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ABSTRACT

Issuing stocks is the key method to raise money for corporations. Today, stocks
have become the most important financial instruments. Currently, there are several
methods by which one can predict financial markets, but none of them is quite accurate.
After introducing some basic concepts and the history of stocks, this work continues to
introduce some typical fundamental and technical analysis methods already
developed by economists, and then presents a relatively new system to forecast the
stock market using revised Back Propagation (BP) algorithms. The system exploits BP
neural networks to help find the correlation between stock price and the affecting
factors hidden behind the financial market. The topology is a typical three-layer neural
network with one input layer, one hidden layer and one output layer. The supervised
algorithms are the Feed-forward, Cascade-forward, and Elman BP. They are trained
respectively by seven BP techniques: the Gradient Descent BP, the Gradient Descent
With Momentum BP, the Gradient Descent With Adaptive Learning Rate BP, the
Gradient Descent With Momentum & Adaptive Learning Rate BP, the
Levenberg-Marquardt BP, the Broyden-Fletcher-Goldfarb-Shanno  (BFGS)
Quasi-Newton, and the Resilient Propagation (RPROP) BP. Data used to train and test
the neural networks involve the Shanghai Stock Exchange Composite Index, and the

Shenzhen Stock Exchange Component Index.

Keywords: Stock Market, Finance, Prediction, Neural Network, BP Algorithm,
Technical Analysis, Fundamental Analysis, Feed-forward, Cascade-forward, Elman,
Gradient Descent, Quasi-Newton, RPROP, Levenberg-Marquardt BP, Momentum,
Adaptive Learning Rate.

i1



ACKNOWLEDGMENTS

Many thanks to Dr. Mustapha Yagoub for giving me inspiration and instruction
when | was writing this Thesis. | really appreciate his help, advice and guide.

Many thanks to Dr. John Oommen for giving me the most valuable suggestions
and help throughout the Thesis.

iv



TABLE OF CONTENTS

Chapter 1: INTRODUCTION ... e 1
1.1 MOLIVALtION ... 2eeeas 1

1.2 Thesis Proposal OVerVIEW... ...........ccoiiiiiiiiieie e e e 2

1.3 Thesis ContribULIONS...........oooiiiiiice e e 2
Chapter 2: OVERVIEW OF STOCK HISTORY AND CONCEPTS ..........cccccuvn. ... 4
2.1 Introduction to the History of Stocks...........couuuuiiiiiiiiiii . 5
2.1.1 Sixteenth Century Trading... .....ccccooeiiriirei e e, 5

2.1.2 Seventeenth to Nineteenth Century Trading...........cccceeeeeeeennnnn .. 6

2.1.3 Stocks and Regulations . .............cccoiiiiiiiiiiiieee e 7

2.2 Introduction to the Modern Concepts of Stocks.........ccoeeevveiviriviiiiiiieeennn. . 8
2.2.1 Modern Concepts of Typical Stocks.............ccccceeveeiiiiiciicnireeee.. .8

2.2.2 Some Other Important Concepts Related to Stocks... ................. ... 9

2.3 CONCIUSION... ..ooeeiiiiiiiiiieecicee e e eeee e e e e e aaeas 10
Chapter 3: LITERATURE REVIEW OF STOCK PREDICTION .......cccocceecnvenen.. 11
3.1 Fundamental Analysis to Forecast the Stock Market...............ccoevvnnn ... 11
3.1.1 Earnings Per Share (EPS).........ccccooriiiieeeeeeeeeeeeeeee 1

3.1.2 Price/Earnings Ratio (P/E)..........ccccoeee coeiieiiiiiiieeeeeeeeeeeeeea. 14



16 T NG T 00 ] 2 (o1 [ F=7 1o ) o OO OO UO RN 15

3.2 Technical Analysis to Forecast the Stock Market... ...........cccccceeevev . 16
3.2.1 Cup and Handle Pattern...............cccccccociiiniiics ct e, 16
3.2.2 Head and Shoulders Pattern... ..........c..ccccooviriciiiiiee e 18
3.2.3 Double Bottom Pattern... ...t e, 21
3.2.4 MA (Moving Average Line)..........euuvevimmeieeiiieiieeeeeeeeeeee e 22
3.2.5 EMA (Exponential Moving Average)... ......ccccccovvvvveveverniiicneeeeeeen o 26
3.2.6 MACD (Moving Average Convergence Divergence).............. ....... 29
3.2.7 Overall Remarks... ......ccccoviiiiiiiiiiiiiics it e 30

3.3 CONCIUSION. ...ttt e e e e e ceeetbeereeaanbeeeeen 31

Chapter 4. NEURAL NETWORK TO FORECAST STOCK PRICE ..................... 32

4.1 Why Use Neural Networks to Forecast Stock Market?....................... ... 32
411 EPSisnotReliable.........c..cccoiiii e e, 34
4.1.2 Inadequacy of the P/E ratio... ........cccccoeevevieeececciiiec e 35
4.1.3 Technical Analysis is not Efficient... ....................ccccinn i, 37
414 ReMArKS... ....ooiiiiieiiiet e o 38

