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2 R DEMERITHIES 5 1 KA DEMERD 2 BFES
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SE X
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1. ZLoIC
ANL=a—I) 32y N7 =228 B E FIED
12THB VY NN—arva—T« 7 (RC) (1] 1F, #
flizery b7 —2JR5EZAE L TWS 728, YELFEICHE
T 5 [2]. PEEE I N RCIZEIT 55EIZ, RC Dk
B BZE T 5N 5. BE M T R nE, RC O
fRiZEEbNRWFE FEHIND. WEFH 2 Z L 2B
TEE, WBEL - % £ RC OHEEENAEETH OEE
DNHREL 72 5. HBEDOEBLD 72D I ITIBEO M A
RA[R &5, RS CIERAAGEE SN NLER%E
RC £ 9 %. #RIEE— RIZBWT RC DIREEDZEA{LH R
HTEE20EN 2T 5.
2. BAMEENEESR
AWETHR LTS RC 2K 11ZxR7. RCIE, HA
MFEGNLERTH Y, P OHFIIE /) — DK S%
RLUTWS. &/ —RNEH—TH O, —AHIZFEEL T
W3, €1, €2, €3 Li%%ﬁ)\j]f%b,%/— NizEzhZEh
ANHEING. ZORDEERIKANTRINS.

i‘l = —1 + I.Sl tanh(wl) - Ic] tanh($3) — €1
&9 = —x9 + I tanh(zs) — Iotanh(z1) —ea (1)
i3 = —x3 + I3 tanh(zg) — I3 tanh(xs) — €3

K (1) 1k (3] #BBIZL, FNRTA—R%E [, = I, =
Ig=2 I =1,=1I35=1%3%. ZORI A%
RZIE U CHREI L, / — RRET— A RIZIREMERK D
AU 5. RENTEEIN TS 553, JERIEMEIC & b IERKIR
TR, ABAID R WGE, JOIREIINFRTH D,
MIEEATIDIMD B &, JFRED N, HREYD BB E
b3 3 [3]. REETIE, KIEE— NIZB WIS %
MEITZ2Z 22k, NTXA—=2DEAL, T2bbiE
MEZFTES> LW EDTHS. ZITE, /—FK2¢&
3 DGR DI & b [WFMEDR b N D &\ D E&RE
5. LT/ — KR 3D I ztanh(zy) DHEIZEE L G X
J—=R2&3DRNTOMERBLLEIATS. DFED,
J—FR2¢3DEEBRBOENIZ) —F 2T e E4L
THEIELLRLZIENTES. ZNEREE— RTHHE
T 5.

1: RC €T V.
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3. NSA—ILEHNEZ ZIREFHEDEL

T T, NT = A= REFGFDINBAT € IZHT 5
RENE B OZLICEBRT 5. K212, X (1) DRITH
WT Ig =1, 095 09 EZ{LXELGEEIZONT, 4
ERAJNZ N T B IRB RO ZLERT. 22T, 4R
)\j]li €] — €3 — €3 = € Z‘é‘é 2 O)%f(ﬁ}i‘i, Icg = ]_
DIGEDIRAINI ST BEPBENATH S, ZHIEX
Wk [3] DFER L —T 5. FATBKRELLRBIZON
TIRENEHRBDMET L, € = 0.465 A2 TRITIEE L 74
{725, M2 Iz DIEZNE T2 EAHER ST
5 JEIRBDMET U, Is = 0.95 DA ¢ = 0.414 £k,
I3 =09 OHE ¢ =0.364 HETRBIRE LR 5.
M 312 I3 =09, e=0.3 DFAEDE /) — R OIREIZEEH)
RS, X3 &0, Iy DA JABEBOMKTIX, I3
DO L VEEENFL D, J — R 2 DiREIN ) — R
BIEDLY D570, /—F 3 DOIRFEES AR
L7z ThdeEIONG. Thbb, NI A=)
AT B LI2E D, & — ROIREDE—TIEaL &
5. MEDZ éif)’%, €9 WZE DOMD IR A S €1, €3 &
BIRBIGE, /) — K2 & 3DENTOEEREMNLIL,
HENEREDZE T2 e EZ NS5, ZORKIZ, B
AR ER DT A — ZAREMEE, RC DRIEEE—R &L
THBEMRHN A 2 5 ATREMED D 0, PRI A DR

Y% I EDMRHTE S,
§C>{:iké k,X{/ \

Tio %0
time (s)

Frequency (Hz)

000

2: MR AT B E il 3: IRE)ZEE)
JEBB A (I3 =0.9, ¢ =0.3)
(I.s =1, 0.95, 0.9).
4. B8bYIC

BHAEENEERN S5 RCIZBWT, RO A
REND WD ZTHZ &2 HVT, RIEE— F25E
BTEamHERrHBZ 2R L.

S8IF, BAAREENLZERDP 5725 RCHIZBWT
RC DR DB DV TR L7\,

SE

(1] F =M, B ERiEEY 2, 102 (2), 108-113 (2019).
[2] G. Tanaka et al., Natural Networks, 115, pp.100-123
(2019).

[3] Visarath In et al., J. Appl. Phys., 107, 014506 (2010).

Copyright © 2022 IEICE

(ERE - EBR/NOLTAEERXE)



N-1-8

2022 & BFEWMBEFSRERSR

Jobooobogobooobobobooobooboboood

A Study on Transient Dynamics of The Coupled Nonlinear Oscillators Based on Basin of Attraction

oooot

Tatsuya Baba

oooot

Takashi Hikihara

0000000 OD0DO0 Dooooo !

Department of Electrical Engineering, Kyoto University

1 0000
0000000000000 (RC)O,000000
000000000000,00,000000000
00000000 (1) RCOOO0O000000000
00000000000000000,0000000
0000000000000000000000000
0. 0000000000000,000000000
00000000000, 000,000000000
0000000000, 000000,0000000
0000000000000000000,00000
0000000000000000000000000
0ooo (2.
00000,000000000000000000
000000000000,000000000000
0000000000000000000000.

2 0000000000000000

000000000000000000000000
0000000000.0000000 ADDO0,A
00000000000 6,0000,000000
000000 p(A) 00000000 P()O00. rO
00000,s 000000000000000000
000, P(r)01000000.

000, P(r)=09000000 70 rpasin D0 0.
0000000 rme 100000000000000
00000000000000000,0000000
00000000000000000000. 00,00
0000000000000 P()00000000D0.

3 Duffing00000000O0OO
20000000C0C0O0O0O0O0O0O00 Dufing0 OO

(1)

000000000. 000,+2000,600000,
FOOOOODOOOOOOOOOOOOOOO0000,
00 wD0O0000000. (6,w)=(0.151.2)000.
0 (1)000 2r/w0000000000000000
oooooooooo.
FOOOOOODOOOOOOOOOO0OOO000O0
0,00 FOOOO1000000000001000.
F=0.19,0212000000000000,0000
00000000, 00, F=0.196,0.212,0.2150 0 0
000000,00000000000000000

Z+0i—x+ 2= Fsinwt

2022/3/15 ~ 18 A T A Bk

FOOOO man 00000 2000. 0000000
00000000,00000000000000 7hasin
000000000000000000 7pesin 0000
0O000.00000000,00000000000
Thasin 0000000,000000000000 7hasin
00000000000000000000000000
00000.0000,FO0000000000 7pasin
000000,000000000000000000.
4 0000

000000000000 000000000000
00000,0000000000000000000
00000000000000.0000000000
0000000,00000000000000000
000000.00,000000000000000
00000000,0000000000000000
00000000,RCO00O0000O0.

1.0

0.5¢

0.0

8
-0.5¢ =

@ SN
@ PD

0.05

_1'0 L

0.00 0.10

O 1: 1 Parameter Bifurcation Diagram.

0.6 - el
P \ :Attractorl
05F o, \ -©- Attractor2
R S \\SN -@- Attractor3
0.4t 0\ O Attractor4
g \ o
i \
£03] i&
LY e P
0.2f NS el PD
Yoo o o 0 C :\
0.1+ 008 oo
0.0}, R

0.00 0.05 0.10 0.15 0.20
F

O 2: Result of rp.5in Characteristics against F.

0000
(1] 0000,0000,000000000, Vol.102
(No.2), pp.114-120 (2019).

[2] J. C. Sprott and A. Xiong, Chaos, 25 (8), 083101
(2015).

206 Copyright © 2022 IEICE

(ERE - EBR/NOLTAEERXE)



N-1-9

2022 & BFEWMBEFSRERSR

JHYNR=—aAV a1 —FT1VJILHITD
REREDIESDEDEELICHAT 2ER

A Study on Quantification of Deviation in Time Evolution of Reservoir Computing

%85 EAT
Tadahiro Yano

FHHERT: T

i

Bl Bt
Takashi Hikihara

ARET LR

Undergraduate School of Electrical and Electronic Engineering, Kyoto University

FERF RS TR BRIy Eg
Department of Electrical Engineering, Kyoto University

1. @LoIC VHFN—avV¥a—F 17 (RO) I, W

RYVIEHALE T8 L 7= B EH D —> T 5 [1]. RCE

TIVIEATIER, VI N—, H» o R I s, AJJ

TR Y PRI & 0 IR R S, @Ot DR
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[2]. L DB NS, EHEER L2 RC OV Y N—Ef

RO NENRFBAEHS 2T HZ 228D, VU N—

MOBRIREITRIEEB LS LT E2HDTHD. ARG

T, RCIZBWT Y PN — DR AR % R

5 FaEMad 5. FTREOEXSOE2ERIT 5T

IEZRL, IRICEDOFEEZEH L EREEZRT 5.

2. UYN—REDESDEDEREIL VI N—RED

E 6D E%FT 5728, KERFI DD IAAIRIC % KD

5FEEAT 5 (3]

1. RC 25D X e ) N — AR {2 (k) )Y,
FVDEATY TS k+1ATv S IZBIF B M —F
DARREZHE {2 (b)Y, {wa(k + D)}, 2185, 7272
Uk=1,2 .. .K, £§5.

Lo BHD ) — F 2, (k) EBBMOEN — N %
{zi(k)}N, 2o K {HED H L,

w(k) = (@i (k), i, (k), ... 2iy (k) £ 5.

L ENEND ) = FIZDOWT k+1 ATy T2l 5
Ex(k+1)= (v, (k+ 1),z (k+1),...,2, (k+1))
EDEEZED v(k)=xk+1)— (k) ZKDS.

(k) = (viy (k) i, (k) ooy vig (k) IZDWTHEE K
D5, Trbb, B (k) = Zﬁio l|lvi, (k) —o(k)||

K+1
ERDB. 727U, 0(k) = 5 Yigvi, T 5.
Cig=1,2, ...

