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Abstract 

A fully automated stock market trading simulation was carried out over seven weeks 

using technical indicators and scripted timing strategies. The effectiveness of the 

individual strategies, and of this approach to automated trading in general, was assessed. 

The results were overwhelmingly favorable. 
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1 Introduction 

 

1.1 Project goals and scope 

The main goal of this project is to learn about the effectiveness of automated trading in 

the stock market using technical indicator data and scripted timing strategies.  

First we will retrieve open, high, low, and close (OHLC) price data from an 

Internet stock quote server. Next we will calculate the values of several technical 

indicators for each day of the simulation. We will write timing strategy scripts to generate 

buy/sell signals by modifying some well-known timing strategies. We would like to test 

the effectiveness of various combinations of the signals emitted by the various timing 

strategies so that we may have a greater chance of finding effective strategies. We will 

accomplish this by generating a set of portfolios which corresponds to the set of all 

possible unordered pairs of timing strategies. Each portfolio will use as its trade signal 

the average of the trade signals of its corresponding distinct pair of timing strategies. We 

will simulate these dual-strategy portfolios for seven weeks, measuring their performance 

with several statistics such as rate of return, maximum drawdown, etc. Finally we will 

survey the results and draw conjectures about the effectiveness of the timing strategies we 

used and of automated trading in general. 

The trading simulation will run for seven weeks using a pool of 272 stocks for the 

portfolios to choose from. For each trading day, analysis will be carried out on the close 

prices of the previous day and trades will be carried out using the open prices of the next 

day. Commissions and other fees associated with trading are not part of the scope of this 
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project. The amount of cash allocated to spending on each day will be made to be 

proportional to the momentum of the S&P500 index, ^GSPC, within a fixed range. A 

portfolio's worth will be assessed as the sum of its cash assets and the worth of its 

constituent stocks at the closing price on a given day. 

 

1.2 History of Investment 

The earliest forms of the stock market originated over one thousand years ago in the 

Middle East and Europe when businesses began selling bonds that promised repayment 

on a certain date plus interest.  This proved to be an effective method for raising large 

amounts of money in short periods of time.  That money could then be used to help the 

business expand or increase profits.  This practice later evolved into companies selling 

ñstockò or ownership in their company to the public.  By buying stock in a company a 

person purchases a certain percentage of that company and based on the companies 

performance in the future he can either make or lose money.  Although originally stock 

markets were open to the public, in today's marketplace individuals are only allowed to 

buy or sell stock through a ñstockbroker.ò  A stockbroker is a person whose job it is to 

buy and trade stock on a particular market.  They make money by taking commission 

from every stock that they sell.  This method leaves open the potential for a broker to 

make vast amounts of money in little time. 

 There are many reasons why a company will allow shares of itself to be traded in 

the open market.  First, it is an easy way to generate money quickly.  Unlike taking out a 

loan, companies are not required to take back stock or pay any interest for selling them.  
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However, the more stocks a company sells to the public the less control it has over 

decisions.  For example, if a company were to sell more than 51% of its shares then 

technically the public could override any decisions made by the executive branch of the 

company.  Second, by putting themselves in the public market a company can take 

advantage of speculation on future performance. This can either greatly enhance or 

tarnish their reputation so there is possibility for fast growth.  Third, many newly created 

businesses have the potential to expand quickly when provided with startup money from 

selling stocks.  This allows investor's who are willing to take a risk on new companies to 

invest in them with the hope that the stock will soon rapidly increase in value. 

 In the United States, New York has always been the center for stock market 

trading.  The first market to be set up in America was called the New York Stock 

Exchange and was founded in 1792.  Businessmen across the country believed that this 

was the best way to transfer and defer the debt created by the war between England and 

the United States less than two decades earlier.   

 In today's economy there are many major stock markets in all areas of the world.  

Without an organized and efficient way to gather and display data it would be impossible 

to buy and trade stock correctly.  Thanks to the invention of computers and the World 

Wide Web however databases can now be linked together to give brokers and investors 

endless amounts of data to search.  This has revolutionized the pace at which the stock 

markets operate and increased the influence they have over world economies.   
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2 Investment Theory 

 

2.1 Efficient Market Hypothesis 

The efficient market hypothesis (EMH) asserts that financial markets are "informationally 

efficient", or that prices on traded assets, e.g., stocks, bonds, or property, already reflect 

all known information. The efficient-market hypothesis states that it is impossible to 

consistently outperform the market by using any information that the market already 

knows, except through luck. Information or news in the EMH is defined as anything that 

may affect prices that is unknowable in the present and thus appears randomly in the 

future. The EMH was developed by Professor Eugene Fama at the University Of Chicago 

Graduate School Of Business as an academic concept of study through his published 

Ph.D. thesis in the early 1960s at the same school. There are three common forms in 

which the efficient-market hypothesis is commonly stated: weak-form efficiency, semi-

strong-form efficiency and strong-form efficiency, each of which has different 

implications for how markets work. 

 

Weak-Form Efficiency 

Excess returns cannot be earned by using investment strategies based on historical 

share prices. Technical analysis techniques will not be able to consistently produce 

excess returns, though some forms of fundamental analysis may still provide excess 

returns. Share prices exhibit no serial dependencies. This implies that future price 

movements are determined entirely by unexpected information and therefore are 
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random.  

 

Semi-Strong-form Efficiency 

Share prices adjust to publicly available new information very rapidly and in an 

unbiased fashion, such that no excess returns can be earned by trading on that 

information. Semi-strong-form efficiency implies that neither fundamental analysis 

nor technical analysis techniques will be able to reliably produce excess returns. To 

test for semi-strong-form efficiency, the adjustments to previously unknown news 

must be of a reasonable size and must be instantaneous. To test for this, consistent 

upward or downward adjustments after the initial change must be looked for. If 

there are any such adjustments it would suggest that investors had interpreted the 

information in a biased fashion and hence in an inefficient manner.  

