SS-053
Bkt B DEAFTIHNV AT AT T a—F

PEE SIS Iy NN S Kl
T8 B
FRE3 04E9 A 26 H (k) 15:30717:30
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BE OB AEORBRROAESHmEZ XA 5 ks LTE<mbhTn
HEDIZH A7 F 7 (digraph, or directed graph) 3dH 5, ZIUIEKBEBROMI %
BAE L TMATZLDIZEATE XA 7T 7 (weighted digraph) &MEEND, 1
K. MEIXZ 7 7O TIIFAREIZIENG & SRR, SRIEE NIRRT
HINFHEIfTE XA 7T 7 (dynamic weighted digraph) OF)ZEFGGIL, EALFE
HA 7T T7ICBT DB ORI EAEMIC L DR 77 7 ORFRAE(E D/~ X
— OB FEICEET 5 6 O T, LERICEIT D5 NI AAEH O 5358 & il
BRESICBTL2EGEDA N T U ADEEME, =2 —F 2%y FU—7IZBT
HAREAER OB EHIE, S OREE TH Alggsfl 2 I 2 =7 —2 a3 > 055 & il
RE~DICHPHGTE D, ZOET MIIERIE A FRREERET L E L TEY
2 #BAf% (dyadic relation) T X, HERWIZIZIIAAEHD 552 L E2RT,

ZOFERIE. AFO BARTER ETRE 4 6 BIKS, BISKY (CE3 049 H 3H
~6 H) TTEIEA L 7ZEAE R
“Dynamical scenarios of changes in asymmetric relationships on a Hilbert space”

ZRGR L. —fREIFIZEN - EEL7ZHDTH D,
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1. &

8 1 6
AN, KR 72175 W3=<3 5 7) PEY BT, o8 (3%kD) B
4 9 2

EM (magic square of order 3) EMEEIND, b LbihvbhundZ 0178l =HM 7
S 7F1XF AT T 7 (digraph, H DX directed graph) (X9 5 EALT
5| (weight matrix) &&Fx 561X, DX RAM T T 7136 %13 MATLAB %
flio TIRO X HITHET B

4
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Figure 1. The digraph associated with the weight matrix Ws.

OXN, BRfTEHFMT T 7 (weighted digraph) & 135 55 E DR RIZEBIT S
HIH 7 27T, %4/ —F (nodes, or vertices), 7—7 (arc). LU —7 (loop)
DENENCELEZ G LI DTH D,

FEXRFREWRITT R EMARE (DK, FEXIBR MDS &SH57) (Bl x X, T8, 2014;
Chino, 2014) TiX, /— RiE®H 57 NV—7ORBICHIEL, T —7BLU0N—7
D EAIBITEITH] (proximity matrix) DHEETH D (GHFR. FEXFR MDS DFiEA
—f% 3),

72k, FERFR MDS Cfniii7exi# MDS Tid, HTEITAIE W) SE LV ITE
{LLEFTF (similarity matrix) &V 9 SEELZ LIMHE I 0N, ZOHETIE, HZ T
similarity &9 SEA BT T, proximity &35,

ZOEHIL, ZORKTRY EF2NFREDDITERIIFER (complex
dynamical system) TiZ. B CAELWE (self-similarity) 22 ENEETHY . FE
%I MDS I281T % BCIERE (self-similarity) & BHET -0 TH 5,

ST, DNOIWBRET D [NHEMEAEERY Z 7| (dynamic weighted di-
graph) OFEHFHTIX, (B2 7 70) BATIIOKEERIMEEORRTD /) —

REOFTEORS 2R L, TIUIRM & & bIcB k35, LIRET 5,
O, T - A0V — MERXET /L (the Hermitian Form Model, L
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C HFM) (Chino & Shiraiwa, 1993) % & % k5 T H 4L 2 EAITHNI L CiE 7
niE, o R ToORGRE (/— Fi#) O (configuration of objects (nodes))
E/DHIENTED (ZNI— MTFIOFHA, F62),

Z 2T, MAE EITETE LT OS5 TIE I O G 2 IR T ZER Lo s L
LCAEMIT - 0%iET, bhvbhox LI — MEXET /L HFM Tlk, Z0%
WICZEMIE— %A 1T p-IRIT B VUV 22/ (p-dimensional Hilbert space) HP 7>
REFTEZM (indefinite metric space) Th 5, LI, p-kott L-L hZEf % B
EAYL BRI L p=1 ORFIX, 1RITTE AUV FZERE (Ziud, EREE C &[FH
) LIRSS,

ZORKZBLU T, FRREHAMTA (EMEICIT, EHTHZOLOTE RS, 2
)L I — ME L)V — FMTFH] (Hermitian Matrix)) 1ZIEDXEL B
(positive semi-definite) (Z D Z L1, THIOEFMHENTXTE L LD X 5 22175
ZWND) Thbd, £, HATYIOKER, TROLEAIHERED L~V THIL
T35 (measured at a ratiolevel) & 3%, ZZ T, =/LI— MTFIDEDHE
BEDOEE TS HFM Z AW THEEOXR (/— F) ZEHDIATR, #D
AP REEFB L~V NEFMTHLHEDDLDTHD, £Z T, ZOFMBENRKY
SETE TR b HDIARZERNI RN ERTEER LD, EOGAETH 1 IRILOHAH X
L7 BIE, REFFEZEM O & 5 RITIZHIGST D EAMENADOEE ., F5ExKiZdh
X, 1RoLe L FZEf] H & A7e 3 2 ENTE D AICHER LJ: Do

ZOWE, EEORSICBIT2A8M 7T 7, EATH, B~V NZER]EOAE D
FHZIESED L O SRz & 5 Z L 3D

HHY 57 o BRTH o A~ R EOTE,

FORER, AWZ T 7 ORMEIZTEALV MERETD ) —F () ofE
DELE BIRED,

W2, AmZ 7 7 ONER) (J)FR) RRIZ(EZ > 72O E IR Y kD &, K
XL 2FHEICHETE D, 100, M FBRRNET L (differential equation model)
THY, MFIIESFERET )V (difference equation model) TH 5,

B 21X, McCann et al. (1998) 1%L, B##d (food web) 2B % BB\ FERRIE
W TBRAET NV EZREL TWD, 51T, B E LTHEA (kA0 e
(top predator). &EJRFE (resource species). BL N1 flEMN 2 MO EFE (consumer
species) MO ESMER ZRat Lz, FORE., R4 /3T A —4% (bifurcation
parameters) & U COFRERAEAEIEMABRE OELIZEN, B A AR T S Z & 2R
LTV (k1o (1) BR),

Z 3zt LT, Chesson and Warner (1981) (%, AW D ZFEMNEEE DLAT CHAF
THEOFHAET L E L TL Ul &EET /L (lottery model) & LT, KREDOEMK
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BUIZHOWTOIERIEED TRAREZIREL TV D, TORME, BEOZEMENKE
WIEE, 2REOERITERAFT L L 2R LT D,

72, NL==2—7 /L%y hU—27 %7/l (artificial neural network model) T
X, FHEOFIRMN =2 —F )Ly 8T —27FT /L (recurrent neural network
model) 72 ENHHNTWS (k1D (2) . (3) Z8) .