, NIZOWTHBIC O #Z KD, D
R LB, Tibb, Bk) = £ YN By B(k)
i, k25 k+1 A7y TRICE T %/ — R ORHSE
JBIZET 215 D& 2 RS, MURIMMETE & IE.

k=1,2, ..., K3 IZDOWTHEKIZ E(k) 2K, %
27y T B B (E(k)} 2, 2185,

3. VXAl —YaviFREER 2HiOFEIBVT, &
NIA=LRIEK =4, N =40, k =50,51,..., K>, Ky =
300 £ 5. 72, S RCISEANT—XELTs =
0.005 — 0.008 DHFIPFATHEB Lz AT A b 1 X% 5 2
5. L2, AJDAEIZ IS U 72 M HERRE D HERS 277 d . i
HiZ & ATy TRID AT D 2 ORRHE, el 2 3 s
EM-TWD. ZOMBREIL 041 ThHho7z. ZOfH
X, AJMEDEF & V) PN =IO LB ORI AHEI A
522 RBWT S mOEHEEREEZ R TMD ) YN —
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EIZBWTHEMRICHAERE E AJTOBEFREZFHNSE Z L
T, VP N—IRICER I N D E B ORI TE 5.1k
12, MR & EEREE OBRE AN D . X 212 ||d(k) —
y(R)|I, ld(k +1) —y(k +1)|| 2B U TRV 72
bDERT. KLY ||dk+1) —yk+ )| BPRELLRD
R, [Jd(k+1) —y(k+ 1)| > 0.003 & 72 HIRAE&IX, Jise
SRS 0.01 BAE & 72 2 4EI CUIBHH X v, Zuidaf
HEFEZEAY 0.01 ML E & B HEIZ BV T Y PN DF]
FMEREPE W L2 md. RCAAENICHEREL 72DV
Y= FRIZ DWW THERA S & GHRVERR IZ IR RBIfR & Sk
22L&, VEN—EEET SBOEENE SN
ZA[REMED D 5.

4. BV AWETIEK, VPN AREBOIFE TR
SEEDIE S DM 2 R 2 ERAL T 5 Tk
ERET U7z, ZORER, AT —XOZEH) &, ) PN
DEH ORI EDHBEPBI X Nz, 72, WEFRAED
B BREEKR E RAEEIZ BV TEWVEEMEREA MR 2T
=2 e o, Wi N =% FEli T 5 fef & 72
5AREMED D 5.

SE X i i

(1] AFHPEED, VFN—a v Ea—F 1 7 (AL kR
£4£,2021). [2] HEPEIE, VP AN—a v Ea—F 1 7O
& ol DF, BT ERIBE PR, 102(2),108-113(2019). [3]
ETHP TR IE D, IRRFURRT AP, (R 2AL ¥ 1 =2 2L, 2020).
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Effects of Network Parameters of Chaotic Neural Network Reservoir on Discrete Word Recognition
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CNNR DU P N—BNOIFE DI A A=2—n1 [5]
TUTTHEZLND.
x(t+1) = kx; () + ZiL, Wit uy (e + 1)
FELWyf (50) — af (®) +6, @)

yi(t+1) = f(x(t + 1)), )

1

fx) = 3)
ZIT, @),y FhEN, R TONERIREE &
HA, WiMIEE B DA Sw ()06 OFSEER, Wi
HEEAED, k alIRIGMHED/RT X —2 | MITHANBATIHL,
NIZU P AR—FN=a—a 5, 0131 7 X, ()
AR, el A TG A—=2ThDH. LIF, k=0,
a=0DRFDEE% GNNR LIELZ & 2§ 5.
3 YZalb—Y3rER

SCERBNCHEVY, 0705 9 OMEEE L FHD 12 F ¥ %
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B HEERH O I 2L —a VAT, ZOR, 0=
0, M=12, HhfG=a—a P =101, W, Wi
DFEB X 20%, ZNOHOMEE K=o —na OHIEIL,
LT X AEETD. LLFTHE, N, k, a, eDff
EELEHE, TN OEBERAICEHMET S, 22T,
NOEIZ, 10236 90 £ T 10417, 100 75 500 £ TiX
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BY LS. MAOREEZWS (p = 1,2,...,10)1F, KHFEIC
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Ny FEERT 7,
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[2]Y. Horio, IJCNN, vol.18, no.4, pp. 17-22, 2019.

[3] H EEEETA i, {52288, NLP2019-103, pp.95-98, 2020
[4] K. Fukuda, et al. NOLTA, IEICE, vol.12, no.4, pp.639-661, 2021
[5] K. Aihara, Phy. Lett. A, vol.144, n0.6-7, pp.333-340, 1990

Copyright © 2022 IEICE

(EHE - ER/NOLTABERNE)



N-1-11 2022 £ BFERBEZSBERS

Dropout & Batch Normalization DZhR DIREE

Examining the Effects of Dropout and Batch Normalization

TR R

Kenya Jin’no

R EA!
Mizuki Dai

SRR TR R L5 FIREI R LRt !
Department of Intelligent System, Faculty of Information Technology, Tokyo City University

1 FXNE

—a2a—Z ) xv b7 —2 (NN) O¥8 % %R
MiciT> 22 HW e LT, BRESZIH T 2 3
Dropout[1](Drop), WElOHEZEE S 7 + 2l S g% g
F#hH % F s % Batch Normalization [2](BN) 2325 X
nTW3, AFTIZ CNN 255 ¢ LT, Drop ¥ BN
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DINRDIRGL % 7k A 72

2 Dropout & Batch Normalization

— 72 NN o BIVBEUIIEMBEETH 2 72D, 5L
DIRBFRPIFIET b0 NS RFTRAERELE G O FK T
H 5, NN OFEETIXHWBEBOMEIFRICHE DO W
ABLETHEEMTbN 2720 2D X 5 LRI bi
3L, RFfE» BT 2 Z e IdR#TH 2, DX
5 IR % RIS % 7o DICHRE X N/ FiED Drop[1] T
H %, Drop \FFERHTHERIC NI X =& 2[5 &
WO IEHICHBELRTETH 20, ZOMBFIEFICKE
< EFES 2 HH T 2R BA T V—F, FEERKEIE
BB WVWHEDD 5,

YRR E X L5FEL LTBN BMER 2] 20
TW3, AT —2 & FHl7T—XDATIDOGHIAR D 23
BB BB EF VDN EBZ VTR A
HF—ZIZF 0. 81 ITEELX NS Z 20,
L2 LR SIAED NN D X 5 1CIEHICHEL ZELSh
72356, ZOWNHOEEIZBWTANDRY PEL S .
CDDEEHEOA IO AL 85 Z & TEYE
ORI EHIE L HES BN TH %, BN 2fH T2
Z & T L2 IEAIHES Drop 72 ¥ ORAEMENH AT 2 [2] &
X TED., Drop DFHZHIRT 2 2 & THEDEH
{ENLED B, RKFRTIEZN S Drop & BN ORI IZOW
T CIFAR-10[3] ZXf5 & LK1 @ CNN 2 fn/z, 2D
FHAREIEIZ Drop 1 Activation DHE{IZ. BN & Conv2D

input = Input( shape=(32,32,3) )

x = Conv2D( 64, kernel_size=(3, 3), padding='same')( input )
x = Activation( 'relu' )( x )

x = Conv2D( 128, kernel_size=(3, 3), padding='same')( x )
x = MaxPooling2D(pool_size=(2,2))( x )
x = Activation( 'relu’ )( x )

x = Conv2D( 256, kernel_size=(3, 3), padding='same')( x )
x = MaxPooling2D(pool_size=(2,2))( x )
x = Activation( 'relu' )( x )

x = Conv2D( 512, kernel_size=(3, 3), padding='same')( x )
x = MaxPooling2D(pool_size=(2,2))( x )

x = Activation( 'relu’ )( x )

x = Conv2D(1024, kernel_size=(3, 3), padding='same')( x )
x = MaxPooling2D(pool_size=(2,2))( x )

x = Activation( 'relu’ )( x )

x = GlobalAveragePooling2D()( x )
x = Dense( class_num, activation='softmax' )( x )

1 Baseline CNN O#i&
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3 Fr®
Drop £ BN 0% % CIFAR-10 THEt L7z, 511
X D BRI 2 RO W TRET 21T 9,

HiE

AFFE D —F I JSPS FlEFE  JP19K12163,
JP20K11978 D BhEK, B X FHE ALK E &GE S
TR 7oy =7 FMgRIC K2 DTT

BE XX
[1] N. Srivastava, G. Hinton, A. Krizhevsky, I
Sutskever, R. Salakhutdinov, ”Dropout: A Sim-
ple Way to Prevent Neural Networks from Over-
fitting,” Journal of Machine Learning Research,
vol. 15, no. 1, pp. 1929 — 1958, 2014.

S. Toffe, C. Szegedy, ”Batch Normalization:
Accelerating Deep Network Training by Re-
ducing Internal Covariate Shift,” Proc. ICML
2015, PMLR, wvol. 37, pp. 448-456, 2015.
https://arxiv.org/abs/1502.03167

[3] https://www.cs.toronto.edu/ kriz/cifar.html
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1 FXHNE

= a2—7)b% v MZ X 2HEEBOMETHZBHIEL T
Wi=23, DM EICE DXL D ENEL 2 MENFAE
L7z, ZhERRT2-DHEOMEOEHRERAS. H
DI = Z AR X2 FRICE, B ERS Y b7 —
7 (GAN) IZ X B2 /TEDIREENT WS [1]. AFETIE
GAN XY iR FETHOTHDOM X 2 T 1,
ANEROREER 2 HiET.

2 Auto Encoder(AE)[2]

ESREH (TS FEL LT, AEIEHLZ. AE I
BAAA=2—F )Ly b7 —2 (CNN) OREEZ Rz
¥%. CNN ZEERORHZME T TE2. 2
® CNN #i&% A L7z AE FERICE R 2 R E 2
U, BEERZEENICREI L DY 7 ZA X =DM E
3. M1CEFLVERT.

Conv | Comv | Conv

Conw | Conv |Deconv|Decony|Decanv|Decony| Deconvitiz) |
256 | 128 | o4

3z 1 3z 64 128 256 1 |

1 Auto Encoder(AE)

3 =B

AE CTEHOME 2L IV LN Y I 0k iEID D
7=DIWEREITS. ERTIEN 1 O XS ICATEBGE
CNN THiNSER2A BRE 2T 28O AE TH
BRaiTolz., X512 DX 5 ICHEFE DR InE X
% Contracting Path(Concat) Z38 A L7258, ZL
THEOHZES 7 + ’&ﬁﬂ%ﬂé%"oﬂé Batch Normal-
ization(Batch) Z3EA L7235 B IOV TEBZIT - 7.

g@ﬁ —TW@ 4

2 Contracting Path 2 & A7 AE
H¥ERF—RLTROM, 7A T =& LT20HH
BEL, MAzoBEr AN1T5L, EHOENHIZNS
FOWFEE XY, R1ICEBEROEhOEE %

2022/3/15 ~ 18 A T A LBl 210

WLFRIFRE, R X — X BB RT.
# 1 AEIC X A3ZHER
ERES MSE(%##¥) [MSE(7 A b) | LB [sec] [ %5 X — 2B

7 (MSE),

AE 0.00334 0.047 55.83 1,386,434
AE+Concat 0.00034 0.017 55.79 2,078,658
AE+Concat+Batch | 0.00021 0.015 91.96 2,082,502

R 1ITRT £ S1Z, AE IZ Concat & Batch ZH(DH A
NBIZEWRBENSE SNz, USRS T DOFRHR
BERTFT X % Concat DWARNCE =, EAD Batch T
bz rickaeE260 5.

