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Improve your trading profitability!

Too often, trading systems that looked good last year, in an advertisement, or
during computer back-testing, lose money as soon as you start trading them.
This book explains why that happens, and gives detailed techniques for
developing systems that will be profitable.

You will learn:

How trading and investing differ

¥Why aimost alil investors are raders
Comparison of trading system software
Introduction to AmiBroker trading software
How o evaluate trading systems

How to seleck a system that you will be comfortable with
What to trade

How often to trade

How to use technical data

How to use fundamental data

Where to get data and how to prepare |t
Principles of system design and testing
Specific entry signals

Seversl exit technigues

Many trading system examples

How to analyze in-samiple and out-of-sample results
Statistically sound validation technigques
Walk forward testing

How ko tell when a trading system is broken
Broad market timing

Intermarket analysis and hiters

Equity curve analysis

Sector analysis and rotation methods
Portfolio construction

Monte Carlo analysis

Position sizing

Dr. Howard Bandy has both the formal education and practical experience
required to write this book. He has degrees in mathematics, physics, engineering,
and compuler science. He was a university professor of compuler science and
mathemalics, vice-president and designer of the major product for a company that
produced programs for stock selection and timing, and senior research analyst for
a commaodity trading advisor where he held a Series 3 license.
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Disclaimer

This book is an educational document. Nothing in this book is intended
as, nor should it be construed to be, investment advice.

The views expressed herein are the personal views of Dr. Howard B.
Bandy. Neither the author nor the publisher, Blue Owl Press, have any
commercial interest in any of the products mentioned. All of the prod-
ucts described were purchased by the author at regular retail prices.

Investing and trading is risky and can result in loss of principal. Nei-
ther this book in its entirety, nor any portion thereof, nor any follow-on
discussion or correspondence related to this book, is intended to be a
recommendation to invest or trade mutual funds, stocks, commodities,
options, or any other financial instrument. Neither the author nor the
publisher will accept any responsibility for losses which might result
from applications of the ideas expressed in the book or from techniques
or trading systems described in the book.

The programs used as examples have been tested and are believed
to be correct. Results will depend on the specific data series used. Please
verify the accuracy and correctness of all programs before using them
to trade.
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Preface and Introduction

QuanTtitaTivE TRADING SYsTEMS focuses on three topics:

Quantitative analysis techniques as applied to stocks, mutual
funds, exchange traded funds, futures contracts, and currencies.
An introduction to the AmiBroker program.

Design, testing, validation, and implementation of trading sys-
tems.

EmrHasis is given to:

Techniques that have mathematical grounding — for example,
equations rather than chart patterns.

Techniques that are mechanical and testable rather than discre-
tionary:.

Selection of issues to be traded, optimal holding periods, and ex-
pected drawdowns.

Analysis of entry methods, exit methods, stop placement, money
management, and position sizing,

Analysis of intermarket variables.

Methods for broad market timing.

Methods for validation of trading systems, including whether a
trading system is sufficiently reliable to trade.
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THE AuTHOR, Dr. Howard Bandy:

e Has university degrees in mathematics, physics, engineering, and
computer science.

* Has specialized in artificial intelligence, applied mathematics,
modeling and simulation.

*  Was professor of computer science and mathematics, and a univer-
sity dean.

* Designed and programmed a well-known program for stock selec-
tion and timing.

e Was a senior research analyst for a CTA trading firm.

THE PROGRESSION of trading system development that most people use
is:
1. Invent, guess, read about, or buy a trading idea. Usually that
means little more than an entry technique.
Then:
2A. Begin trading using the idea or system tomorrow.
The market lets them know whether it works or not.
2B. Program that idea into AmiBroker or some other language, test
the idea using historical data, and evaluate whether it would have
worked.
Try to improve the idea.
Probably repeatedly.
Either reject the idea or eventually begin trading,.
The market lets them know whether it works or not.
The purpose of this book is to guide you through path 2B so that when
you begin trading there is a higher likelihood that it is profitable.

WHAT YOU WILL FIND IN THIS BOOK

* Anintroduction to many aspects of technical analysis and quanti-
tative analysis. Emphasis is on removing the mystery from things
that work that you should know about, and debunking things that
do not work so you do not need to spend time finding them out for
yourself.

* A thorough explanation of methods used to measure the goodness
of a trading system, and useful metrics to incorporate into the ob-
jective function. :

¢ Identification of the key aspects of trading system development,
and techniques to incorporate them into your own trading sys-
tems.
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e Detailed explanation of data splitting into in-sample and out-of-
sample periods, and the proper use of each.

¢ Enough mathematical rigor to (hopefully) be convincing without
being overwhelming.

WHAT YOU WILL NOT FIND IN THIS BOOK

* No Gann, no divergences, no chart patterns, no flags, no pennants,
no trendlines, no Fibonacci retracements, no Elliott waves — noth-
ing that relies on subjective judgment. All indicators and signals
will be expressed in terms of unambiguous mathematical state-
ments.

* No indicators or trading signals that change when additional data
is received. All indicators and signals that are created will depend
only on data already available.

* No guarantees of great wealth in a short time with little effort.

¢ No investment advice. This book is intended to be an educational
text. Trading systems described are meant to be examples which
readers can experiment with, expand, and develop for their own
use. Neither the author nor the publisher will be held responsible
for losses that result from application of the techniques described
herein.

* No pricing for exotic derivatives. This is elementary quantitative
analysis. The title was chosen to distinguish it from fundamental
analysis and that part of technical analysis that focuses on subjec-
tive analysis.

* No vague statements. I am regularly frustrated by advertising or
jacket copy that tells me a book explains 18 profitable trading sys-
tems in complete detail, only to find a few hand drawn charts, an
incomplete set of vague entry rules, and no performance summa-
ry. It is my sincere hope that none of you feels this book falls into
that category.

COMMENTS ABOUT THE EXAMPLES

The examples of AmiBroker statements, systems, and programs are in-
tended to be educational. Whenever there was a decision to be made
whether to write code that was clear and illustrative of the point being
made, or efficient in terms of minimizing the number of lines of code or
the execution time, the choice was always made in favor of the educa-
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tional clarity rather than the computational efficiency. Experienced us-
ers of AmiBroker may wish to recode for execution efficiency. But, in my
experience, if the program is clear and correct, recode it for efficiency
only if the execution time is unacceptable.

Every example has been carefully checked and rechecked. Neverthe-
less, some errors are likely to slip through. With regard to AmiBroker code,
refer to the AmiBroker documentation and help files. When in doubt, the
AmiBroker compiler itself is the ultimate arbiter of correctness.

Readers should be able to reasonably replicate the results of the pro-
grams listed. Exact replication would require using exactly the same
data.

CoNcCePTSs AND TECHNIQUES

Many of the concepts and techniques described can be applied in many
different applications. Usually, the concept or technique is described in
detail, often including an example, when it is first mentioned. This book
would be many pages longer than it is if every possible reference to ev-
ery possible alternative was explained in detail. To save space, and to al-
low the focus to continue to be on new material as the book progresses,
later references to concepts explained earlier may be mentioned briefly,
or may be omitted completely, with the expectation that the reader will
remember them and apply them as desired.

ORGANIZATION OF ToPICS

It is difficult to describe all of the features of AmiBroker and all of the con-
cepts of quantitative trading system design in a linear manner. Capabili-
ties of the programs, techniques for using the programs, and concepts of
trading system design are introduced in an interwoven manner, in what
is hoped to be a more natural flow than a traditional user’s manual.