 

Strong-Form Efficiency 

Share prices reflect all information, public and private, and no one can earn excess 

returns. If there are legal barriers to private information becoming public, as with 

insider trading laws, strong-form efficiency is impossible, except in the case where 

the laws are universally ignored. To test for strong-form efficiency, a market needs 

to exist where investors cannot consistently earn excess returns over a long period 

of time. Even if some money managers are consistently observed to beat the 

market, no refutation even of strong-form efficiency follows: with hundreds of 

thousands of fund managers worldwide, even a normal distribution of returns (as 
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efficiency predicts) should produce a few outliers.  

 

2.2 Fundamental and Technical Analysis 

Analysis of financial markets is often arbitrarily divided into two broad disciplines, 

known as fundamental analysis and technical analysis. Both forms of analysis are 

different approaches to the decision making process in the context of trading or investing 

in financial markets. In general terms, this process is about selecting markets and 

instruments in which to trade or invest and timing when to open and close trades or 

investments so as to maximize returns. 

 

2.2.1 Fundamental Analysis 

Fundamental analysis approaches the decision-making process by attempting to 

determine the intrinsic value of a financial instrument. Conventional wisdom indicates 

that the price of an instrument that is trading for less than its intrinsic value should rise 

and the price of an instrument that is trading for more than its intrinsic value should fall. 

Intrinsic value is estimated by examining the factors that affect supply and demand for 

whatever is underlying the financial instrument. For example: A company, a commodity, 

a currency, an interest rate or a market index. The fundamental analyst thus studies the 

causes of prices, or changes in prices, of financial instruments. Fundamental analysis tells 

us what ought to be the direction in which prices will move. A problem with fundamental 

analysis is that it assumes that information is disseminated perfectly and that it is acted on 

rationally. Practical observation of markets suggests that these assumptions do not 
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necessarily hold in the real world, particularly in the short term. However, it is generally 

accepted that prices will move as indicated by intrinsic value over the longer term. 

 

2.2.2 Technical Analysis 

Technical analysis approaches the decision-making process by examining the market for 

the financial instrument itself. The data from the market are primarily the price, volume 

and, in futures markets, the open interest. Technical analysis is not concerned with the 

value of whatever underlies the financial instrument, but with how the forces of supply 

and demand impact its price. While they interact with each other, conceptually there are 

two separate markets associated with traded financial instruments. There is the market for 

the physical asset that underlies the financial instrument. There is also the market in the 

financial instrument itself. While prices in the market for the physical asset impact upon 

prices of the financial instruments, there can be significant differences ð especially in 

equity markets where control of companies is not an active market compared to trading in 

shares in the company. 

Fundamental analysis tends to the view that prices for a financial instrument are directly 

related to the intrinsic value of the asset underlying it. Technical analysis, on the other 

hand, recognizes that there are other forces at play that shape supply and demand for a 

financial instrument and cause its price to deviate significantly from a consistent 

relationship with the intrinsic value of the underlying asset. The technical analyst 

therefore studies changes in the level of supply and demand for the traded instrument 

directly, rather than indirectly via the factors affecting supply and demand for the 
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underlying asset. 

 

2.3 Modern Portfolio Theory 

Modern portfolio theory (MPT) proposes how rational investors will use diversification 

to optimize their portfolios, and how a risky asset should be priced. The basic concepts of 

the theory are Markowitz diversification, the efficient frontier, capital asset pricing 

model, the alpha and beta coefficients, the Capital Market Line and the Securities Market 

Line. MPT models an asset's return as a random variable, and models a portfolio as a 

weighted combination of assets so that the return of a portfolio is the weighted 

combination of the assets' returns. Moreover, a portfolio's return is a random variable, and 

consequently has an expected value and a variance. Risk, in this model, is the standard 

deviation of return. The model assumes that investors are risk averse, meaning that given 

two assets that offer the same expected return, investors will prefer the less risky one. 

Thus, an investor will take on increased risk only if compensated by higher expected 

returns. Conversely, an investor who wants higher returns must accept more risk. The 

exact trade-off will differ by investor based on individual risk aversion characteristics. 

The implication is that a rational investor will not invest in a portfolio if a second 

portfolio exists with a more favorable risk-return profile ï e.g., if for that level of risk an 

alternative portfolio exists which has better expected returns.  

 

2.4 Capital Asset Pricing Model 

Capital Asset Pricing Model (CAPM) is used in finance to determine a theoretically 
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appropriate required rate of return of an asset, if that asset is to be added to an already 

well-diversified portfolio, given that asset's market risk (also known as systemic risk). 

The model takes into account the asset's sensitivity to market risk, often represented by 

the quantity beta in the financial industry, as well as the expected return of the market and 

the expected return of a theoretical risk-free asset. The model was introduced by Jack 

Treynor, William Sharpe, John Lintner and Jan Mossin independently, building on the 

earlier work of Harry Markowitz on diversification and modern portfolio theory. Sharpe 

received the Nobel Memorial Prize in Economics (jointly with Markowitz and Merton 

Miller) for this contribution to the field of financial economics. Once the expected return 

is calculated using CAPM, the future cash flows of the asset can be discounted to their 

present value using this rate to establish the correct price for the asset. In theory an asset 

is correctly priced when its observed price is the same as its value calculated using the 

CAPM derived discount rate. If the observed price is higher than the valuation, then the 

asset is overvalued (and undervalued when the observed price is below the CAPM 

valuation). Alternatively, one can "solve for the discount rate" for the observed price 

given a particular valuation model and compare that discount rate with the CAPM rate. If 

the discount rate in the model is lower than the CAPM rate then the asset is overvalued 

(and undervalued for a too high discount rate). 

