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Abstract

This Interactive Qualitying Project examines the process of analyzing, selecting,
and investing successfully in the stock market. Specifically, it focuses on the current and
future impact of autonomous trading agents and their impact on investing and investment
strategies. A seven week simulation was used to test the effectiveness and utility of an
autonomous trading agent. This project compares the investment success of the agent,

human counterparts, and the stock market as a whole.
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Chapter 1

Project Introduction

1.1 Project Overview

This Interactive Qualifying Project examines the process of analyzing, selecting,
and investing successfully in the stock market. Specifically, it focuses on the current and
future impact of autonomous trading agents and their impact on investing and investment
strategies. Autonomous agents have several advantages over their human counterparts.
Primarily, software can run continuously and can process large amounts of data in a short
amount of time. A seven week simulation was performed to study the effectiveness of an
agent’s stock investments versus our own stock investments and the stock market as a

whole.

1.2 Project Objectives

The primary objective and goal of this project is to examine the ability for
computer programs, known as agents, to invest autonomously in the stock market. We
will program our own agent and test its effectiveness in picking and tracking investments
in various stocks. Also, we will examine the current and future impact that such agents
would have on societ§ and the economy.

Another objective of this project is to learn the fundamentals of investing.
Specifically, our project focuses on the stock market, but other important investments,

such as mutual funds and bonds, are also explored.
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Chapter 2

Introduction to the Stock Market and Investing

2.1 Common Types of Investments

In today’s global economy there is an endless array of different investment types,
ranging from a simple savings account to call or put options, for individuals to choose
from. Some of the most fundamental and common investment include common stock,
bonds, annuities, and mutual funds.

Common stock is what is normally called shares or securities. It signifies a small
part of ownership of a company and voting rights to elect board members who make
management decisions. Some companies also give outldividends for their stock. Stocks
have historically yielded more profit than most other types of investments; however,
stock investments are usually the most risky. There has typically been about a twelve
percent return for long-term stock investments. Common stock is easy to buy and sell,
and the Internet provides an easy means to find data and information about a company.'

A corporate bond is like a mortgage, where they are issued by a lender to a
borrower. A bond is like loaning your money to a company for a certain amount of time
called the maturity, usually for 1,000 dollars. When the bond matures, the lender will be
repaid. The borrower also pays a premium, or coupon, at a set interest rate when they
accept the money, which are made every six months until maturity. Corporate bonds have
a higher return rate than government bonds, with only a little more risk. The chance of

losing money is low if you research the companies well and invest in ones that are well

' ~“Common Stock,” /nvestopedia, http://www.investopedia.com/university/20_investments/5.asp, May 24,
2004.
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established. However, the interest payments are taxed and are not protected against
inflation.’

An annuity is an annual payment of a fixed amount that is paid at regular intervals
for a specific amount of time, usually purchased through an insurance company, bank, or
broker. There are many different kinds of annuities. A deferred annuity means the
payments do not begin until a later time, which means the taxes on it are also deferred.
The interest, dividends, and capital gains appreciate tax free until you start receiving
payments. An immediate annuity means the payments start right away. If the annuity is
life-long, then the insurance company will continue to pay. In essence, the insurance
company is depending on you dying before the full value of the annuity is paid. A fixed
annuity is when the insurance company pays a fixed amount to the holder until they die,
which gives the annuitant a stable fixed investment income. A variable annuity is when
the insurance company guarantees a minimum payment after the accumulation stage. The
remaining payments varying depending on the performance of the investment portfolio,
which is based on stocks, bonds, money market funds, and others. The annuity is a low-
risk investment with a good return rate. The deferred annuity allows the benefits of the
payments while worrying about the taxes later. Annuities are considered to be very safe,
however if you die early then you will not receive the full value of your investment.’

A mutual fund is another simple way of investing. When you invest in a mutual
fund, you are giving money to a management company who will then invest the money
for you into difterent markets and industries using different stocks and bonds. Mutual

funds have a large amount of capital to invest and can therefore diversify their portfolios

* “Corporate Bond,” Investopedia, http://www.investopedia.com/university/20_investments/7.asp, May 24,
2004.