This book is not intended to be a user’s manual for any program.
There are many features of AmiBroker that are not covered.



Quantitative Analysis

BY QUANTITATIVE ANALYSIS, | mean the application of mathematically
based trading system models to financial data.

Quantitative techniques can be very sophisticated, require advanced
mathematics, and be applied to exotic financial instruments. But many
of the concepts can be applied to trading stocks, mutual funds, and fu-
tures using readily accessible data, computers, and programs.

This book presents some techniques that should help traders ex-
pand from fundamental analysis and the chartist aspects of technical
analysis to more mathematical techniques that lend themselves to sta-
tistical validation.

I may be preaching to the choir in this first section, but I think it is
important to clarify some distinctions about trading, investing, and the
sources of information.

FUNDAMENTAL ANALYSIS

Fundamental analysis is based on the premise that a stock, bond, fund,
commodity, or a market as a whole has an underlying intrinsic value. By
analysis of the fundamental characteristics, such as the assets, liabilities,
income, supply, or demand, that value can be determined.
Fundamental data for a company includes earnings, sales, inventory
turnovers, price to earnings ratios, price to sales ratios, dividend payout
ratios, and any other information that might be reported on a balance
sheet or income statement. Fundamental data extends to government
and private research bureau reports, including gross domestic product,

13
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inflation, balance of payments, and any other data reported periodical-

ly. In general, fundamental data is only gathered, summarized, and re-

ported — it does not represent trades.

Economists and security analysts who focus on fundamental informa-
tion have developed mathematical models of the fair price for one share
of the stock — it is the current book value of the stock plus the present
value of all future dividends that will be paid to that one share. Any dif-
ference between the actual price of the stock and this fundamental value
of the stock represents an opinion on the part of shareholders.

The fundamental analyst uses data that is reported by a company or
agency to create subjective models. She may use charts to gauge overall
price activity, but with few mathematically defined indicators.

While fundamental analysis may have value in its own right, there are
several problems associated with incorporating it into trading models.
1. There is a great disparity in the granularity of the data. Mutual

funds trade every day. That means there are 252 data points,

each representing a mutual fund trade, or trading opportunity,

in a year. Stocks and futures trade every minute — even every

second. There are thousands or millions of data points per year

for each stock or future. But there are many fewer data points for

each fundamental data stream. Four in the case of quarterly GDF,

twelve in the case of Michigan Consumer Sentiment, and so forth.

If we want to use some fundamental data along with our daily

stock prices, we have the problem of deciding which day is the

fundamental data value assigned to and what to do with the days
in between. One solution is to work with monthly data rather than
daily data. Any data reported any time during the month would
be assigned to the last day of the month. Using monthly data
would mean we have only 12 possible trading opportunities each
year, and this would make validation more difficult.

2. There is a lag between the time period being described and the
release of the report. First quarter company earnings are released
some time after the end of the first quarter. Similarly for GDP.

3. There is often revision of previously released data. For
government reports, these revisions are well publicized and
expected. As an example, the unemployment rate is released the
first Friday of each month, reporting on the previous month. The
data representing August is reported around September 5. There
are usually two revisions to the employment report. The first
revision is in October, and the final revision is released the first
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Friday in November. If I am building a trading system that uses
the unemployment rate in some way, I have three very serious
problems. First, the reporting granularity is monthly. Second,

the reporting date is inconsistent and does not readily align with
other monthly data, such as end-of-month closing prices. Third,
the data point for August is very preliminary on September 5. The
final number is released on about November 5. When I download
the historical data for monthly unemployment, the figures
reported are the final revision figures. To use this series properly,
I must provide for a three month lag — August activity to
November reporting. If I want to trade at the release of the August
data, I must use a preliminary figure; if I want to backtest the
trading system, the data is all final figures. These are two distinct
data series, but only one of them is easily obtained. Granted, the
revisions to the monthly unemployment rate are usually minor,
but other series are often revised so extremely that the sign of the
reported number changes.

For corporate reports, before about 1980 revisions and restate-
ments were unusual — about 3 of the S&P 500 companies each
year. Since 1995, and particularly since 2000, revisions have be-
come much more common — about 200 of the S&P 500 each year.
Assume we are following the XYZ stock. And assume we are bas-
ing our investment and trading on their earnings per share. We
open Value Line, Moody’s, or an Internet site and see quarter by
quarter earnings from the most recent quarter back for twenty
years — eighty data points. Tomorrow, the CFO of XYZ announces
that the earnings for the past three years will be revised and gives
the restated figures. Next month when we open Value Line, we
will see only the new, revised earnings. That causes us to wonder
which of the figures we see are original data and which are revi-
sions. The revision of the previous three years data might cause
buy and sell signals that were based on the original data to change
when the revised data replaces the original data.

In company reports, there is the regular use of one-time en-
tries that seriously distort data. A company may have failed to
successfully incorporate a new subsidiary into its parent. Its earn-
ings statement reports $1.25 per share profit from ongoing opera-
tions. In a footnote it reports a one-time charge of so.80 per share
due to the problems with the subsidiary. The first question we ask
is “which figure fits into the definition of our data series — $1.25
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or $.45?” The second question is “will the historical earnings data
as seen a year later show the $1.25, or the $.45?” And how will we
know without reading the footnotes? Some companies report a
one-time exclusion almost every year.

Corporate reorganization also causes data to be revised. When
a company sells or spins off a subsidiary or makes an acquisition,
the operations of the company from that point forward can be con-
siderably different. Is the historical data (sales, inventory turn-
overs, etc) revised to reflect the new organization? 1f revised, is
the revised data made public? If it is made public, is it reported by
the data service you are using? Whether the data is revised or not,
does your data service inform you?

There is an unknown, and for outsiders unknowable, agenda
behind the release of fundamental data. Leaving aside any
conspiracy theory, every government and company official (or
accounting clerk) hopes the numbers released will project a
particular image. Who wants us to be bullish and who wants us to
be bearish? What are net revenues? What are operating earnings?
What are costs? What has been set aside in some accrual account?
How have options been treated? Which figures are real and which
are fictional? A company might want a report to appear robust
(say, to win confidence of investors) or weak (say, to appear to be
uninteresting to a hostile takeover). A government might want a
report to appear strong (say, going into a presidential election) or
weak (say, because there is already bad news, worse news will do
little more damage now and will set up for good news for the next
report). Except for those with the most inside knowledge, no one
knows the true agenda and the resulting bias.

Public statements by company officials and Wall Street ana-
lysts can be very misleading. Those of us outside the Enron (Tyco,
WorldCom, Quest, Health South, Fannie Mae, Cendant and oth-
ers yet to come) finance department will never know what the real
earnings were.

There is wide spread distortion and lack of standardization of
earnings due to accounting rules. For example, the extent to which
a company uses options as employee compensation and the meth-
ods they use to report than information. Are different metrics re-
quired to evaluate different accounting practices? Can we even
identify which companies fall into which category?
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Be aware of survivor bias. Survivor bias occurs when something
that would eventually be undesirable is removed from an index or
a report and replaced by something else.