4.2 Artificial Neural Network (ANN) Forecasting......... ccccccovoivie veeeiicee, 40

4.3 Neural Based Modeling: Problem Statement... ............. cccooiveriieeeeee. 44

4.4 Review of Neural Network Structures............cccccocceeeet vovviiniciiee e, 45
4.41 Multilayer Perceptrons... ........ccccoveieeeii et e 45

vi



4.4.2 Neural Network Structures with Prior Knowledge......... ............... 50

443 Knowledge-Based NNS............c.oeeeiiiuiiiiiiciieieeecieeeeee e 51
4.4.4 Other Neural Network Structures............cccccoee coieicciiicecccee e, 54

4.5 Why Using BP Algorithm To Forecast Stock Market?........ ..................... 55
4.6 The BP Algorithm Revisited... ............coooviiiieiiiicee e e 56
4.7 How to Select the Appropriate Neural Network?..............ccooveeen cveeenn ... 61
4.8 Number of Hidden Layers?... .....c....ooooiveeeeieeeceeeeceeeec et e 61
4.9 Number of Neurons in the Hidden Layer..... .........ccccoeeeeecevees evieiieen. 62
4.10 Architecture Design of MLP............... cccoooiiiiciii e 63
4.10.1 Introductions to the Three supervised BP Algorithms. ................... 64
4.10.1.1 Introduction to Feed-Forward BP Algorithm... .............. ... 84

4.10.1.2 Introduction to Cascade-Forward BP Algorithm.... ....... ... 65

4.10.1.3 Introduction to Elman BP Algorithm... ...........cccoovevvreenn. ... 67

4.10.2 Introductions to the Seven Revised BP Training Methods......... ... 69
4.10.21 Gradient DescentBP..............cccc. ooovieeiecciee e 69

4.10.2.2 Gradient Descent With Momentum BP........................ ... 69

4.10.2.3 Gradient Descent With Adaptive Learning Rate BP.......... 73

4.10.2.4 Gradient Descent with Momentum and Adaptive
Learning Rate BP .............c.oovviiiiieee e 74

4.10.2.5 Broyden-Fletcher-Goldfarb-Shanno Quasi-Newton BP ...74

Vil



4.10.2.6 Levenberg-Marquardt BP.... ........... cooeeeeiri 76

4.10.2.7 RPROPBP........cooiieeiieeieeetce et e 76

411 CONCIUSION.. ... e e e e eans 2eeeas 80
Chapter 5: BP ALGORITHMS TO PREDICT STOCK PRICE ........cccccovvecvieenne.. 81
5.1 Programming LanQUAQJE............cccccurummiiiiiiiiiiiieee e eeeccccrrre e e eeeeeeeeeee s oee 81

5.2 Experiment Data... ........ccoooiiiiiiiiiii s e 81

5.3 Network Structure............oo o 82

5.4 Methodology...........eeiiiiiiit it ettt e e 83

5.5 Experiment Environment...........cccoeeviiiiiiiiiiiiiiiiee e 84

5.6 Experiment Outline............cccovveiiiiiiiiiii s e 85

8.7 Experiment Details... ..o 85
5.7.1 Experiment Results of Feed-forward BP.... ............ccccccvvevvvvinnnnn o 86

5.7.2 Experiment Results of EIman BP.... ............cooovvvvviiivivviviieeeeeeeenan. .89

5.7.3 Experiment Results of Cascade-forward BP.... ..........cccccce eeeeennen... 92

5.7.4 CoONCIUSIONS... ....ooiiiiiiiierrreree e e es o 98

5.8 Stock Market FOrecasting..........cccooeeeiiiiiiiiiiiiiiiieeee et o 100

5.9 CONCIUSION... ..ooiiiiiiiiiiieee ettt et e e et e e e eaee e 109
Chapter 6: CONCLUSIONS AND PERSPECTIVES..........cccccooiviiiiiieeecee, 111

viii



LIST OF FIGURES

Figure 3.1 Earnings Per Share of BELCO Holding Limited (BHL)......................... 13
Figure 3.2 Share Price of BELCO Holding Limited (BHL)........c...cocccoeeevviiiinnen. 13
Figure 3.3 Cup and Handle Pattern (Giga-Tronics INC.)............ccoeovvivneeoieeveeenne.. 17

Figure 3.4 Cup and Handle Pattern (CompuDyne Corp.) ........ccoceveveeeecvevennen.n. 18
Figure 3.5 Head And Shoulders Pattern In An Uptrend (Guangcai Construction Co.