*“Annuity,” Investopedia, http://www.investopedia.com/university/20_investments/2.asp, May 24, 2004.
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much more than an individual investor. Mutual funds are a long term investment and can
be aggressive or low risk, depending on your preference of risk and return. Money is
made from the dividends on stocks and interest from bonds. If a fund sells securities that
have increased in price, the capital gain is passed on to the investor. If it is not sold, then
the investor can sell the shares themselves for profit. The mutual fund can be bought
through a mutual fund company, bank, broker, or financial planner, with some
commission. A load mutual fund charges for the shares bought plus a sales charge, and a
no load mutual fund does not charge for sales or commission. The advantage is that the
mutual fund is diversified and a professional is handling the money, which should yield
average return. However, most mutual fund companies do not beat the market averages,
commission can be high, and management fees must be paid whether or not you make
money."

A growth fund is a mutual fund that invests in growth stocks, with high capital
appreciation. It invests in common stock of companies that are consistently increasing in
value. This type of fund is more conservative than income funds. The fund is usually held
for a long period of time because it is hoped that the stock will appreciate in price per
share and dividends in the future. An income mutual fund invests in stocks that give the
investor income. This investment is typically in different types of bonds or utility stocks
that have a consistent history of highly paid dividends. However the investor is taxed for
the income, unless the income fund is in a tax-deferred account such as a 403b or an IRA.
A growth/income fund is a mutual fund that uses appreciation and current income, and

combines a steady income with long-term financial gains. The fund is based on investing

* “Mutual Funds,” Investopedia, http://www.investopedia.com/university/20_investments/13.asp, May 24,
2004.
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in dividend-paying and growth stocks for capital appreciation, and bonds for current
income. If an investor finds the growth fund too risky. this is a good option.’

There are a countless number of other investment types. A lesser known, and
more advanced type of investment is a Real Estate Investment Trust (REIT). A REIT is
like a stock that is traded on exchanges, and is invested in real estate through property or
mortgages. There are more than 300 REITs in the United States, and they have an
average yield of 9% to 12% with an increase in trading volume. It is possible to invest in
residential or commercial, in different areas, and the REIT’s value is only determined by
the value of the real estate’s assets. This makes REITs less unstable. The dividends are
higher than most common stock, and the REIT follows the real estate market rather than
the stock market.

Another advanced type of investment is the stock option. A stock option is a
privilege that is sold by someone to another which gives the buyer the right to buy (call)
or sell (put) a stock at a price that is agreed upon during a certain period of time or date.
With a call option the buyer hopes the stock will increase, so they can buy and sell
quickly to make money. With a put option the buyer hopes the stock price will fall, so
they can sell it at a higher price than its current value and make money. The stock option
has a high risk, and the value can change as much as 40% in one trading day. It is highly
complex and leveraged, and requires more than just an understanding of the stock

market.’

> “Mutual Funds,” Investopedia, http://www.investopedia.com/university/20_investments/13.asp, May 24,
2004.

® “Real Estate Investment Trust - REIT,” Investopedia,
http://www.investopedia.com/university/20_investments/17.asp, May 24, 2004.

7 “Options(Stocks),” Investopedia, http://www.investopedia.com/university/20_investments/14.asp, May
24,2004,
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All of these investment types are significant and can be an important part in a
balanced and diversified portfolio. By diversifying an individual investor can reduce risk
and increase return. The focus of this project is on the most common type of investment,

stock.

2.2 What is a Stock?

One of the most common investment entities is stock, which is a piece of
ownership of a company and signifies a claim on the assets and earnings of the company.
Owning a company’s stock makes you part owner of that company and entitles you to
what the company owns. Since there are typically many millions of shares outstanding,
an individual shareholder’s say in a company’s daily practices is usually non-existent.
However, shareholders usually get to vote annually to elect members of the board of
directors. A final important feature ot a stock is the concept of limited liability, which
states that as an individual shareholder you are not personally responsible for the
company’s debts.”

There are two primary forms of stocks: common and preferred. Common stock is
the most familiar form, and allows the investor to get one vote per share in the election of
board members who make major company decisions. The average long-term return on
common stock has historically been around ten to twelve percent, depending on
economic conditions. Also, common stocks usually yield higher returns than most other

investment types, but involve the most risk. If a company decided to file for bankruptcy

8 «“Stock Basics: What are Stocks?,” Investopedia,
http://www.investopedia.com/university/stocks/stocks 1.asp, May 25, 2004.
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and liquidates itself, then common shareholders do not receive any money until after the
creditors, bondholders, and preferred shareholders are paid.’