The Conference Board provides an example of subtle survivor
bias where the report did not stop, but changed. In 1995, the Con-
ference Board revised their Index of Leading Indicators, LEI (The fact
that the index was being revised indicated that the old one did not
work.) Among all the government and independent agencies there
are literally thousands of data series that could be combined into
such an index. There is no way for us to know how the compo-
nents of the new version were selected and what validation tech-
niques were used, but imagine the difficulty of reserving several
years of monthly data for out-of-sample testing and not contami-
nating it during development of the new index. Could the Confer-
ence Board possibly risk releasing a curve-fit index? Could they
avoid creating an index that was not curve-fit? We were planning
to wait several years after the revision to completely evaluate the
new index, but that proved unnecessary. The new index did not
lead well enough to be useful, and the LEI was revised again in
2005 — this time to avoid showing a bearish forecast. Perhaps this
index should be called the Index of Misleading Indicators, but the
point is that the series is meaningless, even though it is regularly
reported and widely followed.

As a consequence of these five points, I feel that fundamental data is un-
usable, particularly in developing trading systems that will be subject
to tests of statistical significance.

TECHNICAL ANALYSIS

Technical analysis and quantitative analysis are based on the belief that
several conditions are true.

1.

The price and volume reflect all available and necessary
information about the company, fund, or market.

There are patterns in the records of price and volume that
regularly precede profitable opportunities.

We can discover those patterns.

Those patterns will continue to exist long enough for us to trade
them profitably.

The markets we model are sufficiently inefficient for us to make a
profit trading them.
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TECHNICAL ANALYSIS BEGAN AS CHART ANALYSIS, and has developed a
large body of subjective interpretation of chart artifacts such as flags,
retracements, head-and-shoulders, and trend lines, to name just a few.
We traders are all very good at selective vision — we see what we want to
see. We can look at a chart and see examples of a big gain following, say,
the breakout of a triangle pattern. Thinking we have found a good trade
entry technique, we can define those conditions in very precise terms
and have the unbiased computer search all the data for instances of that
pattern. The results do indeed show a profit for the pattern we saw so
clearly. It also shows loses from many similar patterns that we either did
not see or chose not to acknowledge, and it shows signals that appear,
and then disappear as additional data points are added to the chart.

QUANTITATIVE ANALYSIS

Quantitative analysis refines technical analysis by:

* Removing the judgment associated with ambiguous chart patterns.

* Defining unambiguous, mathematically precise indicators.

¢ Requiring that no indicator or signal may change in response to
data that is received after it has been initially computed.

* Making extensive use of mathematical models, numerical meth-
ods, and computer simulations.

¢ Applying statistical validation techniques to the resulting trading
models.

REGRESSION ANALYSIS

Many relationships encountered in science and social sciences can be
analyzed using regression analysis. While some regression models are
used for prediction, most are descriptive. Political scientists build mod-
els that describe voting patterns, for example. Sociologists study the rela-
tionship between diet, height, and weight and develop models to explain
the relationships. One of the distinctions of these studies is that there is
no time order among the individual data items being studied.

TIME SERIES ANALYSIS
A time series is a sequence of data points that occur in time order. A

chemical process follows laws of chemistry and physics. During the pro-
cess, temperature, pressure, and concentration of chemical components
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vary over time. Models, such as these process models, are said to be sta-
tionary, meaning that the expected values, standard deviations, and cor-
relations are constant throughout the series. Stationary time series lend
themselves to being models by several well known techniques, including
regression and auto-regressive integrated moving average (ARIMA).

FINANCIAL TIME SERIES ANALYSIS

Financial models differ from models of other time series processes. For
one, financial time series are not stationary. In some cases, stationarity
can be improved by taking first differences (bar-to-bar changes) of the
data points, but that is usually not sufficient. For another, the very act of
understanding financial time series, and in particular of trading them,
changes the characteristics of the series.

Generalized auto-regressive conditional heteroskedasticity (GARCH)
models are used to estimate volatility in financial time series so that it
can be used in risk analysis and derivative pricing. But theoretical mod-
els potentially useful in predicting future prices are hampered by the
lack of stationarity and by the low signal to noise ratio.

Unfortunately, modeling of financial data is not a science — it is impos-
sible to build theoretical models or to carry out controlled experiments.
But it is possible to apply computer simulation and statistical techniques,
and to estimate the robustness of the empirical relationships our trading
systems detect. These topics are the main focus of this book.

EFFICIENT MARKET HYPOTHESIS

There is a large body of discussion devoted to whether the financial
markets are efficient or inefficient. Efficiency, in this context, refers to
the question of whether variations in prices are just random noise, or
whether they represent potentially profitable trading opportunities, and
what categories of information are valuable to a trader.

Those favoring the point of view that markets are strongly efficient
say that even insider information is already reflected in the price of the
stock and is not valuable enough to create profitable trades. The capital
asset pricing model and mean-variance portfolio construction follow
from strongly efficient views.

Those favoring the point of view that markets are semi-strongly effi-
cient say that public information, including both fundamental informa-
tion and historical price information, is already priced into the market
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and cannot be used to make profitable trades.

Those favoring the point of view that markets are weakly efficient say
that historical price and volume information is not valuable enough to
create profitable trades.

Clearly, insiders do very well trading on information that only they
have, so the markets are not strongly efficient. And there is enough con-
troversy about the validity of all three forms of the efficient market hy-
pothesis that all three forms may be disproved. In order for quantitative
trading systems to be profitable, the market must have some inefficiency.
If there are not persistent patterns and trends that we can identify and
trade profitably, then we are all wasting our time.

Warren Buffett is reported to have said, “I'd be a bum in the street
with a tin cup if the markets were efficient.”

INVESTING

The characteristics of an investment and an investor are:

* The objective of the investment is income.

e There is an expectation of a predictable rate of return.

* The securities held are primarily bonds and dividend paying
stocks.

¢ The decision to buy or sell is based on macro information related
to the business model of the company, or fundamental relation be-
tween supply and demand for a commodity reported some time
after the information was collected.

* The status of the investments is reviewed daily or less frequently.

* Management of the investment is passive rather than active.

e If capital gain is anticipated, it is because the investor believes that
the market has mispriced the investment.

* Holding periods are longer for investments than for trades.

* Drawdowns are larger for investments than for trades.

e An investor is more likely to use subjective judgment to make buy
and sell decisions.

e Statistical validation of investing models is not possible.

* There is no concern about when the position will be closed.

* No criteria have been established to decide what will cause the po-
sition to be closed.
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TRADING

The characteristics of a trade and a trader are:

* The objective of the trade is capital appreciation.

¢ The decision to buy or sell is based on price and volume informa-
tion from transactions that take place as frequently as or more of-
ten than the trading activity, are recorded at the time of a trade,
reported very shortly thereafter, and seldom revised later.

* The status of the trade is reviewed daily or more frequently.

* Management of the trade is active rather than passive.

* Majority of the information used is technical.

* Traders are more likely to hold short positions than investors.

* The trader believes that the market is always right.

* Holding periods are shorter for trades than for investments.

* Drawdowns for trades are smaller than for investments.

¢ The trader will more likely, but not necessarily exclusively, use me-
chanical trading rules.

» Statistical validation of trading systems is possible.

* The trader is aware that each position will be closed out in a rela-
tively short period of time.

* The trader is anticipating the conditions that will cause the posi-
tion to be closed.

Trading includes day trading where several trades may be made per day,
swing trading where a trade may last a few days to a few weeks, and
position trading where a trade may last months.

A speculator or trader is a person who takes positions expecting to
make a profit from price changes. His investments are primarily non-
dividend paying common stocks, index funds, commodities, real estate,
and other growth items. A person who buys a stock with the expecta-
tion of selling it at a profit is a trader, regardless of what he thinks at the
time. I believe that almost everyone who owns stocks, bonds, mutual
funds — evenreal estate — is a trader; just one who has not yet planned
the exit from his position.