— 7. BDIVONDOIRET D HEA 7 7 7 OYEHRm TIE, A7 7 7018
1 (J159) B BIZ e v~0L R 22 EOBRIEREZS HER (complex
nonlinear difference equation) THRIND EHARIND,

FIRIERERO HEE, A7 77 cREND EHED) /— FOMEERIZELD
JEI) (J15R) R A b2 Bl L TV 2 B TEIRfE (latent process) Z{E L. &
D/ — FOE YL FZER ECOE) & 2 —HOBERIIEREZELS FEAR (a set of
complex nonlinear difference equationsin H) IZ X Vi35 L TH S,

B, bivbivOW d ML R E RO ORIGEASR & OFEWIT,
PR DA FHFEACR TR E DTG T D EFEDIERIE R ZH T a5 Z &N
ZVDIZXF LT, bbb O 5 IERIERIIN2 Y —BHRZEXRTHLHZ LT
HbD, IHIT, WEEROIERILZE R TITIZE A EDLEEES NERPHWLILT
WD, DIVOIWOIERIE E0 RITEREZTFRZ N TV L SRR TH
%,

2. WBWEIMNEHRT 7 7 OEER

bivbhOET A TIE, N [l — FOMEERIZ X 2RHZE(biIZ e L~L K
2 OO DEREN TR TRRbans, L iET 5

a N
Zint1 = Zjn T Z z D};T)f(m) (2 — zin) + 9(u; ) + 2o, (1D

m=1k+j

CIZIT.WTJE kT 1 e NIZbEY, nix EnHEAO) KEREET,

Eiz. L0 DY = diag (@™, aG™, ..., af™) 13 OROEHATHITHY |

DHIZART LT, ZORIEEBIT D/ — FEOMEEERTITS] (mutual interaction
matrix) (Z7303b Y | ETEZER Lo (D) ) — ROMBOELORERTH D,
ZOETNATIE, ZOMAEERITINIEREZB L TARETHD EHET D,
WTHICE XL, ZOET VLR, /— R /O n+l B HOKEIZEBIT S /L1
hZEf] EOEEEEE (X7 FV) 13 FD/— RO n B H OREROFEIEEIZ n [B1H O
FIERED ) — R & k DFEBEDFED q IROZIAX L HHTE g KONZED / — FOF)]
HEFEE M 725D Th D,

FEICE2IE, ) RiZer~VL hEf EoZENEND ) — R it e LT
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J — R ONEEEDZDLZHEARBTH 26D Z L2 ERT 5,

ZOXE=a— M OEBOF 27EH], 77205 F=ma &xfthLTAH LD, [FHE
Hlo b & Tk, BRI < DX 3ke2—7 U v RZE[_E OB O FEFEfE o BRI B
5 2 %5y (second derivatives) (ZHBIFT %, SV IUT. B ICH < T
a—7 Y v FZ2EM ETO X DIEFEDONEZAAL DO ZLRICHAEIT 5 2S5 b D TH
D, FEHOWRETLETINEITRRD,

OO DIRET HET VT, BOIBREO—BEMEEZFE-> TV, flx X, EFEEO
ERSED VAT A, =2—F V%Y NT—T VAT A HDHWIIERIESD 5 TE
HEEO WDl ala=r—a Xy NU—T VAT A EHIT1FE L OFE
SATERIF R Y P T — 7 VAT AR EICHEATE 52000 Lt BB, Fhx 138E

Table 1. Asymmetric relational data matrix among four countries,
Japan, Amerika, China, and Russia in 2015, which was reproduced

from the figure appeared in elsewhere (Asahi Newspaper, 2015).

J. Japan | A. America | C. China | R. Russia
J. Japan 43,480 1,382 1,200 55
A. America 736 189,592 1,161 71
B. China 1,764 4,832 119,684 348
R. Russia 173 146 333 13,755

AT 2 BEICOWTCEBEOT —Z 1 L CZDET VA5 L TWb (Chino, 2017b),
Bz X, Tablel1 1%, FIHHEICBTESNTZBA, 7 AU A, FE, o TR 2015
FEDOEGEIZOWTOIHRERERIITITH D, ZOT15IIE, Fif Tib~7z
BT T 7CRET HEHTIITH O FEXFFR MDS O TlE, EFEHEOE S &%
FRRE & T 2 BINBLILELTHITh 5,

Z DR TCOEMTINIIAR T Z 7B L TWHZ EIZERELE Y, £, 2
OATHNZH L TTFEH - AEO= VI — MNERET LV ZEHAT 5 &, BRI TO 40
EfO e~V N ER EOMRENHETE 5, ZOMENPELIEL, DX ITRHTY
72 4 MEBOMEERITI 2 NWANAEZ T ERE DXoeTv2mAadniE. 40
ElZxHind 25/ — ROAE DRI LD WA WA U A bbb 4 nEO e L
~UL N2 BT (BEEOZEAICBT %) LB DR A T2 Z LR ARE L T2 D,
Fig. 2 1%, fHEVERITHIZ R E(L LT25A O 4 DEO—RIEE L-UL k22 L TOfR
HLUEZ/RT, 2OV AT, 4D0EBOEGDOPNHRIT X THET S (T7eb
B, MREGEITFRER & & B2 1 ISR T %),

bIVONOYEEIGHRO BHIX 2 >d 5, 1 DT EGHA., I3 EHNTH S, i
H7e HRID 7= OIZI1E, DI iuIEH O/ — OB AR ET HZ EI2L 0,
HAERATANZRE LTz (1) XEHWT D) / — ROfEEE Z 5 R T 5, &I,
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BEOM AT 2 Z A THONLBEROMIEL ELT D LICLY ., bhbh
IER T T 7 ORHZELDANE =2 238 T 5, —07, FHARRANOIZDICIE,
NOIUTERANS, A EATHE L TOERERR D /) — RROBOEETH BT 2,
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Figure. 2. Trajectories of the four nations, Japan, Amerika, China, and Russia
after 800 iterations of Model IV of the complex /inear difference equation model,
Z,41 = Auz, where A, is the weight matrix of order 4 which is similar to A3 in
Eq. (7), and its weights are aj, = —0.01(1 — i), @jm = Am = Aj; = Ay = Ay
=0.01(1—10), ayj = amj = Ami = Q;j = Ay = Ay = —0.02(1 — i). In this case,

eigenvalues of A, are 1.0, 0.9950, 0.9901, and 0.9754.

