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Data: Tick-wise Stock Price

NYSE, 8 symbols, 1993/1/1~1993/12/31

Stock |Business Data size |Tick interval | 10-ticks
symbol | type (ticks) | (s/ticks) (minute)
BBY retail 54821 109 18
SMRT |retail 12525 473 78
APC oil 23685 253 42

BP oil 73562 83 14

CA computer 65051 92 15
IBM computer 455233 14 2

F automobile 194561 32 5

GM automobile 277241 23 4




Example of trend indicator : MA
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Flow of selecting indicators by GA
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Hit Rate vs. Prediction Term
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Random walk @ #h FH

Black—Sholes formula
1997 Nobel Prize

TYVINT4T W%
o ( Hhic
RETED

Myron S. Scholes(1941-)

26



7599 -2a—VADF T aslitER
CI::S, f‘) ﬁrgdl }S — l“"lrr! 5 !f‘irE!_T{T_f:'

1 | g 72 -
“ oVl —1 _ln (fi’) * (T_I_?) {T_f-}_
ds :d1_—r:TVJT—f.

Ve = o= [T ERsE

C:a—)LAT avifitg q [REEFIEY t:HIE

S: R & E M

N(d) EBEEEATOREREZEEY r B2 FRGERBHTER)
k 478 M 4&

dRBEBEEUNODEM o RS5TUT((FREHE)

27




Harry Eugene Stanley 1941-

Known for
Econophysics,
Statistical physics,
Alzheimer's

2004 Boltzmann Medal

2008 Julius Edgar Lilienfeld Prize
Teresiana Medal

Distinguished Teaching Scholar
Director's Award

Nicholson Medal

Memory Ride Award for Alzheimer
Research
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: Scaling behaviour in
° the dynamics of
ts

. an economic index

= Rosario N. Mantegna & H. Eugene Stanley

¥y Center for Polymer Studies and Department of Physics,
y Boston University, Boston, Massachusetts 02215, USA

I THE large-scale dynamical properties of some physical systems

depend on the dynamical evolution of a large number of nonlinearly

coupled subsystems. Examples include systems that exhibit self-
organized criticality’ and turbulence’’. Such systems tend to
exhibit spatial and temporal scaling behaviour—power-law behav-
5). iour of a particular observable. Scaling is found in a wide range
of systems, from geophysical® to biological®. Here we explore the

possibility that scaling phenomena occur in economic systems—

especially when the economic system is one subject to precise rules,

NATURE - VOL 376 - 6 JULY 1995

LETTERS TO NATURE

2
a
E o——o A t=1 min

o—a A 1=3 min

o—0 A 1=10 min
——s 4 t=32 min
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v A 1=316 min
>—= 4 1=1000 min
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ility dis { f the S&P 500 index variations
FIG. 1 a, Probability distributions P(Z} of o
Z(t) observed at time intervals At, which r‘a‘nge from 1to 1,000 min. B_y
i At a ing of the cf
of a random walky‘\s observed. b, Probability of return P(0) of Z(é) :s:
function of the time sampling intervals At. A scaling powefr-|aw iu:e
four is observed for time intervals spanng%;r;eeooédzirsar; lgianggmequa'
ight line is — +0.025. -
The slope of the best-it straight line is ~0. o
i i =1.40+0.05 characteriz-
tion (2), from this value we obtain the index a
i::g‘((h; Lévy distribution. Typical estimated errors Aa\ll'e(rs':og;.acég‘:::;‘:
f the probability distributions shown in a. 0
g):t"“)e At:‘;. min distribution by using the scaling trar_\Sformatmr\s of
equations (3a) and (3b), with a=1.40. The pplms'ou_tslde the average
behaviour define the noise level of that specific distribution.

i in financial markets®™®. Speciﬁcal]):, we show thz.lt
zelzc?l:uga:fe the probability distribution of a pam?nlar economic
index—the Standard & Poor’s 500—can be described by a ‘m:tl:;
gaussian process with dynamics that, I‘(_)r the central gan 0( i
distribution, correspond to that predicted fs)r a Lévy stable
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processes have quite similar statistical properties in the high-
frequency regime. — -

3Ve have undertaken a statistical study of timescales as sfhort
as 1 min, a value close to the minimum time neeq\ed to per orir‘n
a transaction in the market. Specifically,” we investigate the
dynamics of a price index: of one of the_largest ﬁmz{m,malAmJarkets
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1,000 min. The number of data in each set decreases from the
maximum value of 493,545 (Az=1 min) to the minimum value
of 562 (Ar=1,000 min).