L. ) e 20
Figure 3.6 Head And Shoulders Pattern In An Downtrend (Wuhan Plastic Machinery
GeNEral FACONY) ... i e e e e e e e e e e aaa e 20
Figure 3.7 Double Bottom Pattern (Shenzhen Huafa Electronics Co. Ltd.).......... 21
Figure 3.8 Four More Examples of Double Bottom Pattern (Enterprises Selected
From China’s StoCK Market)..........couuieiiieeie e e e, 22
Figure 3.9 Should-Buy Pattern 1............ccooeeiiiiiiiiceccceeeeeee e, 24
Figure 3.10 Should-Buy Pattern 2...............ccccooeiieiiieeiieee ettt e 24
Figure 3.11 Should-Buy Pattern 3 .................... 24
Figure 3.12 Should-Buy Pattern 4..................c...oooiiiiiiii e, 24
Figure 3.13 Should-Sell Pattern 1...........c..ccooiieiiiioieieceeece e 24
Figure 3.14 Should-Sell Pattern 2...............c.ooooiiiiiiiee e e, 24
Figure 3.15 Should-Sell Pattern 3...............ccooeiiiiiieee e, 24
Figure 3.16 Should-Sell Pattern 4...................ocoooiioiieeeeeeeeeeeeeeeeeeeeeee e eee e 24
Figure 3.17 MA Cross — Pattern 1: Bearish Trend...........cc..oooeeeeeereeiieeeeereeceaenn 25
Figure 3.18 Moving Average Cross — Pattern 2: Bullish Trend..........cc.cooveeven..... 25
Figure 3.19 Contrast Between EMA and simple MA of Sina Corp........c..ccoceu...... 28

X



Figure 3.20 Long and Short Term EMA of Microsoft...............cccoovevveeeiveeeeeerenn, 29

Figure 4.1 P/E Ratio of BELCO Holding Limited (BHL) ..........cccveeeeeeevereeeeernn 37
Figure 4.2 Share Price of BELCO Holding Limited (BHL) ...........ccveevvveeeeeenn. 37
Figure 4.3 Neuron SHUCIUTE............oovueiicececece et 43
Figure 4.4 Spike Transmission Among NeUrons..........c...ccoeeeeeeeeoeeeeeeeeeeeeeeereeo, 43
Figure 4.5 Multilayer Perceptron (MLP) Structure...............coooceveeeeeeeseeaeeenn . 48
Figure 4.6 lllustration of The Structure of Knowledge Based Neural Networks
(KBNN). ..ottt e e e e e s e e e e e e e e e eaneeneas 52
Figure 4.7 The Three-Layer BP................o.oouooiioeieiiieeeeeeee e 57
Figure 4.8 Feed-forward Network Structure..................ccc. vovevvoveeeeeeeee e, 65
Figure 4.9 The Elman Network Structure................ccocooeeveovmeeeeeeeeeeeeeeee e 68
Figure 4.10 Error Surface Of Simple Problem..............coocoeeeeeoeeeeeeeeeeeeeeeeeen 70
F igjure 4.11 Gradient Descent Is Trapped In A Local Optimal...........cccccoevvvenn.. .. 71
Figure 4.12 Side view of local optimal..................ccoovieioieeeieeeeeeeeeee e, 72
Figure 5.1 Forecasting Experiment 1 With SSE Composite IndeX............c............ 101
Figure 5.2 Another Forecasting Example using the SSE Composite Index........... 102

Figure 5.3 Figure 5.3 Forecasting results of prices from day 93 to 102.... 107

Figure 5.4 Figure 5.4 Forecasting results of prices from day 96 to 105................. 108
Figure 5.5 Figure 5.5 Forecasting results of prices from 132nd to 141st days.....109
Figure 6.1 Stock Market Trend of TWO Years...........cccoeeoueeeeeeeeeeeeeeeeeeeeeeenen 115



LIST OF TABLES

Table 3.1 EMA. ...t e et aean 27
Table 5.1 Experiment OULIINe................co.ooviiiiiieceeeeeeee e e e 84
Table 5.2 Feed-forward Neural Network Performance (MSE)...........cccocveveveveenn.. 87
Table 5.3 EIman Neural Network Performance (MSE) ..........ccoooveeeeeeeceieeeeenan 90
Table 5.4 Cascade-forward Neural Network Performance (MSE) ...........ccco........ 93
Table 5.5 Performance (MSE) of Feed-forward Neural Network Trained by All

DAL e 95
Table 5.6 Performance (MSE) of Elman Neural Network Trained by All

Data...... ... et 96
Table 5.7 Performance (MSE) of Cascade-Forward Neural Network Trained by All