Chino (2017a,b) Tix. (1) XDEF /LT p=1. m=1, N=2 DHEAITHONT DL
DOBGRIIRRFTZIT o TEBY . TENOLEEHNTHERDOL /RS
ZOBE. 1) RiF-oF¥0LHICET D

{Zj,n+1 = Zjn + ajk(zjn - an) (2)
Zikn+1 = Zgn T Ak (an - Zjn),
@) RAATHIEBT 5 L. 2y = (Zipozin) LETIE, SDEOLHICEIF S

o 1+ ajk —ajk
Zpy1=Ayz,, ZZT A= ( —a; 1 +a’kj>' (3)
bbb, 175 A, & 2 FBERICIB T 2MEERITH LS, 1781 A, OEAMHEIX
1+ajk+akj & 1 w@&)éo



FIREIZ, B L p=l, m=1 T N=3 DAL, (DRI LXTDXLHICETS -
Zin+1 = Zjp t ajk(zjn - an) + ajl(zjn - Zln)
Zin+1 = Zkn t Ak (Zkn — Zin) + g (an — Zjn)- (4)

Zint1 = Zip T “lj(zln - Zjn) + i (Zin — Zgn)

2, = (2jn, Zin, zln)tkﬁﬁﬂi\ @R FH-ED LY ITET S

Zn1 = AzZy, (5)
1+ ajk + ajl —ijk —ijl
ZIZT. Az = —Qy; 1+ ap + ay; — Qg
_alj —a 1+ alj + Ak

1751 A3 13 3 FEBRICBIT H2HEERTIICTH 5,

1T A, ° Az iZbivoivdET VO E/ERITIIORRI 77— A TH %, Chino
(2017a, b; 2018) THfT 5 & 512, MAERITHIOBEFEDNZ— 0 (D)
J — FOREE DR BEALD /N — LV ERET B,

Bl 21X, (3) XTIk &5 2 FH IR DML 25 R D fg di#g o 18 () 7/19)
U AE AHAAERATAIOEAED 1 S5 Th S 1+ ajp + ay; OEXHEIZE Y,
XD 3 oD/ F—2 %05 (Chino, 2017) :

%\é%&; lf|1+a]k+(lk]|>1
LIXFE, lf |1+ajk+akj| <1

Fig. 3 (3fRHMNPERT 2550 e v~V NE H E0 2% (250 /7 —K) Ofif
LI &R d,

[FERIC, B)XTRiik S5 3 FHM OIS AR O 8T TV ik, FHESE
R Ay OBFEAME (12301 E722) D25 A4 =1 %2R 2O0EHE Ay, 15

L8 BBESIFICIEA DR — 5RO, T2 T Ay hs 1 +5 83, T ag,

VD DX HICET D, 22T, DL ay's ORI 2 R CTH 5,

Fig. 4 1. #HAEERITHESED (6) RO X HIZHEEL LE=EAED (5) Xl
BERT, 22T, ZOTFNCxIET 5 3F OB E X =7 < & (tripartite
deadlock) & L7z,

1, 0.01(1—1i), —0.01(1—1i)
A; =10.02(1—19), 1, —0.01(1—1) |. (6)
0.02(1—1i), 0.02(1-1), 1
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Figure. 3. Trajectories of two members j (=A) and k (=B) on the complex plane in
the special case when aj =0.01(1+i), a,; =—-0.02(1+i). This figure was

repro-duced from Figure 2-3 in Chino (2017a) as well as Figure 7 in Chino (2018).

ZOITHIOEAMEIZ, 1 &, 0.984+0.027 &N 0.97+0.037 THH-H, ZDFHD 3
DD ) — RO ~YL 2R EOMELE X T T UK T 5 Z &M, Fig. 4 6
Honb, WHREOHEEMIX 1+0.57741 Th D,
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Figure 4. Trajectories of Eq. (4) with a special case of A;. This
figure was reproduced from Figure 7-4 in Chino (2017a) as well as
Figure 11 in Chino (2018).



Fig. 4 Off#E LD 35D/ — KD AF v FEE &I n=1, 20, 60, 1000 D 4 H»
FICighH e, ZHLOLDREEIZBITA ) — FOMMELZEHZ ENTESH, ZNERsLT-
DN Fig. 5 Th b,
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Figure 5. Configurations of nodes as snapshots of their trajectories.

ZZTEBIZ, Fig.5 @350 /) — RO ABEOHEN S, ket DB E AR
TITI7EBHIENTE D, ZRELTH DI bivbid / — RO EALT4] (GE
X HE MDS O SNR T EATH) DBRFEFE sy (ZHUTERT, A2 7 7 Ok
Tl wy) b5 — RO v, (ZhIEEEAY MT. HI1Y 57 OLIRTH
z;) Zf0OF 53— MEREFT VDA (Chino & Shiraiwa, 1993) % j#JH 4
HVBENGH D, Thbb, 1 Z#iEE (pure imaginary number) & LT,

Sjk = —%{”vj - vk”Z + ||v]- — ivk”Z} + (”vj”Z + ||vk||2). (7)

Fig.6 X, ZhickvBoniz4~oFRT 7 72T, ZOROKEDOHFW T T 7
T, &/ — FOHCBTEDO R 5T 7 — REBLEE R T X TH—OE & 72> T
D2 EITERE LY, TD X5 iERE. (D) Ry = v, ZRATHITD D,

ZOMIE, DO OIEOEETH D 1Ehy (J177n) BEAMEAmT7 77,
RObLEAMIERRNT T 7N, ZOERICHDL EHESIND / — R EIEA % ik
TNV NZEM EOERIEHFERICEY XA F I v 7Bk T 5 F U A Dl
ZRTHEDOTHD,
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Figure 6. Digraphs reproduced from the trajectories of Fig.2.

8. BENERN _IROBEZ VRO NBINERTEHRT T 7

Chino (2017a, 2018) CiZ. (1) TR SN srbhbihdES HTERAET LT,
N=2 Tq=2 ODHR/REZETEE L, ZOHA. EFMIDED L HICET S -

1 2 2
Zin+1 = Zjn T aj(k)(zjn - an) + “j(k)(zjn - an) ) ®)
2

Zyn+1 = Zkn T CZS-) (an - jn) + al(j') (an - Zjn) y

ZZThikm L7Z& 21T, ZOMDRIT, ZOMHLEZ HFET DI LT, oy
B CRR SN /-EF 1% % (complex dynamical system) OFiG (] 21X, Milnor,
2000; EH B, 1995) ZEEMEZ DLW KELE LWHEEZ > T\ 5,

FERE ERUSK U TR B Wiy, = 2jn — 2k T L. TILEBIBHIE S
HE, bhvbiikx255 .

1
Zikns1 = ijk,n + Vj(k)' ©)
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ZZ T, (1) ,3(1) [ﬁ(l) = B(l) =1+ a(l) + a,(;)
© K1 vl PEICE- T, v v F 7 e —4%4 (Mandelbrot set)

(Mandelbrot, 1977) & 72 %, HlZIE, yi =025 QWL (9) Rid~ T L7 m—4

Bl EEN, ST DMIEITEGO Fig. 7T CRT EHCHY 77T —£H
(cauliflower set) & L THISHIL TS

(mmdmwmzm@ﬁ%%%bfwéiéw\mn®ﬁ%my%)ﬁ%%&é’@
LT, bbb IEFENERDOWA VARG REREZFIHTE S, ThbnH b
DH¥— L 72 BB, IEIE,.\ (fixed point), AR (H D\ I#E) (periodic point
(orbit), =1 5 D L OFEERF (multiplier of these points), X N = U 744 (Julia
set). 77 b UEA (Fatouset) 72 & THD (B zxiX. Carleson & Gamelin, 1993),