The other main form of stock is preferred. Like common, preferred stock gives
investors a small claim on company assets, but preferred shareholders typically do not
have the same voting rights. A preferred stock shareholder generally receives a fixed
dividend forever, whereas common stock owners receive varying dividends or none at all.
Also, in case of bankruptcy, the preferred shareholders get their money before the
common shareholders which makes preferred stock a little less risky. The company could
also buy the shares from the investor at anytime for any reason. "’

Although common and preferred stock are the two primary forms of stock,
companies can categorize their stock in different classes. This is sometimes done to
control which shareholders retain voting power. For example, shareholders of one class
of stock may be given five votes per share while another class’s shareholders may only

be allowed one vote."'

2.3 How Stocks are Traded

Most stocks are traded on exchanges, which are places where buyers and sellers
convene and decide prices. An exchange can be an actual location where the transactions
are made on a trading floor, called a ‘listed” exchange, or it can be virtual where a

network of computers make the trades electronically, called ‘over the counter’ (OTC)."

? “Stock Basics: Different Types of Stocks,” Investopedia,
http://www.investopedia.com/university/stocks/stocks2.asp, May 25, 2004.
" Tbid.

" Ibid.

12 “Stock Basics: How Stocks Trade,” /nvestopedia,
http://www.investopedia.com/university/stocks/stocks3.asp, May 25, 2004.



The New York Stock Exchange (NYSE), founded in 1792, is the most prominent
exchange in the world. It is the market where the largest companies in America are
traded, such as General Electric, McDonald's, Coca Cola, and Walmart. In the NYSE, the
trading is done on a trading floor. Brokerage firms that are members of the exchange send
orders to their floor brokers. These floor brokers go to a specific spot, called the trading
post, on the floor where the stock is traded. A specific person, known as the specialist,
then matches buyers and sellers; specialists oversee and facilitate all of the trades for a
particular stock. The stock prices are determined like an auction. The highest amount any
buyer is willing to pay is the current price, and the lowest price at which someone is
willing to sell. After a trade has been made, the details are sent to the brokerage firm who
notifies the investor that placed the order."”

The other major exchange in the United States is the virtual exchange called the
National Association of Securities Dealers Automated Quotation System (NASDAQ),
where the trading is done through a communications network between thousands of
computers to a network of dealers. It trades several big technology companies such as
Microsoft, Intel, Dell, and Oracle. NASDAQ brokers are ‘market makers”, who provide
continuous bid and ask prices within a percentage spread for shares for each stock.
Instead of brokers calling out orders, market makers place their name on a list of buyers
and sellers, which is then distributed by the NASDAQ in a split second to thousands of

other computers. The NASDAQ is a NYSE’s competitor. Many other exchanges exist,

I3 «Stock Basics: How Stocks Trade,” Investopedia,
http://www.investopedia.com/university/stocks/stocks3.asp, May 25, 2004.
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including the American Stock Exchange (AMEX) and exchanges in almost every major
country around the world."

There is also electronic trading called the Electronic Communications Network or
ECN. This system eliminates the need for the third party orders which are input by a
broker. Major brokerages and traders are networked so trading can happen without a third
party. Using the NYSE, the investor only sees the bid and ask prices, but the ECN shows
orders in real time. One popular type of an ECN is Island, which is frequently used by
small traders, because it allows anyone to access the NASDAQ. It is easy to use and
inexpensive with respect to other ECNs. Each investor is treated equally, where all the
orders are put together and all the bid and ask orders are listed for each stock."

An index is a statistical measure of the changes in a portfolio of stocks
representing a portion of the overall market. Charles Dow created the first and most
widely known index in 1896. The Dow Jones Industrial Average (DJIA) contains thirty
of the largest and most influential companies in the United States. The DIJA is unique
because it uses a price-based weighting system, where the weight of each security is the
price of the stock relative to the sum of all the stock prices. Most other indices weigh the
companies based on market capitalization. This kind of system uses computers which
calculate by the minute and are accurate reflections of the market. Another index is the
S&P 500 which is 500 of the largest companies in the United States."®

Indices are important because they list the most influential and largest companies

in the market at the time. They are a representative group of the current market and

" «Stock Basics: How Stocks Trade.” Investopedia,
http://www.investopedia.com/university/stocks/stocks3.asp, May 25, 2004.
15 :

Ibid.
l(’"lndexlnvesting:WhatisanIndex‘?,”Investopea/ia,
http://www.investopedia.com/university/indexes/index | .asp, May 25, 2004.
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economy and are usetul for seeing the trends in the market. They are used to provide past
performance of the market. However the wrong stocks may be put in the index due to
human error. Also, there is much more to the stock market than just the indexes, which
some people overlook. Many companies with high earnings are not recognized because

. 17
no one notices them.