Data........oo e, 97
Table 5.8 Performance of EXperiment 1..............ccooei oo 103
Table 5.9 Statistics of 100 Forecasting Exberiments ............................................ 104
Table 5.10 Moving Window Forecast ReSUlts.............c...oooeoeeeeeveoeeeeeeeeeeeeeee 110

xi



GLOSSARY

EPS: Earnings Per Share............ccco oot 12
P/E: Price/Earnings Ratio............ «ooooioiiiiii it 14
MA: Moving Average Line....... ..o 22
P, : the moving average line of Ndays.......... ccccuvveeiieeeeiieeeee e 23
Pi:the price of the i daY..........oveeoeeeceeeeeee et e e 23
F:the CUITENt dAY.......ooiiiiis e 23
N : the number of samples used to calculate the indicator.......... ..cccccoceeveverreennnn. 23
EMA: Exponential MOVING AVEFAgE .........cceveiiiiiiiiieeeeiie e e eens 26
a :exponential Percentage ............coooiiiiiiiii i, 26
P; : the closing price of the i day.............c.oveeeeeeeeeeeeeeeeeeeeeteeeeeeeeeee e 26
Fi:the EMA value of the £ day........ cooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 26
Fu1 : the EMA value of the (t+1)™ o = TR 26
MACD: Moving Average Convergence Divergence.............. coooeeeeeeeecvicneeenene e 29
X : a N-vector containing input parameters of a given device.............ccccccuveen...... 44
y : a Ny-vector containing the responses of the device under consideration........ 44
Xp : Ny-dimensional vector representing the inputs of the neural network............ 44
dp : Ny~dim. vector representing the desired outputs of the neural network......... 45
w : weight vector in neural network literature.......................oovvvuiieiiiiieeceeeeeee . 45
dy« : the k™ element of vector Lo OSSPSR 45
You(Xp,w) : the K™ output of the neural network when the inputis Xp .......... ........... 45
N; : the number of neurons in hidden layer [ .............ccooooiiiiiiieees e 46

xii



wi;' : weight of the link between /” neuron of 1-1" hidden layer and " neuron of /"
RIAAEN QYT ... ..o e e e e 46
6/ : the bias parameter of i neuron of /" hidden layer...........coovovovrceeererereeern, 46
X; : the 7 input parameter t0 the MLP..............co.oooioueeeeeeeeeeeee e eee e eree e s 46
;' : the output of " neuron of /" NIAAeN [AYET.............ov.ooveoeee oo, 46
o : usually a monotone fUNCLION..............coeiiiiiiiiic s e 46
qii : the weight of the link between " neuron of L hidden layer and Kk neuron of
OULPUL JAYET ... et saees aeneas 46
¢k : the bias parameter of Kt OUtPUt NEUION........ccet i, 46
9,: the center of radial basis function of the " hidden neuron..............ccccccuoon.... 49
vji : the weight of the link from /" hidden neuron to the /” output neuron............... 49
A, cand g : parameters of Gaussian function................... coooooeiiivii i, 50
X ANPULTAYET ...t et e et e e et e s n e s s e eneeens 51
Z  KNOWIEAQGE LAYET........cot i e e 51
B i boundary [ayer........... oot aaeaaa 51
R I T€QION QYN ....... oottt e e st e e e e e s e e e e 51
R’ : normalized region laYer..... ......cooiieuiiieeiiiieeeeeeeeee et e e s 51
Y i OUIPUL TAYET ..ot e eerreseneeas 51
w() : knowledge function in knowledge layer Z .................ccocevieevmiieciiieee e e, 52
B; : the contribution of the " knowledge neuron to output neuron y .................... 54
Lo 1the bias Parameter............ccoo it 54
X=[X1, ey Xiy ooy Xn] T 2 NoNPUEVECIOT .o 57
D=1dy, ..., dk, ..., dn]" : desired OUtPUL VECLOT .........oeoeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 58
V=[V, .., V.., V,]T: weight matrix connecting input and hidden layers .............. 58
W=[W;, ..., Wi, ..., Wyl : weight matrix connecting hidden and output layers ...... 58

Xiii



¢ : difference between the output and the desired output ............cccoeovvvvvevvveeren. 59

Aw and Av:weight adjustment..................coooiiiiiiiii e, 59
7 1 1EAMING FAE ...t e e et 60
C : magnitude of the covariance with the residual error..................ccccoovcevveeveneenn.. 66
o :indexes the OUtPUL UNIES..........ccoooiiiiiie e e 67
p :indexes the training Patterns............cooociiiiii e 67
R and E. : the averages of R and Eo over all patterns...........ccoccceeeeiiiic 66
o : sign of the correlation between the candidate’s value and the output o............. 67
L. p : input the unit receives from unit i for pattern p.............ccooovveeeoeeeoeeeee e 67
m > momentum constant ranging from 010 1.........ooommimiiiioieiieeeeeeeeee 72
Y INPULS OF the GIVEN [AYET.......ooieiiiee e e e e 72
S, - the sign of the gradient g, /OW ........ccoocviiiniiiiieecee e, 73
n™ : current maximum learning rate value................ccc.ooooveveeiceiiieie e, 74
7™ current minimum learning rate ValUe..................ooueeeeoeeeeeeeeeeeeeeeeeeeeee 74
y . learning rate adaptation coefficient ranging from 0to 1.........ccccovvvvveveveennen . 74
g : the gradient of BFGS Quasi-NeWton BP...............cccooooveoeeoneeeeeeeeeeeeeeeee e, 74
H : HeSSIan MAtTiX......c.cooouiiiieiieeeieee e e e e e e e e 74
J : Jacobian matrix containing the derivatives of error e with respecttow................. 76
Hanon-negative NUMDET...........cociiiiiiee e 76
T 2 1dentity MatfiX.....cocooveiireieceeeee e e 76
A; :update-value of RPROP BP.............ccccooiiiiiie e 77
n* :increase factor Of RPROP BP..........c.ooiiiiiiei e, 78
n~ . decreased factor Of RPROP BP...........cccuooiiiiiiiiieceeeeeeeeeeeeeeeeee e, 78
MSE - MEaAN SQUATEA ITON .......ooiiiiiiiieeeieeeeeeriiie et e e e e et e e e e e e e e e e e e s e 85



