=12,..,N. (8)

8. RIENZICH T 2 % FME

MY L b D EADHAERIC O W TIE, %AME (many body problem) 23% %, Z D40 R4 MO AIE
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Hix, B4oMHABOGESI LS, HMAERE LT, 2EETRINET =2 T, WHIENZMHEAE/ERT
Ho, HELBNEIMHAZIEDT 2 H1AICE L, 2Ol R, SXIGOMD HEAR E L TR TE %2, 300
AT HTIZ Newton 25 E AL L TLCE, 2 RMEZERE . R E Crhhdof, %8, 2ARMEIE 2 >0 RO/
DEIFNF—DIEAIL K > T, BHOAR TR BRI S BWIRRIcb %5, L L, 20fdofh T Aickeb, &
IR 3 ANDO LT OEFETHIC X D 3 AREIZ KAM EHF (Kolmogorov-Arnold-Moser theorem) (Z & b #2472
L5 (Lane-Harvard, L., & Swager, M., 2011), L 72> L. 4 ARED EOG& I W E 2 IC@ErN TV RV, RIS
FHHAHEEROr — 2 T3 2, B2 OLERMEIIMRD & v T7OBFAE TS Z3004FEL ML LTS %
WEWH T LIThY, BEROEEMOMAEHAEZ BN EZ 5 EHERIICHO THLVLEWVZ B,

9. THOERLINILNZEHLONZERETIL

EHIRIE, T0& 5 BEZEMOMEERHOZLOoEFTVE LT, —~#DHMZ 5 7 (digraph) OIFHEICH O H
AEfAER S 288 %2, BEELL - EFZREZRM E T 2 IGIERESHEXRTLE S X 20FNET
WEREL, ZOvIalb—var&fToTwd, 2, KERTHZ2DT, LOHATI—FrrR—i=-L L
T, DO OLEREAER IR I # T v 2 BT & % (Chino, 2017, 2018a, 2018b, 2019a),

ZOEFIVIE, HUFIZLFD & 5% b DZKE L Tz (Chino, 2000) :

Zj,n+1 = Zj,n + Z?n=1 Zgij D](}Tc,?%f(m)(zj,n - Zk,n) ) ] = 1; 2, Y N; (9)
(. o\ (L@ @\" @ _ o™
f(m)(zj,n - Zk,n) = ((Zj_n - Zk,n) , (Zj,n - Zk,n) ’ ""(Zj,zrjl - Zk?n) ) ’ (10)
ZZT
m _ . @m  (2m) (p.m)
Djpn = diag (ij,n Wi s s Wiien ), (11)
wiem) = ay™mrmnem sin(9m — g™, 121,200, 1712, . (12)

COETFNTIE, HEONR (N, EH, =a—vv, £YofE, %) HMoMAEFEHICK b, NREOFHTE
(FREE) 2 E L DB T2 72 22 HEL TS, LEd->T, BllEhE T =21, 5N TONR
MHHOBLHEE 2 HHE L T 2HULEFT7 (proximity matrix) TH D, ZOEERFEHMTH 5, WREE—MICN T
%, BSN 2 BOEEATINE, HAEIC K > TRHEMINABEETIICH 2, 2L, ZOETIVIEFFFRLHESICE
\F % AR #1975 JERFR S KOT RIERDRIE (B LU CIERFR MDS, asymmetric MDS) & 2720 NROBLEE T — 4 1C
HOLHROME (configuration) 1, FEZER (HIZ X, 2—2 VU v FZEM, V—<r2H, a7 2% -2k
E) TiER L, BRENA)L MR (complex Hilbert space) & % W AEFHEZEM] (indefinite metric space) T& %
(Chino & Shiraiwa, 1993; Chino, 2012), & 512, LEE 7L BN EHEFNE T L E L TOBIEEILTIE AL,
JERVBBIE 7243 FifiaE 5L (nonlinear complex difference equation model) TH %, L7z ->T, TDETILVTIE,
WNRPHDIAE N ZMEZEMIE, BICHREEOIABMEN T 2725 T2, NRMEAPSHAFHZ#DIEL Z0
5OMEDOMERRE VA4 F 2y 7B LEE T ROMRE LTOZEFTH D, NFEROZTETIHIREZEM (state
space) & ALY,