With the exception of an investment made with the explicit inten-
tion of passing it on to heirs, all positions will eventually be closed out.
Even investments made during prime working years which are intend-
ed to fund expenses in the far future, such as retirement, will eventu-
ally be sold.
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TRADING SYSTEMS

A trading system is a combination of a trading model and a market or
a group of markets. When it causes no confusion, trading system and
model are used interchangeably.

Models, in general, are sets of rules, written as formulas (or at least
well defined descriptions) that either describe or infer a relationship,
or help predict future behavior. Trading models, models that describe
market behavior, can be written as computer programs and used to give
buy and sell signals.

A trading model is a static representation of a dynamic underlying
market. As long as the model and the underlying market remain in syn-
chronization, then the model will continue to issue profitable buy and
sell signals. As the market changes, the model will be less well correlated
to the market and profitability will drop and perhaps fail completely. It
could be that the market is undergoing some transient or cyclic behavior
and it will eventually return to the state where the model was accurate.
It could also be that the market will never return to that state, and the
model will never be profitable again. Whenever the market character-
istics change in a way that the model does not recognize, for whatever
reason, then that model has failed. There are so many dimensions to
the market that we will not be able to understand why it changed char-
acteristics, or to identify when it has changed back, except through the
actions of our trading system.

One of the reasons that financial time series are so difficult to model
is that profitable trading systems identify inefficiencies in a market and,
in trading it, change that market and make it more efficient.

Let me give an example of a system that might trade the corn market.
It buys, using a stop order, a one average true range breakout of the 20
day high, and sells a one average true range breakout of the 20 day low.
If I am the first trader to get the signal from this system and get my buy
order in, I will raise the price. The next trader will get a worse fill than
[ did, and less profit. The third trader gets a still worse price and still
less profit. Eventually, the inefficiency that this system identified will be
completely removed by the profitable trades taking advantage of it.

Clearly, the historical price and volume of a tradable item are lagging
indicators — they tell us where the price and volume were. Can price
and volume be leading indicators, or be manipulated in such a way that
they provide leading indicators? If we hope to develop profitable trading
models, then the answer must in some quantifiable way be yes. Indeed,
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the basis for technical analysis is that there are patterns in price and vol-
ume, that patterns occur repeatedly, that we can detect them, and that
we can make profitable trades based upon them.

The patterns we identify must:

* Precede changes in price large enough to be profitable even after
deducting commissions and slippage.

¢ Lead by enough time so that we can act.

e Repeat with enough regularity to be statistically significant.

*  Occur often enough to allow tests of statistical significance.

e Correctly identify the future price change a high percentage of the
time.

e Continue to act in the future as they have in the past.

* Be completely objective.

* Never be subject to revision as additional data points are received.

e Never be subject to revision if the price splits.

* Never depend upon a unique method of displaying the data.

TRADING SYSTEM DEVELOPMENT PLATFORMS

In order to have a model give buy and sell signals, it must be coded as
part of a trading system development platform — a computer program
specifically designed for analysis of financial markets. The platform must
be able to read historical price and volume data, use the model to gen-
erate buy and sell signals, compute and report statistics related to the
trades, and perform searches for profitable trading systems. Through-
out this book we will use AmiBroker as our trading system platform. It
is described in more detail in Chapter 5.

CONCLUSION

Why study trading systems? Only one answer is rational — to make a
profit trading. Someone who treats this just as an intellectual exercise
would do better taking up chess, bridge, or crossword puzzles. Playing at
backtesting is little different than computer solitaire. The only true mea-
surement of mastery of trading systems is to trade with real money.
Whether you are trading for fun or for profit, expect your competi-
tors to be trading for profit. Many of them have very high levels of edu-
cation, training, and experience. They are equipped with fast computers,
advanced software, and high quality data. They are paid a salary plus
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performance bonus, are well capitalized with other people’s money, and
take their monthly profitability reports very seriously. There have been
occurrences of manipulation of various aspects of trading, always to the
detriment of outsiders and small players.

Trading is a hard problem to solve. Barriers to entry are low. Com-
petition is tough. But the rewards to the successtul — whether skilled
or lucky — can be immense and are worth pursuing.

Trading the market changes the characteristics of the market. The
change is permanent; and once the markets have changed, the trading
system that caused the change will never be profitable again.

Against a problem that difficult, against an ever-changing market-
place, and against competition that unforgiving, it is extremely impor-
tant that your trading systems are well designed, robust, and have a high
probability of profitability. These topics are the focus of this book.

My opinion is that there is enough inefficiency in the markets for all
of us to live well from our trading systems.

If it is not possible for anyone to design and trade quantitative mod-
els, then we had all better keep our day jobs and find a new hobby.
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EacH TRADE is the result of a buyer and a seller making a transaction
at a price. The exchange where the trade took place records the trans-
action, reports it, and broadcasts it to everyone who subscribes to the
data service of that exchange. A single trade is called a tick. The series
of ticks that take place over a specified period of time is treated as one
bar of data. The bar may be of any length — five seconds, one minute, 30
minutes, one day, one week, or any other length.

For stocks (also options and exchange traded funds), the data point
describing a trade consists of a symbol, date and time of execution,
price of execution, and volume for that trade. The details of each trade
are reported very shortly after the execution and are represented by a
single tick.

For commodities, the data point describing a trade consists of a
symbol, the contract month, date and time of execution, and price of ex-
ecution. The details of each trade are reported very shortly after the ex-
ecution and are represented by a single tick. No trade-by-trade volume
is reported or available.

For mutual funds, the data point represents the trading price for that
fund as determined by the fund’s sponsor. While most funds are priced
only once per trading day — at the close — some are priced at two or more
times during the day. Regardless of the number of times a mutual fund
allows buying and selling of its shares, most data vendors report only
the closing price for mutual funds.

If your trading system is based entirely on a single price for a day
—most commonly the closing price — then end-of-day data is adequate.

25
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End-of-day data is published by the data vendor after the markets have
been closed; typically a few hours after. The data vendor has collected
the ticks throughout the trading session and summarized them into a
single bar which you receive.

If your trading system computes its signals during the day, then you
must bring intraday data (bars whose duration is anywhere from a few
seconds to several hours — anything less than the full open to close day)
into your program — AmiBroker, if you are following the examples in
this book. Most commonly, the program receives every tick that is re-
ported and builds intraday bars according to a time scale that you de-
fine. Intraday data can be real-time, collected as soon as it is reported,
or delayed real-time, after a delay of about 20 minutes.

End-of-day data is least expensive, delayed real-time more expen-
sive, and real time most expensive.

TiCK DATA AND DATA REVISION

While it is possible to work with individual ticks, be aware of several

difficulties:

* Since every tick represents a single transaction, there will be a lot
of data.

¢ For a given tradable and a given exchange, the ticks usually arrive
(real time data) or will be reported (historical data) in the order in
which the trades took place. But out-of-sequence trades and trades
that are reported late do occur. Either degrades the series and re-
duces the value of whatever models use them.

* If the exchange wishes to, or needs to, reduce the amount of data
being transmitted —- such as when the tape falls behind or when
the communications channel fills up - the data provider will omit
some ticks.

¢  When there are multiple trading agents — such as multiple mar-
ket makers, or the simultaneous trading through open outcry and
electronic systems — then the time order of the ticks is less reliable.