RIZS AT LDINT A= HIRE 8 2552175
NI R —=ZBEHB X 57 DIC— RN EARAABTH
% Conv2D % fiiiig{t. L 7= SeparableConv2D #&EA § 3.
SeparableConv2D (2B H DEAAALTDNNT XA —&R%
F X AT LIZ—RRITT B 2 & TT X — ZBDHIEA
FEHHTEXZ. ZOMREER2ITRT.

£ 2 AE DT X —ZB L VERE
NSE(EH) [ MSE(F X F) [ IR [soc] | 795 X — FHK

0.00021 0.015 91.96 2,082,502
0.00025 0.017 80.27 1,440,758

HAHIAD
Conv2D
SeparableConv2D

7 2 DFEEIVRT K 512 SparableConv2D 2 H L 7=
B8, 7 X— 2P fEiig X i/ MSE &7 X MRFT
% 0.002 L ER L o7z83, 5 X —XBUIH 30%
HIR L, WUEERFRT S 5 13% M6 L 7-.

4 Frd
AET%&Lt&&m%&T,ﬁﬁgwﬁ%Eﬁmﬁ

ZEfaL7=. Concat & Batch ZED A3 Z & T, ¥
W#ﬁt?é LERMERE L. 51287 X — R 2HITR
LTHHRENIEALET LRV IR L. 5%
X, FEuS R T 2 2 T A R OBEESR O &
PEHRT L2 HIET.

Bl

AWFFED —#E JSPS RiFE  JP19K12163,
JP20K11978 D Bhpk, B X ¥ AL k¥ ELXERE
geAr HE o =2 MK 5B DTY.

SE X
[1] Ting-Chun Wang, Arun Mallya, Ming-Yu Liu,
”One-Shot Free-View Neural Talking-Head Syn-
thesis for Video Conferencing”, Proc. CVPR2021,
arXiv:2011.15126, 2021.

[2] G.E. Hinton, R. Salakhutdinov, ”Reducing the di-
Sci-

mensionality of data with neural networks”,
ence, vol. 313, pp. 504-507, 2006.
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Estimating Data Label Using The New Cluster Evaluation Criterion
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FANE
LD D FBETEIANT = RFE T~V NG LI
FAUIR SRV, F, BEOSWHITET 5729121
KED T —ZPRENTIR D, AHFETIED RV Z UL
XTF—RDAT, FNUVRLT—RD 7 IOUMEEZITD
FEZRET 5.
2 REFE

FTRTD T —&IZ positive 7> negative DWW DT
DETZ22 L, ANT—RIE—HD positive 77— XD
AT N EEINTED, BHDT—XDF~LF
THTH2H5E5%2E2 5. RI1ITANTT—XOH%ER
T, RAE T AT E positive T— &, 7L —OMIXF
NAVBLTF—RTHS. FNVRELT—RD I L%
ET B, 3, FNIURLT—X%ZTXT negative
TR EfEL, SVM Tt FIHERD 2. 2ot
%, positive 7 7 RIZEAIT L, TN Z positive
T RPRTEEINL VWL ST 5. K212 SVM TR
SN DEEBTEIC X 3 5N IFER R RT. REE
FHHNZENZN positive, negative DFHFERTH 5. X
12, S EEEEE ISR B LW negative ¥ TRl L 727 — &
% positive IZB FHX THBEFEHZHORD 2. Zh
ZHREDIRL, SVM Otz BE X € 5.

1

X 2 5]

B BRI O NG REEE 7 1 v > v — i HE
THMlis 5. ZAUd 7 4w > v —FHliEYE (1] 25X (1)
@2@2&—%»%mm1mﬁbt%®f,ﬁ(m*ﬁ%

557 1

#(z,y) = exp (—yllz —yl*) ,v

1
nZ ZziEP ijep (i, z5)
1
npXnN Zzep ZyeN #(z,y)
% ZyieN ZijN ¢(yi:yj)

(2)
+

m EzeP ZyEN #(z,y)

z,y &7 —2&, P, N X positive, negative 7 7 X, np,ny
\d positive, negative & Tl L7 7 — X8z zhEhk
LTW3. ZOBIET 4y > v — Ml EED BRARIT 72 >
o 2ONFEMR RS 5.

2022/3/15 ~ 18 F v T A Bk
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3 EEBR

WL DD T =Xty MT, PNU classification[2] &
TERELL# 21T o 72, FlIFRT — 2 12iE 10 D Z ~ovft &
T—=2E 300 DT VIR LT —ZBEEN, R
0226 1 CIESYLL, 50 FEITL. ZhENOFIET
DFEFEE %R 1 1R F. [Spambase] DAV TIZIRETF
EONEREED &b o 7.
£1 ZThAZPNOFEEHVEET X2y MIHT 3
50 [Bl D35 D 7RG L

TFT—Xtv b $8EFHE PNU classification

Banana
d=2 71.0 69.9
Phoneme
d=5 69.8 67.5
Magic
d=10 74.8 68.3
Spambase
d=57 65.7 72.8

4 Frd

PEPOE—D I NANET—RDATT—EZDIN
NEEZRITOIBIET 4v > v —FHMiHERIRR L. E
B HIRLRTFIED PNU classification & D d—E D7 —
Ry MZBWTEMNTH 2 Z L 2R L. SRR
RFRFEE IV T —RICHEAIE 2 Z L PHET
H5.

St
AW D —Fx JSPS R BFE JP19K12163,
JP20K11978 DBk, B X X #H b K28 & S o

FEiHFE a2 7 FZRIC X B HDTT.

BE IR

[1] Tharwat Alaa, Gaber Tarek, Ibrahim, Abdel-
hameed, and Hassanien Aboul Ella, ” Linear dis-
criminant analysis: A detailed tutorial, ” AI Com-
munications, vol. 30, pp. 169-190, 2017. DOLI:
10.3233/AIC-170729

Tomoya Sakai, Marthinus Christoffel du Plessis,
Gang Niu, and Masashi Sugiyama,
supervised classification based on classification

” Semi-

from positive and unlabeled data,” Proc.
ICML2017, vol. 70, pp. 2998-3006, 2017.
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1 Introduction
This study proposes a method of the GAN that is
realized with a convex learner.

2 Terms and notations

Hereinafter, the notation M; denotes a set of prob-
ability measures on R?, and G,, C M denotes a set of
probability measures realized by a convex learner with
n parameters (e.g., convex neural network [2]). In the
following, C'(X) denotes a set of contiguous functionals
in a Banach space X. For a convex function f(z), its
conjugate function is defined by

f*(y) = SUDPycRre <5L',y> - f(CE)

3 Formulation

Although we have many variants of the GAN to date,
we herein focus on the original setup of the GAN by
Goodfellow et al. [1], which is often referred to as the
min-mazr GAN. In the min-max GAN, the objective
function can be represented as follows:

mén max Ezrpyara [L0g(D(2))]
+ Ez.p. [log(1 —log(D(G(2))))]. (1)

Indices G and D in (1) represent the generator and dis-
criminator, respectively; pgqta denotes the probability
density of the dataset; p, is the measure of the latent
variable; and 7 is the draw of the latent variable. The
notation FEgz.p,,,, indicates the expectation with re-
spect to & drawn from the distribution of the dataset,
and Ez.,, is the expectation concerning latent vari-
able Z. The definition of JS-divergence is expressed as

follows:
)|

w+v
2

1 n+v
Ds(plv) = 3 lDKL (NHT) + Dkr (VH

Now, its Fenchel-Rockafeller duality [3] reads

Dys(pllv) = sup E, [¢(2)]
¢ELip

[log(2 — e¢(“"))] dv(z).
{z|e¢(1')<2}

4 Proposed method
Our formulation here reads as follows.

m&n Djys(pcllmo),

s.t. pa € Gn.

2022/3/15 ~ 18 F v T A Bk
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By introducing notations fig that denotes the empirical
distribution of the dataset and
Ds(pullfio) (1 € Gn),

Hip) = { too (11d Ga),

problem (2) can be equivalently represented as

in H .
min H(p)

(3)
We also consider the corresponding dual problem [4]:

[—H"(p)] = B. (4)

sup
pEC(RP)

Then, we shall construct the sequences of solutions
{ttn}n C My and {p,}, C C(RP) to (3) and (4), re-
spectively.

For problem (3), we apply the gradient projection
method with the learner prescribed. Note that G,
is considered as convex for any n € N. Thus, a
measure {pn}, C G, that attains H(u,) = 3, ie.,
DSjs(pnllpo) = B. For problem (4), we construct a
solution sequence {p;, }», C C(R?) by the gradient pro-
jection method as well. As H(u) is convex with respect
to u, we can observe that H*(p) is convex with respect
to p. Now, we obtain the error estimate of the objective
function of problem (3).

5 Main result

Theorem 1. Let i € My be the optimal solution to
problem (3).
we have

Then, with a certain positive constant -y,

v ellun — all < H(un) + H* (pn)- (5)

Note that the right-hand side of (5) tends to 0 as
n — oo.

S 3

[1] Goodfellow, 1., et al., Generative Adversarial Nets,
Proc. NeurIPS 2014(2014).

[2] Bengio, Y. et al., Convex neural networks, Proc.
NeurIPS 2005 (2005), 123-130.

[3] Rockafeller, R. T., Convex analysis, Princeton
University Press, Princeton .

[4] Zeidler, E., Nonlinear Functional Analysis and its

Applications III, Springer-Verlag, New York.
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1 FZXHNE

2=ty b= ZHVTRRINEFE ST 277
FEDO—DIZV ALY h=a—F L%y FV—2 (RNN)
MPFEET 5. RNN EZHH D=2 —1 i2BW\WT, BfE
DORZNDERIZ T TR L, BEORLNDIEHRD V5.
LirL, %ENEHTH 2, FEE»» 2 DOME
PEET 5. ZOMEEBRT 251K LT, V-
av¥a—74 Y7 (RO BFEET 5. RCIEK1 D
IOMEZ L TEY, 2 TOMEEALFEIEZD
TR, VN HNEEZORCHEEADAY
FEEEDL, UKD, FEHOERENEGIIRDL, ¥
YR ZEMETE2R DX )y b EENRE. FT-,
ZOIHTHEZHIAR=2—F 0%y b T —27 UHFN—
(CNNR) 23BLICHRER Z T3 [2].

AT, HARRERYVITFTREERZ R 7128 % 8HED
RC ¥ CNNR OHRER L, Y5 ONARZ7I1TH
LTWE TS 5.

u(t)
X 1

y(©
VYPER—asVa—TF 4 7 OH

2 AFRZa—-Jlxy k7= U)H/N— (CNNR)
CNNR K 1B VAN FD=2—m > DET
ADBHAFRZA=2—BYEFN 3 THZDORIET. &
WIS ANIEE VI AN—EDOREEA Wy, VI N—JEN
DIEEES Wies , VIEN—BEHIEOREESA Wy
I URLIHRET D, TDK, Win & Wees ZEIEL
Wous WA TIERAREEIGR E O R 7 13 ) X
LCHBEZITS. £z, VIAN—EHNOMEIZ A =X
35, VEA—BoEHAEIR (1), (2) THALNS.

z(t+1) = Winu(t+1)+Wees(t)+kz(t) —ax(t)+0 (1)
z(t+1)=f(z(t+1)) (2)

2022/3/15 ~ 18 F v T A Bk

213

%7, WOBOEHRIER (3) THZHNS.
y(t+1) = g(Wour(t + 1)) (3)

ZZT, tiERFL z 2 2RV AN—FD=a—m v
DONFIREE L H177, w 3IBATT, v 3T, kIdE=
BB, o FIEDRT X=X, QAL TR, f L2 g3k
LB TH 5.