 

2.5 Arbitrage Pricing Theory 

Arbitrage pricing theory (APT) is a general theory of asset pricing that has become 

influential in the pricing of shares. The theory was initiated by the economist Stephen 
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Ross in 1976. APT holds that the expected return of a financial asset can be modeled as a 

linear function of various macro-economic factors or theoretical market indices, where 

sensitivity to changes in each factor is represented by a factor-specific beta coefficient. 

The model-derived rate of return will then be used to price the asset correctly - the asset 

price should equal the expected end of period price discounted at the rate implied by 

model. If the price diverges, arbitrage should bring it back into line.  

 

2.6 CAPM vs APT 

The APT along with the CAPM is one of two influential theories on asset pricing. The 

APT differs from the CAPM in that it is less restrictive in its assumptions. It allows for an 

explanatory (as opposed to statistical) model of asset returns. It assumes that each 

investor will hold a unique portfolio with its own particular array of betas, as opposed to 

the identical "market portfolio". In some ways, the CAPM can be considered a "special 

case" of the APT in that the securities market line represents a single-factor model of the 

asset price, where beta is exposed to changes in value of the Market. Additionally, the 

APT can be seen as a "supply side" model, since its beta coefficients reflect the 

sensitivity of the underlying asset to economic factors. Thus, factor shocks would cause 

structural changes in the asset's expected return, or in the case of stocks, in the firm's 

profitability. On the other side, the capital asset pricing model is considered a "demand 

side" model. Its results, although similar to those in the APT, arise from a maximization 

problem of each investor's utility function, and from the resulting market equilibrium 

(investors are considered to be the "consumers" of the assets). 
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2.7 Dow Theory 

Dow Theory is a heterodox theory on stock price movements that is used as the basis for 

technical analysis. The theory was derived from 255 Wall Street Journal editorials written 

by Charles H. Dow, journalist, founder and first editor of the Wall Street Journal and co-

founder of Dow Jones and Company. Following Dow's death, William P. Hamilton, 

Robert Rhea and E. George Schaefer organized and collectively represented "Dow 

Theory," based on Dow's editorials. Dow himself never used the term "Dow Theory," nor 

presented it as a trading system. There are six tenets of Dow Theory: the market has three 

movements, trends have three phases, the stock market discounts all news, stock market 

averages must confirm each other, trends are confirmed by volume, and trends exist until 

definitive signals prove that they have ended. Even though this theory is well 

documented, there is little academic support for the profitability of the Dow Theory.  
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3 Investment Types 

 

3.1 Types of Stockbrokers 

There are three main types of stockbrokers that an individual may use.  The first, called a 

discretionary dealer, is best for individuals who either have little knowledge of the stock 

market, or do not have the time needed to properly invest their money themselves.  This 

type of broker takes money from an individual and decides which stocks to buy and 

which to sell when he sees fit.  At the end of the day he can report back to the individual 

with either a loss or a gain.  The second type of broker is called an advisory dealer.  This 

type of broker will recommend decisions to his / her clients based on what he thinks will 

benefit them the most, however, he does not directly buy or sell without his / her client's 

consent.  Finally, execution dealers are brokers whose only job is to buy and sell stock 

when told to do so.  They generally do not advise their clients and only act when told to.   

 

3.2 Types of Stock 

In today's economy there are many different types of stocks that can be traded.  The first 

and most widely traded by individuals are ñcommonò stock.  These stocks are often the 

riskiest to buy but have potential to pay more than most other sectors of the market.  If 

the company does well, the stock will become more valuable.  However, if the company 

goes bankrupt, the stock will be worthless.  Another type of stock is called ñpreferredò 

stock.  These shareholders generally are not able to make decisions for the company, but 

collect payments based on the companiesô performance.  In exchange, if the company 
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goes bankrupt, preferred stockholders are paid back before common stockholders.   

Furthermore, companies are allowed to customize stocks to include different 

levels of voting powers.  It is through this method that companies can distribute more 

stocks of itself while at the same time keeping voting powers to a smaller, more 

centralized group of people.   

Mutual funds are one way of investing in the stock market.  This method is often 

best for people who do not want to take much risk with their money and do not mind 

seeing only mild return rates.  Their money is pooled with other investors' money and 

spread through diverse sectors of the market.  Mutual funds have vast amounts of stocks 

that are invested and traded and so investors try to make small gains across the market.  

This method is not very risky because there are so many stocks in the portfolio that for 

the most part the losses and gains balance out at the end of the day and the investor is left 

with either a little profit or a little loss.  However, this portion of the market is one of the 

biggest, worth over $25 trillion dollars.  There are many different types of mutual funds 

in today's world.  These include, among others, equity funds, bond funds, money market 

funds, and hedge funds.   

Another investment option is bonds.  Bonds are certificates that promise to pay a 

person a certain amount of debt with an additional interest added onto it.  This is a classic 

and easy way for governments to finance huge operations while deferring debt payments 

until a later date.  Bonds can be issued by companies as well as governments.  While 

some bond trading is risky, generally any bond issued by a major government is almost 

guaranteed to make the investor some money as interest is paid every six or twelve 
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months.  Although there are too many bond types to list the major ones include treasury 

bonds, municipal bonds, war bonds, lottery bonds, and fixed rate bonds.  Another type 

called high yield bonds is one of the riskier types of bonds because they are more often 

defaulted on. However it is also one that can make investors more money if paid off.   