2.4 What Causes Stock Prices to Change

Supply and demand in the market determines the stock prices, along with
investors’ sentiments, attitudes, and expectations. Demand is when people want to buy a
stock, and supply is when people want to sell. If demand is higher than supply, the price
goes up. If more people want to sell a stock than buy it, the supply would be greater than
demand and the price would fall. The price of a stock reflects a company’s current value
and the growth that investors expect in the future. The value of a company is most
affected by its earnings, which is the profit a company makes. Public companies are
required to report their earnings four times a year, which is once a quarter, and called the
earnings season. This is because analysts base the future value of a company on their
earnings projection. If a company’s results are better than expected then the price

increases. If a company’s results are worse than expected then the price falls.'®

'7‘1ndexlnvesnng:VVhatisanlndex?f’lnvaﬂopedha
http://www.investopedia.com/university/indexes/index I .asp, May 25, 2004.
'¥ “Stock Basics: What Causes Prices to Change?,” Investopedia,
http://www.investopedia.com/university/stocks/stocks4.asp, May 25, 2004.
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2.5 Determining the Value of a Stock

There are thousands of stocks that an investor could choose to invest his or her
money in. They differ in many ways from price, exchange, industry, and country. From
this vast array of stocks an investor can usually only choose only a small number to
actually invest in due to the limit of investment capital. Determining the “best” stock at a
given time is always the goal, but it is not easy. There are hundreds of indicators and
statistics available on most of the listed stocks, and this information can be easily
accessed with the advent of the World Wide Web.

Choosing the right stock is usually difficult for several reasons. For one, there are
a countless number of factors that affect a company’s health. Consequently, it is nearly
impossible to construct a single, strict formula that will predict success. Secondly, a lot of
significant information is intangible and cannot be measured. The quantifiable aspects of
a company, such as income and debt, are easy to find. However, it is more difficult
measure and compare the qualitative factors, such as the company’s competitive
advantages, reputation, and employees. This combination of tangible and intangible
aspects often makes picking stocks a highly subjective and intuitive process. Finally,
there is a powerful human element that affects the stock market. Human emotions are
volatile and can change unpredictably. As a result, stocks do not always do what is
anticipated."

Due to these factors there is no one way to pick successful and profitable stocks.
One common technique is to combine the use of both fundamental and technical analysis

procedures to determine the “best” stock.

' “Guide to Stock Picking Strategies?,” Investopedia,
http://www.investopedia.com/university/stockpicking/, May 25, 2004.
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2.6 Types of Analysis: Fundamental vs. Technical

There are two different methodologies for researching and predicting the future
trends of stocks. Technical analysis involves the use of statistical analysis of the market
by using past trading data, volumes traded, charts, and patterns to try and predict how a
stock might behave in the future. However, the biggest problem with using technical
analysis if that there are many different technical indicators, and there is no indicator that
is considered the best. Fundamental analysis involves evaluating the stock’s intrinsic
value based on many factors, ranging from the overall economy to the management of a
company. Earnings, expenses, assets, and liabilities are all important in this type of
analysis.

Fundamental analysis involves using real data to evaluate the value of a stock
such as revenue. earnings, future growth, return on equity, profit margins, and other types
of data to determine the value of a company and its future growth. It requires researching
a company’s many financial statements, which are published both quarterly and annually.
The audited financial reports are more credible than non-audited. The balance sheet lists
the assets, liabilities, and shareholder’s equity, where assets is the liabilities plus equity
and the two sides are equal and balanced. The income statement lists revenue, expenses,
earnings, and earnings per share. The top line is the revenue and the bottom line is net
income. The statement also includes non-cash items such as depreciation. The cash-flow
statement strips away all non-cash items and tells you how much actual money the
company generated. The cash-flow statement includes cash from operations, financing,

and investing.

2 “Intro to Fundamental Analysis: Conclusion and Resources,” /nvestopedia,
http://www.investopedia.com/university/fundamentalanalysis/conclusion.asp, May 25, 2004.
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Chapter 3

Fundamental Stock Analysis

Fundamental analysis, or quantitative analysis, involves using company data and
financial statements to determine what will happen in the future. Figures such as
company revenue, expenses, assets, and liabilities are used to provide insight. Most of the
historical data can be found in the annual and quarterly company reports which are issued
by the management, and include a balance sheet, income statement, auditor’s statement,
cash flow statement and an outlook for the coming year.