3 &

CNNRZ & % 71 & RIRERINFRI D MEREZ 7 Hili$ % 72
2, FEZREAEL, MHHMEORKMED 1 REICRS X5
HANCHTWEZ T o 7o v — L Y FRERXORRIZ A
72, FEERIEE O RC ¥ CNNR THEZ{To72. %7z,
PERERTAMIC — 3 P F 5 IRERAE (RMSE) Z W=, 5
5HUVHEN—FD= 22— EIE 500, Win, Wees, Wout
DHBIELE [—1 : 1] O—FRELBTROE, BT Y X 4,
KT 7 — & DEX1E 10000 ¥ L 50 step 200 Tl % 1T -
2. BEDRC TIEk =00 =0,0 = —040, f(x) =
tanh(z),g(z) = x, CNNR TlZ k = 0.9, = 0.2,0 =
—0.10, f(z) = 1/(1 4+ exp(—2/0.01)),g9(x) =z & L 7.
fiRZE R 1ITRT.

# 1 RC & CNNR OfREHER

RC CNNR
0.1598 0.0988

RMSE

4 FE5R

RC ¥ CNNR D 7 4 2RI BT 2 PERE & ZF-ifi 3
Lizdizn—L Y HFEREHWTRRY T Z{To 72,
RC & H CNNR D /5% RMSE 2N &  PEEEDS R & W
SHERME SN, HEHD—DIINL =5 X — &
RC EDZLHMINSRETEZ O EZILNS.

A3 JSPS BHFE JTP20K 23332 DB #321T 72 %
DTH3. Tz, HILKFEBELSBEWHIATICB T 2 IH[H
7uYx 2 M5 (RO2/A31) Ik 5.

BENHK
(1] HHFMEE, FRT &, B, “ V3 N—arPa—
T4 v7,7 FALHRR, 2021.

[2] fHE S, [F¥H0R, NLP2019-102, pp. 89-94,
2019.

[3] K. Aihara et. al., Phis. Lett. A, 144(6-7): 333-340,
1990.
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1 1IC®IC

FAI1EBEZ, Izhikevich =2 — 81 ¥ E 723 Regular
Spiking % 27 2O IEKIK AN T 2 I0E ZiiE L
TG (1, 2. ZOREE, I b e 5 A5
THIeRWME L. BAOMITE, BEE=2—n
et =a—a Y BEFET L. MfE= -1 >
l%, Izhikevich =2 —81 ¥ E 7LD Fast Spiking (FS)
—a2—mY e LTHHARETHS. ZITARETE, Ml
filfE=2—m>D—>2TH2%FS =2—u DA
WA 20E2HEL-OTHRES 5.

2 HEER

ARITIE, Izhikevich =2 —B Y ETIN [3] D/8T A —
2% FS (a=0.1,b=0.2,c=—65,d = 2) IHKET 5.
BAEETRICEA A 7 —1 (KRR 7 v 770.01) ZHWT,
FEKIFRN 2 AN K DHEE L7 [4). %72, EHA
NEIERIE 1(t) = Ipc +Tac = Ipc + Asin (27/T)t &
5. Ipc =10 L, Iac DIRIE A, AT 221
B72BBD, Izhikevich =2 —n1 YV ETIILDILE R EEMN
WHAE U7z FHEICI, IS (Interspike Interval) (263
BERRERE R = m/n [5, 6] W=, 22721, ISI®
e n, ISIOBERE m 255, BAISE (n>>m)
DG, R~0¥k%5. £z, EEMIEE (n~m) O
BE, R~1Y7k2%. AFTIE, ISI Z/NEEE 10 7%
TOREY L7z, FEZI0 <t < 5,000 Z#EEKEL LT
BEBR L, 5,000 < t < 15,000 DI KR & ZHEE
FEREFIE L. EXEOIRIELZ 0 < A < 10, FE%
1<T <1,000 DHFHTEL X, SRERERZHEN:
FRZX 1R T. K1 oflh e i3 ek o F T
CIRIE A, BT — NI ZREEROMETH 5. EHIG
BOwEE e IS E DEBIE, T2KRELRBITo0
TA=6fHEIIERLTVWE Z 200 5.

iz, FEAINE 225810V T, A b REH
MEPRAWTHELR. M1 TA=25 T =200 2&E
L7Z5E (R=1) DA M RBHEEK 2 1R, 1
il & #tEh X Izhikevich =2 — 0 Y BT ILOIEENL v & [H]
BEHuTH2. M2 XD, HEHIET 2 Z eh0h
5. 15, 7b97XFE b= RATHD, IEISHERFY
WTHd. KK, 777258 b—=72D5E1%, Bk
sy h&NBH, Izhikevich = 2 —m Y EF X
B £y M ERET0, BHIEIRE 250,
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& 1: Izhikevich =2 —1m Y EF)L (FS) OZEEIE R D
fEES
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B 2: JEREHISE (A =25, T = 200) ODHED R+ a REH
iy

3 X

AFETIX, Izhikevich =2 —0 Y EF AN FS =2 —
O RBGEDIEZEATICNT 285 2HE L 7-.
ZREERRRCE WA X D, FHIGE v IS
DEERMWHR L. 72, 2 aREHEZ W=
Wrick b, EFRHISEDERIAISETH L Z e mh o
7=, B, ARgEo—ERi, JSPS BHTE JP20H000596,
JP21H03514 DB =321} 7-.

BE X

[1] Tsukamoto et al., NLSW2021, NLSW-54, 2021.

(2] Tsukamoto et al., submitted to NOLTA, IEICE,
2021.

3] Izhikevich, IEEE TNN, 14(6), 15691572, 2003.

[4] Izhikevich, Phil. Trans. R. Soc. A, 368(1930), 5061
5070, 2010.

[5] #2ii b, B, 113(116), 4348, 2013.

[6] PR fih, {5250 A, J100-A(5), 195-204, 2017
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A Method of Link Prediction in Temporal Networks Using Subgraph Centrality
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1 IC®IC

Liquid State Machine(LSM) &, SZBRDIKOFHY % I
FRALVFAN—a a2 —T 4 Y TETILT, AN[F
VU Za—Ixy b= ERHWTETLHEEINS
ZeDZW (1], BT LSM oREM L2 HIEL T,
FEEOBEMPY I 2L —Y a VIFBOIEE, Vv PH
RDOIEHNE ST X =X DEFEZI{T-oTE 7. MOERIS
BREBO=—2a—0arRBARL 78N TEHI2I1IEkoT
Tbh, LWty BB > 72BN (EPSP)
oI u 7T A ERRO Z e HIS A TVWS. £
DFHEDSE, FTREEFBREIEND DX, RE—
NT =NV Rty NT—=2 —F, FG0bDIET VR Lty
FU— 2 BRERT 5. 0 EPSP @ EMEIZ AR
AT —=IDRAF I 7 A %HEAH L LSM OME#ER LA
HIfFTx3 2. £oT, AMRTIEZID>F T ARME
OTEMHIZEHL, XE—ILT—L FHEOEWZ X B
ZRANTFHIOFEE DRI 21T - 7-.

2 FiE
AFETHEH LA, T =2 =503y T —
27 ®D LIF EFVIIRKRTERT 3.

dv 1
T ——(w—=VL) =g —=VE) —gr(v = Vi) + Ies

" W
@

(1) KD 7, FIRERFERL VL FIRNER, Ve ZEEES
F 7 AEWR, VIS > T REIR, L, SATER
THY, 2)RD Vi XL EWHE, V. IZV Ly MAT
H5. Fiz, AWFFETIE, Watts and Strogatz(1998) 12
Ko TIREXINFEK>TAE—NLT =L FAy b
V=R LT, FIRBD 2K TH B NEHD /) —F
TY Y ITIRBTFR2ERT 2. &/ — FidwTFhd KE
DESEE ) — RIHEALTWS., ZLT, 79 7HN0D%&
Iy IJRXOVWTHER BT/ — FEEGEET 5.
M= 2 —w > 2000 {8, EEME=2—r > 10000 fH
AEL, BE =2 —o 3351250 HoEEN = 2 —
o VERCTT 5. (1) RDOANHE I, 125 F ZRERS
TH 5 (3) D MackeyGlass HFERNEFHHT 3.

de  0.2x(t —32)

dt — 14zt —32)10

if v > Vip, mV, then v(t) = V,

—0.12(t) (3)

HiS F 7 AN 284 2 B Lz & Dtk
F 7 2RI D RN 2 B M > o 7" 2% &N (EPSP)
YW, EEDORK® EPSP 1 ImV LU T 2 T/hEwn
2, EPSP 2kD 1% A% ¥ 10mV 2 F THICHE
POWER Y I T =TI o T\, 8D EPSP
X Razxy vv—=2%, DO 10mV F2ED EPSP
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WFEAE—NT =L Rxy b= 2L TWS. 20D
THOYVFTIAWEPFET S5y NV —=7IZBWVWT,
—a—n YELOHMEETER L % 0.2, 04, 0.6, 0.8, 1.0
WL EDORKERE 1sDYIal—YailkoTH
NT 3. HARRERVD AR ZE—1L T —L KL 5
VELMEDOZEHDRY N —TIZEZ LN ED
Za—n VEMOFAKEEY LSM OREEL L, Vv PH
M X o TEEZITS. T — 213 2 FRIOFEE
DFHilZ NRMSE (normalized root-mean-square error)
o TKD .

3 HR

FR1LIWCLIF ET VAN LEEBO 7T — & 2 5251%
DA T — 2125 2 Tl % tbig L NRMSE %3k 72
WERERT.

#£1 pEELXEELED NRMSE OFMEHE

Jé] 0.2 0.4 0.6 0.8 1.0
NRMSE 0.3173 0.4144 0.4055 0.8055 1.1380

RIIWCRT IO BDENPRELIRS, TROET
VELFY VT =D I ONTTHREED T h -
7z. F7:, NRMSE OfER X b, SRIFEEL 7z LSM 1%
AT — R L TRYTIEEYORWTFHIZITS 2 &
MTET.

4 HHDH|Z

AWFZETI1E, EPSP on > 75—ty — &2 FIH
LY Fy RRF— h= > iz & B RY TR0 21 %
1To7-. ZOME, BHREEEN AL 720 LTiITbR,
MO, RE—=NT =)L Fxy 87— 7 HEHENZE TR
FBENREP-72. O F TAEEDBAE—NL T =L K2y
N7 — 2D C R AN, I RE— LT
MDA BT 2 Z e S EOERICEN-EEZ 5N
[2]. %7z, —HBOTHRBENRTDTHoI/D, 5
WCHEEZ FIT3 e BSHBOBETHSE. RE—ILT—
L RHEDEWIC & BT — 21203 2 RIS 2 AR
BIEMTERLDT, RAIDT —RITHF 2 R
EEREHELTHERED -,

SE X

[1] Tatsuro Sakaguchi and Naoki Wakamiya. Consid-
eration on liquid structure contributing to discrimi-
nation capability of liquid state machine. Nonlinear
Theory and Its Applications, IEICE, Vol. 11, No. 1,
pp. 36-59, 2020.