* A tick often represents only the price and does not report the vol-
ume. Two successive ticks for corn futures could represent a trade
of one contract followed by a trade of one thousand contracts.

¢ Inreal-time data, there will be erroneous ticks. Sometimes these
will be corrected after a few seconds or a few minutes; sometimes
never. Even historical tick data includes erroneous ticks.
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Using bars removes some, but not all, of the difficulties with ticks. There
is still uncertainty about the sequence, but only four points are specifi-
cally identified — open, high, low, and close.

If intraday bars are used, there are more bars for a given number
of trading days. This means the model can be more sensitive, detecting
changes hidden within daily bars. The greater number of data points
gives potentially more trades per calendar period, which allows more
robust statistical validation.

But intraday data is more difficult and more expensive to acquire.
Note that building models using intraday data does not necessarily im-
ply day trading (where entry and exit are made during the same trading
day). But if a model is designed and tested using intraday bars, it will
be necessary to trade it using intraday bars, which means being willing
and able to pay attention to the market while it is open.

Sometimes one of the agencies reporting data will make a mistake. A
trade is reported at an incorrect price (a bad tick), and a corrected price is
reported later. If you are collecting intraday data and building intraday
bars, the bad tick could cause your trading system to give an erroneous
buy or sell signal. When the corrected data comes in and the previously
bad intraday bar is corrected, that signal would disappear. Of course,
this can also happen with end-of-day data, but you will have hours to
detect and correct the problem, not seconds or minutes.

SNAPSHOT DATA

Many financial websites and brokerage firms offer market data during
the trading day or after closing. End-of-day, delayed real-time, and real-
time data are provided as single quotation snapshots, or with a short
history. Access to some requires a brokerage account, some a free mem-
bership, some a paid membership, and some are completely free of cost.
These data sources are valuable, particularly in checking the intraday
price of a position, but do not provide the historical data needed for
model development.

Here is a partial list, along with their web addresses:

* Google. finance.google.com. Free delayed real-time quotations and
fundamental data.

* Yahoo. finance.yahoo.com. Free delayed real-time quotations and
fundamental data.

* msn money. moneycentral.msn.com. Free real-time quotations and
fundamental information.
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¢ Market Watch. www.marketwatch.com. Free real-time quotations
and fundamental data.

¢ CNN Money. money.cnn.com. Free delayed real-time quotations
and fundamental data.

¢ Fund Estimate. www.fundestimate.com. Free estimates of the clos-
ing prices of mutual funds.

¢ Reuters. today.reuters.com. Free delayed real-time quotations and
fundamental data.

HisTORICAL DATA

If you are using the AmiBroker program, it includes a data acquisition

program named AmiQuote. AmiQuote can communicate with almost

any data source in the world to bring daily or intraday data into a data-
base where it is available to AmiBroker.

In order to get historical data into AmiBroker, a subscription from a
vendor of historical data is required. A detailed list of vendors will even-
tually become out of date, but some vendors who are well established
in business include these:
¢ Yahoo. finance.yahoo.com. Free end-of-day data for indices, stocks,

and mutual funds. Automatic downloading through AmiQuote.

* msn money. moneycentral.msn.com. Free end-of-day data for in-
dices, stocks, and mutual funds. Automatic downloading through
AmiQuote.

¢ Premium Data. www.premiumdata.net. Subscription end-of-day
data for stocks, funds, and futures. Covers major world markets.

¢ Commodity Systems, Incorporated (CSI). www.csidata.com. Sub-
scription end-of-day data for stocks, indices, futures, and mutual
funds. Covers all world markets. The data files are easily accessed
by AmiBroker.

¢ Quotes Plus. www.gqp2.com. Subscription end-of-day data for
stocks, indices, futures, and mutual funds. The data files are easily
accessed by AmiBroker.

e TC2007. www.tc2o00.com. Subscription end-of-day data for stocks,
indices, and mutual funds. The data files are easily accessed by
AmiBroker.

¢ TFastTrack. www.fasttrack.net. Subscription end-of-day data for
stocks, indices, and mutual funds. The data files are easily ac-
cessed by AmiBroker.

¢ Reuters Datalink. www.equis.com. Subscription real-time and
end-of-day data for equities, indices, mutual funds, and futures.
Covers all world markets.
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DATA QuALITY

HiGH QuaLITY MODELS DEPEND on high quality data.

A later chapter will show how to run the AmiBroker built-in data-
base purification routine. Let it identify missing data, extra data, incon-
sistent data (such as open less than low), and price changes that might
be unadjusted splits. Examine the data for each and every report that
could be a possible data error. Use AmiBroker’s Edit tool from the Sym-
bol menu to change one or more prices or delete an entire bar. Be par-
ticularly aware of exchange traded funds and trusts that pay (or have
paid, at some point in their history) large dividends —junk bond funds,
for example. Many of these are not adjusted for those distributions in
historical data.

If there is an unadjusted split, use AmiBroker’s Split tool from the
Symbol menu to adjust all earlier data.

Some of the choices you have when you find data errors are:

e Have AmiBroker / AmiQuote reload the data. Reload it from a dif-
ferent vendor if the problem persists.

* Look up the data and manually enter the correct values.

* Make an arbitrary decision. For example, if the open is less than
the low, but the two differ by an insignificant amount, give the
open the value of the low or the low the value of the open.

* Make a reasonable adjustment. If the high for bars before and after
the problem bar are about 40, and the high on the bar in question
is 4003, assume the decimal point is off and adjust the high to be
40.03.

* Delete the data for the entire bar. Let AmiBroker duplicate the pre-
ceding bar when it needs data for that bar. (The program will sim-
ply skip that date when processing a single issue, but will fill in
the data when synchronizing multiple issues.)

How do you know what values are correct? You probably do not. Us-
ing a data provider with a good reputation is the best you can do. Once
you pick a vendor for historical data, use that vendor’s data exclusive-
ly. This may be one of those cases where consistency is more valuable
than accuracy.
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CoMMODITY CONTRACTS

Unlike stock shares which have an indefinite life, commodity contracts
are very short lived. New contracts are formed on a regular schedule,
such as once a month or once a quarter, depending on the commodity.
Each new contract specifies the month and year that it will expire. For
each commodity, there will be several contracts that are actively trad-
ed. Immediately after the newest contract is created, it is the farthest in
time from its expiration — nine months, perhaps longer — and there is
relatively little trading volume in it. As time passes, this contract comes
closer to its expiration, until it becomes the front month contract - the
contract that is closest to expiration and accounts for most of the trad-
ing volume. Usually the volume for the front month contract drops off
after first notice (notice that delivery of the physical commodity is im-
minent) in the final week or two before its expiration. The process of one
contract losing volume, expiring, and being replaced as the front month
by another contract is called rollover.

When two or more contracts are being traded for the same commod-
ity, their prices are different due to expectations of supply and demand,
and to the costs of carrying the physical commodity or borrowing the
money necessary to purchase it in advance.

When designing a trading system to trade a commodity, what data
should be used? Each individual contract has only about three months
during which it would have been the one you traded — not enough time
to develop and test a system.

[f the individual contracts are spliced together, there are disconti-
nuities every three months as a new contract becomes the front month.
These discontinuities would result in what looked like profitable price
changes and the trading system would regularly be long or short and
record a profit or loss when, in fact, that result was never possible.