PV, : the i" predicted value out of n sample Cases........c.cccoevevveeriiee e

TV, : the i" target value out of n sample cases

Xv



CHAPTERI
INTRODUCTION

1.1 Motivation

Stocks are attracting more and more people. The primary reason that people
want to invest in the stock market is to gain profit. The profits come by investing in
stocks whose price increases. Thus, what the investors are trying to accomplish, one
way or the other, is to predict the future of the market. The present work is a

contribution to such prediction of the stock market.

There are many methods used by analysts to predict the market, such as those
involving a fundamental analysis and a technical analysis. But results have proved that
none of these are quite efficient in forecasting the future trend of the stock price
because different people have different opinions when it concerns interpreting the
same fundamental and technical analysis reports. People have also tried to use
advanced modeling methods like neural network techniques to achieve prediction, but
the results have not been very satisfying because their experiments and research are
limited. This thesis investigates a few revised algorithms, reports the results of a fairly
large number of experiments, and presents the conclusions of novel techniques which
can be used to predict the financial market using variants of the back propagation (BP)

algorithms.
-1-



1.2  Thesis Proposal Overview

In the second chapter, we introduce some basic contents necessary to
understand the essence of this thesis, including the history and principles of stocks.
Afterwards, in Chapter 3, we introduce some fundamental analysis and technical
analysis schemes. In the fundamental analysis part, we introduce two methods,
namely the Earnings Per Share and Price/Earning ratio methods. In the technical
analysis part, we detail three patterns (Cup and Handle Pattern, Head and Shoulders
Pattern, Double Bottom Pattern) and three indicators (Moving Average, Exponential
Moving Average and Moving Average Convergence Divergence). In Chapter 4, we
point out the defects of the fundamental and technical analysis, and present a novel
solution to forecast the stock market; namely the neural network method trained by the
BP algorithm. In this chapter, we also introduce, in detail, the concepts of neural
networks and the essence of the algorithms and training methods to be used in the
next chaptef. Finally, in the last chapter, we compare twenty-one combinations
introduced in Chapter 4, and determine the best one, which can be used to forecast
the stock market. We do 1050 experiments and list them in detail in Chapter 5. We

conclude the thesis by forecasting the stock market and analyzing the results.

1.3  Thesis Contributions

This thesis contributes to the scientific research in the following fields:

(1) We have presented a comprehensive study of how the Back Propagation (BP) NN

can be used for stock market prediction.

(2) We have studied the three main BP schemes, and seven associated updating

2.



mechanisms. Thus, our results are, hopefully, fairly complete.

(3) Ofthe 21 possible NNs, our experimental results show that most of them, although
well reported in the literature, do not converge for the stock market problem, and
even when they converge, their prediction capabilities are poor. The reasons for

this are yet unknown, but the conclusion seems to be true.

(4) This thesis has resulted in two potential publications [64] and [65].



CHAPTERII

OVERVIEW OF STOCK HISTORY
AND CONCEPTS

As the most important and popular financial derivative, stocks have received the
most attention since they came into being. The fluctuation of stock price in the financial
market reveals the changes of the value of a corporation. It is a sensitive indicator of

the corporation’s achievements and performance.

In the twentieth century, maximization of a corporation’s value has become its
final business purpose. That is, enterprises, in every business front, make every effort
to maximize the value of their stocks in the market. People assess a corporation by its
stock value. If the stock volume is fixed, the fluctuation of stock price is closely related

to the corporation’s internal value in the financial market.

There are a lot of factors that affect stock price, such as, interest rate, exchange
rate, inflation rate, business performance, and even politics and wars. Stock price
fluctuates every minute in the stock exchange, and it is so important to both short

period speculators and long time investors.



People invest in the stock market to make profit. The profits come by investing in
stocks whose price goes up. Thus, what they are trying to accomplish, one way or the

other is to predict the future of the market.

Many years ago, economists began their research on forecasting stock price.
Basically, there are several kinds of methods useful to predict the stock price. Before
we introduce these forecasting methods, in order to make the reader understand this

work better, we would like to present some basic knowledge of stock and finance.

2.1 Introduction to the History of Stocks

Stock is an outcome of the commodity economy, and a corporation’s productivity

and growth. Its history can be described by three steps.

2.1.1 Sixteenth Century Trading

In the 16" century, as a method to raise money and decentralize risk, stock

permeated throughout long voyage trade. The history can be traced as shown below.

