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Abstract: Real jump processes such as dealing prices look like discrete, but they are often derived by a con-
tinuous background dynamics. To record their movements as time-series data, two sampling methods have
been applied: the nonuniform sampling based on discrete jump timings and the uniform sampling based on
a continuous background dynamics. Because financial systems are continuously affected by many elements,
such as world news and dealers’ minds, the nonuniform sampling must be applied carefully. That is why,
we examine whether the nonuniform sampling can detect the background dynamics better than the uniform
sampling. Next, a good sampling method is generally considered as a good prediction method, but we can
see that the uniform sampling method works rather better for long-term predictions in real foreign-exchange
markets. To explain the reason why the appropriate sampling for system detection and that for long-term
prediction are different, we preform numerical simulations applying our jump models derived by background
dynamical systems, and demonstrate that the difference is caused by the trade-off between the quality of
sampled data and the iteration number of short-term predictions.
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Fig. 2 The marked point process m(t) and the jump process z(t) generated by (a)(b)

the Lorenz-type jump model and (c)(d) the Ikeda-type jump model.
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Fig. 1 Continuous behavior of the jump process z(t). If this

behavior is sampled at every temporal uniform interval
s, it causes missing data and overlapping data according

to the size of s.
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Fig. 3 Real foreign-exchange prices z(t) and their movements m(t) of (a)(b) the
USD/DEM, (c)(d) the USD/DEM, and (e)(f) the JPY/DEM.
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Fig. 5 Results of long-term predictions for the Lorenz-type jump model: (a) ¢ = 0
(noiseless), (b) ¢ = 0.25, (c) ¢ = 0.5, and (d) ¢ = 0.75. Each asterisk shows the

case of the nonuniform sampling, where they period of each long-term prediction

is total p (At,) each dot shows that of the uniform sampling, where p can be

rewritten by r.
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Fig. 6 The same as Fig. 5, but for the Ikeda-type jump model: (a) ¢ = 0 (noiseless),
(b) ¢ =10.3, (¢) ¢ =0.6 and (d) ¢ = 0.9.
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Fig. 7 The same as Fig. 5, but for the real system: (a) the JPY/USD, (b) the JPY/USD
and the (c) JPY/DEM exchange rates.

Wiz 4 v 77— 2WATLLEE R, F 2T
ZRIECHIRTE 0T, GHHIAMOHTOANTH 5.

COMEBEPRI LR pt X, /A AEgllLo
TEALL TS, /A XEgHFREVIZEFTHERT b7 7
& op XELN, ST {vp(ng)} OBIRERY, ZORKE
FORWIEEIKT TS, 20X 2R#LTHERET
ME, /4 X q RS VIR EFREEOAN T £ 5 7
W, BRI DR p IS BB, R
Wt 7)) v 7T PR RS 54, FHlOREY

© 2012 Information Processing Society of Japan

fibhwicd, 71497307 v I TRAEIRIE
WIS,

S5, MHEAY v TEED ¢ = 0.6 DFEE (K 6(c))
Z, M 7(a), (b) DEF—FDFEREHEPLTVE, OF
DEVATLIIBWTIE, B7 ¥ 0 VI IEEER e
TFEHIEOREES R L O L) 20, ¢ KELTA
CETET—IOMREIED TN EEZONDL., 20O
BlIAS, ™ 7(c) D IJPY/DEM I ¢ SHEICKE VT —
AEEZONL. M4(g)~() o asr—bTF—=FET

37



BIRNIBS ARG FEEEFIEESA Vol.5 No.1 30-39 (Mar. 2012)

bHERE L 72 L 912, JPY/DEM OAT7— 51213/ 1 XL,
Nor# e R ho/z. Zhwz, KETHSCHET
Wb o T TFRREIZIZIZ0 E oo bEZ NS,
F7oE 1 I2L L, JPY/DEM Oiily CIds 1 $h34 7%
<, ZHTLOREME (At,) PSKE W, 22 TEMERD
MAC I T, ZoWBRREMEIEC, THEmE L)
LOMESERADV/N S 720, KRR A A H CARkAL S
NBICESL Do/ bRIBENS.

