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Random dynamics from time series

e (LmERYE - EFREAER | BERBEER)
Yuzuru Sato (RIES / Department of Mathematics, Hokkaido University)

1 HEFERR

METFHRER L, HEROBRAED ) 4 XI2 X h KIBICELL ., RERmHIR
TBRII N o753 00 A AFETTHRAINS L) IR BRTH 5,
IHON-HESFEBERKTH % (a) BEEILB (1, 2. (b) /4 AR [3, 4], (c) 3
EBH LA T R[5, 6] 12, WTNLBRDOOVIGES R F R I TRESRED, &
FFAY IH RN EVOEREESG LN/ A XEOHBERRICE VAL 5,

(a) Stochastic resonance  (b) Noise-induced synchronization (c) Noise-induced chaos

X 1. #EFEBAROLEL 5 NEFOREEMOMIE, (a) BRLE: HJERD R
Free ARy 7, (b) /4 XEH: REFROY I v A 7V EDORAEE,
() MBHEA A+ A: h A AMHERDH AT 49 74 F b & BRI,

L ICHRERNNERDA A AW, B IIEBENICAH A ANTH 256, FFE
AL HERERSKNEL 2 2 ENHONTL 3 [14, 15, 16, 17, 18, 19], ZDEHRD
B BT IREETH D, /4 A EHERICOLTONERER LPIFEIX

*ysato@math.sci.hokudai.ac.jp




P, =7, WEEMRR (7] REEY XL (9], FEELKR [8) 2 atkix kR T
HARRRVERNWICBHEINIILDTEY, /4 X0/ HERTEL 3IEE
RRIGER 2 HED T 5, BHIZIZ Fokker-Planck HHR % Perron-Frobenius

TERRICE D (BN A ZE DO T T, 5 v 5 L H%RBEHR 20) 1ok

DXYERDE N2 D - BHRBBEBLE L INT VLB,
FERXTIRZDX ) BERICHEI S HRTF— VBT L Z2OBRICOVWTEET 2,

2 Usy—=>7av b

ARARRINDBITED—DE LT, V¥ —r7ay b Ew)HENL S
NT 5, —RITORRINT =2 {z,} 120 L CEEERE (2, Tpsr) % ZRTER
Uy 2 & 2 DEADEEBE 7,11 = f(z,) ZBET 2, L0IED THELSD
WiETH 3!,

Xn+1 Xn+1 1 1. L B w‘;"“*‘ ~“

e g

Xn %o X
(a) Deterministic chaos (b) Return plot of (c) Stochastic randomness
experimental data

X 2: BRINDY ¥ —> 7Ty b, (a) ~RILEBRDIF R 2,41 = f(zn). (b) I
RRKOERRRIIOY ¥ —vTay b [24], (c) ARBED WS v ¥ LHRF,

2(a) D & ) ICAKRRERIN D LRSI f HIKIBIEMTETH o5, 20
RFAFAHTHE EHRTE, R2b) DL ICEMIFETHIRLS VI LT
THBH, H2VIEFERTORNTEEEFRE> T THEND 2, ZD k) 1E
R 6 DA A FI2ERHF & L Tid Kolmogorov/Martin-Réf 7 > " 5 % R 1§
% Brudno complexity([11], FFRFID 7 > ¥ LMEREDHF £ L T Wayland test[12]

VIR 8 1T B Poincare [, FREHL L OSENER T2, BERER LWL, H
RRRBKRIIT—5ThH ), HROEBHMIIH-> T, BENARESRRIDLI> TR,
85 Poincare % Time-T B/ EDEE 2 RE L THEITSTONS,

25



REWHB, 2% bHAAMRIFERES O RERIAE [10] &) B2 R -
THEL7DT, ZOYIHVORERTHS, COEZHZ2ISIEDH DY
DIABREHR [13] THH ., INIBROIERERRIIBIRNEHERB L, THvo
TR & ICERABRADBRAL R (& 5 IZERAEAD o OIS
T DB E %X R OKHEER) OBRRNBITICHBRL 72, VP —v 7oy MEE
7o. BEOHRTLPEEEZFEZNTOLR2 > —RILERDBIHEDEEME,
% OREFICRBS 7,