(9) KD zjp 13, TO& 5 REBEME LTOEFE L~ FEEPREFRZM EONS | OB (550
BRE) n ITBIAMNERY PLVERT, 2F0, —~fRICEZDEFT VTR, FRRIZLXICOEEFH Eosik
LCEN T2, £ SEEFHRIIEAVICERT 5. $hbb 224V (uitary) TH 5, S512,(9) Xp 5 (12)
Ko m i, (10) KO f OXEERT, CoXBE, —RICF I EERKESNS, Thbb, EZphaEXix
—fRIc m XROEHRLHATH %,

F7o, (12) REFNEHEOMHEEHOEAZEL TV A, ZRIEHME & ICBL, NRMEELOEHEFH
FToOME 0 IKET2DDLIREL T, LaL, ZOREDD ETIE, ZORKTEIMSH—RICEES
BV EHAL 70, mifoET T, (1) ALT (12) LofRbbic, (15) XEFEEL TV 2, ZOf
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R (9) ROFFHI Db Wi n Lk F L 5DV e 50| (13) RO X5 1255

Zj,n+1 = Zj,n + Zgnzl Zgij Dj(;cn)f(m)(zj,n - Zk,n) ) ] = 15 2; o lNl (13)
_ (0 _ OV (@ _ @\" ® _ )™
f(2j0 — 2n) = ((zj_n - zk'n) , (zj’n — Zk'n) ,...,(zj‘n - zk’n) ) , (14)
- - m) _ ;. (1m) (2m) (pm)
ZZ T, Djk = diag (ij SWii s e Wi ) (15)

g7z, (13) A S50 RPEF
Zjn+1 = Zjn T Y legij D}]T)f(m)(zj,n - Zk,n) + g(uj,n) + Zy, (16)
ELTw3, ZZT, g(uj‘n) 132 OHIEEYE (control) (] 212, Elaydi, 1999; Ott et al., 1990) TH b, Zo I3#¥E
EHTH B (FlxiZ, Chino,2017),
2z, bLmel,p=1, g(un)=0, K 2,=07% 2Kl —2TH % “Model IV" (fil21Z, Chino, 2016) %K
ELTALI, LI, NREDL2TH2 LTS, ZoHA. T VERIZ 2 HREMS HERXE TV (dyadic

linear difference equation model) & 72 b |

{Zj,n+1 = Zjp + ajk(zjn - an) (17)

Zknt+1 = Zgn T akj(zkn - Zjn)
Hemsd, £, HRENZ3 OEAICIE., E7VIE 3 EREH D HREN (triadic linear difference equation model)
L, ROLHICET S .
Zjn+1 = Zin T Qe (Zjn - an) +aj (Zjn - Zln)
Zin+1 = Zkn + Qi (Zin — Zi) + ayj (an - Zjn)- (18)
Zint1 = Zin T alj(zln - Zjn)Z + ay (Zin — Zikn)

2T, bUAIERREAMEZ X, (17) A (18) ik, 2EFD X HIEIT S ¢

1+ —q;
— — jk Jk
Zny = AyzZy, A, ( —a; 1+ akj), (19)
1+ ajk + aﬂ —ajk _ajl
Zny1 = A3z, Az = —Qy; 1+ ap + ay; —Qpy . (20)
—alj —a 1+ alj + ay

TIT, A% Az 2bhvbnid (WRAAD) HAERATH (mutual interaction matrix) & M50 (%2 (X, Chino,
2018a), Chino (2018a) THAN7z £ 512, TD &5 e, 7 VIEMERL, F (diverge) L7 b, — il
W (converge) L7z2h 35, ZNICHLT, b LREPIERIZOGAEICIE, 2 EBRTEI A AL A (chaos) 2FFo T &
AT E % (BIZ X, Chino, 2017; Chino, 2018a) , HHAfEM{TIIDRERMER I, —RICEFERTDH %,

