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—Abstract —

In this paper we discuss the dynamics of the Jakarta Stock Exchange (JSX)
Composite. The dynamics indicates performance indicator of several industries in
Indonesia. The data is presented as time series. To predict the dynamics from the
data, however, is still difficult. In general, it is almost impossible to predict such
dynamics for the case of high frequency data. Hence, we do not predict the
dynamics. Rather, we seek the trend and the probability density function (pdf).

For a ‘small’ period of time, the pdf is based on the assumption that the dynamics
is normally distributed. Mathematically speaking, this is a time averaging of data,
and in some cases the data is presented in the form of candle sticks. The trend will
be approximated by a higher order polynomial function which is sought by
applying a least square methods. On the other hand, the probability density
function of the data within each candle stick is obtained by computing standard
deviation of the data with respect to the trend in the candle stick.
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1. INTRODUCTION
1.1. Jakarta Composite Index (JSX)

Jakarta Stock Exchange (JSX) Composite is an index of all stocks that trade on
Indonesia Stock Exchange (ISX). ISX si formerly known JSX. The dynamics of
JSX Composite indicates performance indicators of industries selling their stocks
on Indonesia Stock Exchange. Hence, understanding the dynamics ‘behaviors’ is a
need from practical point of view. From theoretical point of view, on the other
hand, such dynamics is still hardly to predict. This motivates for further study,
partly reported in this paper.

JSX Composite was introduced on April 1983. As on August 10, 1982 the base
index is 100. Recently, as the industries grow and more industries sell their stocks
on ISX, the index reaches almost 4000. The data of JSX Composite is presented
as time series. Most studies are intended to predict the dynamics based on the time
series data.

1.2. Previous study on the dynamics of index, commodity and currencies

So far, research on the dynamics of index, commodity, and currencies are not
intended to predict them directly. Rather, the research focuses on the related
aspects. Bekiros & Diks (2008) conducted study on causal linkages of six
currencies; i.e. Euro (EUR), Great Britain Pound (GBP), Japanese Yen (JPY),
Swiss Frank (CHF), Australian Dollar (AUD) and Canadian Dollar (CAD)
relative to United States dollar (USD). The results indicate that currency returns
may exhibit asymmetries and statistically significant higher-order moments. Such
asymmetries are also found on Emekter, Jirasakuldech & Snaith (2009) for the
case of Singaporean dollar (SUD) and South African rand (SAR).

Gadea, Kaabia & Sabaté (2009) studied the relationship among Italian, Spanish
and United Kingdom prices over the period 1874—1998. They found that the price
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differential dynamics captured by deterministic trends in the period 1940-1998.
Krylova, Nikkinen & Vdhdmai (2009) examined the cross-dynamics of volatility
term structure slopes implied by foreign exchange options. Their empirical
findings demonstrate that a few principal components can explain a vast
proportion of the variation in volatility term structure slopes across the major
exchange rates. Muchnic, Bunde & Havlin (2009) also study volatility, but
focusing on the return of an investment on shares and exchange rates. Béreau,
Villavicencio & Mignon (2010) studied the nonlinear dynamics of the real
exchange rate towards its behavioral equilibrium value. They obtain that the real
exchange rate convergence process in the long-run is characterized by
nonlinearities for emerging economies, whereas industrialized countries exhibit a
linear pattern.

The study on the dynamics (i.e. the ups and downs) of exchange rates has also
attracted research in physics which then introduced the so-called econophysics. In
econophysics, asset dynamics is often modeled by continuous time random walk
(CTRW). In physics, CTRW is used to model anomalous diffusion, where a cloud
of particles spread at a rate different than the classical Brownian motion. A rather
comprehensive review of the CTRW for asset dynamics can be found in
(Meerschaert & Scalas, 20006).

In econophysics, the CTRW model has been applied for the movement of asset
log-prices, see among others Gorenflo etal (2001), Mainardi etal (2000) and
Roberto etal (2002). Especially, Roberto etal (2002) conducted an empirical study
of tick-by-tick trading data for General Electric (GE) stock during October 1999.
They use a Chi-square test to show that the waiting times and the subsequent log
returns are not independent. The data show that long waiting times are followed
small returns, while large returns follow very short waiting times.

For the case of the dynamics of asset value in general, Cahyono, Juliana & Raya
(2009) show that the trend and the probability density (pdf) function of the
dynamics are related to the fundamental solution of a type of diffusion equation.
They follow Evans (2000) for the derivation of the solution. In this paper,
however, we study the trend and the pdf of the dynamics of USD relative to
Indonesian rupiah (IDR).
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2. DATA, METHODS, RESULTS AND ANALYSIS
2.1. Data and Methods

The data of JSX Composite for this study are recorded monthly in the period of
January 1995 to December 2010 provided by Indonesia Central Bank (Bank
Indonesia). Mathematically, the data can be represented in the form of a set of m-
ordered pairs D = {(t,x;) | 1< i < m}, a discrete relation between time ¢ and the
index x;. The trend which is a continuous function in the form y = f(¢) will be

obtained by applying a Least Square Method.