Sou Nobukawa, Haruhiko Nishimura, and Teruya
Yamanishi. Temporal-specific complexity of spik-
ing patterns in spontaneous activity induced by a
dual complex network structure. Scientific reports,
Vol. 9, No. 1, pp. 1-12, 2019.
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1 FCHIC

VAEDIIZED 6, HEH VY X 2 OELAUIEEEIREER R ff
WRICHEEZS SR T epPHIONTVS., Lizhio
T, MHY XL DELNOBREZHEE T 2 Z L IXEFHNC
HIRIROIIREE TR HIzo TEETHS. 22T, W
HY X L% KLU E D, 20EMEEL 757 201
FANTSe Multi-Scale Entropy 72 &% AW T 3§ 2HLD
MADBD 2 (1, 2. RGBS OEMEEX, k4R
T ORI LA BAFRDS R E 5. ZD7
R RN M E R O R ESRNEETH B, 22T
AIFETIE, il 4 OFEEF R EAEA D RIS L 5 1%
RERGE S DM il A 5. FRRERIRS A TIE, EEF O
FMHEERICES FIICEH 35729, BB/ TYOH
HRIORIABICERPEEN DL EHET 2 Z LA H
ko, EEFEE LTE, IKKZE 8 EFTO &M & HIE
L, NMAHFAHEZEO—2oTH h 2RI EFED &\ Phase
Lag Index(PLI) 2\ 3 Z ¥ C, #BEDRBLEICE
BRI ORI L, R TS,

2 F&

2.1 W

Wi DRV, FEETEREHERTAENTT, Medical
Computer Systems fH#®D 8ch V£ ¥ L XKk 7 > 7
INBI-EEG8) ZffH L TiTo 7. ## 3RV
B9 % (20~227%) TH D, FHHIFBINCEED S A
VI F—hRarviey MNERB LR RERRE, TEL
ERFOMEEERORKBERTHEML /2.

2.2 B

BIEEFNE, TRREES 10-20 I HENL S 2 B il &
kb 8 & (F3, F4, C3, C4, P3, P4, Po3, Pod) IZ
THIE L7z, EHAIRF O 5RE \ZZZEREARR © LT, 13:00
¥ 19:00 CBWTHE R T 72, F v 7V ZREBE
121.37Hz & U7=. SHERE D SBIE L =ik 7 — & 2
5 60 4 ELD L 2-30Hz DAY R T 4 LR % H
372, PLITI, 5237 —X2ENEL 3 HEP/NE
7Y, F—XENEWE FERERSOBENELEEZ
BIEMTERWV. ThHDML—FAT7H 5, PLI®O
HHIZHTzoT, epoch RE 5 L. ¥/EHTS
JERECTIE, 6 B (2-4Hz), 6 K (4-8Hz), o I
(8-13Hz), B Hr (13-30Hz) &3 5.

2.3 Phase Lag Index

PLI ¥1&, 2 DD SR/E S MM I D, #FH
BECHIR Z & DRERYI T — & DAAEZE 7340 D IERTFRE D
B ERRERVAS & 2 HEE 5 2 (HFE AR TH 5.

3 R

HIE U7 & D EH L 2SS ToR  IcB T 5
3#fTO PLLEZ Zh 2B L, SHEAR ¢ BER
HOWTHIERLZ (M1 22K). BEiZED PLIED G

2022/3/15 ~ 18 A T A Bk

{, EZOIZBED PLIEFEVWI EREATVS, K
1T, 6FD C3-Po3 ¥ C4-P4, BHIHD F3-P3 &
P4-Po4 DEMR 7 TRDIES H PLIENE L, 6 iR
D C3-Pod & C4-P4, 04FIHRD C4-P3 OEMR 7 TIIE
DIE S 23 PLHEMMRWERF3HERTZ % (p < 0.05).

Delta Theta

F3 4 F3

F4 F4 -] 2

c3 2 c3 1

c4 . 0 % c4 0 é

P3 I rsl R I

P4 . - P4 -1
Po3 Po3 iy
Po4 -4 Po4

G ¢RI SR >R PP

Alpha Beta
2

Cc3 ! c3
C4 c4
S °

P3

P4 » P4
Po3 R Po3
Pod| . — Po4

(("b ((u o’b C)h be Qv Qé‘: ch (("5 ((b« o‘b 0\7« be Q&Qé‘: Qov
1 Sai, 9, o, BHBICBI 2R EHD
PLI B OMEAR ¢t fH. ~¥ o XAanATHDbOA TV 3E
FridEH XN t fHICHIET 2 pED p < 0.05 TH 3
BT ERL TN,

4 &bhbbic

AIFZETIE, BEH Y X 4% RIEL 7 IR O FERERIAS &
DMz, FIE U7RK & D &8RS C PLL 2B
52 TiTol. ZORR, §w, 0FEIcB VT,
FERERAG T DVBICHEIN L, RICHD L T0d Z e RS
N7z, BAICB VT, KBRS OIRICEML, B
WAL Twa Z e R shiz. 51%1%, Weighted PLI
DM 2 VT X D EEIR T 2170, #H Y X A
MU 7B OWT otz ED 5. £/, EEICH
HYU X LICENEE Z LT 2 #8RE O ki % J7E L,
fEEE L O ZITS TETDH 5.

g

AWFFE JSPS WZe 8 HARIFE (C)(20K11976:H.N.)
R ETEN MR ISR AAR T DF7EBRR (K32
571:S.N.) DB % 5217 7.

BE R

[1] Pierpaolo Croce, et al. Circadian rhythms in fractal
features of EEG signals. Frontiers in Physiology,
Vol. 9, p. 1567, 2018.

[2] Yuta Iinuma, et al. Estimation of circadian rhythms
using complexity analysis with temporal scale de-
pendency in electroencephalogram signals. In Pro-
ceedings of 2021 IEEE 20th ICCI* CC.
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1 0000
goboooobobOooobooboooobo 2000000
oooobo2000000000000

2 00
0000000oO0ooooOo(BNN)OOOOoOoO:

N .
zi(t+1) = { segn (Ej:l wij%‘(t)) for t = nN + i

x;(t) for t #nN +1i
%M@:{_H if x>0
-1 ifx<O
ab. "t = Fp(z"), 2" = (2, ,a%) ", 20 = 2;(nN)

(1)
000D0x(t) € {-1,+1},ie{l,---,N}0O00ODO ¢
0000i00020000000000000000
O0ONOOO2"0000000000000000
wi;(i #4)0 30 {~1,0,+1} 00000000000
000000 w; 000000000000MO000
0000000000000:

SZE(SZM"' 78§V)Taslie{_17+1}7l:1NM (2)
goboboooboobooboobobooboooo.
N

Wi; Zmlax (— Zj;éiwijsﬁsz)ﬁ-l (3)

good20000000000b001o00oooon
oooboooooooboooo200b000000O
goooobobobooooooo:
mlnl(ND(l))
RW)=1-

(W) (2M)/(eM)0 0000000
Np()=1l00O0O0O000O0O00ooooood (4)

wy; =000 (i # §)

BW)=1--Y

(W) NZ_-N
dooooooo20b0b0b0bo0ooooooo:
Minimize F(W) = (Fi, F2) € So, subject to W € 5,
So={(F1,F)|0<F; <1,0< F, <1}
Sp = {Ww,; € {—1,0,+1},% # j, w;; € integers}

(5)

oooosSoO0000000,s5 0000000000
goboooooooooooobooooon

st = (-1,-1,-1,-1,-1,—-1,-1,-1) = —s
2= (-1,-1,-1,—-1,+1,+1,+1,-1) = —s7
s =(-1,-1,-1,+1,+1,+1,+1,+1) = —s% (6
84 (_17 _1?+17+17+1a _1a _17 _1) - _39
8% = (=1,+1,+1,+1,+1,+1,-1,-1) = —s'®

~
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1 FXHE
AR CIEb FEROE bR (PSO) (11X 22 E=a— L0
It b7 —2 (MNN) D85 X—RD¥EE 2 A5, f’_”

Y=} 0.8+
2 B=

MNN D85 X — X DT — Mz BB DM
MBI IS ARSI S W FETEE R TR S,
MNN @ HIBEBUXIEMBIETH b, B O FnfE. 7
5 b —. BUSHEIET B 720 H IR o BHE R AR 1
THEET 2 Z IR TH 5, Lo LS ERIR S
BWEEEITFEL TV Z e 2Rl 2] SRTED, £ . pso_validation
7 MNN 28 0 kB = 2 — 0 VTR X 21551013 | iridetion
MERAY AECRE TETREMICIORTE 2 Z & s [3] 3 20 20 60 80 100 120
XNTVWD, CNHDOERPSKRD= 2 — 1 ¥ THR Froch

N2 AT LA TIRARRICE D S EFEBEINT S 2k X1 HEOEHEOEL
PNREN T BT, SLEO MNN TERRHEL. B et e Biesenss Lz < o T kDS
MT2=—a—a EBEMNMLTWS, —f, —a2—aY FEH D,

BoBimetbv, REXF23XEYBIZEMNL, 2

Accuracy

PENEEBR R ORI ¥ b R LTV B, 4 FEO
—Ji\ Alv=a—a UHT MNN I & 5 BN i D=2 —n TR L7 MNN /85 X — R D

BRSSP FBT 223y Yaa—T4 o 2hyo  BZPSO TITkof, TRERZHEMEE, 277X
BB ERICEETH 2, 2o Th BV a—ny  ARRLEGACELTSRER 5.