The auditor’s report helps an investor by letting them know if the financial
statements are accurate, credible, and where important information is disclosed. A non-
audited financial statement is most likely fraudulent, and therefore useless.

The balance sheet shows the financial situation of the company, and it shows the
assets, liabilities and debt, and equity. Both sides are balanced: the assets is equal to the
liabilities and equity. Assets include cash, property, and equipment. Liabilities and equity
include debt, bonds, retained earnings, and stockholder’s equity.

The income statement shows how much money a company acquires, spends, and
the overall profit or loss. It contains information such as revenue, net income, and
earnings per share (EPS). The top line is the revenue, and the bottom line is net income. It
also takes into account non-cash items such as depreciation.

The cash flow statement shows how much money the company has made, and
how they handle their cash, pay their bills, and encourage growth. Although most of the
information on this statement is on the income statement or balance sheet, in the cash

flow statement they are used to show the cash made and its relation to earnings. It has
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three parts: cash from operations, financing, and investing. Cash flow is important
because it cannot be manipulated; it is straight-forward. Lastly, the footnotes on the
financial statements can be informative and give more information about accounting
methods and disclosure (calculations, rates, and other information).”'

Ratio analysis is another way to evaluate stocks, and is often another category of
fundamental analysis. The numbers from the balance sheet, income statement, and cash
flow statement are compared to previous years, other companies, the industry, or market.
How the company has performed in the past and the relationship between the values can
be used to predict how the company will perform in the future. There are many ratios
from which to get information about a stock’s worth. Book value per share (BV) is the

relation of the stockholder's equity to the number of shares. BV is equal to:

Stockholders Equity - Preferred Stock
Average Outstanding Shares

The book value is based on costs and retained earnings. If the market value is trading
below the book value, then the company is undervalued and is a good buy. Therefore,
comparing the market value and the book value can determine whether the stock is
overvalued or undervalued.

The cash tlow to assets ratio is equal to:

Cash from Operations
Total Assets

' “Intro to Fundamental Analysis,” Investopedia,
http://www.investopedia.com/university/fundamentalanalysis/, May 26, 2004.
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This ratio tells the amount of cash a company can make with respect to its asset size. If
this ratio has decreased from last year, then it could mean the company could have cash
problems eventually. A ratio of 0.3 is considered to be good.

The dividend payout ratio is equal to:

Yearly Dividend per Share

Earnings per Share

This ratio tells the amount of earnings used to pay the shareholder’s dividends. If this
number decreases, it is seen negatively by investors and the stock price declines. If the
number is zero, it means the company does not pay a dividend. If the dividend is stable,
the company has a good dividend policy.

The earnings per share (EPS) ratio is the most used ratio. It is equal to:

Net Income - Dividendson Preferred Stock

Average Outstanding Shares

This ratio tells how much profit was made on a per share basis. If the EPS is compared to
previous years, it shows the rate of growth at which a company’s earnings are growing on
a per share basis.

The gross profit margin is equal to:



Revenue - Cost of Goods Sold

Revenue

This ratio tells what the company’s pricing policy is and what the mark-up margins are. If
the company has a large variety of products, the results may be distorted. It gives insight
into the company’s financial health, and should be a stable value.

The price to earnings ratio (P/E ratio) is one of the most used ratios and it is equal

to:

Market Value per Share

Earnings per Share

This ratio, sometimes called the multiple, compares the current share price with the
earnings. It determines whether a stock is overvalued or undervalued, and is a prediction
of the company’s performance in the future. The average P/E value is 20. A high P/E
ratio indicates an anticipated growth by investors. If a company is losing money it does
not have a P/E ratio. By using estimated earnings, it is possible to get a forward-looking

P/E ratio.

The profit margin ratio is equal to:

Net Income
Revenue



This ratio tells what portion of the company’s sales contribute to their income. A low
profit margin can be attributed to competition. The percentage is how many cents per
dollar contribute to the net income.

The return on assets ration(ROA or ROI) is equal to:

Net Income + Interest Expense
Total Assets

This ratio tells the return a company is receiving on their investments and assets. If the
company’s ROA is above the rate at which company borrows at, then a pending company
project should be accepted, if not it should be rejected.