Figure 1a is a semilogarithmic plot of P(Z) obtained for seven
different values of At. As expected for a random process, the
distributions are roughly symmetrical and are spreading when
At increases. We also note that the distributions are leptokurtic,
that is, they have wings larger than expected for a normal pro-
cess. A determination of the parameters characterizing the distri-
butions is difficult if one uses methods that mainly investigate
the wings of distributions, especially because larger values of At
imply a reduced number of data.

Therefore we use a different approach : we study the ‘probabil-
ity of return’ P(Z=0) as a function of Arz. With this choice we
investigate the point of each probability distribution that is least
affected by the noise introduced by the finiteness of the experi-
mental data set. In Fig. 15, we show P(0) versus At in a log-
log plot. The data are fitted well by a straight line of slope
—0.71240.025. We observe a non-normal scaling behaviour
(slope—0.5) in an interval of trading time ranging from 1 to
1,000 min. This experimental finding agrees with the theoretical
model of a Lévy walk or Lévy flight>". In fact, if the central
region of the distribution is well described by a Lévy stable
symmetrical distribution,

L2, Al):%J‘wexp (—yAtg®) cos (¢Z)dg (€8}
o

ofindex o and soale Fastar ar atiAres il o oo et St o gl ase

7
1

FIG. 2 Comparison of the At=1 min probability distribution with the
symmetrical Lévy stable distribution of index « =1.40 and scale factor
¥=0.00375 (solid line). The scale factor y is obtained from equation
(2) by using the experimental values of ¢ and P(0). The dotted line
shows the gaussian distribution with standard deviation o equal to the
experimental value 0.0508. The variations of price are normalized to
this value. Approximately exponential deviations from the Lévy stable
profile are observed for |Z|/c > 6.

dynamics of the probability distribution P(Z) of the random
process over time intervals spanning three orders of magnitude.

In Fig. 2, we compare the probability distribution observed
for Ar=1min with the Lévy stable distribution of index o =
1.40. Note that the solid line is not simply a ‘fit’ to the data;
rather, the appropriate scale factor y=0.00375 is obtained by
using the experimental value of P(0) and equation (2). A good
agreement with the Lévy (non-gaussian) profile is observed for
almost three orders of magnitude when |Z|/c<6 and an
approximately exponential fall-off from the stable distribution
is observed for | Z| /o2 6; here =0.0508 is the standard devia-
tion. Our results show a clear deviation of the tails of the distri-
bution from the Lévy profile.

The Lévy distribution has an infinite second moment @f
@<2). But our experimental finding of an exponential (or
stretched exponential) fall-off implies that the second moment
is finite, thereby resolving the question of how one could get
around the problem of an infinite variance if the Lévy distribu-
tion is used to describe the price difference distribution®®, This
conclusion might at first sight seem to contradict our observation
of Lévy scaling of the central part of the price difference distribu-
tion over fully three orders of magnitude. However, there is no
contradiction, because (for example), a recent study?’ finds that
Lévy scaling may hold over a long period of time for the dynam-
ics of ‘quasi-stable’ stochastic processes having a finite variance.

By using the Berry-Esseen theorem®?, we can estimate that
the maximal time needed to observe convergence for the price
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depend on the dynamical evolution of a large number of nonlinearly

coupled subsystems. Examples include systems that exhibit self-
organized criticality’ and turbulence’’. Such systems tend to
exhibit spatial and temporal scaling behaviour—power-law behav-
5). iour of a particular observable. Scaling is found in a wide range
of systems, from geophysical® to biological®. Here we explore the

possibility that scaling phenomena occur in economic systems—
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1,000 min. The number of data in each set decreases from the
maximum value of 493,545 (Az=1 min) to the minimum value
of 562 (Ar=1,000 min).