If the individual contracts are joined in a manner to smooth the tran-
sition from one contract to the next, the result of the joining is called a
continuous contract, and the system designer must be aware of the tech-
nique used to join them.

One method forms the continuous contract by adding or subtracting
the difference between the outgoing front month and the incoming front
month. Using this method, the prices reported in the historical data will
differ from the actual transaction prices by the cumulative amount of the
adjustments. This can cause the historical data for some commodities to
be much higher or lower than they actually were, or even to appear to
have been negative. In any event, any indicator used in the trading sys-
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tem that relies on a percentage change or ratio will be inaccurate, and
worse, will change when the next contract is added to the series.

Another method forms the continuous contract by taking the ra-
tio between the outgoing and incoming front months and adjusting all
previous data by that ratio. Using this method, indicators that are based
on prices and ranges of prices (such as the average true range indica-
tor) will be inaccurate and will change when the next contract is added
to the series.

A third alternative for those commodities where both a cash market
and a futures market exist (such as the S&P 500 index), is to use the cash
series to build the model, but take the trades using the individual con-
tracts. This requires knowing the actual front month data and knowing
the dates when the rollovers took place.

A fourth method creates a so-called perpetual or constant-expiration
contract by taking a weighted average of all active contracts and using
that as the price for a given day. The perpetual contract has no discon-
tinuities, but has the disadvantage that not a single price in its historical
data represents the price at which the commodity actually traded.

Still one more option, typically used with programs specifically de-
signed to work with commodities, is for the program to know how to
compute (or look up) the rollover date for each commodity, for the data
for all active contracts to be stored, for the program to handle rollovers
automatically, and to use the actual front month data for both testing
and trading.

STock pATA

Stocks never expire, but they do split, pay dividends, and spin off or
merge subsidiaries. Check with your data vendor to see how they han-
dle stock splits and dividends. Every stock split or significant dividend
must be reflected in the historical data before model development be-
gins. The adjustment process works by multiplying all prior prices by
the reciprocal of the percentage of the change. For example, a two-for-
one split is adjusted by multiplying all historical prices by o.50. Typically,
stock splits or stock dividends of 10% or more will be adjusted — either
by the data vendor or by the person who downloads that data. Smaller
dividends will be unadjusted.

Recently, most stocks are paying small dividends, so the adjustment
is small and is often ignored. But be aware of two issues.

One, adjusting historical prices causes the prices in the file to be dif-
ferent than the actual trading price. This causes the same difficulty as
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with commodity continuous contracts — indicators that rely on prices or
ranges of prices are no longer accurate, and worse, will change when the
next split occurs. After many splits, older data will show the price to be
very much lower than it actually was. This would be very misleading
for trading systems that rely on the characteristically different behavior
of low-priced stocks.

Two, the price of the stock changes on the ex-dividend day by the
amount of the dividend. For a stock that pays a significant quarterly
dividend, there are four days a year when the price appears to drop. If
a trading system is holding a long position on these days, and the pric-
es are not adjusted for the dividend, the system is unfairly and inaccu-
rately penalized.

Data revisions following mergers and spin-offs are almost never
made. The cause for concern here is that the company is fundamentally
different after the organizational change, and relying on historical data
for earlier periods could be seriously misleading. Consider, for example,
a manufacturing company which, after previously financing its own
sales and earning most of its net revenue from its financing arm, spins
off an independent financial services company. Or a company that goes
into bankruptcy, reorganizes, and reemerges with the same company
name and stock ticker.

OurTLIERS are valid data points, but the data is unusually high or low
relative to nearby data. Should you remove outliers? Probably not. Out-
liers represent rare events that have significant consequences for the
equity curve.

FOREX DATA

Foreign exchange (Forex) markets operate around the clock, around the
globe, with the exception of one period each weekend when all the mar-
kets are closed. There are no traditional daily bars with open, high, low,
and close. Trading the Forex markets is more akin to day trading than
to swing or position trading.

There are some other issues related to trading the Forex markets.

¢ There is no central exchange and no central clearing agency.

¢ The data stream is usually provided by the broker.

¢ The broker is probably acting as a market maker.

¢ There may be no commission charged, but the individual trader is
trading against the broker’s bid-ask spread.
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GENERAL

Emphasizing a few points about trading systems:

The financial markets are non-stationary time series.

Trading systems are designed to recognize, then exploit, patterns
that precede profitable trading opportunities.

As traders develop and trade models, inefficiencies their models
identify are removed from the markets they trade.
Characteristics of the markets change over time, in part because
trading systems make them more efficient.

Trading systems that once worked, but have failed, will probably
never work again.

All trading systems eventually fail.

We will always be developing new trading models.

Trading systems we develop must pass tests of validity before they
are traded.

PsycHoLOGY

There are many books that discuss the importance of psychology in suc-
cessful trading. They go on at length about the need for the trader to un-
derstand herself, to trust the system, to enter the market when the buy
signals appear, to set the stops at a comfortable level, to exit the trade at
a loss when the money stop is hit, to exit the trade at a profit when the
profit target is hit.

33
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I believe that most of the reason that traders do not follow their sys-
tem is that the system is not completely of their own making. We have
very strong beliefs about the way the market and the systems we trade
should act together. When we get signals from our systems to act and
our feelings are in conflict with those beliefs, we second guess our sys-
tem and delay actions.

Van Tharp, in his excellent Trade your way to Financial Freedom, talks
about teaching people the mechanics of a trading system, and demon-
strating its profitability, in the first few weeks of a college course. Then
he needed the remainder of the semester to convince them to trade it.
The system he described was a classical Donchian breakout — a system
that is very easy to understand. It was designed in the 1960s before in-
dependent traders had computers, and was based on buying breakouts
above previous highs and selling breakouts below previous lows. The
length of the period used to establish the highs and lows was the pri-
mary parameter, and was often set to about 20 days. We will see this
system in more detail in a later chapter.

I can understand why students would be reluctant to trade this sys-
tem. One, it has a low percentage of winning trades. Two, it requires a
large trading account because it needs to trade a portfolio of many mar-
kets to smooth out the equity curves from each market. Three, it no lon-
ger works.

Even if it passed the validation tests we will learn about later, I could
not trade it personally because it relies on a small number of large prof-
its from positions that are held for long periods. There are people who
can trade breakout systems very well — particularly employees trading
other people’s money who just follow the rules and then go home, but
not most independent traders trading their own accounts. My own bias
is toward systems that have short holding periods, a high percentage of
winning trades, and a smooth equity curve. The Donchian system and
my own beliefs are in serious conflict.

My solution is not to convert myself to try to believe in a system some-
one else designed, but to design a trading system that is in agreement
right from the beginning with my biases. For me, most of the psychologi-
cal problems disappear when the trading system is truly my own.

SYSTEM DESIGN OUTLINE

I recommend a staged approach to system design. Start by designing a
template of a trading system that includes the features most important to
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you — matching your personality with the personality of the system.

In the first stage, select the objective function, trading frequency,
and order style. In the second, determine the amount of the trading ac-
count, type of positions, category of issues to trade, amount of leverage,
and leve] of risk.

Then pause and review your choices. Imagine the best and worst
scenarios. Be certain you are comfortable with these choices. In devel-
oping new trading systems, you will be able to start at this point and,
in the third stage, add the entry conditions, exit conditions, divide the
data into in-sample and out-of-sample periods, run the optimization,
and test the validity. If the system passes the validity tests, it is ready to
trade without further change.