FHLC, EEREZORER I, PEOLIITERIND
F9°. f IZIERIBE% (holomorphic function)., T 72 H#EFE22M L TOAEITEE
(analytic function) TH D &35, ZDIRE,

VI ES f(zf) = zp,
A ilm’f’kﬁihé X 5T, BEESORERT LIX
=f (Zf)’

HANEFET, 22T, f’ IR E D zp IZHOWTO—KKS (the first derivative)
Thd,

B2, BERFIIEESOREZHS XD L2 ICET S (e.g., Carleson &
Gamelin, 1993, p.27):

1) BHL Al<1 251X, E&BIA (attracting). (L L A=0 72 51X, @B%5IHIEH
E M. (superattracting fixed point) & FE5),

2 HL Al>1 Zenid, XFER (repelling) .

B bHL AN=1 22H2%H n 2K LT A"=1 26 1E, FEOICHHE
(rationally neutral)

(DbHL A =1 2o =1 725 1F, EHAIZHH (rrationally neutral)

B, I TONrTATR—EEORRELROH 5 £ 1T
f(z) = z? + ¢, (10)

CABEEENLORERTFICONWTIESED LS ICEREND (e.g.,
Mllnor, 2000) :
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JEAMIEIE & 2 VYA 7 vl BRI £ I2OW T, 2ED LD REAKE WD ¢
fizg zi 2 > 2, = Z, (11)

SXIZ, (AH) #EOFRERF (multiplier A of the orbit) & 1%, 4i%EAHSICB T
% m EREBE (m-fold iterate) f ™ D—WRHS T,

A= (f™)C0 = £(z) £(z) o £(2m) - (12)

EkoH V) 75739 —HEEDEE, =025 T, Yo THEELEOW D0 HIHK
W) E E R (parabolic fixed points), E# 2 D KFEHIEAH A (repelling periodic
points of period 2). JEHI 3 DX FEBIFEHA S (repelling periodic points of period 3) &
LTRODDHZ ENTED (Fig. 6),

Z DT, BRI B D4 B TR ST B FR RO EB R BLIE, RO
FE SRR JE I D Sy i 72 EPEIIR D BV 2 T b DR DO FIER T2 AW THRETT 5
ZLEHDLRITHERNPLETH D,

ZHUCHR LT, bivbn OB D / — R OHEAAEH 2 ARE L 2557255 % D)%
PHER O FE 2B F, 2 O — ROREERCE A O EHERIIR D BV DO A Tidle <

BED ) — FO e~V b2 ETO KGR EVERIE D VIS & 5 Sk IR
ThHo, ZOXIBRRFPRDIEBVIL, RFTHREORL BN RN T 2RERTF
DHTIEIFIBEIT 5 Z LT TE RN,

INEITH 120K EX. 2FBBRARDY 777 7 (Lyapunov exponent) %
B2 ETHA I,

WTHUCE L bt (9) X TRk S DAL S vz R O EMERIRE 2 2V A

Y72, 2 5BROROY I 2 b—va bt D, 20X 9 2RI, (9) Koy

NOERBXo7, 8) MUK L2 2IRATH D, ZOFMET-T1OD%
ELTOXDEAEEZ THALD

1 _ - (1) - (2 _ (2) _ :
@’ = 09564i, @’ =—1-09564i @’ =001, a; =15375—0.9564i.

OB,y =0 725 (O ROKE, YoV TEAWEETE C (LEA->T, 1K

JTE UL R 22/ b EZ OIS EFO AL (unit circle) THD Z ERXHH
TW5 WlxiE, EHG,1995), 61, ZORIF2ODEES 1 KTO0 (DFEV,
HICHEELH EOFE Eo L) 26, 1 SEEEE S, (T I8 E | fE E S

12



B
] e N B
I \ @b}'
i |
@ p!
A )
0 — =%
-05 -_{'.
& ;]
q il
i i i i i
-1 -05 0 05 1

Figure 7. Julia set for Zjni1 = Zjj., + 0.25 with a parabolic fixed

point (0.5), two repelling periodic points of period 2 (=0.5 + i), and
six repelling periodic points of period 3 with the © mark, and twelve
repelling periodic points of three 4-sycles. This figure was
reproduced from Figure 11-1 in Chino (2017a) as well as Figure 1 in
Chino (2018).

Th D,

ZOREFR, b Lo Z OFZOHIE & U CTHALJE EOEEOE G T
5T, FELEIT D &S EEmACITEN HE EE A AMICEBEI TS (7272
L. 2OHETa2VTHEEELTOZOMZTE CHEMERRK D Lo TWRWNWD T, 7
Z 7 ZNTIERN), £ T, ZOROBOIRD TG RRFTT 272012, FIHAE LT
XA T R 2 >OEESITET T, C Lo 1 (Thbb, Eil boS2REZ &
Z3 5,

L)L, bbbt ED X 5 KEEOFEE/INEERZRR L LS &b, EHEEO
MEHORRFEZRET D Z LIFAFEERDO T, MIMEEL 7 ICID EEORILE D B L2
50 FOREEBX WL Z AT, WALME BT 5, ZOROEERDRHH
M, EO XD RS, HLEIRR RIS ET B SEE RIS S TLE D,
Fig. 8 3Bl SR R, fithhic (9) oD Zy, OfHEEZIi->72b DT, 2z i
DL, Zign OMEHEIZE ORI HWVDOKE TRIRIZERIZHE L TN Z LA TH
o,
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abs of zjk

L L . . L L L L L
20 40 60 BD 100 120 140 160 180 200
iteration

Figure 8. Change in absolute value of the linearized system,

ij,n+1 = ij,n2 with ij,l =1iinC.

CDEIBRGE, LPLRRL, bhlbiUuiZd X 5 il 2kt 5 Z L BN A[FET
BB, LV DIE, ZORITEEEEFOY 2 ) THEASTH DA MHITEEFEAC T
7 RBLERONLTH D, DFD . b UMHLENEAME ELOB L=, £
DI=WNZFE A2 IZZEDORED C LD JEEE A2 AL E EIC5 & R L 5 IEETIXE
VW, Fig. 9 1ZZ 0O XD ICLTEIE L% D 100 [FOKER OfRELE%S . Fig. 10 1X
10,000 FIOKE# OfF#EEZ R LT-b D TH 5, Fig. 10 OfFfIE A Fig. 9 O
BEEHBTLE, REZERTW L ZOROBHEDCEB X IIV AT 4 v 71221,
WREWCHAMAE (unitdisk) EZEODRL LTW ZERnbrd, 7L, Fig.9 b
Fig.10 b, HLETHLZDRDMBEEZDH D TRV L IZEENLETH 5,
EEEITH ETCHHEMAB L2 AT 4 v 71BN TN DA THD, 2T, Z
D—WIER Zjgnsr = Zign" PV T 77 7THEITE RN HHEIZREDY 2= 2=
0.69314718:- L 725D T, ZDRIZIAFATHDL Z ENMEND LD,

1
08
06
04

= 02 /

of

imaginal

-0z (S

-
04 ¢
-06

-08

. 2 -
=il -05 0 05 1
Middle 100 iterations of the one—dim map

Figure 9. Revised trajectory with initial value 7in C after
100 iterations.
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0

imagina

02
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—06

-08

-1
| 05 0 05 1
Trajectory of one—dim map

Figure 10. Revised trajectory with initial value 7in C after
1000 iterations.