Another generally low risk way of investing is investment in certificates of 

deposit.  Using this method, an individual will deposit a certain amount of money into a 

bank with the agreement that this individual will not withdraw the money before a certain 

amount of time has passed.  Because the individual is willing to leave the money 

deposited for an extended period of time, he / she earns a higher interest rate than on a 

normal deposit.  In the meantime the bank has a greater amount of spending money to 

invest with and make money on. 

 

 

3.3 Other Investment Markets 

Besides the stock market there are many other types of markets open to investors.  These 

include money markets and derivatives markets.  Derivatives markets are markets that 

buy and sell derivatives.  One market in this category is the futures market.  In this 

market investors try to predict if a company will grow or shrink in the future and buy 

contracts that promise the stock will be sold on a later date for a specific amount of 

money.  Using this method companies can defer their debt by putting it on investors, and 

can use available funds to make more money off these investments before repurchasing 

the stock for the set price.  Another type of contract in the derivatives market is called the 
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options contract.  These contracts give the buyer the right to sell his / her shares back at a 

future date but do not force him / her to do so.  Other derivatives markets include over-

the-counter derivatives, and exchange traded derivatives.   

 Whereas the derivatives market is focused more on long term investments, others 

focus rather on short term buying and selling by brokers.  The money market is another 

type of market that offers relatively low risk investment options with small return rates.  

In money markets short term contracts are traded between people who wish to borrow 

money and those who wish to lend it out.  Commercial paper, bankers' acceptances, 

treasury bills, and other contracts are included in the trading.  Because of the large 

amount of cash flow in these markets, they are comprised largely of banks and other 

institutions who lend money.  Because they are trading with other banks and large 

corporations, this market is relatively safe. The return rate on money markets, however, is 

generally only around 1.5%.   
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4 Stock selection 

 

4.1 Stock selection strategy 

In today's market there are many methods that an investor can use to create a list of 

stocks that he or she believes will be profitable.  The efficient market hypothesis (EMH) 

states that because the day-to-day fluctuations of a market are random, there is no method 

for choosing stocks that can guarantee future profit.  However, there are many methods 

for categorizing stocks based on various values that an investor believes is important.  By 

performing fundamental analysis techniques using variables important to an investor it is 

possible to determine a stock's intrinsic value.  Intrinsic value is how much an investor 

believes a certain stock is worth. It can be calculated using quantitative characteristics of 

a stock such as the company's cash flow statistics, qualitative characteristics of the 

company, or some combination thereof. 

 

4.1.2 Quantitative fundamental analysis 

Choosing stocks is made simpler with quantitative fundamental analysis because an 

investor can compare the intrinsic value with the market value and decide whether or not 

a stock is worth purchasing.  If the intrinsic value is significantly higher than the market 

value of a stock then it is a good idea to purchase the stock and hope that the value will 

rise. Although different methods of fundamental analysis prioritize cash flow variables 

differently, they all rely on a company's cash flow analysis.  The basic equation used in 
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quantitative fundamental analysis of stocks is the discounted cash flow equation:  

 
r: discount rate 

CF: cash flow 

Figure 1: Discounted Cash Flow equation 

 

The equation above essentially states that a company's future worth can be 

determined by how much money the company will make through various cash influxes, 

called the discounted cash flows versus future time value of money and inflation.  Some 

important variables that are taken into account when performing fundamental analysis on 

a stock are: the prior year's cash flow, which shows how much money the company 

returned to investor's in the previous year; cash flow, which is the amount of profit made 

by the company that could in theory be completely returned to stockholders; growth rate, 

which is a one to five year prediction on how much a company will expand and if their 

sector of the market is expected to grow or shrink; discount factor and discount per year, 

five year value and five year cash return, which are also predictions on how the company 

will perform in five years; as well as many others.  Because there is more than one 

method for performing fundamental analysis, it is up to the investor to determine which 

variables are most important and which are not.   

 

4.1.3 Qualitative fundamental analysis 

Although many investors use different numbers and variables to determine a certain 

company's worth there are always other non-mathematical, human factors that affect how 
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a stock performs.  These factors must be taken into account when deciding upon whether 

or not to invest in a stock.  Both speculation about future events and the publics 

perception of a company can enhance that company's reputation which will increase its 

market value.  If a company has been in the public eye for a long time and is a household 

name then even during tough times it will receive support from the public and can keep a 

high market value because investors know that the company is relatively stable and that 

based on past stability will rise again at some point in the future.   

However, at the same time these two factors can tarnish a companyôs reputation 

and cause stock prices to drop.  If there is speculation of management problems, 

upcoming layoffs, or other bad signs and investors begin selling shares, stock prices will 

drop and even slow trends can pick up speed rapidly causing devastating monetary losses. 

Another factor that can greatly affect a company's market value is the strength of 

the management team in charge.  The more involved an investor is with a company the 

better information he / she receives about its well being and can make better guesses 

about future performance.  By knowing who manages the company an investor can better 

understand how decisions will be made and which way management will fall on certain 

issues.  By examining personal histories of important company workers such as the chief 

financial officer (CFO), chief information officer (CIO), chief operating officer (COO), 

and chief executive officer (CEO), an investor can better understand what the company's 

future will hold.   

If management has a strong background and is filled with dedicated people then 

there is a better chance they will make decisions that will help drive their market price 
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up.  The addition of a strong-minded and previously successful CEO can cause a 

company's market share to increase just based on the fact that the CEO performed well in 

previous years.  However, if management is weak and filled with people that do not work 

well together then important issues will not be taken care of quickly and opportunities for 

growth can slip by.  Also, the mere fact that management is weak will look bad in the 

public view and regardless of whether or not the company could be successful there will 

not be much public interest to start this upward trend.   