FIRST STAGE OF DESIGN

SELECT AN OBJECTIVE FUNCTION. The objective function provides a mea-
surement of the goodness of a trading system. It takes our preferences
and biases into account and codifies them into a single numeric value.
It is the single most important component of the trading system. A well
designed objective function defines and identifies the trading person-
ality of the trader using it. Objective function design is covered in the
next chapter.

DECIDE ON THE FREQUENCY OF TRADING AND STYLE OF ORDERS. The de-
cision on how often to trade will be determined, in part, by what else is
going on in your life.

If you have a day job and plan to keep it, or are retired and like to
pursue other activities, then your trading will be done in the evenings,
after work, and on weekends. You will probably use daily market data,
which is inexpensive and easy to work with. Daily data (end-of-day data)
is collected once a day, after the markets close, and includes open, high,
low, close, and volume, and open interest if the data is for a futures con-
tract, but no intraday detail.

If you prefer to work with weekly data on Saturday or Sunday, the
daily open-high-low-close bars can be summarized into weekly OHLC
bars on the fly by AmiBroker. Advantages of working with weekly data
include the natural smoothing it provides, as well as the less frequent
attention to the markets. Disadvantages include the greater exposure to
sudden market moves during the week, and the increased difficulty of
validation due to there being fewer trades possible in a given time pe-
riod.
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Daily bars are the comfort zone for most system designers. There are
about 252 bars per year, giving ample opportunity to trade and making
validation easier. Once the design of the system is complete, the data can
be downloaded, the systems updated, and the new signals generated in
the evening or early morning in only a few minutes. While we will briefly
look into other time frames, most of this book will work with daily data
and with techniques that can be used by part-time traders.

The natural time to make trades based on end-of-day analysis is at
the open of the next day. AmiBroker makes it easy to design trading
systems that accommodate market-on-open orders. If you wish to have
transactions take place during the trading day, you can compute prices
at which you want trades to take place, and place stop or limit orders
with your broker for execution while you are away from your computer
and market data. If you wish to trade at the close of the market on the
next bar, you can place those market-on-close orders with your broker
or mutual fund company for execution the following day.

Many, probably most, trading systems benefit from acting on the sig-
nal immediately. That is, trading on the signal generated by today’s bar
at the close of today’s trading — market-on-close with no delay. There are
two ways, without a crystal ball, to implement this. First, obtain market
data near the close of trading, assume it is the closing price, enter it into
the database, run the trading system to generate signals, and place orders
before the close. Most of the time there will be no ambiguity. Some of
the time the price will change between the time you generate your sig-
nals and the market actually closes, and the signal you acted upon will
not be generated by the official data for that day — it will be a phantom
signal. You will have to decide how to deal with that — probably close
the position in after-market trading or at the next open; perhaps moni-
tor the overnight trades to see if you are likely to get a legitimate signal.
Second, precompute the price that will give you a signal and place a
conditional order to trade market-on-close based on that price. Chapter
13 describes techniques for anticipating signals.

If you want to trade during the market day, you will need intra-
day data, intraday capability of your trading system platform, intraday
models, permission (from your boss) to follow the markets during the
trading day, and the interest and patience to monitor your trading sys-
tem and act on its signals during the trading day. AmiBroker has very
powerful capabilities for working with intraday models. Intraday data
is expensive and requires reliable communications. Watching the mar-
ket closely during the day will become your new full-time job. It is dif-
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ficult to overcome the high costs associated with intraday trading. We
will not devote much discussion to intraday systems.

It is important to thoroughly examine your own preferences regard-
ing the amount of time you want to spend working with trading system
models, updating data, and monitoring the markets and managing your
orders; your preferences regarding frequency and timing of trading; and
your preferences for the type of orders you will use. These decisions will
have a large influence on both the objective function you choose and the
trading systems you design.

SECOND STAGE OF DESIGN

TRADING AcCcOUNT. Decide how much money you will have in your bro-
kerage accounts. This is the total amount you will have at risk; it is also
the beginning balance you hope will grow. Your trading account should
be a portion of your liquid assets, not all of them.

PosiTioNs AND LEVERAGE. Decide whether you want to take only long
positions, only short positions, or both. Long-only works best in rising
markets. Do not rely on continuation of the super bull market that start-
ed in the 1980s to make your trading profitable. It is true that something
is always going up, but test systems that take short positions for two
reasons. One, so you will have systems that will be profitable in bear
markets. Two, even if you will never take a short position, a system that
is profitable on short trades can be used as a filter to exit existing long
trades and block entries to new ones.

Also decide how many positions you want to hold at any one time
and how much margin or leverage you will use.

Issuk seLEcTION. Decide which categories you want to trade — common
stocks, exchange traded funds, mutual funds, commodities, options,
currencies.

Risk AssessMENT. Decide what percentage of your trading account you
are willing to risk on any single position. If you have a $50,000 trading
account and are taking a $10,000 position which has a stop loss order set
$500 below your entry, the risk on that one position is 1%. If you are us-
ing leverage, multiply the risk per trade by the leverage.
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EXPECTED ANNUAL RETURN. Make a realistic estimate of the return you
expect to achieve on your trading account. Stating this in advance will
let you do some reality checks. It will also be useful as a standard for
Monte Carlo runs. Monte Carlo is a technique used to examine the sta-
bility and sensitivity of a mathematical model, such as a trading system.
Chapter 22 discusses Monte Carlo in more detail.

That completes the first two stages, and we have a template. An exam-

ple might be:
Objective function:  rar/dd
Trading: next open at the market
Account: $50,000
Positions: Long only
Tradable: Common stocks and ETFs
Number positions: 5 at $10,000 each
Leverage: None
Risk per position: $1000 — 2% of account
Expected return: 15% per year

THIRD STAGE OF DESIGN

The most important work has been done. The decisions you have made
in the first two stages almost guarantee that you will be comfortable with
any trading system that complies with them. You have defined a template
for your trading systems that incorporates your trading personality. Now
you get to design the entries and the rest of the components.

ENTRY siGNALS. Imagine, read about, or buy an idea that you will use
to take an initial position in a market. Entry signals are the most dis-
cussed components of trading systems, but they are not the most impor-
tant components. We will expand on several entry methods in several
later chapters.

Ex1T siGNALS. Your entry may have an exit associated with it. Addition-
ally, we will discuss stop loss, profit target, and other exits in later chap-
ters. Good exits can salvage almost any trading system.

Darta. Data acquisition, data preparation, data normalization, division
of the data into in-sample and out-of-sample data periods.
The in-sample period is used to investigate the ideas behind the
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trading system, either by trial and error or by an optimization process,
looking for the best version. The best version is the version that has the
highest value of the objective function. The out-of-sample period is re-
served. It is not used during the optimizing process. After you are satis-
fied with the performance of the trading system in the in-sample period,
the system is allowed to process the data for the out-of-sample period
one time. It is the performance of your system on the out-of-sample data
that determines whether it is likely to be profitable when you begin trad-
ing it with real money.

Orrimization. After you have coded your idea into AmiBroker and run
it over some data, you will think about ways to improve it. Whether you
plan an automated search which changes the values of the variables in
your trading system in an organized way, or just fiddle around chang-
ing things by trial and error, you are looking for a better system. That
process is optimization.

In real-life system development, after searching the in-sample data
exhaustively, and making one test on the out-of-sample data, you are
rarely satisfied with the results. So the four steps of refining entry sig-
nals, trying other exits, dividing the data, and optimizing are repeated
until you are satisfied with the results. Later chapters discuss optimi-
zation techniques.