DX, EFOFZDOL 27D (8) XD 2 FHEIRD 2 IRILRDIREDL FEWERETT 5
Z& 9%, Fig. 11 1%, HIZ, LD 2®WILHRD 1 0 FEIDOKEHD 25D ) — R
DENENDOEHCHRE (BE~L NEM EOJFRENS D% ) — KA S OBITE) |
J— FEBTE (Zo%A, /—F Anb/—FK B ~OFTE), O/ — O
BV N ZER ETOMAE (EREICIE, /—F A b/ — K B ~OMAE) Zftihic
EV . B EREER->T7rey FLEZLDOTH D,

OEZ, PRONTZD2FHFERD 2IRTHRDOERRY 77 7HEEEZFHR L, 8
[ A BRI Y 7'y b L7z (2IRITTR72DT, VT 7 7HEIL2 27 5T 5 2
EITHEER), Fig 12 3oz Rmd, iRV 777 7T, B L% 0.693147148... I
WHRLTEY, ZOfEIX, ZOREHALLTHELNDGROY 77 7HEICE LW
EHTEMASD, DM, 2FBERD2KRITER D, BB b 1 kTR & R,
(BEKRVT T ) 7BENRIERDT) hARLRoTNWBE I ERbND,

Z 2T, Fig. 11 OfF#EZ X—L7 v 7 LT, fRELEDFHEZ LV FEL SRR T
X9, HlzIE, Fig.13 1% Fig.10-c ®1 0 HED /) — K A 6/ — K B ~D#
ITPE DRFEIEN D 45,000 [FIED S 46,000 [HIE £ TOXBEZHKEH L, LKL
THTEHLDOTH D,

ZOEEE RS L REEITEE (B D WITELSE) (random walk) H AW X, T U
v 1&H) (Brownian motion) (Brown, 1828) Il TWA LK HIZHR.2 5,

OEIZ, bbb d 2 FBRD 2IRTED 250D ) — KD b L~L ~Z2 [l b o A=

EZDHLOD 5 FRDOKEERDZFNZENOMELE % Figs. 14 KOV 15 12577,
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_':j
:E 220 T T T T T T T T T
e e
HI? 180 b | i i i i | i i | -
E 45 451 492 453 454 495 456 457 458 459 46
a. Self-proximity of member A <104
=,
:E 220 T T T T T T T T T
S 200 | e T ey
%W
-E- 180 & ! 1 1 1 1 ! 1 1 | =
E 45 451 452 453 454 455 4 56 457 458 459 4.6
b. Self-proximity of member B. «10?
_.?;:‘ 45 '{qu T T T T T T T T
E a4t b
>
g 35 | i i | I i i Bl
45 451 4.52 453 4.54 455 4 .56 457 458 4.59 46
proximity from A to B «10?
%1073
E 5 T T T T T T T T T
B
@ _5 I 1 1 1 1 I 1 1 I
45 451 492 453 454 495 456 457 458 459 46
c. Angle from A to B. «10?
Figure 11. Trajectories of four indices of the original dyadic system.
10-a and 10-b are those of node j (member A) and node k (member

B), respectively. 10-c is the trajectory of the proximity from node j

to node k.

Figure 12.

10-d is the trajectory of the angle from node j to node k.

0.694

0.6938

0.6936

06934

0.6932

0.693

Lyapunov exponent

0.6928

06926 |

06924 |

06922

0692 1 1 1 I 1 1 1 1 1

The largest Lyapunov exponent of the original two

dimensional system.
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220

215 -

self-proximity.

45 451 452 4.53 454 455 4.56 457 458 4.59 46
b. Self-proximity of member B. 10t

Figure 13. Expanded trajectories of 10-c from iteration
45,000 to 46,000.

250

200

130

100

imaginary axis

90

50 L L L . L L L
—20 0 20 40 60 80 100 120 140
real axis

Figure 14. Trajectory of the node j after 50,000 iterations.
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250

200

150 |

100 |

imaginary axis

a0

_50 1 1 1 1
-20 0 20 40 60 80 100 120 140

real axis

Figure 15. Trajectory of the node k& after 50,000 iterations.

DED Fig. 16 13215 2 SOfEHE % [F— (HHR) FE kictazZx THAOSHE
bDThD, Fig.14 ®/ — R j Off#uEITHA T, Fig. 156 ©/ — K k Ofif#LE
X THIV V=,

250 T T T T T T T

200 |

150

100 -

imaginary axis

90 -

50 . . . . . . .
=20 0 20 40 60 80 100 120 140
real axis

Figure 16. Simultaneous plot of the two trajectories shown
in Figs. 13 and 14.
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Fig.16 #1565 &, 2O0EIXITFLEAEE RS> TNDEIITHZ DN, EORE
OB JL 515 0 A AEAHBFEE (cross-correlation coefficient) % W CTHiEd
HE, Fig. 17T O X9l oT, TNERD L, MBEBOWIEIX, XA L7 7 D/hSWN
FEI CIIE W AN A LND Z e D, ZORIE, /— FRIZHAEER 2K
ELTWHEbIbNOET AV CIIHAEERAOREICHLIEFLLE Y NAERAO L IR
PDILHD, BHEONBRT 7 UV EB X RS, L, AMBNIRAIE LTE
FIREZIEL TWDHDT, ZORICH LTI @I EIEEX RN THA ),

-02

time lag for z,_and z, _with real part only x10*

Figure. 17. Cross-correlation of the two trajectories shown

ZIT, BENRTH, bhvbhvd 2 FHRERO 2 RFZD E/L~L FZEM L TO 2 F O
HLE EFRCT 7 U BB OfRENE & 2T 5701, 9 Fig.18 & 19 ([ZHM
firpds & 77 o LB 1 RoT H OffE 2. Fig. 20 & 21 (2 2 T D EMifA & 7
7 EBOMRELE Y, FNEIRT,

o 0z 04 06 08 1 12 14 16 18 2
A simple random walk on the x-axis <10

Figure 18. Trajectories of a simple random walk on the x-axis
after 20,000 iterations

19



x—value

L L L L . L L . L
0 02 04 06 0.8 1 12 14 16 18 2
Change in an approximate Brownian motion with N0, 1) w10t

Figure 19. Trajectory of a Brownian motion
after 20,000 iterations.

INLOXREWRESTD L, bivbiud 2 FBRD 2 RITRDBPIEIL, BUET
U UHEENC I KETWD D, BIONZER ISR H D, LoDl 27FEKRD 2K
TCRIEN A A DT, HLEITRE L 72WE T Th D, —FH. BETHL T 7 U ViEH)
TH, REZERL EZOHBIIHEBTHZ LA TV,

value

i i i i i i i
-6 -5 -4 -3 -2 -1 0 1 2 3
Two—dimensional, simple random walk on a plane

Figure 20. Two-dimensional simple random walk after
20000 1iterations.
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530

-50 +

value

-150

-ZW 1 1 1 1 1 1 1 1
—160 —140 -120 —100 —B0 —60 —40 —-20 0 20
Change in two—dimensional, approximate Brownian motion on a plane

Figure 21. Planar Brownian motion after 20000 iterations.