Finally, another major factor that can affect a company is previous momentum.  A 

couple of examples of this are the housing market industry and the computer boom age of 

the 1990's.  Both sectors of the market saw tremendous increases in value and profits that 

steadily climbed for years straight.  However, the reason market value for shares in the 

tech industry and housing industry were increasing was not that company's were making 

vast amounts of money, but rather the fact that in previous years the market was rising 

and so speculators believed this period of growth would continue for years on end.  

Driven by this speculation prices kept increasing and investors thought these two sectors 

of the market were guaranteed to bring profit if invested in.  They became backbone 

investments for millions of people and growth was exponential.  However, once the 

public began to realize that prices were being driven by speculation and profits were not 

nearly as high as expected, prices rapidly dropped and within a short period of time many 

large companies had lost everything.  These are two examples of how speculation can 

drive whole sectors of the market for years on end and then quickly burst the bubble, 

causing investors to lose everything. 
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4.2 Stock categorization 

It is important that a portfolio is diversified so that it experiences minimal unsystematic 

risk. In order to diversify, however, it is necessary to identify how to partition a market 

into categories. We will use two categorizations: market sector and market capitalization 

(market cap). By selecting stocks with diverse market cap in diverse sectors of the market 

during the screening process, we will create a pool of stocks that has strong diversity. 

A market sector is a subset of a market which participates in a particular type of 

industry. For example, the S&P 500 is divided into the following sectors 

[http://www.sectorspdr.com]: energy, consumer discretionary, consumer staples, financial, 

health care, industries, materials, technology, and utilities. This categorization is 

significant because often the general trend of a sector will both reflect and feed back into 

the performance of its constituent stocks. To avoid losses on a portfolio that has stocks in 

a poorly performing sector, the portfolio should contain a significant number of stocks 

outside that sector. 

Market capitalization (cap) is a measure of the current worth of a company, 

obtained by multiplying its share price by its number of shares. The stock of companies 

with large market cap (large-cap stocks) tends to behave differently from small-cap 

stocks. Large-cap stocks are well established, and thus are often less volatile and more 

strongly correlated with the market or market sector. To help avoid high volatility or low 

returns, a portfolio should contain stocks with various market caps. 

 

http://www.sectorspdr.com/
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5 Trading Strategy 

Although random factors such as emotion and intuition can play a large role in investors' 

trading practices, those factors alone cannot be relied upon to provide consistent results. 

Many investors therefore incorporate trading strategies with strict rules into their 

practices. These rules can be based on calculations of expected return, risk, volatility, 

correlations, and subjective or calculated tolerances for these calculated factors. 

It is helpful to express trading strategies in terms of portfolio management. 

Expressed in this context, a trading strategy attempts to determine the best set of assets 

for a portfolio at every point in time for a given trading frequency. Trading frequencyð

the frequency of purchases or sales of assets in a portfolioðcan vary from minutes to 

months or even years. A strategy can specify rules for managing the overall contents of a 

portfolio, the amount of each asset for a predetermined set of assets, or the trades in an 

individual asset. 

One common rule for constructing a good portfolio is diversification. Since a 

portfolio is a subset of all of the assets in a market, the efficient market hypothesis states 

that the best return one can expect from a portfolio in the long term is the overall return 

of the market. Modern portfolio theory (MPT) and its derivatives describe methods of 

using diversification to minimize the risk for a desired rate of return and to construct the 

portfolio that maximizes the ratio of expected return versus risk. This ñmarket portfolioò 

is, according to MPT, the best portfolio that a rational investor can have. 

 

Another popular class of portfolio management rules is based on technical 
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analysis. The main principle of technical analysis is that future asset prices can be 

forecast from past prices. Strategies based on technical analysis use past price data to 

determine when to buy or sell certain assets. The methods can range from intuition-based 

pattern recognition to statistical or numerical analysis. 

 

5.1 Modern Portfolio Theory 

One method of optimizing our portfolio is the Markowitz Model.  This model proposes 

how rational investors will use diversification to optimize their portfolios, and how a 

risky asset should be priced. The basic concepts of the theory are Markowitz 

Diversification, the Efficient Frontier, Capital Asset Pricing Model, and the Capital 

Market Line. We consider an asset's return as a random variable, and model a portfolio as 

a weighted combination of assets so that the return of a portfolio is the weighted 

combination of the assets' returns. Moreover, a portfolio's return is a random variable, and 

consequently has an expected value and a variance. Risk, in this model, is the standard 

deviation of return.  

The model assumes that investors are risk adverse, meaning that given two assets 

that offer the same expected return, investors will prefer the less risky one. Thus, an 

investor will take on increased risk only if compensated by higher expected returns. 

Conversely, an investor who wants higher returns must accept more risk. The exact trade-

off will differ by investor based on individual risk aversion characteristics. The 

implication is that a rational investor will not invest in a portfolio if a second portfolio 

exists with a more favorable risk-return profile ï i.e., if for that level of risk an alternative 
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portfolio exists which has better expected returns. It is further assumed that investor's risk 

/ reward preference can be described via a quadratic utility function. The effect of this 

assumption is that only the expected return and the volatility (mean return and standard 

deviation) matter to the investor. The investor is indifferent to other characteristics of the 

distribution of returns, such as its skew (measures the level of asymmetry in the 

distribution) or kurtosis (measure of the thickness).  

An investor can reduce portfolio risk simply by holding instruments which are not 

perfectly correlated. In other words, investors can reduce their exposure to individual 

asset risk by holding a diversified portfolio of assets. Diversification will allow for the 

same portfolio return with reduced risk. Portfolio volatility is a function of the correlation 

ɟ of the component assets. The change in volatility is non-linear as the weighting of the 

component assets changes. Volatility is mathematically represented by the square root of 

the portfolio variance (i.e., the standard deviation).  