BuzsnT b HBEBORERIDR S E 2720, BN gyze

BB DM EERZHE L LW PSO[1] T MNN D% KB D -#E JSPS RIFIE  JPI0KI2163,

7 A= RXOFHERS D, JP20K11978 DBk, 35 & o8 84k k2 T 408 12 B
3 PSOIc&3%E FrHRFE ey =7 MK 2D DTT

PSO 3 BB O BRELY 52 %85 X — X % 1HE BETH
O)*jiﬁﬁbwz‘l‘%%&\‘%%ib &b Lﬁ?bi\fo/i’i)(”-&/%ﬁaﬁ [1] J. Kennedy, R. Eberhart, ”Particle Swarm Opti-
WEHRRT 2 71TV X4 1] TH O, HIBIBOHED mization”. Proc. ICNN 1995, pp. 19421948, 1995.
fE2RBEE LBENARXE 2 =Y T 4y 7RO —DT doi:10.1109/ICNN.1995.488968

Hb, ZDPSO ZFHWTMNN DT X —RXD¥H% )

5. EIGBERAIEE 2 KoL F— R D 2 7 5 25 [2] A. Choromanska, M. Henaff, M. Mathieu, G. B.
1) ExOR. 2) circle, 3) moons ® 3 @“E‘%%ﬁ%ﬁtﬁg Arous, Y. LeCun, "The Loss Surfaces of Multi-
5 ?_;z o m@%‘, R 5% Hi layer Networks,” Proc. AISTATS 2015, pp. 192-
o 2N —_ At SN

132 275 2% one-hot EEICET. HREO=2—n > 204, 2015. https://arxiv.org/abs/1412.0233

B2 X8 %, PREE relu BIEL. 1B softmax (3] Z. A-Zhu, Y. Li, Z. Song, ”A Convergence Theory

Bz Wz, i D7-% MNN %2, 2fEfHE > t 1 for Deep Learning via Over-Parameterization,”
V% adam TR LSS X — & 5288 X 27, PSO Proc. ICML, PMLR vol. 97, pp. 242-252, 2019.
VRIS % SRR FT Wz, X1 1d moons THIREE https://arxiv.org/abs/1811.03962

D= a2a—a YR 3EDGEOEEDOENTH S, PSO
IR TEE A LTz, ARBoOFRIETIE PSO X MNN
DEE I EWEERE SN, L L PSO k2
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Search Performance of Stochastic Particle Swarm Optimization Networks with Stochastic Connection
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1 FXNE

ARG Tld Particle Swarm Optimization(PSO) 7L 3
U R L (1) OAFFHRBREADF R ZERE L, PSO D4 v
k7 —2{liC X 2 ROZRE DA B2 HI & L7z PSON-
SC (PSO Networks with Stochastic Connection)[2] &,
ICRHE & 5HRERNE%Z FI1F72 SPSO (Stochastic PSO)(3]
ZRABEDET SPSON-SC 28R T 5. BIFo7 13
U X L OFRRRMEREZMERF L DD, BIBFREN T, 515E
BOHIBRZMNS Z & Z2RT.

2 REFZE : SPSO Networks with Stochastic
Connection; SPSON-SC

REFED SPSON-SC T, RHEMEEL OV 7
SPSO 1257815 5. 2% 7 SPSO AT I fiRZef 2 HRER
L, ¥ 7 SPSO Mo REE#HZ /53 2 X EV (gbest
B EY) LHERNICHET 5. g ®EHDOY 7 SPSO
(SPSO,) @ i HHDKIFIE, HERY ML v, , MIENR
YWz, , BEORFEREORADMEAS F L pby,
ZFib, SPSO, 3BT 2R FHOBRBRICBIT 2 RE
figX 2 bV (Local best solusion; lbest) 1b, ZHfD. %
7z, gbest I[H#R X € VI1&¥ 7 SPSO BT H 1T % I BFENR
7 bV gb ZRFET 5.

SPSON-SC (213, Ib, ZZMR L, AL U THZEH DR
RETO RPTRRE— R &, gbest [HIMAEV LHEL,
gb 2T 2 REBRERE—-F¥HDH 5. &Y% 7 SPSO &
ARXL—=2a YBIZH O UHRE LYY B 2R
(Switching Rate; SR) I & D, WTFNDrDEEEKE— T
BIES 5. SPSO, 1B 2HRTF i D j KITH DEE & AL
BOEHAZRK (1), X (2) 1ITRT.

c1r1(pbgi; — wgi;) + cara(ghl — wg,5)

Zf r3 <SR

U;jjl = ¢ t t t (1)
c1r1(pbl;; — wh;;) + cara (16 — x,5)
otherwise
t+1 ot t+1
Tgij = Tgij + Vg (2)

Z T, 1, o WFMRERREL, v, 72, 73 13 [0,1] D—FE
AL ERT.

3 BRRUER
PSON-SC ¥ SPSON-SC DMEREHEEE1T S .
BHDNRI XA =R RK1ITRT.

eSS0}

2022/3/15 ~ 18 F v T A Bk

#: 1 FHEERERR
PSON-SC | SPSON-SC
FRATIEIEL 100
FEATEE (tae) 10000
RIEL (D) 30
WY 7 PSO 9
.73/ 7 PSO 4
w 0.3, 0.5, 0.7, 0.9 -
c 04, 06, .., 1.8 1.8, 1.9, ..., 2.3
Cs 04, 06, .., 1.8 1.8, 1.9, ..., 2.3
T 1 1
SR 3 37 Rl

Ny F<—ZM#EIZ CEC’13 Z W, Fi(Sphere func-
tion) \FHLIEM:HE, Fy(Rastrigin function) &2 IEMER
R L, REAHHEIZVTNS 0 TH 5.

BFERCBVWTRHEAERER L7 X —RIZBT
%, FATEEEBEORRORFZX 1, 2 1TRT. XOME
EELTREEY, HEEIEHIET D 5.

Tteration Tteration
1 F} (PSON-SC: w= 2 Iy (PSON-SC: w=
045.(;1:(:2:1.6,512:%, SPSON-SC: 0.7, (:1:(:2:146.51?,:% SPSON-SC:
! c1=c2=2.0, SR:%)
1 &b, BIgHMETIE PSON-SC IR EEOFH R
ME L, SPSON-SC I Z ORISR L TWB. —7, X2
kb, ZigEEoREICH LT, SPSON-SC i PSON-SC

LHART, AFEHIZVWIEETRVWEEZRLTVS.

4 LTIV

ARTIE SPSO ZHWE Xy b U —212H oKL,
SPSON-SC Z{2E L, HAWRIERMEEZIHMEL 2. 5
BOFEL LT, WHEHHENAN— Ny = 7ADFEEL | [
B AEBEOHEER X510, fioX &b 2 —1Y X7 4
7 ZAFHEE OMERED LLEGEE R E 3BT S 5.
BEN
[1] J.Kennedy, et.al., Proc. ICNN, 1942-1948, 1995.
[2] T. Sasaki, et. al., IEICE Trans. Funds., E100-A, 4, 996-1007,

2017.
[3] H. Qi, et. al., Int. J. Therm. Sci., 46, 7, 649-661, 2007.

c1=c2=1.9, SR:§)
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Performance evaluation of an immunity placement method for dynamical connected social network
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FANE
A, R A 72 & DY A IV AREKEIIBLTE Y,
ZNSDT AN ADIHIIHIA KD SN TNWE. ZD7k
B, TANADIHE < Fike U T4 DREilET
EDREINTVS [1]. ZTNSDOHRTI VR LT 5 —7
Bl Fik (2] 1%, BESCIRBOBIN 2% B L R\ H
7232y b7 — 2128 U T O AT 72 E T\ 7z [3].
X ZTAMTIE, B Em2beZ@ L7ty F T —
JIINUT, TVYRLY F— 7 FlEllEFiE% EH L7z
PR DS D NI R 2 A U 7.
2 XY NI—VETL
AT R Y N7 —2ETNVELTBAETIV[4]
CER Y bT =2 e LTT Y ETLR Y R —2 5]
T AWz,
3 REREFE
BRIERZ IS B SIKE LT—ED ) — NITx L&
F%mﬁiéﬁrMEiﬁﬁﬁéu P 2 i X 1
J =R, BiEE — F 2N LU CTEHd 5 2 L3 UK

*f@#ﬁ%mﬂTé $%Ti TURLTF— IR
FERLIETA [3] 12 & 2 AL O M Z2ilA 5. FlHZ

Jfgﬁﬁ — 7 FOREEAI RN — RE T VR A
Z10ERT 5.

1

2.%mbt/~bt%%/~P®5%,%%%mmﬁ
ZHETS/)—RKE2DET 5.
3. BRL ) — Ko T 5 ) — RAT VR LT 4 —

%gggﬁbﬂb REEWIREEETS/ — %
4. WBU=hDroRbEBWIRE 2GS 5 ) — RAfE
EHET 5. it,y%mwmﬂ%ﬁ¢6/~b#
BEGEINTWABIGE, 7V A LIZREERET
5/ —REPRETS.
5 HBEUUEREHEEITRIEL»S 4 28 0KT.
FIE 3 & PR 72 FIRIF SR M AR E FIE (TAM)([1]
CIEENS.
4 RBREEBTTIL
AWOETFLELTET, Ay T—=2ED/—FKD
FDS 1227V ALTERL, ZhzEg/ — K& L
2. R, BYLUZ ) — Ry VAL CHHET A&
%@@b/—FA*m®%Yfﬁ4w1%@méﬁf
BTG — RPBHE ) — NI 2E 2 5 F T
Z1HEEHL, 360 HM a2 O KLz, £/,
T2 U7z ) — RIZIRD H D S EHE K 2 A RE & L
t.g%#64aﬁﬁbt@%/~Fu$@%®%%a
RBEUL7-.
5 FHMiEE
ZDTFVERIINVIY "I

{n

{1

ZIZHRS B R E FIED
W%@Tﬂ]ﬁﬂxﬂ%’i’ﬁa@" 57017, FHEfERE & U TR
B d2) AUz, BEEE dIFIRRT Lo TEHRS
nz (X)), A1) j’ob\'C NE/ —FE, nipg &
Yy ) — REeRT.
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ELAEFBELER

. d = ning /N, (1)
6 ZERER \
$£ﬁ?@,BA%?»¢q3%yﬁawiwbv~
7 Bl UTT YR LY 4 — 7 G ETEEZEH L
TBRDEYEIBE T VOB ZFE L 72, AERTIZ,
BA ETFIWIZBIT AT ANV ADRBLHERE 50% & L 7-.
7z, MR T— R 2HWEEOTVYRIILVEIY F T —
71iwﬁ%MEﬁfﬁﬁﬁﬁ%EﬁmbW%f%%w
72, REREEHISIEE ) — Rz LT 05 60% DM

TEIE. BAETLVETVEREILERY bT—27D
TNTNDRPEEEZK 1 ITRT.

08 T 0z T
i E i -
% 05 . %mz
e 04 £ 01
‘_gu:s Ry ) Egg
i .

o, 01 02z 08 04 05 08 01 0z 03 ~ 0& 05 08

ratio of Immurity placement ratio of Immurity placement

(a) BA €5V
1 Bxy b7 =212

(b) FvRINZY FT =2

BIF 2 100 [V U 7 R E O HER
B 12 B TR S 2 BB S B A, MEm 3
EeRd. M1L0, IAM &I VX LY+ — 2 fulhliE
FHEE, BAETILVETVARILRAY M7= LT
BADHIHIN I D 5 = LERER L7z, BA ETLIEE
RIZH LT 35% DRz Bl S 5 Z & T —4F 21T /&
PIEDVREE T B Z L 2R L7z, £/, TUKRT LAY
F7—2TIE, JODBRVRERERTKREIELI L
PAERE R L Bo7e. ZS DRI R Y b T — 2
ERKRELBEBLTVWEEEZONS.
7T FED

ARTIE, BAETIVETVRIVLY T —2ITH
LTI Y RLY 4 — 7 ETIRZ B U 7B O AR
ETIZ &L 2B E DR ZE L. BIRs Y b
7 — 2 Tl%, BEMEBOMBEIC & > TR 2 IE LT,
BUHERRE D, TURI VA Y T =228\ THRER
BB OIHNZ SR TH BAER L 725 Z L 2 MR L
2. ZOHHE LT, 3y M7 — 7 EEDE ARG
M HET 2 EAONDD, LOREKAITHET
BEMNEHAS PR TV, ZZTHSHBROFEE LT,
Fy b — O REED RS2 DBy N -0 %
HWRE UTTFROFHE 21T FETH 5.
SE

[1] K. Motoyoshi, et al., Journal of Tokyo University of Infor-

mation Science, Vol. 15, No. 2, pp. 1-11, 2012.