WTRIZE X, bivbhd 2 FEBFRO 2 kRO X 5 REMARBRTI X, HAIC
Lo T 2HFBERN LERDOEBERST I 0 VEBMIU- IR B VAR B
BEMEN B D Z L IXBREN,

BRI, AED 2 FFRO 2 IR DOREHLEIZET % Fig. 11 @ 4 FEHOK R
LT, EFEEHEEZLT LHIRE LW O DAY (Higuchi’s method) ZiH L7z &
A BAID 3DNZONWTIBHO D7 F 7 X NIRRT Dyl JEIZ 1.481, 1.496, 1.469
El0, T T IENES A D, —H. KEO 2EFMOAERERINIZOWTIE, [F
WICIE 1.959 THY ., 7T 7 ZNMTHHNZ LBbns,
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f+6% 1. Dynamical weighted digraph & . ZFO#DELS TFERET IV E DB

(1) McCann et al. (1998) @ food-web model D4

Fig. 22 1%, 6 FEOBYME (food-web) DfEKZ T, ZOXT, R IT&EIR (@)
B (resource density), C; X% 11H% (EW)) FEEE (the density of the first
consumer species), C, 155 2 1% (E)¥)) F%E (the density of the second
consumer species), P (3 E{Zif & (top predator) Z+59, £z, K. 0 1F
7 OWEERME I 284 (08 24T, 6 FEOMROEWL, 20k
WEZED LS ITRET DT LD,

McCann et al. (1998) I, 4% R, C;. C,. P05 72 DARREZER CTOIERIE 1 R
W HREAREE 2, BIEZ S LI LB OMAEVERAME (interaction stren-
gthZE&£ L., £ (EfIZIX, FHAERBREDOL) 207 A—2L Ly Ia
L—ya & 7o T 5,

Figure 22. The six food-web configurations studied are: a, a simple food chain,
b, a food web with multiple intermediate consumers (exploitative compete-
tion), ¢, a food web with the top predator feeding on two intermediate
consumers (apparent competition), d, a food web with consumer 1 feeding on
the basal resource and on the second consumer (intraguild predation), e, a
food chain including omnivory, and f, a food chain with external inputs. This
figure was copied from McCann et al. (1998).
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—J7. Fig. 23 1 Z LRETNADY I 2 L—3 3 o OFER T, Al 1 3HE A1 R
Db, e TR BN EEE P ORATHISR/IME Py & FRKIE P, ZH
S>TW5, MHAEEHBRELZZZ T &, Fig. 22 O%OORBYHEER OB, 4l

z1X. Fig. 23a CTIIMHAIEHBEN NS WL ZAT A AR I > TND D &753%
T s,

e and P,

h ]

J

° " 'y "™ 1% 01
WO Merachon strength (4,
Relatve Momacton strength (- /| o

—

4

Realative interaction strength (& ~ /i
— CEOn SNy Relative INteraction strength (b /- )

Figure 23. The local minima and maxima for top predator density, P,
attained in the attracting solutions for a range of relative interaction
strengths. Food-web configurations are given as a function of the relative
interaction strengths. Whenever the configuration lacks an explicit link
between a species and the rest of the connected web this implies that the
species cannot persist. a, Exploitative competition. b, Apparent competition.
¢, Intraguild predation. d, The configuration used in b, starting with a limit
cycle solution (IC2 R /IC1R20.62). This figure was copied from McCann et al.
(1998).
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(2) recurrent neural network model D

Z Z TlZ. artificial neural networks £ /L, & U T recurrent neural network
7L OFERER 72l & Fig.24 122815 % (Goodfellow et al., 2016) :

Figure 24. A general recurrent neural network model, which Maps an input
sequence of x values to a corresponding sequence of output o values. A loss L
measures how far each o is from the corresponding training target y when using
softmax outputs. The loss L internally computes y = softmax(o) and compares
this to the targety. The black square indicates a delay of a single time step. This
figure was reproduced from Goodfellow et al. (2016, p.369, Figure 10.3).

ZOMORBEHATEHRET HE, DFDLHIT7 %, tanh (3B EHE
(hyperbolic tangent), softmax ¥, Y7 b~ v 7 AR TH D :

h® =tanh(a®), (A.D)

a® =b+WhtD 4 gx®, (A.2)

o® = ¢+ Vh®, (A.3)

® = softmax(o®). (A.4)
22T, ADREARE—FEICT D &,

h® :tanh(b + WhtD 4 Ux(t)). (A.5)

(A.5) KX, REEE T2 1 D OBFRAEEREEZS FTEAREZEL TS,

Z OFPREE AL, Bl H D 2 (supervised learning) TEEAUE (hidden layer)
D=y MAIZIZ7 4 — K7 3 U — MafRDPRESNIZb DO TH D, Z OFOD[R]EHE
TlE, FEEOHM N ZBEMESICT v FSELZ LICERLSH Y, KREZH h O
HERFE ORI S5 Z LI RVWE S TH D,
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(3) Albers et al. (1998) @ artificial neural network model D]
ZOET AR, BAERB T, X0 L5 IcEmNND
y® =3, Bitanh(swip + s Loy wiy D), (A.6)
ZOKXT, £F

y® = flyED, yt=2),  yt=D), (A.7)
LB, DT, NE=a—a b LT,
hl@ = tanh(ai(t)), i=1,..,N, (A.8)
al = swip+ 5% w iy D, i=1,.,N, (A.9)
y® =3, B b, (A.10)

tELZEIZT S,

Zo75E, (A8 Xnn (A0, D7 & HEARICIE, ATE O recurrent
neural network model OHDOEHXDOFD (A1) Xnvn (A3) KITIEIZX G L TV
LT ENDMNL, HoT5HLE, (A10) Koo yO 13, ZoHNOI b Rx25, L
2L, Albers et al. (1998) X, (A7) XD Z DR dRTIREBEE N LR D ESS
REHT, TOHFRFEZBRETIL TV D,

ZTOFER A HI1T, BIZIEN=4 T d=4 DA ZDFRDIIE/XT A —H s (scaling
factor) 2TV &, (ZDAWTARTIE) BV AT 4 v 7 BEBOLGED L H 72[#
ERSRA A AN T HZ &Lz (Fig. 25),

_‘|‘
)

|

e
14

obk &b A 4 o =4 N w

e
°
)
=)

¥ Bif n diagr d d
1
|
E 05 \
Y il
g oL £ vty U‘m )|
Z \/1 ‘:r
- \ yI
¥ > Nz | |
o 1
§ s
“ i

e
001 0.1 1.0 10

Fig. 4(b). The Lyapunov exponent for n = 4 and d=4.