Yy —v7uy bTH2) D& ) BEEBE OIS, PREHENFERIC
E3BRRREFNOBELZRATHIVES ), —HK2c) D& ) RRBBON
A, BRRADERAB/RN L7 70 —FBRYTH 5, MiFIIRERGEHR
BRcoIRTHH, BEIERFVWEBBRcotRth s, —H THEDHE
BIVEHROERIGRII T — o BEINVF—v7ay M, BEAEHIT,
X 2(b) D & J % (a), (c) HEDHEOEEEZFK>TWw 5, EIFEINTL VDR, Y
F—v7ay P IEBERTT—IRTERZALETDOLD (HH5VIET—FZD
bD)THH, ZOREBIROFAERBE T 2MIcEROENTVS, K2(b) ICH
TLENZREEFRD TEH) 2EEAL T, NREERTONER 0011 = f(z0) T
EBIL., DERFE R EEET LT L2 b Litky, Ll akdER
BEHRELLTOAARARITHOREHENFEROLRES & L TRESI N 5E
WEEAETH D, ZOHEAEFIMERTHAREZ R L T ELTH, AIZ
Y RATF LD 7NN T 2RV, ZOETNMICEILTEYIZ
ELKHEBETEZDE ) DALEIES,

ZITI, ETV%

Tntr = f(Tn, &n) (1)

EWHSUSLNERTEZL S, BEE 3D MRS BRERTH D,
KERZRWSFREFR>TOTH L, BEE, (B, A7y—VDRLR25 ()3
7 AD S DEE, RERNA, BRI 4 X, EBR A4 X, BHEELUOBERYS ¥
RELBRINSG, HEBER fRBAZIEERAT LI NERIET - 95
BEXNZ, SATLABRIETH 3 Z LERETHIZZ NVSHERBREOHE DR
b, BERNERORBICINE 2, BELRERNVIR L L TORBHER
7Y VS RFEENCAEETIRD 50, BRITOREBEDHEDAAFRITIZIZIE
RABETH 2, U LEOBRICE SV TRERERBPETHELIRITIVILA

26



HRETFTV UV IEEELL I,

DT VT LNERETN (1) THRERER L HERER (20, 6,) 2T — 05 &
VED B, TWZEBELHETH 208, —RICHERBLRKEHERTIIIER
EHERRERONMIREETH 32, WYL HETHZBRERFEERERAET
EEbLNBVY, RTF—LTEXEH2 L) RKEHERT, EXRTOREHE
B2 LR TEBHE T — o BEICKD LD IIESE T3 RS,

B1EHTRREFFREARIZ, /[ A0REZZE I, REREE
EHERBRONMEBBERTEZVIBAICEL 3HRTHS, tdHWVIE, D
BED»OGEZZ2L, BALTVARRAY— L TOHHR 2, £ ZNUNORETERD
MEFERIZOWT I VI ANERET I (1) LT, 2, DB HE L2 HEEHEBTR
ELTOMT 2, LI 770 —FBERLBITEICRS EH/FINEY, 2D
T7R—FIZR, TV ANEROFIERHERNLEN 21, WENIZERD B
SARBOBLRL L 2 DR, FTEBERDHE L RYEENME, RRAHER
YEBEDEELLY, REITIELALMEINTI - -BHDVEE., FiEk
EVBRE LTI D, BFEARACE NSRS HERERDERAICERE X g,
AT EF 3 REHERERTD L . HT F2ERNERoPROIED 2R
H@RMEONZDTREVWES I, L ICEMESOBHZICEEN S D, o
AT LDOFEMICEHESENFEE, ZOT7 Fu—FERTH 2 AREMELE O,

3 RBRRINT—IDSOT VT LNEROMME

I TREHERDERT — ¥ CHE2MDOHERD 2BE D £ { v o = HHRf
ZHAT S, WINDH B ERTORSHERRICE ST I N,

1. EHERERR DRSRIURRAT [g].

— 2 DOMfEATHIE % EE LSO A6 & ¥ 2 FERERICE T,
BOEEFRNORE DRI - K ) ERBAICEBT 5 AL v F

22520 T O RERER LERERDEDT BT L 513, FORIKEHERTR
W, ERERTRODPDOELSDTH S I,

SINBERDOD B OMEFENME L R 200 LIRwh, H3F—FD 7 v ¥ L EREEI
HET 2DRIHBNCATRETH 2 Z L ICERTIRETH S, RICZORAEVBTERLELTYH.
EFAVEBITT 272012010 5 Vv ANEROBEKHMNLE LD, L CEHROWEN: 28R
THRHEICR, T IGBBICEEREEETAZHEE L THLH F HBEERE L,

27



JRREBINT 5, MARERAOPIcE L -RmESH 2RO 2R
ELTRAFLBOKE»SDES 2. B z ITKFT 3REEES
DENDEEX ¢(z) ZAREHHIL. z DRERINIDY ¥ —v Ty b 55
UFD7 vy ABREEHRETNVEBEL -,