The return on equity (ROE) ratio, also called the stockholder’s return on

investment, is equal to:

Net Income

Shareholder's Equity

This ratio tells the return the company is receiving on the stockholder’s investment and
the rate the shareholders earn on their shares. A company that has high growth should
also have a high ROE.

The asset turnover ratio is equal to:

Revenue
Total Assets



This ratio tells the correlation between company assets and revenue. Companies with low
profit margins have a high assets turnover and vice versa, because it is a pricing strategy.
The inventory turnover is equal to:

Cost of Goods Sold
Average or Current Period Inventory

This ratio tells about company inventory levels. Higher inventory could mean there is a
higher demand.

The debt-asset ratio is equal to:

Total Liabilities
Total Assets

This ratio tells what part of the company's assets are being funded through debt. It is
similar to the debt-equity ratio. If the ratio is under 1. it means most of the assets are
being funded by equity. If the ratio is above 1, it means they are funded mostly by debt.

The debt-equity ratio is equal to:

Total Liabilities
Shareholders Equity

This ratio tells what part of equity and debt the company uses to fund its assets. If the
ratio under 1, it means the funding is mostly provided by equity. If the ratio is above 1, it

means the assets are funded with debt, which is risky.



All of these ratios serve as indicators to fundamental investors. Alone they often

server little purpose, but when combined and used together they can be extremely

useful.?

2 “Ratio Analysis,” Investopedia, http://www.investopedia.com/university/ratios/, May 26, 2004.
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Chapter 4

Technical Stock Analysis

There are several technical indicators that can be easily utilized to determine the
value of a stock. Typically, technical analysis is concerned with historical prices and
charts and graphs of these prices. One common technical indicator is the Relative
Strength Index (RSI), which measures a stock’s recent performance in relation to its
historical strength by comparing the number and magnitude of recent and historical ups
and downs. A high RSI indicates a sell, and a low RSI indicates a buy.23

Related to the RSI is relative strength, which uses price trends to evaluate how a
stock is performing compared to others. The relative sfrength of a stock is calculated by
taking the percentage price change of a stock over a set period of time and ranking it on a
scale of 1 to 100 against all other stocks on the market, with 1 being worst and 100 being
best.**

Another important index is the money flow index, or MFI. The MFI evaluates the
amount of money in and out of a stock. It is similar to the RSI, but the MFI also evaluates
volume, not only price. If the MFI deviates from the price trend, it could indicate a trend
reversal.>’

An important tool in chart analysis is the use of Bollinger Bands. Bollinger bands
are two bands that are plotted two standard deviations away from the moving average

(standard deviation measures the volatility of a stock). The bands are wide when the

* “Relative Strength Index - RSI,” Investopedia, http://www.investopedia.com/terms//rsi.asp, May 27,
2004.

2 “Relative Strength,” Investopedia, http://www.investopedia.com/terms/r/relativestrength.asp, May 28,
2004.

* “Money Flow Index - MFL.” Investopedia, http://www.investopedia.com/terms/m/mfi.asp, May 28, 2004.
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market is more volatile, and are slimmer when the market is less volatile and closer to the
market average. When the stock price is close to the upper band the market is
overbought, and oversold when the prices are near the lower band.*®

Another indicator is the William’s %R, which evaluates overbought and oversold
conditions. When the William’s is over 80% the stock is considered oversold, and when it
is below 20% it is considered overbought.”’

The price rate of change, or ROC, evaluates the price changes of a stock and
whether it is overbought or oversold. It is mostly used for short-term, and is calculated by
using the closing price minus the closing price N days ago, divided by the closing price N
days ago.28

Another indicator is the trading range, which is when the high. low, and closing
prices are graphed for a specific period of time. Then lines are drawn along the top and
bottom of the range, called support and resistance lines. This is when the current trend
should stop and reverse direction, like a floor or ceiling price. Where there is a point
above or below the lines is a breakout. Pattern analysis is the analysis of these graphs for
patterns that have appeared. The most commonly observed patterns are triangle-up or
triangle-down patterns, and rounded tops or rounded bottoms. Trend analysis is more
mathematical; it uses short and long term trends to identify where prices cross over their
long term averages (also called moving averages). The price range is then smoothed by

averaging data points, and then the smoothed line is plotted against the actual price of the

*0“Bollinger Band,” Investopedia, http://www.investopedia.com/terms/b/bollingerbands.asp, May 28,
2004.