5. ¥&O

ARFGETIE, WA DY v o TR E v 7
V7 AREMA T — ViR, EBEO BB il
¥eF =212 LT, YATLREEBEENTNERE
To7z. 8610, PEMmMEET AT AV v v TR KT
FMET 5 ET, TOETFTNVOBE L5 5 N2 FERE
RITH L TELE LT 72,

BELHEET VO E LT, Yy vy 7THEOTEHR
WIXEAL & AR A T 2 S RIGEFEAEL, ZORT
YAVERIZE o THERM 2 Y % > 72 RBL L2, BRIG
BOREREEGICEE L ZEFT LA — L U RIY v
TEETHY, KT A VIHIEIC X o T S-S R
BoduEamttt, ERNICEBLZET VS HEE Y v
THEETH L. EHI, BT I VMHOAEEE%E /) A
RELTEFIVIGEAL.

VAT LAFEERTI, Vv BT AR CE
TETA VI T IR RETH o7z, BIET VIS
A XDRA L WIGE, BRIGEIORSERT » 7 LIl
HICEoTHMETE 20 TRYULHERTHL. 2%, W
07— NF—7EIRERY 7)) T2l iRE TR
LCRYBEZENVWR D, T2, /A RENEWVIEITTR]
By ORI 5 A%, SRR > 7)) © IS 2
CW ot 2F0, Ta v T L TOEERI
OUNAMTHDE, — ), FREMEEYT > 7)) 7 TIERE
F=FDOREIZEY, BT UH VEIEIC L > THIH S 7z
BEMEBESNTCLE). 2wz, 7— 7 OIE %
F 5720280 7) v MR EIRT 5 2 & dbshE
Thb. LLizonTid, BHFHERETCLFETH 7.

L2 LEMTFIERTIE, 72823 AT A O % ikiE
LT, FHRKEREDS D% EREFERET > 7)) v 7o
FHRTFRREESB . 5|2, /A A&k EE513LH
[ OFRMRENEKRT LOT, KETFNZIT) 714 v 7
YT T EARTHS. OF ) AT A S BT
PFT, Wiy T 2 T DBEL RS B AL,
CONMEIEZ A RXEIMKGT A 2R LTz, 72, B
EFWIIZ)ARBEATLHIET, EVAT LOFRKRIE
DFAHIENTER, DFVFEVRAT LIUE A XD
L, 21wz BTN B CER M EEY ~ 7 v 75
BB EEZOND,

© 2012 Information Processing Society of Japan

BRIz — Ik, CRARE S T (B)
(No0.22700227) O ZTHFEIZL ViTbivE L7z,

SEH

[1]  Goodhart, C.A.E. and O’Hara, M.: High frequency data
in financial markets: Issues and applications, J. Empir-
ical Finance, Vol.4, pp.73-114 (1997).

[2] Mantegna, R.N. and Stanley, H.E.: An Introduction
of Econophysics: Correlations and Complezity in Fi-
nance, Cambridge University Press (2000).

[3]  Suzuki, T.: Appropriate Time Scales for Nonlinear Anal-
yses of Deterministic Jump Systems, Phys. Rev. E,
Vol.83, No.6, 066203 (2011).

[4]  Lorenz, E.N.: Atmospheric predictability as revealed by
naturally occurring analogues, Journal of Atmospheric
Sciences, Vol.26, pp.636-646 (1969).

[5]  Farmer, J.D. and Sidorowich, J.J.: Predicting Chaotic
Time Series, Phys. Rev. Lett., Vol.59, pp.845-848 (1987).

[6] Lorenz, E.N.: Deterministic nonperiodic flow, Journal
of Atmospheric Sciences, Vol.20, pp.130-141 (1963).