Note that this is a mathematical analysis approach. For practical or technical point
of view can be found in many standard textbooks, such as Neter, William &
Michael (1990). Moreover, the trend to be sought is choosen in the form of
polynomial function. It is because, mathematically, every continuous function can
be expressed in a polynomial function. The mathematical proof can be found in
many standard (classical) books on analysis, including the introduction one such
as Barttle & Sherbert (1994). The method is to seek the coefficient of the
polynomial function by minimizing its distance to the data.

On the other hand, the data distribution relative to the trend is treated as below.
For the fixed time, the data is assumed normally distributed centered at the trend.
Hence, we seek the normal probability distribution function which is determined
by the center (on the trend) and the standard deviation. To compute the standard
deviation, the adjacent data is grouped of five, suppose x;1, X1, X3, Xu, and x;s. The
trend at #3 is x . Grouping the data means that each data no longer depend on time.
Such treatment to the data often occures on the presenting in the candle stick
form. Hence, the standard deviation is computed by the formula

1 _
S=ZZ(Xm—X). (1)

n=l1
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2.2. Results and discussion

The dynamics of JSX is represented by the trend and the data distribution relative
to the trend. The trend is obtained by applying a least square method which is
implemented in software Maple. Applying a 28" order polynomial, the trend is
given in the form of

28
f@O)=> an" )
n=0

where

a, =433.831 a; =-84.706237

a, =24.068514 a; =-2.197367

a;  =0.099477 as =-0.002529

as =0.000037 a; =-2.693534X107
as =4.350202X 10710 ay =5.752319X 10"
a, =-2.661567X 10" ap =2.124948 X 107"
ap =-3.382219X 1078 ap;; =1.351667 X 107
aps =1.811358 X 10% a;s =-3.119745 X 102
ai =0 ap; =-4.994935X 107
a;g =-2.701217 X 10 a,e =-1.890559 X 107
ar =1276546X 107 a, =7.969189 X 107%
ay =-2.647231X 10" ay =-2.326265X10%
ay =5.556006 X 10 ays =1.964410X 10
ar =2.100884 X 10™° ay =-9.489044 X 10}

ax =8.056877 X107

Graphical representation of (2) is given in Figure 1. The dots are the data, while
red curve is the trend (2). The coefficient of correlation (R) is 0.986, and the
coefficient of determination (R2) is 0.973 meaning that the trend is a good
approximation to the data, as can be observed on the Figure 1. Observe that there
are time intervals where the data close to the trend and others which are not. In the
interval of [25,60] or in the years 1997 to 2000 data are not close to the trend.
This is related to the Asia economic crisis in 1997/98 and the time for recovery
afterwards. The large distribution also appears in the interval [150,170] or in 2008
to 2009 which is related to the global financial crisis.
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Figure-1: The trend curve of JSX
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The standard deviation of each group of five data is computed by applying
formula (1). This give several standard deviations that depend on time, the so-
called temporal standard deviation. Graphically, the temporal standard deviation
is presented in Figure 2. Note that the temporal standard deviation is linear
interpolation of the computed standard deviation. The trend and the data
distribution all together yield the so-called a temporal probability density function
(t-pdf). For the case of ‘linear’ standard deviation, t-pdf is fundamental solution of
a diffusion equation, Cahyono etal (2009). There have been tremendous
mathematical results on the fundamental solutions of several types of diffusion
equations including for the applications in heat and mass transfer. Rosner (1963),
Belolipetski & Ter-Krikirov (1984), Mainardi (1996), Evans (2000), Balakrishnan
& Ramachandran (2000), Guevara-Jordan & Rojas (2003) and Cahyono &
Soeharyadi (2010) are among others. These studies are expected to be applicable
on such dynamics in the near future.
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Figure-2: Standard deviation of the data from the trend

= @ o
=} =1 =}
=] =] =]

ra
=
=

oy i |

[=]

L L — T T T T
40 80 120 160

3. CONCLUSION

We have presented the dynamics of the Jakarta Stock Exchange (JSX) Composite.
The focus is on the trend and the data distribution from the trend. The trend is
approximated by a higher order polynomial function of order 28th. The data
distribution is indicated by the standard deviation of their temporal normal
probability density function (t-pdf).

On the study of the family of diffusion equations, t-pdf is fundamental solution of
a diffusion equation. Tremendouse results on diffusion equation are expected to
be applicable to explain the dynamics of JISX Composite.
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