Every possible asset combination can be plotted in risk-return space, and the 

collection of all such possible portfolios defines a region in this space. The line along the 

upper edge of this region is known as the efficient frontier. Combinations along this line 

represent portfolios (explicitly excluding the risk-free alternative) for which there is 

lowest risk for a given level of return. Conversely, for a given amount of risk, the 

portfolio lying on the efficient frontier represents the combination offering the best 

possible return.  

Mathematically the Efficient Frontier is the intersection of the Set of Portfolios 

with Minimum Variance and the Set of Portfolios with Maximum Return. The efficient 
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frontier will be convex ï this is because the risk-return characteristics of a portfolio 

change in a non-linear fashion as its component weightings are changed (i.e., the 

quadratic utility function is positive definite). The efficient frontier is a parabola 

(hyperbola) when expected return is plotted against variance (standard deviation). The 

region above the frontier is unachievable by holding risky assets alone. No portfolios can 

be constructed corresponding to the points in this region. Points below the frontier are 

suboptimal. A rational investor will hold a portfolio only on the frontier.  

The Capital Allocation Line (CAL) is the line of expected return plotted against 

risk (standard deviation) that connects all portfolios that can be formed using a risky asset 

and a riskless asset. It has been shown that there is only one point of tangency lying on 

both the efficient frontier and CAL, and will be our optimal portfolio choice. A quantity 

known as the Sharpe ratio represents a measure of the amount of additional return (above 

the risk-free rate) a portfolio provides compared to the risk it carries. The portfolio on the 

efficient frontier with the highest Sharpe Ratio is known as the market portfolio, or 

sometimes the super-efficient portfolio, which is our optimal portfolio. This portfolio has 

the property that any combination of it and the risk-free asset will produce a return that is 

above the efficient frontierðoffering a larger return for a given amount of risk than a 

portfolio of risky assets on the frontier would.  

When the market portfolio is combined with the risk-free asset, the result is the 

Capital Market Line. All points along the CML have superior risk-return profiles to any 

portfolio on the efficient frontier. Just the special case of the market portfolio with zero 

cash weighting is on the efficient frontier. Additions of cash or leverage with the risk-free 
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asset in combination with the market portfolio are on the Capital Market Line. All of 

these portfolios represent the highest possible Sharpe ratio, but only one sufficiently 

minimizes the risky assets.  

 

5.2 Technical Analysis 

Technical analysis is a class of financial analysis techniques that seeks to forecast future 

asset prices from past prices. Classical technical analysts study price charts and attempt to 

recognize patterns in the charts which signal a time to buy or sell a certain asset. More 

recently this has been augmented with mathematical techniques involving moving 

averages, regressions, and correlations with other assets. A popular way to define 

technical analysis strategies is to define an indicator whose value determines whether to 

buy, sell, or keep an asset, given the asset's past price data. We will focus on these 

strategies since they are easily quantifiable. 

 

5.2.1 Momentum 

 Momentum, as it applies to us, is the rate of acceleration of a stock's price or volume [1]. 

Once a momentum trader sees an acceleration in a stock's price, earnings, or revenues, 

the trader will often take a long or short position in the stock with the hope that its 

momentum will continue in either an upwards or downwards direction. Momentum 

traders may hold their positions for a few minutes, a couple of hours or even the entire 

length of the trading day, depending on how quickly the stock moves and when it changes 

direction. The timing strategies for momentum investing are to buy when a stock is ñhotò, 
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which we define as being above 0 for at least 3 days, and selling ñcoldò stocks, which are 

below zero. 

 

Example timing strategies: 

Buy: 

 ̧ Momentum crosses up through zero and remains above for 3 days 

Sell: 

 ̧ Momentum crosses down through zero 

 

5.2.2 Linear regression angle 

The linear regression angle approximates the direction and magnitude of a stockôs current 

price movement. It is directly proportional to the slope of a linear regression model of the 

price data, which fits a linear equation to the priceôs movement [2]. The direction is 

determined by the sign of the tangent of this angle, negative implying a decrease, 0 being 

stable and positive implying an increase. The angle can be used to predict a future price 

movement based on a significant change in direction in its recent movement. 

 

Example timing strategies: 

Buy: 

 ̧ Angle crosses up through -10°, 0°, or 10° 

Sell: 

 ̧ Angle crosses down through -10°, 0°, or 10° 
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5.2.3 Directional Indicators 

The Directional Indicator is a momentum indicator which attempts to quantify the 

trending or directional behavior of a market. It helps identify trends which help to 

determine whether or not price is moving strongly enough to be worth a long or short 

play. It can help traders take a profit out of the middle of significant trends. A Directional 

Indicator is defined as the largest part of the current period price range which lies outside 

the previous period price range. If the larger excess is above the previous period high, it 

is considered a Positive Directional Indicator, or +DI [3]. If the larger part of the current 

range is below the previous period low, it is considered a Negative Directional Indicator, 

or -DI [4].  

 

Example timing strategies: 

Buy: 

 ̧ +DI crosses up through -DI 

Sell: 

 ̧ -DI crosses up through +DI 

 

5.2.4 Bollinger bands 

Bollinger Bands are used to measure the highness or lowness of the price relative to 

previous trades. Bollinger Bands consist of a middle band being an N-period simple 

moving average, an upper band at K times an N-period standard deviation above the 
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middle band, and a lower band at K times an N-period standard deviation below the 

middle band [5]. Typical values for N and K are 20 and 2, respectively. The default 

choice for the average is a simple moving average, but other types of averages can be 

employed as needed, such as the exponential moving average.  