Figure 25. Bifurcation diagram (Fig. 4(a)) and Largest Lyapunov exponent
Against the bifurcation parameter s (scaling factor in this model). These
figures are the copies of Figs. 4(a) and 4(b) of Albers et al. (1998).
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f+8% 2. Chino and Shiraiwa (1993) O =)L I — rEXET/N (Hermitian Form
Model, #s L T HFM) DOfEDOFE (configuration) DERDOHFIZHOWNT

—IZ N (N, £/, —a—u R E) OMGMAEOPEEZZDOEHFE LT
% NAT N%ﬂJ@}Fﬂﬁﬁﬁﬁfiﬁﬁﬂ SZbilbhNFIZLT, ZhaxzxvI—Mb, T
A/ PASN

H=(S+5)/2+i(S-5Y/2, (A.11)

L7zl &, BURENERE (ratio scale) THIE STV D &3 X, 178 H DIEE

EAT%_(AT5 H DEAMEIS T X TIED L 5 72175) Tohirid Chino-Shiraiwa DiE

BRI L NMEOFSEITZ(—HFIZp&Ron) #EFE L L~UL 22/ (p-dimensional complex
Hilbert space) ([Z#®iATeZ LN TEXH, Z 2T, X, HFAD (1THERTH 5,

Z T, %ﬁlﬁfﬁﬁlﬂﬂ EEARTREWESIT, bhvbhidxs s 1 /km:l:/l//\/l/
F”‘“F'ﬂ FUIERFE EEZ TR [CHOIAD D, S 52, EREFm Il
B (“Dﬂi 0 i) . F 7R ME SR (pure imaginary nurnber) Z (0% D@ﬁﬂﬂ)‘
FNENKETHZ LIy, BT E 2R FEER A TELZ LICERELE
AN

BT, AXH D Fig.2 76 Fig.d TlE, ®RROH HEEEOMBE DI BT, i
EEERTHIERNR (/—F) ZNENNEEEPICENN-HEE TRLTH DN, =
NoOFRITF <~ CHELE (EMCIE 1Kot -0 /) b5,

B, AL 9HED (7) K

= = {l0 = vill” + 1wy = il 7} + (I + 0al?),

i pRITCEEE UL NEM ED 2 HOMEFERT "V (ZBIRITTIRD T, JEEEIL—
RICHF AN T —TIERSBERERT M ERD) vy & v 0D, X j hHx4 k
A@%ﬁ£<bkﬁof\£ﬁ>%ﬁwéﬁﬁﬁhéo

ZOXT p=1 TROL—RITER AL NEFMOBRE EREZ b v, L v,

T 1IRTEDEHRET bV, TROLAN T =L L TOEFER v; & v, ITRDHDT,
IDZEMEFE2RITE—7 ) v FEME AL UTEERRYT S & EERRIETSIO
RREAELZ L &ETE BT, FEEOFREELRRZHSEDL I

vi=x1 +ixp; =X = (le sz) Vi = Xpy 1 Xpp = X = (01, Xp2) & =TI

Sik = A (lexkl + szxkz) + 1 (szxkl — lexkz), (A.12)
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KEETD, bz, 2oL, =AEEEEZ T
Sjg = A |xj||xk|(cos — sin §; ) (A.13)
=T,
Skj = A |xj||xk|(cos Bjx + sin ij), (A.14)
22T (A13) KV (A14) KOG D 0, 1T, EHFE Vb L <IEE 2 ko b
TOREGE ] KOk ONEEEEZ X MLV OKELETDH 2007 M)LOAETH
V. EEAEORY HIFFE ECOREFEIEY &b, 61T, HHREE VL L ZEH
DOEE, A>0 THLHZ LIZEELL D,
(A13) & (A19 KD s & sy & A=|x| = x| =1 OEFIRBEITT
v b3 &, Fig.26 DRBELND, TDFr—Ri%k, 1 RILEAL MERT, 2
DODORE j Lk it HIFEEZFLLETAEMARLCHIBRETHD

- 05

™

.

e

1 1 1 1 1 1 1
0 pi/4 pi/2 3pi/4 pi 5pi/4 3pi/2 Tpi/4 2pi
radian

Figure 26. Fundamental relations between the proximity value and
the angle defined counterclockwise from one node to the other in
HFM.

ToLE, 200%% ] KOk X, BIAIEFORBKOESE (77 TS AE)
MNOMDH /4 (90 ) &) Z &L, AEORHY FOERN O, BALHE ETxis
j ONLEZE EZNICETE L2EE, &5 k13, x5 §j OALE S BALH JE TR

DAZEDT & X DOME (x B, & D VIXFEOEERIE) 23 0 225 = /4 OO
BT DL HEBRT D, T LT, 20L& s O (b, &2V 3O
EE) 12 (Fig.24 OfEOETH V), 10 BHAI/NEL 20 x BHOMEN ©/4 D
KFO L7 %, —J7. ZOKf s OEIE, FXG, AER 0D n/4 (90 ) (TS

ELRBIZRELARY /4 (9 0EF) THRAE 1.4142- L7325,
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OENC, ARCHIZEEICERY EIF7- Fig. 5 2. ZNbODEREZ S SRR L TA X
9. BlzIX, Fig. ba (Ffefk) 1%, 3FHFOWHAME TV H=3< %4 (tripartite
deadlock) DikEEZRT, ZOHA, 3HMOMEIIKEFFE Y ICR T, +XTH
LT 27/3(120 %) Thd, £ZT. 92D Fig. 24 OFElHD 2 7/3 (120 ) 1%
THMERD &, 37/4(135 %) DIr 20T, x4 j(Fig. ba Tlid, A L £ D
x4 k (Fig.5a Tlit, B LK) (ST 2BEEIE~ A T X (55, < 0). %% k (Fig.
ba TiX., B LEiD»Hx% j (Fig. ba Tlk., A &) ICHT28TEITT T R
(sgj >0) THDIZ L3bind, Fig.ba Tk, ZORMGRNRT X TORET 5 2 # Bk
T D N> TNWDHDT, ZOWGHED 3FBERITIT =T < AORENHELL TWND L
25,

ap 1 g0 1.5
120 B0 120 60
E\ uf I
w150 "\ o 30 w150 05 30
= "\ 3 B
= : = '
5 180 —0 5 180 k'/?ﬁ 0
8= 8= \.‘
¥ / ¥ o
£ s/ 330 = 210 330
C
240 300 240 300
270 270
a. Iterd b. Tter. 20
a0 1.5 oo 1.5
120 1 B0 120 1 60
w 150 0 w 150 30
g 05 _ A 3 05
= /4-2?’0 = /"‘”EE
5 180 0 5 180 (]
g g
E E
= 20 330 = 20 330
240 300 240 300
270 270
c. Tter. 60 d Iter.maxn

Figure 5. Configurations of nodes as snapshots of their trajectories.
—J7, Fig. 5d O X5 BB TIEH, 3FIF1AICRSTHWDENR, 20X I RGED

TARTO2FMD (1 RITLEHR) b~L FZER] ETIE, Fig. 24 OAEITEeRRO
T, IXRTO2EFEMOBIEIIR ST 4 7T, »OFR—DfEE 725,
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8% 3. Xt MDS L IEXIFR MDS Ofi & & 2 538 X O &R DB

ZOFITIE., 5 0FARIZ Torgerson (5] 21X, Torgerson, 1958) 3% D Heffk % [E 6
7= (IFR) MDS & 7 0 4% 12 Gower (1977) < Chino(1978) (Z4A % % HEXFFr
MDS ol B2 T7, BLO1, 2OMHIFERERNT 5, Zb OBEGROFEMIL,
12 1¥ Torgerson (1958) . Chino (2012) °F% (2012) 25D Z &,

1)_(#%) MDS

(kIFR MDS) 1%, Bl S 7= @O xS E O BERE (Boery 22 BRI daE s 2 > o xt
G TERIND X, EPHLLORENLRATHEL, 72D F) & LIiE, [
UL B SN TG RIOBUENCHESNSERT — 2 %28 &2, BT — 2 O1F
WAFRERIREY L CX 5 L 90 BB oAE (BEF,. =—7V v REM EOARE L
TERIND) ZHETLHHETH D,

FL 7 & LT, Kruskal and Wish (1978) @kE D 1 0 &M DO ERET — % 03 &
%

Table 2. Flying mileages between ten U.S. cities. This figure is repro-
duced from SAS version 8 manual.