Figure 1a is a semilogarithmic plot of P(Z) obtained for seven
different values of At. As expected for a random process, the
distributions are roughly symmetrical and are spreading when
At increases. We also note that the distributions are leptokurtic,
that is, they have wings larger than expected for a normal pro-
cess. A determination of the parameters characterizing the distri-
butions is difficult if one uses methods that mainly investigate
the wings of distributions, especially because larger values of At
imply a reduced number of data.

Therefore we use a different approach : we study the ‘probabil-
ity of return’ P(Z=0) as a function of Arz. With this choice we
investigate the point of each probability distribution that is least
affected by the noise introduced by the finiteness of the experi-
mental data set. In Fig. 15, we show P(0) versus At in a log-
log plot. The data are fitted well by a straight line of slope
—0.71240.025. We observe a non-normal scaling behaviour
(slope—0.5) in an interval of trading time ranging from 1 to
1,000 min. This experimental finding agrees with the theoretical
model of a Lévy walk or Lévy flight>". In fact, if the central
region of the distribution is well described by a Lévy stable
symmetrical distribution,
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FIG. 2 Comparison of the At=1 min probability distribution with the
symmetrical Lévy stable distribution of index « =1.40 and scale factor
¥=0.00375 (solid line). The scale factor y is obtained from equation
(2) by using the experimental values of ¢ and P(0). The dotted line
shows the gaussian distribution with standard deviation o equal to the
experimental value 0.0508. The variations of price are normalized to
this value. Approximately exponential deviations from the Lévy stable
profile are observed for |Z|/c > 6.

dynamics of the probability distribution P(Z) of the random
process over time intervals spanning three orders of magnitude.

In Fig. 2, we compare the probability distribution observed
for Ar=1min with the Lévy stable distribution of index o =
1.40. Note that the solid line is not simply a ‘fit’ to the data;
rather, the appropriate scale factor y=0.00375 is obtained by
using the experimental value of P(0) and equation (2). A good
agreement with the Lévy (non-gaussian) profile is observed for
almost three orders of magnitude when |Z|/c<6 and an
approximately exponential fall-off from the stable distribution
is observed for | Z| /o2 6; here =0.0508 is the standard devia-
tion. Our results show a clear deviation of the tails of the distri-
bution from the Lévy profile.

The Lévy distribution has an infinite second moment @f
@<2). But our experimental finding of an exponential (or
stretched exponential) fall-off implies that the second moment
is finite, thereby resolving the question of how one could get
around the problem of an infinite variance if the Lévy distribu-
tion is used to describe the price difference distribution®®, This
conclusion might at first sight seem to contradict our observation
of Lévy scaling of the central part of the price difference distribu-
tion over fully three orders of magnitude. However, there is no
contradiction, because (for example), a recent study?’ finds that
Lévy scaling may hold over a long period of time for the dynam-
ics of ‘quasi-stable’ stochastic processes having a finite variance.

By using the Berry-Esseen theorem®?, we can estimate that
the maximal time needed to observe convergence for the price
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Elliot W. Montroll

http://en.wikipedia.org/wiki/Elliott_Waters_Montroll

(5/4, 1916-12/3, 1983)
Known for
Traffic flow analysis
Notable awards
Lanchester Prize('59)
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log10P(Z)
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Return rate to the origin: P(0)
depends on At

e Self-similarity
POL,B (X) = }Lllapa,m (}Lllax)
.

Pa,At (0) = kl/apa,xm (0)

1
log(PAt(O)) = —Elog(At) + log C
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1
log(Pas(0)) = —Elog(At) + log C
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At = 24 F TODIES
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Kullback Leibler divergence

4 P )
q(x)

D(pllq) = Z p()log -2

p(x): ED 7% (histogram)
q(x) : LEER % 8 D 43 71 (Levy distribution)

o /

KLEER= D(p||q)z&/IM=9 22X q(x)
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A a B KLIF ¥R
L1518 1.40 5.4 % 107 0.039
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Summary

Arrowhead Market (Tokyo SE)
5 second sample data, 2013 -

Levy distribution
ofa =14

S&P500 index (USA 1980’s) -

1 minute data
- 9

Statistical distribution unchanged under the
new arrowhead trading system
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