7 «Williams %R.” Investopedia, http://www.investopedia.com/terms/w/williamsr.asp, May 28. 2004,
* «price Rate of Change - ROC,” Investopedia,
http://www.investopedia.com/terms/p/pricerateofchange.asp, May 28, 2004



stock. The Moving Average Convergence Divergence (MACD) is used to identity
crossovers, divergence, and convergence. Gap analysis can indicate the future movement
of a stock by looking at the gap, or when the opening price of a stock is significantly
higher or lower than its closing price the previous day. perhaps because of company news
overnight. The most basic technical analysis indicator is the moving average, which
shows the average value of a stock’s price over a period of time, most commonly 20, 30,
50, 100, and 200 days.*’

When analyzing price data charts, it is important to look at the trends. An uptrend

is higher highs and lower lows. It continues until a previous relative low point is broken,

which is also called a reaction low.*"
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Figure 1: December 1992 T-bond Uptrend (RH is relative high, RL is relative low)

29

- “Moving Average Convergence Divergence - MACD,” Investopedia,
http://www.investopedia.com/terms/m/macd.asp, May 27, 2004.
0 Schwager, Jack, Getting Started in Technical Analysis, 34-38.
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A downtrend is lower lows and lower highs, which continues until a previous

lower high is exceeded.”'

;‘f,}‘""'x::'\_
LA :

BT e e e R e g Wy den b Awp Ban Dot Wee  Dwe
Figure 2: December 1992 Coffee Downtrend

Also, trend lines can be drawn to see the trend better. An uptrend line connects

the series of higher lows, and the downtrend line connects the series of lower highs.*

31 :
7 1bid.
32 Schwager, Jack, Getting Started in Technical Analysis, 34-38.
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Figdre 3: Uptrend Line

Figure 4: Downtrend Line

Parallel lines that enclose the trend form what is called a trend channel. When the
uptrend is penetrated, it is a sell signal, and penetration of the downtrend line is a buy
signal. The lower end of a downtrend and the upper end of an uptrend are good places for
profit. Trends are often redefined as time moves on, so they tend to work better when

used in hindsight then real time.*?

** Schwager, Jack, Getting Started in Technical Analysis, 35-41.
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Figure 5: Uptrend Channel

Moving averages are another way to analyze stocks. It is a smoothed price series
that makes trends more discernable. The past N days’ closing prices including today’s are
averaged. The larger the N, the more short term “noise” will be removed. The moving

average is rising if today’s value is higher than yesterday, and declining if today’s value

is lower then yesterday.**

* Schwager, Jack, Getting Started in Technical Analysis, 45-50.
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Figure 6: 40-Day Moving Average

Another important skill in trading stocks is recognizing and analyzing the chart
patterns. First, there are some important one day patterns and occurrences that each trader
should know. A gap day is when the low is above the previous day’s high, or the high is
below the previous day’s low. There are different types of gaps. A common gap is not
that significant. A breakaway gap is when the prices rise beyond the extreme of the
trading range area where no trading activity occurs. A runaway gap is when the trend
accelerates. An exhaustion gap is after an extended price move, followed by a trend
reversal. Another one day pattern is spikes. A spike high is a day whose high is way
above the high of the days before and after it, and the closing price is near the lower end
of the day’s trading range. A spike low is a day whose low is way below the low of the

days before and after it, and the closing price is near the upper end of the day’s trading
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range. The spike is more significant if it meets the closing price criteria, or there is price

advance in the spike’s direction.””
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Figure 7: Spike High and Spike Low

Reversals are an important pattern. A reversal high day is a new high in an
upmove, then a reversal to close below the preceding day’s close. A reversal low day is a
new low in a decline, then a reversal to close above the preceding day’s close. Two
consecutive reversal highs are a sell signal. A reversal day at its peak is also a sell signal,
but often a reversal can generate false signals and are considered a worthless trading

indicator to some. Also, sometimes a day can be both a spike and reversal day.*

fs Schwager, Jack, Getting Started in Technical Analysis, 73-81.
36 Schwager, Jack, Getting Started in Technical Analysis, 73-81.
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Figure 8: Reversals

Another one day pattern is a thrust day. An upthrust day is when the close is
above the previous day’s high, and a downthrust is when the close is below the previous
day’s low. A series of upthrusts is a sign of strength, and a series of downthrusts is a sign

of market weakness.>’
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Figure 9: Upthrusts and Downthrusts

7 Schwager, Jack, Gerting Started in Technical Analysis, 81-83.
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The last type of important one day pattern is a wide-ranging day. This is when the
daily price range is bigger than the past days. A day with a strong close after a declining

trend is a sign of an uptrend reversal, and a weak close after an advancing trend is a sign

1.38

of a downside trend reversa

F2Y

Figure 10: Wide Ranging Days

Besides one day patterns, there are continuation patterns, which are long term
trends where the price swing if in the same direction of the preceding formation. One
type of this pattern is a triangle. It is a symmetrical continuation of a trend before it

39
ascends or descends.