[7]  Ikeda, K.: Multiple-valued stationary state and its in-
stability of the transmitted light by a ring cavity system,
Optics Communications, Vol.30, pp.257-261 (1979).

[8] OLSEN #t (http://www.olsendata.com/) 75 A.

[9]  Nelson, C. and Plosser, C.: Trends and Random Walks
in Macroeconomic Time Series: some evidence and im-
plications, J. Monetary Economy, Vol.10, pp.139-162
(1982).

[10] Schreibor, T. and Schmitz, A.: Surrogate time series,
Physica D, Vol.142, pp.346-382 (2000).

[11] Nakamura, T. and Small, M.: Small-shuffle surrogate
data: Testing for dynamics in fluctuating data with
trends, Phys. Rev. E, Vol.72, 056216 (2005).

[12] Chang, T. et al.: Tests for nonlinearity time series,
Chaos, Vol.5, No.1, pp.118-126 (1995).

[13] Theiler, J. et al.: Testing for nonlinearity in time se-
ries: The method of surrogate data, Physica D, Vol.58,
pp.77-94 (1992).

[14] Schreiber, T. and Schmitz, A.: Improved surrogate data
for nonlinearity tests, Phys. Rev. Lett., Vol.77, pp.635—
638 (1996).

[15] Takens, F.: Detecting strange attractors in turbulence,
Lecture Notes in Mathematics, Vol.898, pp.366-381,
Springer-Verlag (1981).

[16] Sauer, T., Yorke, J.A. and Casdagli, M.: Embedology,
Journal of Statistical Physics, Vol.65, No.3/4, pp.579—
616 (1991).

[17] Casdagli, M.: Nonlinear prediction of chaotic time series,
Physica D, Vol.35, No.3, pp.335-356 (1989).

[18] Sugihara, G. and May, R.M.: Nonlinear forecasting as a
way of distinguishing chaos from measurement error in
time series, Nature, Vol.334, pp.734-741 (1990).

[19] Kugiumtzis, D.: Regularized Local Linear Prediction of
Chaotic Time Series, Physica D, Vol.112, No.3—4, p.344
(1998).

[20] Haraki, D., Suzuki, T., Hashiguchi, H. and Ikeguchi, T.:
Bootstrap Nonlinear Prediction, Phys. Rev. E, Vol.75,
056212 (2007).

[21] Allen, D.M.: Mean Square Error of Prediction as a Cri-
terion for Selecting Variables, Technometrics, Vol.13,
No.3, pp.469-475 (1971).

[22] Suzuki, T., Ueoka, Y. and Sato, H.: Estimating Struc-
ture of Multivariate Systems with Genetic Algorithms

38



BIRNIBS ARG FEEEFIEESA Vol.5 No.1 30-39 (Mar. 2012)

for Nonlinear Prediction, Phys. Rev. E, Vol.80, 066208
(2009).

[23] Suzuki, T., Ikeguchi, T. and Suzuki, M.: Algorithms for
generating surrogate data for sparsely quantized time se-
ries, Physica D, Vol.231, pp.108-115 (2007).

KE B (FERE)

MAFN 62 4R, TARR 23 AR5 K T4
HHfE Y AT L TR R, M4 A
I KRR T 2EWFFe R ARE & A
7 ARG AT IR . A R
R RYEHT I B3 2 FZE IS e

AN g (ExR)

AAN 51 4FA. PR 17 FEFRFEHEENR
5K 5 W B AR IE 7 L g B 2 R T
: MR T, HAEEL. FEREURERK
“ . ST E T LRI T, PR 18 4

A RE LGRS AT o7 A
FRPEALRER 2 AT, P21 R &
) TR TR Y A 7 o RS, BAEICES.
IR RIANT, MR, SRl TSR 2R IChEsH.
BETHHBEYS, HAWHY %, NLHAREYS, KRt

RFERKRA.

© 2012 Information Processing Society of Japan 39



