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On Financial Time Series Data Mining

Abstract

The portfolio selection problem has a venerable history. Markowitz (1952), one of
the creators of the modern portfolio theory, formulates the problem as a trade-off be-
tween the expected return and the expected risk of a portfolio. For his path breaking
work that has revolutionized investment practice, he won the Nobel Prize in 1990. In
this Dissertation we propose two enhancements to the traditional portfolio selection
problem. First we enhance the formulation of the problem by introducing four addi-
tional constraints that take into account the following: (a) the collinearity problem to
decrease the portfolio risk, (b) the special preference to active stocks to increase the
expected return and decrease the systematic risk, (c) the special preference to stocks
with outstanding performance to increase the un-expected return, and (d) control the
overall risk of the portfolio.

Second, one of the common algorithms for solving the portfolio selection optimiza-
tion problem is the Genetic Algorithm (GA), which is a stochastic search that starts
with an initial solution and then allocates increasing trials to regions of the search
space found to improve the objective function. This algorithm can run into problems
when the optimal solution is in a small region surrounded on all directions by regions
of low value of the objective function. We propose an enhancement to the GA that
avoids this problem.

Time series techniques such as ARIMA and GARCH models can be used to predict
the return and risk for each stock. This predictions can be used as input to the model.

The forecast of financial time series is a fundamental problem due to its impor-
tance in risk management of the stocks. There are three major difficulties about

accurate forecast of financial time series, (a) the patterns of financial time series are
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dynamic, i.e., there is no single model that works all the time, (b) an efficient model
must be able to adjust its sensitivity as time goes by, (¢) misleading information must
be identified and eliminated. A Hidden Markov Model (HMM) aims to solve these
problems. We propose trading rules using HMM to answer the question of how and

when do investors trade the stock?

Keywords: Modern portfolio theory, Optimal Portfolio, Stock Selection, Genetic
Algorithm, Quadratic Programming, Nonlinear Programming, Financial Time Series,

Hidden Markov Model, Portfolio Rotating and Stock Exchanging .
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On Financial Time Series Data Mining

Summary

In this Dissertation, we propose enhancements to the traditional portfolio selection
problem and to the Genetic Algorithm for obtaining the optimal solution. We also
compare various methods for obtaining the optimal portfolio. Additionally, we suggest
trading rules for rotating the portfolio and exchange of stocks.

First, we enhance the formulation of the problem by introducing four additional
constraints that take into account (a) the collinearity problem to decrease the portfolio
risk, (b) the special preference to active stocks to increase the expected return, (c) the
special preference to stocks with outstanding performance to increase the un-expected
return, and (d) control the overall risk of the portfolio.

Second, one of the common method for solving the portfolio selection optimiza-
tion problem is Quadratic Programming. But by adding the nonlinear constraint we
cannot use it for optimizing the portfolio. But, we can use both Nonlinear Program-
ming (NLP) and Genetic Algorithm (GA). GA is a stochastic search that starts with

an initial solution and then allocates increasing trials to regions of the search space
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found to improve the objective function. This algorithm can run into problems when
the optimal solution is in a small region surrounded on all sides by regions of low
value of the objective function. We propose an enhancement to the GA that avoids
this problem. We use the simulation study to empirically assess the performance
of the proposed optimal portfolio model according to a number of constraints, and
to compare their performance to that of the classical optimal portfolio model. In
addition, an application of the two enhancements to data from the Egyptian stock
market, which is known to be inefficient, shows that the two enhancements together
can lead to substantial improvement in the selection of optimal portfolio. In fact, it
is possible to find a portfolio with a performance better than that of the stock market

as a whole, an event which is impossible to occur in efficient markets.

Finally, the forecast of financial time series is a fundamental problem due to it’s
importance in risk management of the stocks and the portfolios. There are three
major difficulties in accurate forecasting of financial time series: (a) the patterns of
financial time series are dynamic, i.e., there is no single model that works all the
time, (b) an efficient system must be able to adjust its sensitivity as time goes by, (c)
misleading information must be identified and eliminated. A Hidden Markov Model
(HMM) aims to solve these problems. We propose a trading rules using HMM to

answer the question of how and when do investors trade the stock?

This dissertation is organized as follows: Chapter 1 provides a literature review
of optimization models and methods, definition for the Egyptian Stock Market, data

Mining and financial market, and the assumptions and objectives of the study.

Chapter 2 includes the main basics of Hidden Markov model, the difference be-
tween Markov model and Hidden Markov model, the main concepts in Hidden Markov
model, types of Hidden Markov models, and steps involved in creating the structure

a Hidden Markov model.
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Chapter 3 introduces the main problem of the Modern Portfolio Theory and the
dissertation’s suggested solution. Additionally, it suggests method for enhancing the
genetic algorithm. Two proposals for enhancing global Optimal portfolios are intro-
duced. Finally, it refers to a frame for risk management of the stocks.

Chapter 4 includes the simulation to assess the performance of the proposed en-
hancement of the optimal portfolio frame. This includes the design of the simulation
study, generation of the simulation data, and results of the simulation.

Chapter 5 introduces the application of the new portfolio models and methods to
the Egyptian Stock Market.

Chapter 6 introduces the application of the risk management frame for determine
the adequate time for buying and selling each stock.

Chapter 7 provides summary and further future work.
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