‘:’8 Schwager, Jack, Getting Started in Technical Analysis, 83-85.
 Schwager, Jack, Getting Started in Technical Analysis, 85-87.
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Figure I1: Triangle

Another pattern is a flag and pennant, which is a narrow band. short duration,
series of congestion phases. A flag is enclosed by parallel lines, and a pennant has a

shorter duration than a triangle.*’

Figure 12: Flag and Pennant

% Schwager, Jack, Getting Started in Technical Analysis, 87-93.
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[t pauses a major trend, where the price swings in the same direction then before
the formation. A good time to enter the stock is during this formation, anticipating the
trend. When there is a breakout in the opposite direction, it is a good stop-loss point

because it signifies a trend reversal.*'
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Figure 13: Flag Breakout

If the breakout is above the average trading range, then there may be explosive
growth ahead. In addition to continuation patterns, there are top and bottom formations.

V tops and bottoms are usually found with other indicates such as spikes and wide gaps.*’

41
1bid.
* Schwager, Jack, Getting Started in Technical Analysis, 93-96.
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Figure 15: Head and Shoulders

Rounded tops and bottoms, also called saucers, are the most reliable top and

bottom formations.**
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Figure 16: Rounded Top and Bottom

Triangles, which are the most common continuation pattern, can also be top and

bottom. Another formation is the wedge. A rising wedge is when prices rise steadily

* Ibid., 102-104.
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higher in a converging pattern. The sell signal is when there is breakout below the wedge

.45
line.™
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Figure 17: Rising Wedge

The last formation is the island reversal, which is when the prices gap higher

after an advance, then gap lower. It is a reversal signal.46
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Figure 18: Island Top

> Schwager, Jack, Getting Started in Technical Analysis, 104-106.
¥ Schwager, Jack, Getting Started in Technical Analysis, 107-109.
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Chapter 5

The Role of Autonomous Agents

5.1 What is an Autonomous Agent?

An agent is a computer software program that is intelligent in that it is proactive
and adaptive, and an autonomous agent is one that can run with little or no human
intervention. Typically, agents sense the environment they are situated in, engage in
decision-making, and perform certain actions that will influence the environment. In
addition, several agents are usually programmed to work together in the same
environment. These agents must cooperate, coordinate, and negotiate with each other in

. . . 4
order to achieve a common objective."’

5.2 Advantages of Autonomous Market Agents

Autonomous market agents are agents that are programmed to trade or perform
other actions within a given marketplace. Autonomous market agents have several
obvious advantages over humans. Computationally they are faster and can handle more
operations at a time. For example, an agent could be programmed to scan the World
Wide Web for the best prices on a product; this agent would be able to scan the web
much more effectively and efficiently than a human. Secondly, agents cannot become
distracted and divert their attention from the task at hand. For example, an autonomous
agent on the online auction site eBay can be programmed to watch and top any new bid

on an item up to some maximum price. The agent will constantly monitor the auction and

7 Greenwald, Amy, Nicholas Jennings, and Peter Stone. "Agents and Markets," /ntelligent Systems,
November/December 2003, 12-14.
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will not divert its attention. However, it would be very difficult for a human to monitor
the same auction continuously for an extended period of time. Finally, agents are immune
to human flaws in reasoning.48

Daniel Kahneman, a professor at Princeton University, and Amos Tversky
demonstrated that people can make difterent decisions about different situation with the
same outcome. In one experiment to demonstrate their theory, Tversky and Kahneman
made two groups of people. One group was given a coffee mug while the other was given
nothing. Next, the first group was asked to choose either to keep the mug or to trade it for
money. The second group was asked to select between a mug or money. The researchers
found that those without a mug initially were willing to accept less money than those who
had a mug. The conclusion of the experiment was that an individual’s emotions, rather
than rational calculations affected their decision-making.*

Rajarshi Das, a researcher for IBM, has illustrated these advantages in the trading
domain. In an experiment which put humans against computers in a stock market
scenario, there was a significant amount of trading between the agent and 