In the 15" century, the ltalian voyager, Christopher Columbus, discovered South
America. After that, Ferdinand Magellan, a Portuguese seafarer, accomplished the
voyage around the whole earth for the first time. These endeavours broke a new path
between the east and the west. Overseas trade became a shortcut to be rich overnight.
But the long oversea voyage cost a fortune. Furthermore, the voyagers often met
cyclones occurring in the sea and were attacked by aboriginal inhabitants. The
voyagers always ran the risk of loss and being attacked. At that time, there was no

single wealthy individual who was rich enough to afford the voyage himself, and willing

-5-



to take such a big risk.

In order to raise money for the long voyage and decentralize the risk, the
prototype of stocks came into being. People raised money by distributing shares
before the voyage, and returned the money and shared the profits after the voyage
based on the proportion of investment. U.K. and Holland even issued laws to protect
such entities. Several years later, the companies changed their policies to keep the
capital raised from the investors to run the business in the long run instead of returning
the money when the voyage was finished. This became the prototype of common

stocks.

2.1.2 Seventeenth to Nineteenth Century Trading

From the 17" century to the mid-19'" century, the industrial revolution broke out in
U.K. and France. Large industry overran small-sized “cottage industries”, and
commodity economy grew fast. The banking and transportation industry required

heavy capital to extend their businesses.

In those days, the popular way to raise money was to issue stocks and establish
corporations. The Bank of England, the first capitalist national bank, was founded in
1694 by issuing stocks [1]. Because stocks of banks have the properties of higher
profit and lower risk than those related to long voyages, stocks became more and
more popular in the finance industry. Along with the invention of the steam engine, the
industrial revolution spread by means of the steamship and the associated machinery.
Several capitalists’ investments couldn’t satisfy the industrial financial need any longer.
Thus, issuing stocks was the only way to raise such a large amount of money. With the
capital raised by issuing stocks, the U.K. and USA built thousands of miles of canals

and railroads.



After the 1960’s, corporations which were established by issuing stocks became
dominant in the industry. Entrepreneurs could raise increasingly more money by
issuing stocks. For example, by issuing stocks, U.S. Steel was capitalized at
$1,400,000,000 in the early 20" century and became the first billion-dollar corporation

in American history [2].

2.1.3 Stocks and Regulations

As the stock trade grew, related regulations and laws became more mature. Also,
the stock exchange had been developed to meet the need of growing stock trade. The
London Stock Exchange was formed by several stockbrokers in the U.K. in 1773 [3].
The world's largest marketplace for securities, the New York Stock Exchange was
formally constituted as the New York Stock and Exchange Board in 1817 [4]. The Dow
Jones Industry Average was computed in 1897 [5]. Today the Dow Jones Industrial,
Transportation and Utilities Averages have been considered the world’'s leading

indexes.

In order to protect and regulate the development of corporations and stocks,
corporate laws, securities laws and bankruptcy laws were enacted in many countries.

These laws successfully protected the rights and privileges of stockholders.

Stocks emerged in China in the mid-1980s. The Shanghai Stock Exchange (SSE)
was founded on November 26, 1990 and began in operation on December 19 of the
same year [6]. The Shenzhen Stock Exchange (SZSE) was established on December
1st 1990 and was located in the coastal city of Shenzhen. It is one of the two stock
exchanges in mainland China. Both SSE and SZSE are non-profit-making
membership institutions directly governed by the China Securities Regulatory

Commission (CSRC) [7].



Thanks to these facilities, it is easy to obtain all types of data from the Chinese
stock market to accomplish this research. Consequently, the main part of the data
used in this thesis is from the SSE and SZSE, and the experiments of this work are

based on SSE Composite Index and SZSE Component Index.

2.2 Introduction to the Modern Concepts of Stocks

2.2.1 Modern Concepts of Typical Stocks

Today, as the most important form of securities, stock has been associated with
various concepts. Stock is the capital that a corporation raises by selling shares that
give the shareholders rights to the profits and to other privileges of ownership; it
represents an ownership position in a corporation, and a claim on its share pro rata in
the corporation's dividends and assets [8] [9] [10]. Most stock also provides voting
rights, which give shareholders a proportional vote in certain corporate decisions. In

general, there are two types of stocks, preferred stocks and common stocks.

Preferred Stock entitles the holders to a greater claim on dividend and, in the
event of bankruptcy liquidation, to the corporation’s assets, than the “common stock”
holders [10] [11]. Preferred stock holders have partial ownership on the corporation but
do not enjoy any voting rights, and therefore, have no power to determine the
corporation’s business. Preferred stock holders always receive their dividends first.

Furthermore, the dividends are fixed and do not fluctuate.

Common stocks are ordinary capital shares of a corporation that have exclusive
residual claim on the net assets and net income of the corporation after all prior claims

have been paid, they entitle the holders voting rights and equity ownership in a
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corporation [10] [12]. Common stock holders enjoy a corporation’s dividends and
capital appreciation. If the corporation goes bankrupt, the common shareholders claim
the corporation’s assets after the bondholders, other debt holders and preferred stock

holders.