[2] M. Mabe, et al., Journal of Signal Processing, Vol. 21, No.
4, pp. 159-162, 2017.
] Y. liduka, et al., IEICE, pp. 1-17, 2020
[4] A.-L. Barabasi, et al., science, Vol. 286, pp. 509-512, 1999.
[5] http://www.sociopatterns.org/datasets/high-school-

contact-and-friendship-networks/(access 2022/1/4).
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A Study on Weighted Visibility Graph for Marked Point Processes
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THEUHALRSE T80 BRSO RERSE KB TR R IR TR

1 FCHIC

RERY B M v 7 — 7 B L THRIT S 2 FIED
1 D12 Visibility Graph (VG) & [1] 23® 5. kD VG
BT, Z20ZL D7 — X ORI —ETH 2Rk
%] (Equally sampled Time Series, T ETS) {Zxf LT
HHEHNTWS 2] LaLl, EMHFOT—-20% 13,
R fEIRR DY — & T3~ — 7 i fEFE (Marked Point
Process, LUTF MPP) & LT#lHlxNn 3. HIL, VGIEED
MPP NOEH PR Z a6 Z L b EETH 5. f
ZIX, HEFBHO MPP &, ZoRREREEZ —EIc L
ETSIZHLCVGHEZ#EHT 2L, fohikty bV —
7 DNTRER M T2 Z e dMEIATVS [3]. Z
AUIA v BT — 7B L 7B MPP O RF 1R
WRE LT THB. 72 TABTIE, VGiEE MPP
WS 2, REERERZ CD LS hy b —2
WS RE DI OWTHRET LIRERZ WG T 5.

2 RBRFE

ARFETIX, MPP ZBIE~RL X — 4 BAf [4] & D ERK
L7z, BRI, UFO 2 O TEIC X D ERT
5. 1 DHOFETIE, BIENIL X — A BEAROE % VERK
3% MPP ORHFRICEID BT 2FETDH 5 (Values
to Inter Event Interval, BT V-IEI). BIE~L X —A4
FRORZ n 2B 2Kl x(n) T2 L, TENT S
MPP @ i FE DA N> PRERA 3t = 3 2())
Y%, 2 0HOFETIE, BENILX—A EHOIRE
fdz(n) & z(n+1) ZHHET 2803 0.5 L b B %%
MPP O A4 XY FFEEARZ T2 (NiF). WIHLoFiE
WKBVWTHIER LT MPP 7 —&¥1x 2,000 2 L, ~—
7l m; (XX [0, 1] O—FRELEITIRE L7z, $£72, &
FEEHWT 100 o MPP 2EK L 7=, % MPP O
~— 7 A U CHREMEE 1 & Lz ETS 2785 5.
ER L7z MPP & ETS XL, VG #EEZHWTEANMN =
2y b —27 BER L.

AKFTIE, MPP © i ZEHDAXRY b1y bV —
BT BEM v, 1D, OB, MPP L To i
FHOARY MY jHFEHDOA XY HE#E ; =
Vit —t)2 + (my —my)2 ZRWT, JH v;,v; BMOE
&%Zﬁ%bf: Eﬁiﬂ’ﬂ:&i Wi = lmin/lij e I./7LC Zﬁﬁ,
HA% Wiy = lij/lmax e Lfii.%/lfl\ [5} DAGR & LR L 7=,
72720, lmaxs Imin (& li; OFRKME, R/METH 5.

3 EHERER

AT L7y vV — 2SR E R T 216
LT, BEANZEHELRER L, 6] & 4 BEOEA
Hxr 2, cP . cP ol [7-10] #Hw

2022/3/15 ~ 18 F v T A Bk

7=, ARETIE, Ly, CF OFEMEE 95%EMHXE ¥ 1t

CRT (1,

2).

1 RREZRRINEM L7531

SRS

IR 5

Ly

o)

V-IEI

MPP

0.033+0.003

0.011+£0.001

ETS

0.98840.003

0.37340.000

P

MPP

0.28140.003

0.152+0.001

ETS

0.988+0.003

0.373+0.000

#£2X

R [5] D

THEZRRY

VI U 7GR

SRS

IKFR 5

Ly

c?

V-IEI

MPP

0.74740.045

0.00740.004

ETS

0.813+0.044

0.005+0.000

MPP

0.765+0.045

0.003+0.004

Pl

ETS

0.82340.044

0.005%0.000

£1, 2&0, BEELEA LGS, L, & CP 2
BWT MPP & ETS 2o/l Sy b7 —27 DM
WEHEEYH 2 e 5. Zomg oP) st
DY TR THRETH 7. —7F, Sk [5] DE
AT EAWEESE, L, £ CY 12BWT MPP ¢ ETS
DO LRy P =2 ORNCEEZEZ IV, b
DFERD 6, FER KT MPP ORI RIFR B R 2 @) c &
ANERY NV —JIIRKMTETWEEEZIONS.
4 FrH

RRETIX, BIELX—A &% HNTMPP 21ERK
L7 kg, Boh/e MPP #EHAE Xy b7 —21Z
TS 2 FERIRRE L. 2R, HEERZEHAT 3
Z &, MPP olfHMEEHRS X v b7 — 7 HiEICK
XNz Zedbhroiz. 2, AHFEO—EIX, JSPS
BB E JP19K14589, JP20H00596, JP21H03514 DB
BEZF2bDTH5.

BE K
[1] L. Lacasa, et al., PNAS, 105, 13, 4972-4975, 2008.

(2] J. B. Elsner, et al., Geo. Res. Lett., 35, 16, 2009.

[3] B. Aguilar-San Juan, and L. Guzman-Vargas, E.
Phys. J. B, 86, 11, 1-10, 2013

[4] Y. Aizawa, and T. Kohyama, PTP, 71, 4, 847—
850, 1984.

[5] M. Zhang, et al., Sci. Rep., 11, 1, 1-12, 2021.

[6] X. J. Xu, et al., Int. J. Mod. Phys. C, 17, 04,
521-529, 2006.

[7] B. Zhang, and S. Horvath, Stat. Anal. Gen. Mol.
Biol., 4, 1, 2005.

[8] L. Lopez-Fernandez, et al.,Proc. of 1st Int. Work-
shop on MSR 2004, 101-105, 2004.

[9] A.Barrat, et al., PNAS, 101, 11, 3747-3752, 2004.

[10] J. P. Onnela, et al., PRE, 71, 6, 065103, 2005.
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Emotions and hubs in a network of colexification

fEZKA 1 AT !

HE R

1 1IC®IC

ITAE colexification (230 < BB DM LEH %

£HTWS [1]. colexification & IZH—D HFEIEED
N %%T%ﬁ%fﬁém.miﬁX&4y%KB

W, “malo” ¥4 BiZEE “BAD (W) & “SEVERE
(Tﬁflbh\)”O) DOMZZEERL, colexification % 23
3. HDBEFBIZBWT, colexification & 25 2 EE DR
RIEERPEL T R EMNCH B, ZD XS REBE,S

Wi e T8, 2 ODWEE2 5 colexification #2555 ﬁg

DR OEAY LI-BANE 3y F7—2 (K1) 2
W3 T LT, BEAROBELEIC RS W SRR T

N%ﬂ%ﬁﬁbhfméuy
\M
/—1 “mauvais”: French J—\ weight = 2 weight = 1

(French - Spanish) (Russian)

—>

(O

\ ‘AypHoR" Ruwan\

‘@_. ‘O concept —— colexification

[ 1: colexification % v k7 — 2 OYER]
XHR [1] TlE, ZD &5 7% colexification v V7 —2
LTIV Ry =2 %R LB, FEOHERT
MBI 2 n AT v THROBRIERERD 2 Z 2T, K
HrERITHSHOBEMEEZFTEL VS, LrL, ik
1] TlEn=1,....5 DHFALIBFEINTVRY. 2
TARETI, ATy 7Bn 2P LB, 2y by —
7 DREEDZALITOWTHE LR R WG 3 5.
2 Ry bI—UDEMRE
F9, K [1] EFEBRIC, 3,061 DEFEICBIT S colex-
ification % IN§% L7z 7 — X X— 2 CLICS®[2] Z W,
colexification # v NV —27 Z{EK T S. Z T, THA
ZERAWCTEHEZL TSR OMEN BB H 2%
BL7zxy V=0 RERT 5. 7YX LT 4 — 713K

TE 2 THRA 2 BB HERITH P = [Qﬂkﬁdhfﬁ
BT 2FHETHSE. TIT, Py=Wiy/Sh Wi, N
ZHREEE T 2. £/, n AT v TROERHERITYZ

Prr¥5. XHR[1) T, BMW =3" P REAME
BEEATA I T 2%y N7 =205, REMLRBIEOR
v, FofE& %(&@&%Hﬁbt%z%? 7 )
%Wﬁbfv%.%@@,é(@@ﬁ&704)mﬁb
TCOP # 02T n OR/MEN 5 THoFZ L b b,
CO TERXNZ Xy VY —212BIF %, BIGEE TS
DAIa=TAEEEFHELTWS. LEL, n=5D
BE, BRIEERITES W%$<&%uﬁméﬁﬁ(,q
DEIE A5 D THD, 6 27 v FL BN THR (BER)
D BIIEE XN TR,
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%Hﬂ 7\ 2
BERE?

!

3 BUERER

ARTIE, BREZRIBEHZE OB LN,
BAFLIN & FRTHER kﬂﬁ?%ﬁﬁ@ﬁ%%%é%ét
@,7/&A7i TDAT v THE 1,000 T THEMNX
Bz Fh ERT 20y bU—ZICBVWTRAT v 7
PR LR R OEAICKMEE 27280, P* %2H
AT EBHEITH 2%y N —ZBIER L. F77,
PP h H5RFENREEOM R, ZOBZXLZEIBEDA
PHH LRy b7 —2 QU BER L2, fERLT=% v
F—2 QM M2 D EEIZ, v b v—2 QMW ItH
TR DEADTHE TERITRT.

n=1 n=3 n=100

n=1000

1 0.002

o
lz,xyb7:7@mkﬁ®$& ﬁ

205, n OEINCE->THRY NV —7 DRDEAD
—EEIIRT AR oS, 7, M2 TERXD,
QMW IBWVWTHLEAEZROKDOEEHEEL TV
ZEeDbmb. ED XD BREDEEERERT 50 Z R
L7z 25, FAICTHRIAP I TH S Z ehbhrot.
F7z, BEADKZWIHIZ “GOOD”, “WANT”, “BAD”,
“LOVE’ TH 32k, ZNH6D 4 ODTEMICHD S ED
BHAE, HORDBEBAIHARTRKE W L 2R L.
51, INHDADDEA, BEZRIWEDS 5,

Iuﬂ%ﬁimukﬂmﬁé,ib%<@ﬁﬁ2%%
Lfm% EHMER L. 2y bT—=2I1TBWVWT, fio
THR AR THEE S 2 THADZ WIHREAN T L FREN 5
Zenn, Thod 4 DDTHMIE, colexification v b
U= ZBWIANTTH5B I e RINT.