Atl, Chi, Den, Hou, LOS, Mi, NY, San, Sea, Was
0 Atlanta

587 0 Chicago

1212 920 0 Denver

701 9540 879 0 Houston

1936 1745 831 1374 0 Los Angeles
604 1188 1726 968 2339 0 Miami

748 713 1631 1420 2451 1092 0 New York
2139 1858 949 1645 347 2594 2571 0 San Francizco
2182 1737 1021 1891 959 2734 2408 678 0 Seattle

543 597 1494 1220 2300 923 205 2442 2328 0 Washington D.C.

(x#7) MDS (X, ZOFEOXMREOEEET — 206 LT, WEO X ) 7Rkt 5 [
DfiE (Fig. 27) RO D HETH D, 2B, ZOLH Rl — X728, Fanb
BoNAHEIL. bEbebhoTWEN, LA, ZHIIRMTH S,

(2) FEX# MDS

UK LT, 2 ODOMBHEOREELHPUEA LT L H%E L <RV, DOF Y IEFH
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BT B NA NSRS E TR TS, Bz, ZRbit, RN &5

Analysis of Flying Mileages Between Ten US. Cities

T I I T T
000+ -T
* Houston *  Mami
Al + Los Angeles
g * San Francisco *  Atlanta
5 01+ s Denver -+
s Washington D.C.
s} Chicago 4 *
* Seattle * New York
=1000 + -T
f f f j f
=2000 =1000 0 1000 2000
Dimension 1

Figure 27. Output obtained by applying an MDS to the flying mi-
leages between ten U.S. cities. This figure is reproduced from

SAS version 8 manual.

YA AN v TF=2 HEMEST —5 . TV AF5OREATI Y THED
BRI OB OIMHT —5, 7T FAAL v F 77 —5 HERdEAT—2 | &
BEERIREENT — & . IARRRR OIERIFR 72 v T ARG S FERFRRMB YR R v R U —
7. ETHD Bz, T, 2012), TNHDOIHD 2, 3EBHIT O, KX
H1 Table 1 X°, LLF® Table 3, 4,5 ThbH, Table 3 DY A AN v I 5 —4
Tl BIZIERRE 115 2004 & Th DM, A 51X 1 & KBV & 5 JEtFr7e B
7o T 5,

Table 3. A sociometric data of 10 students in a senior-high
school at a time gathered by Chino (1978). This figure is
reproduced from Chino (1997).

2y e tr. \ bt cetr |
ardn \ ?Im'vﬂl—_v; Y 1 2

d 4 & 6 7 8 9 10

3 4 3 55 6 4 ¢ 7

» 4 67T 6 5 5

<L B B N
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SX® Table 4 1%. Chadwick-Furman and Rinkevich (1994) (X5 &H 5 =
WORER OB OMBOIEFEE (1, 58\ ; 0, 550) Z/RLTW5,

Table 4. The ordinal structure of the strength of the eight colonies
of a coral reef gathered by Chadwick-Furman and Rinkevich (1994).
This table 1s reproduced from their paper, which is cited elsewhere
(Chino, 2012).
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Table 5 |% Rothkopf (1957) @ 36 {HDE—/L A {55 DiE[F{T41%4 Shepard (1963)
WOHT LTIZb D TH D, BEIL, IZELNDITEFICK L TRIZE LN D FIE R
FORERFE SN DOBHALER (%) THD, £, 1FINOAER (FUEE
M) CTHIRFENEZ 5,

Table 5. A confusion matrix of 36 Morse codes gathered by Rothkopf (1957),
which was analyzed by Shepard (1963). This table was reproduced from
Shepard (1963) as well as Chino (2012).

I\t | A 3 ( ' Z 3 2 9 0 |
A 92 i 6 7 3 3 7 2 3
B ' 84 37 30 12 12 17 ] i
C ' 38 =7 82 18 13 15 o 2 |
1
' Y Q) 23 G2 =4 23 26 114 23 16 |
| YA 10 g RT 16 21 LD 15 |
) &3 2 3 1) 19 22 54 63 2
2 ' I 14 ,:' 14 1 Hhe 5 ) f 11
| 2
n
' | 24 A 4 I ) rd.
| 9 3 14 23 24 39 7
0o | 9 {11 5 20 26 17 Bl 94 |
——t T TIOR3 O =R =1 ) e
Shepard (1963) @ lable | TR ZE L5 D)

31



7. Fig.28 1. ZOEF— 1V AEFT—H% HCM (HFM) #i#EH L <TH o7
36HDE—NAEEDE L~YL FZEM EOAHE TH 5, KT, positive direction (%,
3R TR HAERNLRIDER~OIRFIEOS & 753, Bl 2, e
MEdh AR, FlxX, 1) 25 S(.) #RICHT LRSI T, AG) 2%
12 U () Z2RICHT ERIVRFA ST NENWZ D, £, AWISIE ITALET
510D, AC) N () HAKRR ST,
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Figure 28. Configuration of 36 Morse codes in the one-dimensional
Hilbert space obtained by applying HCM (HFM) to the confusion

matrix of Morse codes.

This figure is reproduced from T# (2012).
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RBO2—7 Y v REF_EOEREZ TS OFOEEZ BN UEET S HFXERS (Bl x
IX. Gower, 1977, Harshman, 1978; Holman, 1979; Krumhansl, 1978; Okada &
Imaizumi, 1987; Saito, 1991; Saito & Takeda, 1990; Weeks & Bentler, 1982), #ix
I%. Krumhansl (1978) D JREE#EE £ /1 (distance-density model) TiL. x4 1 »»
5 JRAR~OEESNIHiZ df;.2—7 ) v FZER EOM Oz dj; L L,
X5 1 & jENTNOW S INLET HRIBROEEZTNEI 8(x;). 8(x)&T DL,

d:] = dU + CZS(XL') + ﬁS(x]),
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H=W+WH)/24+i(W-W"/2. (A3-2)
ZONXE, ATHIRATIE R, AN TR (BEOKERR) +5L.

2T, ERXofDo 11 MEEAEERT, Ik EENLRDERTIIEEE
bl b )V — MIANZIE—X— DR H D Z L b d,
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