ETADIEMILROGE, (13) RCHRAITHREIZ2 T, K =2 DHAE
DEDLIICHD

2
Zj,n+1 = ZjTL + aj(;)(zjn - an) + (Zj(,?)(Zjn - an) , ( )
2 21
Zkn+1 = Zkn T a}S') (an - Zjn) + al(é) (an - Zjn) :

ZOGE REICE 7 5 7 v EE) (Brownian motion) D & 9 fiE AN 554538 5 (Chino, 2018a) , & 51T,
2 FHOfREE % F—EFE P i S TRoKEHEE LTERAT T v b (FE L BETXE) § 2% & Chino (2018a,
Figure 15) ® X 5 1c7% % -



DEREDSH EHHAICDWT (2)
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[¥ 3. Chino (2018a) @ Figure 15 % F5#

10. #E:E

DEREEERTIZ T T 5 L BRI OMBEIc > T ORI E 2 E 7k (. SBRMA ORI X 27 2 Lo =
2= N3y =28 AHEEMER, K- BRELER, SMEESEELERAZ E, S5 IS 2 4
WHREA Y B B 5 R & —RIMHEERZ SR 2SR A B A AL LCEEN LS, &
o, ZD &) 2R ER— R LR RERAE N TENIE, DERFEOLIZE D b LwDERARE 7%
DDTRLEDA )y BROA L= ANZA A TCOLARRGE ETH, FMEFOHEMDAIC OV TTIEAR L,
DERSE - fRERRLY - BERERICE 2055 £ 9 RIE - MPRAEZBN L2 DEBEFRITOEE O i © 58I
MEWTHY 22 b D2 BT DL IR DICTEI LD LTI AN,
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Abstract

This paper is the second part of a revised version of my keynote speech presented at the workshop held by
The Institute for Psychological and Physical Science on March 20, 2019. As I pointed out in the companion
paper, mutual interactions among objects seem to be a key phrase in the new horizon of studies into the gut-
brain axis, mind-body correlation, and so on. Therefore, I briefly overview mutual interactions among objects
in the various branches of science, mainly from the mathematical point of view. In section 2, I introduce the
four fundamental interactions in particle physics, that is, gravitation, electromagnetism, strong interaction, and
weak interaction, respectively. In section 3, I discuss the mechanism of the quorum sensing (or quormone) in
biology, which is mediated by the autoinducer. Many species of bacteria use quorum sensing, in which they
detect the number of bacteria near their environment. Furthermore, they respond to it according to the density of
their local population. In sections 4 and 5, I discuss the perceptron and recurrent neural network, respectively,
which are the major tools for artificial intelligence. In section 6, I talk about the Bayesian network which is
one method for analyzing various directed acyclic graphs. Considering the variability of their dynamic aspects
observed, say, in neural networks and social and biological networks, the restriction of the acyclic graph seems
to be a crucial drawback of the Bayesian network. In section 7, I glance at the community ecological model for
the analysis of interaction among species of animals, especially the Lotka-Volterra equation and the Kuramoto
model. In section 8, I refer to the many body problems on the celestial mechanics. The Kolmogorov-Arnold-
Moser theorem is known to work for the three-body problem, but not to work for the general n-body problem.
In section 9, I discuss the complex difference equation model recently proposed by the author. This model is
a general mathematical model which can be applied to various asymmetric phenomena observed in daily life,
neural networks, biological reactions, and so on. In the discussion section, I advocate for the synthetic study of
various interactions between guts and the brain in the near future at the Faculty of Psychological and Physical

Science, Aichi Gakuin University.

Keywords and phrases: Bayesian network, gut-brain connection, many body problem, mind-body correlation,
mutual interactions, perceptron, psychological and physical science, quorum sensing,
recurrent neural networks, Lotka-Volterra equation, Kuramoto model, Chino-Shiraiwa

theorem, nonlinear complex difference equation model, chaos