4 Fr®

AFTIE, colexification 3 v bV —27 ZERR S 2 FRIC
AWE I Y E LY =7 DAT v THERMEES L
THL S, v b7 —7HEDOZEIZOVTHRE L .
Z DFER, colexification v bV —21ZBWT, Nk
BRoTWBEETRITBERITMNICT 2THRMEET S5 Z
tipﬁﬁuué nr-.

ARG D — &Ik, JSPS FHifF#E  JP21H03514,
JP20H00596, JP19K01653, JP18K12701,
JP21H03508 DK EX%T 7= DTH 5.

BE
(1] J. C. Jackson, et al.,

pp. 1517-1522, 2019.
[2] J. M. List, et al, https://clics.clld.org/,

(Last visit Dec. 3rd, 2021).
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A study on reconstruction parameters for transforming photoplethysmogram into time-delay coordinate system
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FUERRLAE

1 FC®IC

BUAIRE R 9 2 B IE A R I U, JERE 22RO
7 N2 7 REENT 2R, NFERORFEEIEET
3 FTREARAIRTHS [1,2]. LrL, BIEEERE
W2 B, YRR e REN 2 BE T 5
DENDH D, T, ETF—RENTT 280, HE+HS
D OATBEZRBR D /NS WHERERRTT & RTREZRRR D /NS Wl
BN EE L., FAEZHIC, BEETLVOEDT b
77 R BRNRERI D SEER L7 77 2 ED 2 5
MR A O FERE 2 3R 5 2 & Tl RS2
A —=REWET I2FEZRRELTVDS 3. £/, HH
M7+ 7 7% LD 2 B MOTY br -2 KK
L5 2HEBRT X —X1Z, BEO7 + o7& MR
b2 2 & LD 2 FIFEFERED AR O BERE 2 R ME S 2 P
ok R =R e R—HTEIBRLTVD 4. &
FRTix, AOFRED SFHIIL 2R 7 — & [5, 6] 1ZX L
T, FMEIOT, REENEZ(LXE, AR o2
& Lo 2 SOy rr Y —%FE L, #ik
BB XA =X OME 1T 7D THET 5.
2 MBIFRKRT—4

AT, NDIBEDL SNV FI X—& (HHT
NA B XA DR Y TWS920 BFE Xy b LR -
Z AR [7]) W&o TLED Y% HWTIHRERICERIL 72
HEARE DRERIN T — X 2 RTINS e Lz, 2D, TH
FHEBIRE NZ2RWR e T 25 EEIED FM R RIS
B3 2 HE ) 1w, EEBRFIER & 28R 03
L, AEZEE/ZOBICERN 24 COPFERIRE T 20
EIRRETI 5 DEIRHI L 7=, £/, AR THW=7—
X, 22 RDERR LD T —2THD, FHAREDY >~
TV 2 I RREE 1/409.6 7, AT L 22RERYI T —
ZDH > 7Y > IRIREE 10/409.6 B e L=,

3 BUERER

ARETUE, MR T — % 2B RIC AR S 26,
RERITT m, KB 7 % 1~30 O#EIFH T (L X8, B
W7 b5 27 & Lo 2 mEEHS oY b e v —%5F
B [4]. 208, 7—&5803 5,000 AWV, 2 KM
FEBE AR DFER AL, Freedman-Diaconis DIERNZHE -
THWELT [8). BREXLIORT. K125, KiEEHL
T D/ NS WEEIR T, =2 ba b — 3N WEE
BRoTWa, —F, KEEN r DRELRBITONT,
IV hRE—FREVEERSTWVS.

4 Fr®
ARITIE, A0fEseD 5 L IR ORERS 7 — &
TARL RIS BBR, AT X — X E MY

2022/3/15 ~ 18 A T A Bk

R4 Y KT 7 =—F !

B 2
Yutaka Shimada

g
Tohru Ikeguchi

BERY

2.94

2.92

2.88

2.86

Time-delay t
Entropy

2.84

2.82

2.78

2 4 6 8 1012 14 16 18 20 22 24 26 28 30
Reconstruction dimension m

1 FEEoT, REENE 2L X B 7=BoEER Y
oA LD 2 SRS OZY FrE—

WELXE, HHKT ~ 727 % Eo 2 SIS o
Yrub—%HE LR ZOMEE, FEENL r/hEn
AT, =¥ ba =2 ERED, RERE
B T AR EWEPITIE, =2 o —2HEiiR Ewn
EZES Z e hbroT.
AWFFEO—ERE, JSPS BHifFE (Nos. JP19K14589,
JP20H00596, JP21H03508, JP21H03514) DR % 52
I CTiThis.

SE IR

[1] F. Takens, in Dynamical Systems and Turbulence,
eds. D. A. Rand and L.-S. Young, 898, 366-381,
1981.

[2] T. Sauer, et. al., Journal of Statistical Physics, 65,
3, 579-616, 1991.

[3] K. Sawada, et. al., submitted to NOLTA, IEICE,
2021.

[4] EEH ftb, {F2EER, 121, 307, 96-99, 2021.

[5] I. Tsuda, et. al., International Journal of Bifurca-
tion and Chaos, 2, 2, 313-324, 1992.

[6] N. Sviridova and K. Sakai, Chaos, Solitons & Frac-
tals, 77, 53-63, 2015.

[7] BT NA X PAHOHEE 3 TWS920 FFEFx
v b TOUVZ + F9K] https://tokyodevices.com/
items/188 [accessed 2021/12/21].

[8] D. Freedman and P. Diaconis, Zeitschrift fir
Wahrscheinlichkeitstheorie und verwandte Gebiete,
57, 4, 453-476, 1981.

Copyright © 2022 IEICE

(ERE - EBR/NOLTAEERXE)



N-1-29

2022 £

EFIRmBEFRRERR

| 1-YREICEELE
NI TT )T Y 27 LAERET — 4 DR

Analysis on usage history with user attribute in a bicycle sharing system

B Wl

Honami Tsushima

T
Tohru Ikeguchi

SRR

Tokyo University of Science

FxpE

NA 227 )Y T RAT L (BSS) TAL 2 HERH
DB REERE T 27-012, Fox3ER D Bz
IVEE % F W - BB FAC B R OIRR v Z oM Ic g
2R ANBEORBICIOEATYS [1, 2]. 2D
T VR AIR— FEEE LAY O FILORER E vy
T, MHREFHMliZ 1T - 7243, EERD BSS 1B % HALE
TEE DRI HIE 2R T 2 7-0121F, EBEOR— b
FoEeF AR e AR Z e D EE 5. £ 2
TH4IE, BSS OEBEOFAHBERET — &% ritE e 8 2
5 Z e THEMEITY, FH 2 EROFH AR —zED
BWZ e REEHSCLE [3, 4. FEBED BSS T,
A 71 —YEMESFARERE L i CiditxhTn 5.
Z ZTARETIE, a—YREEOF Ty RICEMATE ISR
WEHT % Z & THRHBREZ BT LR EHRET 5.

BT R AR
AFETIX, 2017 EED > H 2 [5) OFIFHERET — X & i
LR E RSS2, FIRAERET —2121%, HigE%
D 7zKR—1+rDID L HEF, BEHLAR-1+DID & H
R, 2—HEMELPEETNTS. 2—¥—BEBIHIEERA,
JERHD 2 D H 5. AT, HBIZEHOR LR
PITbKizE s e LTy, 22X 7a v b,
EEREL (Cy), RFZEEIRE (Ly) Z VT, &K—1
B3 HEEHOEH L IRHID A XY hDOFESR—
MEDIIWIRES B L. Cy & Ly KD B 7
®»IZ, ¥, inter-event-intervals (IEls) 2K 3. »H
ZR—FTi BEHIZARY POBRELEZREZ t;, X
FOE—FTARY POFAELBRZ 6 £ T 5. i
ZFHDIEI 2 T; = ti —t; LEFET S &, IEI ZHW
T, Oy, Ly & Cv = \/1/(n— 1) X1, (T: - T)/T,
Ly = 1/(n—1) S5 3(T; = Tia )*/(Ti + Ty )? Y3
EIN5. nFEIOHEZRL, TIZIEIDFH%2RT
Cy 32T IEI0ZEZ/RL, Cy =0 THiUuX, HER
HOBH  IBHOREFHANICHEEL TWDE Z 2R
. —H, Oy =1TdhHHUZ, Ry vz, %
7z, Ly 2%, RFTREEZH 218 TH 5, Ly =0
THIIHEEHEOEH « SREORE A REL,
Ly =1 TdHHE, IEIZRY Y Vil 725,

Bz, 8 HOE—/KIEH (FH) tH—+EH (E
K)DEHMIZAE T vy M 1IRT. BRI (5)
L, MEENEIR— 1 ID ZRLTWS. K1 &b, &
HARI & O H O X — 23R4 OB I
K OBHIRHEIFA XN, BERIGEHORETICEE—
IWRVRE—THDBI bbb, —F, EMIEFH
FXFH, EREGESH ORI MR IC Y —27137% <, BT

1

2

2022/3/15 ~ 18 F v T A Bk

2217

X N 2ERCH B, KIS, F£1,212, Oy,
Ly O e, pr @ 5%EFEXREERT. K1 XD,
EH, BRI, 2—-VEEZERLRVWEGS, EHF
H, EHIERHOETIZOWVWT L XD KEWERZ L 5T
W3, —Ff, £2&h, 2-VEEEZERLLRVES
EHFADEEE, FH, HERET1IGEDE, FIT,
EHRHOEEE, 1ISEWVEZES Z e hbh otz

s Bk
600
EH 2400
I | 200
0
600
e Q400
3ERIA | € 200
GO [ 12 - ;:178 Ziﬂ 6 12 - 18 23
M1 x2&x7av b
£1 Cy OfF#EXM
EH ERN

Z—FRIEERAL [1.64 < po <175 1.62 < po < 1.72

TEHAFI A 1.66 < pe < 1.77 1.48 < pc < 1.56
EHAIERIA 1.36 < peo < 1.45 1.59 < pue < 1.71
£ 2 Ly OFHEXH
\ FH JAR

I—FEEZREAL [1.11 < pp <1.16 1.23 < py, < 1.28
TEHAFI A 1.08 < pr <112 1.15 < pg, < 1.19
TEHFEF 1.63<pr <1.71 1.63 < pup <1.71

3 F®

AR TIEERD BSS OF|HRZ —iconwTa—%
BYICEEH L2 To/z. ZORE, S22 7oy
k2 & EHAR A L & BAIERI & o HEREH O I o %
R— 3R, %7, REHREOER»S,
EHHAHE OFH O HEEHEOR S Z — 13 112 WME
BED Z e bbb ol RFEO—ENE, JSPS RBHif#E
JP20H000596, JP21H03514 D#%8h% %13 7.

BEH

[1] H. Tsushima, et al., J. of Signal Processing, 22(4), pp.
157-160, 2018.

[2] H. Tsushima et al., App. Sci., 11(16), 7749, 2021.
[3] H. Tsushima et al., NLSW2021, NLSW-32, 2021.

[4] H. Tsushima et al., submitted to NOLTA, IEICE,
2021.

[5] Divvy system data.
https://www.divvybikes.com/system-data.

Copyright © 2022 IEICE

(ERE - EBR/NOLTAEERXE)