In addition to voting rights, common stock holders are also entitled to preemptive
rights, which allow common stock holders to purchase as many new shares of the
stock as necessary to keep their proportional ownership in the corporation when the
corporation issues new stocks. Stocks traded in the stock exchange are common
stocks. A corporation always has a large number of common stocks but only a small
quantity of preferred stocks. Some corporations do not even have preferred stocks at
all. Therefore, common stocks are much more important and represent the value of a
corporation. In this work, we ‘onIy discuss common stocks that are traded in financial

markets.

2.2.2 Some Other important Concepts Related to Stocks

One should understand some terminologies when s/he studies the financial chart.
The price of the first transaction of a day is called the opening or open price, and the
price of the last transaction of a day is called the close or closing price. The highest
price reached in a day is called the daily high, the lowest is the daily low. The number
of the stock shares traded in a day is called the volume or trading volume. Amount
refers to the total value traded in the transactions in the day. The closing price
indicates the stock’s final value in a day that people agree with. It also has impact on
the opening price of the next day. Therefore, the closing price is more important than

the opening price. When people talk about financial market, they refer to closing price.



2.3 Conclusion

This chapter introduced the history, typical types and some of the most important
concepts of stocks. Of the two types of stock, common stock is more popular. Today,
when people talk about the stock market, they refer to the common stocks. Common
stocks have different kinds of prices, and the closing price is the most important index
because it not only is the final price level of a day, but also affects the opening price for

the next day. Therefore, this thesis discusses the closing price of common stock.
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CHAPTERIII

LITERATURE REVIEW OF STOCK
PREDICTION

3.1 Fundamental Analysis to Forecast the Stock Market

Fundamental analysis is a security valuation method to assess a corporation’s
earning, sales, assets, debt, financials and growth potential [13] [14] [15]. Fundamental
analysts only consider the factors directly related to the corporations themselves,
instead of considering technical analysis indexes or factors affecting the overall
financial market, such as a presidential election, wars and oil crisis. There are two main
metrics for Fundamental Analyses: Earnings Per Share (EPS) and Price Earning Ratio
(PE).

3.1.1 Earnings Per Share (EPS)

Earnings per Share (EPS) is the portion of a corporation’s profit assigned to each ‘
share outstanding of common stock [13] [14] [16]. EPS indicates how much earning
each share of stock can contribute to its holder, that is, the profitability of a corporation.
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The formula

Total Net Earnings - Dividends on Preferred Stocks
Number of Shares Outstanding of Common Stocks

EPS = (3-1)

calculates the amount of net income that each share of common stock contributes, on
average, to the holders. This is the most simple and popular measurement in dictating
a share's price. Alarge number of EPS means that a corporation has a high profitability
and indicates a bullish (upward movement) future of the stock, and vice versa. For
example, let us assume that last year’s EPS for a corporation was $1, and this year’s
EPS is $2. Under the condition that other affecting factors remain the same, this
corporation’s stock price this year should be twice of what it was last year. This
indicates a soaring trend. Furthermore, EPS statistics information is easily obtained

from a corporation’s financial statement, which is reported at least once a year.

As an illustration, Figures 3-1 and 3-2 (referenced from BELCO's official web site
[17]) show the EPS and share price of BELCO Holding Limited (BHL), which invests in
energy and utility related services, located in Hamilton, Bermuda. BHL stocks trade on
the main board of the Bermuda Stock Exchange (BSX).

In these two figures, BHL's share price goes roughly in the same trend as its EPS
does from 1993 to 2002. In 1999 BHL experienced a low EPS with values between
$3.00 and $3.25, and accordingly, its share price dropped into a trough with a value of
about $21.

Because EPS roughly indicates the stock price trend and its statistics data are
easy to find, most investors take EPS into consideration when they evaluate a stock’s

value.
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Figure 3.1 Earnings Per Share of BELCO Holding Limited (BHL)
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Figure 3.2 Share Price of BELCO Holding Limited (BHL)
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3.1.2 Price/Earnings Ratio (P/E)

P/E ratio is a valuation ratio of a corporation’s stock price compared to its
Earnings Per Share [13] [14] [18]. It is used by many people to determine whether the
stock market or a specific stock is expensive or cheap. It is also referred to as the
confidence that the investors have in the corporations. As its name implies, the P/E
ratio is calculated as:

Market Share Price

P/E =
Earnings Per Share (EPS)

(3-2)

Basically, people calculate the P/E ratio using the EPS from the last four quarters.
This is also called the trailing P/E. Occasionally, the P/E ratio is calculated using the
EPS figures coming from estimated earnings expected during the next four quarters.
This kind of P/E is also known as the projected or leading P/E. The third kind of P/E
uses the actual EPS of the past two quarters, and the estimated EPS of the next two
quarters [13] [14] [19] [20].