Tnt1 = f(Tn) + €(20)6n, (2)

— A [1+e—1311(m—p) - 1+:ﬁlp + 1+e—ﬁlz(=—q) - 1+:ﬂzq] (w 2 O) 3
0 (x < 0)

e — e~Pal@-T) 1—e P
(o) =B [(1 T e A1+ ) | 21t e Py | ‘5] - @
& X EEERELTE > o OEELTHES Y AHEF N0,1) TH B, D7
Y LIERIE, BORERE L ROERHOTHBEL 2% A —
FORRNIAFITRADETNTH B, RFIA—F—IHIRITA=
0.38, B = 0.04, 5, = 200, 5, = —20, 85 = 15,84 = 50,p = 0.0215,q =
0.39,r =0.4,6 = 1078 & L7z, &2 5 OHEADOKE S BORUIC
EL %) REESOTEZMBITL, ERTHEINTL2ENADES
DERTYTAZBERL, FMlIIXEzERI N\,

2. AR X 2 DR RFIFRNT [9].

HEHEO R v VEER O DE-TPRABGHINIC B VT, BREHER
ICHEL B3R5 v JEE) L LMD 6 DRF-FERIEB IR & ##
WL, RENDEEEBRN) A X2 DDRL ZHEREHTEHABL. 0
DRRIIDOY ¥ —rTay b 965 VT LHERETNVEZHBEL 72,

K
Opi1=0n+w' +& — nn-2—7—r cos(476,) (mod 1). (5)

£n \ZEAE ) 4 ATHBS T AHEE N©O,0%). n, IEFEBANTEMHE
Prob[p =0] =p, Probln=1]=1-p ThH %, TD7 V¥ LHERIZ,
FEN %) 5 KREEIRE TR ORI-JERHS A F 2 7 2ADE TN
THd, NI A= -3z 1w =0.15, K =0.8, 0 = 0.05, p = 0.28
EL7, HZEOREHREZFRIL TEREDEEN—BUEHERL, =
EMEZT O p OB & b > TEMA-FEFRHER L L 5 X A =X L
ZRBHTL 7z, FMIISORESRI N,

28



HEDRBEMOMESIC L b, KAHERDE AT — Vil 7 — & 3kl
WEBIZFIZAB LIRS TETVDS, ) VotERIERHIF — 7 IcEI
T FVTLNERETLVEBRT B LZ2BLT, 7V L HERDIEREH
R FILZIETVE D,

4 FTLHERE

DWEDS 5 v T LA NERTEBEEZ R OBHRROBER L\ I Hik 2RE
bIR/EINDG, ZNSRKEHENEROEMEFHOH 2D THE, IchoT
VBT THE, WA RAIRER/NIEROBMETHD, BRILAFTRAERA LY
CT LI 7 P00 TE R ) OFBEENCEHAIN TS, —FTF VS
LERDAML YT P77 5 OYEMEERZEEHSDICE>TES T,
BEEBRZEL VT LA ML YO T 57 7 OWEDBEWREN (22, 23] 13,
SBD T v ¥ LhIFBTBRRINZED milestone & 72 5 AJBEMEDSH 5,

BIRTIZ, 7 v 5 AR BERIEEFRER & o)L I — FEROBRN L IR
ERRBERIKIBE L., ETHNOGAMIDIZEA ER v, FHEMEE LT
BEHIZRIT BRI L EEoT0 3, HEREROIRILIRR~ D BARK 2t A
23, NERBEREFOBENRBICEM L 2 X )12, FWTEE L&) RBHR
WY 70 —F03, VY LNERERA~NDERELR 74— PNy 22T 2
LOHIRTE SRS S, |

7 v ¥ A HFERERO BRI, HER. HHRGREAOIGR I b BRR
Tetid, A4 ADRERER [24] 137 v ¥ 2 HERBRICE IO THEREINTK
WRIETH 2, 7V ARARHEEBEEOMETL IO o —FIcEI H
BH3H 570 % Ltz [25], HIEHRA~DIGHICBEIL T3, /4 AN EHERDOEY
#7248 (Partial control) ICBY 3 2 %A% X LT 3 [26],

COMEDERICH-Y, T ORFELAEBBLBRRZ L R EAREED
HIRB AR (ALRERYE). SREEK (ABXRE). JRE—K CERERZERT), MAENERK
(Yo FEEIRE) ICEB L 9,

SHERDIE TR T B B H/NEB% (Tterated function systems) DEFRHFISN TH 2 53, B
ERICTE S,

29



&I

[1] R. Benzi, G. Parisi, A. Sutera, and A. Vulpiani, “Stochastic resonance in
climatic change,” Tellus, 34, p10-16 (1982).