 

Example timing strategies: 

Buy: 

 ̧ Price falls to lower band 

 ̧ Price rises above upper band 

Sell: 

 ̧ Price touches center band 

 ̧ Price falls below lower band 

 

5.2.5 Keltner Bands 

The Keltner Bands indicator is centered on an n-period exponential moving average of 

the closing price. The channels are created by adding (for the upper channel) and 

subtracting (for the lower channel) a (n-period simple moving average of an n-period 

ATR) * (an ATR multiplier) [6].  Keltner Bands define a smoothed range based on 

volatility (using ATR as the baseline). Keltner Bands are similar to Bollinger Bands 

except that Keltner uses an ATR volatility method whereas Bollinger Bands use a 

standard deviation method. 
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Example timing strategies: 

Buy: 

 ̧ Price falls below lower channel 

Sell: 

 ̧ Price rises above upper channel 

 ̧ Price rises above center channel 

 

5.2.6 Relative Strength Index 

Another class of indicators uses moving averages of the positive price changes (ups) and 

negative price changes (downs) of an asset to assess the ñstrengthò of the asset. One 

popular indicator of this type is the ratio of the exponential moving average (EMA) of 

ups to the sum of the EMAs of ups and downs. When this ratio is multiplied by 100, it is 

called the Wilder Relative Strength Index (RSI) [7]. A common strategy is to sell if the 

RSI is above a certain threshold (70-80 is popular) and to buy if it is below a certain 

threshold (20-30 is popular). The rationale for this is that if the RSI is high, then the asset 

is likely overbought, and vice versa. Some investors vary their thresholds upward if they 

perceive a bull market, or downward if they perceive a bear market. A variation called 

Cutler's RSI takes the ratio of the simple moving average (SMA) of ups to the SMA of 

downs. Its signals are usually only slightly different from the Wilder RSI, but it is easier 

to compute. 

 

Example timing strategies: 

Buy: 
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 ̧ RSI rises above 30 or 50 

 ̧ RSI rises above 30 or 50 and the SMA has positive slope 

 ̧ RSI rises above 30 or 50 and the SMA has negative slope 

Sell: 

 ̧ RSI falls below 70 or 50 

 ̧ RSI falls below 70 or 50 and the SMA has negative slope 

 ̧ RSI falls below 70 or 50 and the SMA has positive slope 

 

5.2.7 Moving Average Convergence/Divergence 

One of the simplest types of indicators is the moving average indicator, usually using an 

exponential moving average. A simple moving average indicator may signal ñbuyò if the 

asset's price crosses up through the moving average, or ñsellò if the price crosses down. 

Another type of moving average indicator uses the difference between two moving 

averages taken at different periods. This indicator has a special name, Moving Average 

Convergence/Divergence (MACD) [8]. It is common to take the difference of 12-day and 

26-day moving averages, then take the difference of that value and its 9-day moving 

average as the indicator. Since MACD is a lagging indicator, in the sense that its trends 

follow the price trends of the asset, its effectiveness is limited to situations where the 

momentum of the asset price is a primary factor in its future price. By itself MACD tends 

to give negative returns in general, but some investors incorporate it into their strategies 

by using multiple MACD indicators with various timeframes or by filtering the buy/sell 

commands given by the indicator. 
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Example timing strategies: 

Buy: 

 ̧ MACD crosses up through zero 

 ̧ MACD crosses up through zero and remains above for 2 days 

 ̧ MACD histogram crosses up through zero 

 ̧ MACD histogram crosses up through zero and remains above for 2 days 

 ̧ Positive divergence between MACD and price 

 ̧ Positive divergence between MACD histogram and price 

Sell: 

 ̧ MACD crosses down through zero 

 ̧ MACD crosses down through zero and remains below for 3 days 

 ̧ MACD histogram crosses down through zero 

 ̧ MACD histogram crosses down through zero and remains below for 3 days 

 ̧ Negative divergence between MACD and price 

 ̧ Negative divergence between MACD histogram and price 

 

5.2.8 Aroon oscillator 

Yet another class of indicators compares the ñstrengthò of uptrends and downtrends. The 

Aroon(up) indicator starts at a given point in time (time 0) and measures the strength of 

an asset's uptrend at time X as ( 100 * [ 1 - (time elapsed since highest price up to time X) 

/ X ] ). The Aroon(down) indicator  similarly measures the strength of the asset's 
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downtrend. The Aroon oscillator is defined as the difference between Aroon up and 

Aroon down, and ranges from -100 to +100 [9]. One strategy for using the Aroon 

oscillator is as follows. When the Aroon oscillator is above 70 or below -70, the current 

up or down trend (respectively) is likely to continue. When the oscillator dips below 50 

or rises above -50, this signals that the trend is likely to stop soon. When the oscillator 

crosses the zero line, the current trend is likely to change to the opposite trend. Investors 

using the Aroon oscillator will buy, sell, or keep their assets appropriately according to 

these trend predictions. 

 

Example timing strategies: 

Buy: 

 ̧ Oscillator crosses up through zero 

 ̧ Oscillator crosses up through -50 and crosses zero within 3 days 

Sell: 

 ̧ Oscillator crosses down through zero 

 ̧ Oscillator crosses down through 50 and crosses zero within 3 days 

 

5.2.9 Chaikin oscillator 

The Chaikin Oscillator is simply the Moving Average Convergence Divergence indicator 

(MACD) applied to the Accumulation/Distribution Line [10]. The formula is the 

difference between the 3-day exponential moving average and the 10-day exponential 

moving average of the Accumulation/Distribution Line. Just as the MACD-Histogram is 
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an indicator to predict moving average crossovers in MACD, the Chaikin Oscillator is an 

indicator to predict changes in the Accumulation/Distribution Line. In correspondence 

with the timing strategies we have that there are two bullish signals that can be generated 

from the Chaikin Oscillator: positive divergences and centerline crossovers. There are 

also two bearish signals that can be generated from the Chaikin Oscillator: a negative 

divergence and a bearish centerline crossover.   