Analysts regard P/E ratio as an indication of how confident the investors are
about the corporation’s future. For example, if the P/E ratio = 2, that means investors
are not very confident in the company. Only if they can get their investment back within
about two years, they will consider a buy. They might not expect any profit at any time
beyond two-year period. At that time, the corporation maybe goes bankrupt or it is not

be worth investing in it any more.

On the contrary, if the P/E ratio is 90, it means a high projected earnings in the
future and shows the market has strong confident in the corporation. The investors are
still willing to buy even though their investment will not yield returns until 90 years later.
In other words, in order to own a share of the corporation, the investors are currently
paying the equivalent of 90 years' worth of earnings.
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The P/E ratio is a vital indication that investors often consider upon buying or

selling stocks.

3.1.3 Conclusion

Fundamental analysis studies the financial statement, such as the balance sheet,
statement of cash flow and income sheet. The research is primarily based on the EPS
and P/E. The area of research is definitely too narrow, and it thus causes some
inevitable defects that will be discussed in the following chapter. Therefore, a
fundamental analysis cannot be used solely to predict the stock market. Instead, it
must be considered together with some other forecasting tools, such as technical

analysis.

3.2 Technical Analysis to Forecast The Stock Market

Technical analysis involves examining statistics generated by the historical price,
volume, and market activity. This type of method presumes that data from the financial
mariet are helpful to forecast future price trend. It assumes that market psychology
affects stock trading in a way that enables the analysts to forecast. Currently, it is
becoming more and more popular, since more people believe that historical statistics
are a strong indication of the future. Different technical analyses are usually used

together to confirm the patterns, trends and turning points in the market.

Unlike thé fundamental analysis, technical analysis does not study the
corporation’s financial statement or the intrinsic values of the stocks. Instead, it only
takes into consideration market data, such as the price and volume. Technical analysts
believe that the market moves in a predictable pattern and that market itself can reveal
the future trend. They thus transform the same price chart into different technical
analysis charts by doing arithmetic operations of adding, subtracting, multiplying and

-15-



dividing, and then search for defined patterns and indicators in the chart, attempting to
thus predict the trend reversal and price. Some speculators have even succeeded in
trading stocks by studying only technical analysis charts even though they do not even
know what the companies actually do. There are hundreds of technical analyses that
are used as indicators in the market. The most widely used patterns are Cup and
Handle, Head and Shoulders, and Double Bottom. The most basic indicators are MA
(Moving Average Line), EMA (Exponential Moving Average), and MACD (Moving
Average Convergence Divergence). Each of these will be described in the

sub-sections that follow.

3.2.1 Cup and Handle Pattern

This pattern bears the name as because it has a shape like a cup with a handle
on its right side, as shown in Figures 3.3 and 3.4.

The pattern can span more than one year or as short as several weeks. The
bottom of the cup is a U shape. The handle is a bar with a slight downward drift. As the
price goes up to test the old high, the stock will incur selling pressure since many
people who bought stocks at or near this point are selling their shares to balance their
costs. Therefore the stock price will move down a little bit. This downtrend may last
several weeks, and then the price often experiences a “break out”.

Figure 3.3 is an instance selected from Yahoo! Finance. It is a price chart of
Giga-Tronics Incorporation, San Ramon, California, USA [21]. This chart starts at May
2003 and ends at March 2004. From August 2003, we observe that the shape of a ‘cup’
emerged; it lasted for three months to finish the whole ‘cup’. Then the price moved
toward a downside to construct the ‘handle’. After a two-month period of accumulating
strength, the price came up to fight the selling pressure and then “broke out”. A perfect

‘cup and handle’ pattern had thus finished.

This pattern is a classic should-buy indication since it suggests a bullish trend. At
the end of the handle, point B, the ‘cup and handle’ pattern can be confirmed. And the
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investors may consider a buy since the risk here is relative low.

Figure 3.4 is another good example that is found on the Yahoo! Finance web site
[22]. The price of CompuDyne Corp. Finished the construction of the cup’s bottom
shape in late November 2003, and then the ‘handle’ in late December 2003. As the B
point flagged in Figure 3.4, there is a low risk if the investors buy at this moment
because the ‘cup and handle’ pattern has been clearly confirmed, and it implied that

the price could soon be on the way up.

GIGA-TRONICS INC
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Figure 3.3 Cup and Handle Pattern (Giga-Tronics Inc.)
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Figure 3.4 Cup and Handle Pattern (CompuDyne Corp.)

3.2.2 Head and Shoulders Pattern

There are two types of ‘Head and Shoulders’ Patterns: one in an uptrend, the

other one in a downtrend. Both of them are regarded as a hint of the reversal.

This pattern in an uptrend has a shape like a head between left and right
shoulders. The price goes up to a peak and then down; rises up again above the
previous peak, declines again; and it rises the third time but declines before it reaches
the second high, as shown in Figure 3.5 [23]. The price dropping before it touches the
second peak means that its strength has been exhausted and will plunge soon. The
first and the last peaks form the two shoulders; the second peak is the head. This

pattern suggests a bearish (downwa