[2] L. Gammaitoni, P. Hanggi, P. Jung, F. Marchesoni, “Stochastic resonance,”
Reviews of Modern Physics, 70:1, p223-287 (1998).

[3] A. S. Pikovsky, in Nonlinear and Turbulent Processes in Physics, edited by
R. Z. Sagdeev, Harwood, Singapore, p1601 (1984).

[4] J. Teramae and D. Tanaka, “Robustness of the Noise-Induced Phase Syn-
chronization in a General Class of Limit Cycle Oscillators,” Phys. Rev. Lett.,
93:20, 204103 (2004).

[5] G. Mayer-Kress and H. Haken, “The influence of noise on the logistic
model,” Journal of Statistical Physics, 26, p149-171 (1981).

[6] T. Tel and Y.-C. Lai, “Quasipotential approach to critical scaling in noise-
induced chaos,” Physical Review, E 81, 056208 (2010).

[7] Z. F. Mainen and T. J. Sejnowski, “Reliability of spike timing in neocortical
neurons,” Science, 268, p1503-1506 (1995).

[8] Y. Tasaka and M. lima, “Flow transitions in the surface switching of rotating
fluid,” J. Fluid. Mech., 636, p475 (2009); Y. Sato, M. lima and Y. Tasaka,
“Random dynamics from time-serieses of rotating fluid,” Hokkaido University
Preprint Series in Mathematics, #979 (2011).

[9] Y. Sato and K. Matsumoto, ” Random dynamics from time-serieses of physio-
logical rhythms,” Hokkaido University Preprint Series in Mathematics, #1012
(2012); Y.Sato, K. Matsumoto, K. Kitajo, in preparation (2012).

[10] E. N. Lorenz, “Deterministic nonperiodic flow,” J. Atmospheric Sciences, 20,
p130-141, (1963).

[11] A. A. Brudno, “Entropy and the complexity of the trajectories of a dynamical
system,” Trans. Moscow Math. Soc., 2 p127-151 (1983).

30



[12] R. Wayland, D. Bromley, D. Pickett, and A. Passamante, “Recognizing de-
terminism in a time series,” Phys. Rev. Lett., 70 p580-582 (1993).

[13] N. Packard, J. P. Crutchfield, J. D. Farmer, and R. S. Shaw, “Geometry from
a time series,” Phys. Rev. Lett., 45:9, p712-716 (1980).

[14] J. P. Crutchfield, J. D. Farmer, and B. A. Huberman, “Fluctuations and
simple chaotic dynamics,” Physics Letters 92:2, p45-82 (1982).

[15] K. Matsumoto and I. Tsuda, “Noise-induced order,” Journal of Statistical
Physics, 31, p87-106 (1983).

[16] A. Lasota and M. C. Mackey, “Noise and statistical periodicity,” Physica, D
28, p143-154 (1987).

(17] V. TR UBBROBESFLERR . FRERL BRI AT A728%, 1688,
p137 (2009). |

(18] Y. Sato and D. Albers, “Noise-induced bifurcation in one-dimensional map,”

in preparation, (2012).

[19] Y. Sato and Y. Iwata, “Noise-induced statistical periodicity in one-

dimensional map,” in preparation, (2012).
[20] A. Lasota and M. Mackey, “Chaos, Fractals, and Noise,” Springer, (1991).

[21] L. S. Young, “Stochastic stability of hyperbolic attractors,” Ergodic Theory
and Dynamical Systems, 6, p311-319, (1986).

[22] K. Lin and L.-S. Young, “Shear-induced chaos,” Nonlinearity, 21, p899-922
(2008).

[23] M. D. Chekroun, E. Simonnet, and M. Ghil, “Stochastic climate dynamics:
Random attractors and time-dependent invariant measures,” Physica, D 240,

p1685-1700 (2011).

[24] R. Shaw, “The Dripping Faucet as a Model Chaotic System,” Aerial Press,
Santa Cruz, California, (1984).

31



32

[25] C. Moore and S. Mertens, “The Nature of Computation,” Oxford University
Press, (2011).

[26] S. Zambrano,M. A. F. Sanjuan, and J. A. Yorke, “Partial control of chaotic
systems,” Phys. Rev., E 77, 055291(R) (2008).