 

Example timing strategies: 

Buy: 

 ̧ Oscillator crosses up through zero 

Sell: 

 ̧ Price breaks through upper price channel and oscillator obtains negative slope 

within 5 days 
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6 Simulation Planning 

 

6.1 Simulation goals 

We are interested in comparing the effectiveness of various strategies for portfolio 

management based on technical analysis. In particular, we would like to compare these 

strategies' performance with a fixed, diverse set of stocks to choose from, in trading 

schemes with both medium- and long-term trading intervals. In addition, we would like 

to compare the effectiveness of combinations of multiple strategies taken together. 

 

6.2 Simulation design 

Prior to starting the simulation we choose a pool of 272 stocks from diverse 

sectors of the market and with diverse market capitalization. We then create a portfolio 

for each possible unordered pair of buy strategy and sell strategy, out of the timing 

strategies listed in Section 5.2. With twenty timing strategies, twenty single-strategy 

portfolios and 190 unordered dual-strategy portfolios are possible, for a total of 210 

portfolios. Please see Appendix I for the complete list of portfolios with corresponding 

timing strategy pairs. 

We simulate these portfolios for seven weeks. At the end of each trading day the 

next dayôs trade signals are generated for each stock in the stock pool from indicator data 

computed for the current day, using the close price as the last available price information. 

Once the trade signals are all generated for a given day, Algorithm 1 converts these 

signals to buy and sell requests of integer quantities of shares. These requests are carried 
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out on the next day, using the open price of the stock as the simulated buying and selling 

price. This cycle repeats until a full history of the portfolios over 32 trading days is 

generated. 

 

6.3 Simulation procedure 

Prior to starting the simulation we generate a list of 210 portfolios and assign to each one 

a distinct unordered pair of buy signal type and sell signal type. We initialize each 

portfolio with $100,000 cash and no stock. On each trading day we execute the following 

algorithm: 

1. Retrieve open, high, low, and close (OHLC) price data for each stock. 

2. For each stock compute each technical analysis indicator using the close 

price. 

3. For each stock in the stock pool and each trading signal type, compute the 

trading signalða floating-point value from -1 to 1ðusing the indicator 

data, as prescribed by the timing strategies. Values [-1, 0) are ñsellò 

signals, (0, 1] are ñbuyò signals, and 0 is a ñstayò. 

4. For each portfolio P, determine the final trading signal for each stock S in 

the stock pool. Denote the membership of S in P as P[S]. Let b be the buy 

signal value and s be the sell signal value for P[S]. Compute the final 

signal t(P[S]): 

¡ If b > 0 and s Ó 0 then let t(P[S]) = b. 

¡ If b Ò 0 and s Ó 0 then let t(P[S]) = 0. 
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¡ If b Ò 0 and s < 0 then let t(P[S]) = s. 

¡ If b > 0 and s < 0 then let t(P[S]) equal the signal value which most 

recently crossed 0. 

5. For each portfolio P and each stock S, denote the quantity of P[S], in 

shares, as q(P[S]). Sell the appropriate amount of S if t(P[S]) < 0: 

¡ If q(P[S]) = 0 then do nothing. 

¡ If q(P[S]) > 0 then sell -t(P[S]) * q(P[S]) shares of S by subtracting 

them from q(P[S]), converting them to their cash value, and adding 

that to q(P[cash]). 

6. For each portfolio P let the spending cash c(P) = r *  worth(P), for a 

predetermined spending ratio r. Let sum equal the sum of each t(P[S]), for 

all t(P[S]) > 0. 

7. When the market opens on the next trading day, let price(S) be the opening 

share price of S. For each portfolio P and each stock S, buy t(P[S]) * c(P) / 

(sum * price(S)) shares of S by subtracting their cash value from 

q(P[cash]) and adding them to q(P[S]). 

Algorithm 1: The core simulation algorithm 

 

We repeat this procedure for each day of the simulation, recording the state of 

each portfolio on each day. We measure the weekly and cumulative performance of each 

portfolio every week using rate of return, variance, maximum drawdown, Sharpe ratio, 

Jensen's alpha, and Treynor ratio. 
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6.4 Simulation logistics 

To assist us in simulating 210 portfolios trading stocks from a pool of 272 companies (see 

Section 6.5.2), we use Qtstalker [11], a stock charting program, and KInvestSim [12], an 

investment simulator program. 

Qtstalker, an open source technical analysis and stock charting tool, provides us 

with a means to retrieve daily quote data and automatically compute technical analysis 

indicators on each of our stocks. The price and indicator data can then exported to an 

XML file for use by e.g. KInvestSim. With Qtstalker one can also create ñbacktest rulesò 

which can generate buy and sell signals, but it provides no method of easily automating 

these rules on hundreds of stocks, nor any method of combining buy and sell signals from 

different rules. 

KInvestSim, an open source investment simulator, allows us to import the price 

and indicator data generated by Qtstalker, write scripts which generate buy and sell 

signals, and simulate multiple portfolios in parallel by applying combinations of the trade 

signals. The simulation results are then viewable for all portfolios along with measures of 

rate of return, variance, market covariance, beta, maximum drawdown, Sharpe ratio, 

Jensen's alpha, and Treynor ratio. Various tables of results are also exportable as comma-

separated value (CSV) files, which can be imported into most spreadsheet software. 
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6.4.1 KInvestSim screenshots 

Figure 2: Indicator data viewer for ^GSPC 

 

Figure 3: Timing strategy tester results for Momentum strategy on ^GSPC 
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Figure 4: Generating the portfolios for our simulation 

 

 

Figure 5: The simulation controller 