VaLIpATION. In order for a trading system to be valid, it must make cor-
rect predictions in circumstances where the outcome is unknown to the
system. Unfortunately, every time the out-of-sample data is processed,
examined, evaluated, or even just peeked at, those results are invariably
used to modify the trading system; and the out-of-sample data becomes
less out-of-sample and more in-sample. It takes only a few peeks at the
out-of-sample results to seriously compromise the ability to validate a
trading system, because the outcome is known and the result it produc-
es is no longer a prediction.

Eventually, you think you have a good system. Run it once more,
this time over data that has not been used to develop the system. Once!
I am serious! Once! 1f it fails to perform well, do not trade it. Perhaps, but
with a small probability, the system is a good one, but the data in the
validation period puts the system in a drawdown. Wait a few weeks or
months, extend the validation data through the then current date, and
attempt to revalidate it. If you decide to tweak it some more, make sure
you have a new set of validation data. Read more about in-sample and
out-of-sample data in Chapter 18. See Chapter 20 for a discussion of the
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walk-forward technique which automates system development and in-
sulates it from compromising the out-of-sample data.

The market is going to test the validity of your trading system for you —
whether you like it or not, whether you are ready or not. The best prepa-
ration for market validation is careful testing and avoiding contamination
of the out-of-sample data by peeking into the future at that data.

COMMISSIONS AND SLIPPAGE. | recommend that your early investiga-
tions be done with commissions set to zero. Commissions have fallen
considerably over the past few years, and commission cost may, in fact,
be low enough to ignore. In any event, first study simply the accuracy
of your system. If it passes all the validation tests and you are think-
ing about trading it, then set the commission rates to those your broker
will charge you.

Slippage is a different matter. If you are using market-on-open or mar-
ket-on-close orders, the prices you will pay will be close to those pub-
lished in the historical data. You can use your own experience to adjust
as necessary. Limit orders will be filled at your price, with no slippage.
Stop orders will be filled at the price of the next trade after your stop price
has been hit. That may be your price, or it may be worse — in some cases,
considerably worse. By using intraday bars of short length you may be
able to estimate the slippage your system will experience. But be aware
that the historical data may not show all of the trades and may not give
an adequate indication of the size of the trades it does show. Data ven-
dors sometimes omit trades in order to reduce the amount of data they
store and transmit. Usually, the data omitted is at the same price as the
data that precedes it, but not always.

PosiTioN s1ziNG. I have intentionally taken setting of position size out
of the iterative loop. I recommend that you initially develop your sys-
tem so that each new entry takes a standard sized position — such as
one futures contract, 100 shares of stock, or $10,000 worth of whatever
you are trading. Having a standard sized position during development
makes it easier to carry out Monte Carlo analysis when it is used as part
of the validation process. Chapter 22 will expand on position sizing in
more detail. In fact, very ordinary trading systems become very profit-
able trading systems through use of intelligent position sizing.

SensITIVITY AND MONTE CaARLO ANALYSIS. The development of your
trading system was done using a limited amount of data. Are you being
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fooled by one lucky draw, or have you found a reliable trading system?
What would the results be if the sequence of trades was different? Or
if a completely different set of trades resulted, even if they were drawn
from the same statistical population in terms of average trade and stan-
dard deviation of trade? What would the results be if the input data was
slightly different? Before beginning live trading, you might want to study
the sensitivity of your model to the exact conditions that were present in
your training data. Chapter 22 discusses some of these issues.

Live TRADING. After you have a trading system model that you have
validated, and after you have worked through the materials on position
sizing, begin trading the system.

MONITOR PERFORMANCE. As long as the system performs well, keep
trading it. Review the materials on position sizing and perhaps take
advantage of some of the methods that make use of increased leverage.
When the system begins to perform less well, analyze the data to decide
whether the system is broken, or just in a period of weak performance.
If it is clearly broken, stop trading it. If it is in a period of weak perfor-
mance, review your position sizing and cut back on leverage.

MORE ABOUT OPTIMIZATION

Anything we do in the development of trading systems involves a
search for a pattern that precedes a profitable trading opportunity. Any
time we examine the results of alternative systems, we are involved in
searching; and when we select the most promising of those alterna-
tives, we are optimizing. Only a system based on truly random entries
and exits would not be the result of some optimization. So the question
of “should we optimize?” is moot — we have no choice but to optimize.
Consequently, we should be aware of optimization techniques and ap-
ply them intelligently.

For the remainder of our discussion, optimization is defined as the
organized, automated search for the best set of values for the arguments
for a trading system. Optimization, and the resulting measure of good-
ness or fitness, is always with regard to a single-valued objective func-
tion. Given a tradable issue, a time period, and a model with parameters
that can be changed, there is one single unambiguous value of the ob-
jective function associated with that set of arguments.

Aren’t we just trying to find something that worked in the past? Yes.
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Isn't the likelihood of finding something that will work in the future
higher if that thing worked in the past than if it did not?

When there is a single argument that is being searched, the search
is one-dimensional. We can imagine a horizontal line with values of
the arguments from left to right and vertical bars representing by their
height the associated values of the objective function. In an ideal situ-
ation, the profile of the bars is smooth, with a nicely defined plateau of
high objective results surrounding a range of arguments. We would be
happy to select one of the values near the center of the plateau as the
value to use for that parameter in our trading system.

idasl Optimizetion Resuft

Walize of Objective Function
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We are seldom so fortunate. Often the highest objective value is a lonely
peak surrounded by poor results. If there is a range of argument values
that produces a smooth objective profile, even if it is less profitable, we
will be safer to pick the smoother region.
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If there is no region over which the objective profile is both smooth and
profitable, that indicates that this parameter is not predictive, at least in
these circumstances.

When optimizing, make some runs with very wide ranges to see what
range for each variable should be tested in more detail. If changing a
variable seems to have little effect, fix its value rather than optimize it.

When there are two arguments being searched, the search is two
dimensional. We can imagine a table top with values for one of the ar-
guments from left to right, values for the other argument from front to
back, and vertical bars representing by their height the associated values
of the objective function. In an ideal situation, there is a smooth hill of
high objective results, and we would be happy to select a pair of values
that are associated with the top of the hill.

When we are carrying out a traditional stepwise search in two di-
mensions, we have two alternative search methods. One is to search each
parameter separately and sequentially, one after the other. The other is
to search the two during the same optimization run.

Assume we are searching for the best values for two moving aver-
ages. One set of arguments ranges from 2 to 30 by steps of 2, the other
ranges from 5 to 100 by steps of 5. There are 15 values for the first argu-
ment, 20 for the second.

To search them sequentially, we pick a likely value for the first ar-
gument, say 10, then vary the second argument from 5 to 100 in steps of
5, for a set of 20 iterations. When that is finished, we pick the best value
for argument 2, say it was 45, then vary the first argument from 2 to 30
in steps of 2, for a set of 15 iterations. When that is finished, we pick the
best value for argument 1, say it was 12. Using 12 for the first argument,
we again search for the best value of the second argument. The process
goes back and forth until we have found the best values for both. In-
dustrial engineers call this process evolutionary operation. It essentially
walks along a path up the hill, taking one dimension at a time. This pro-
cedure works whenever the contour of the objective function behaves
nicely, as it often does in industrial processes. It can fail to find the best
region, but it has the advantage that the search is in one dimension at a
time. Unfortunately, financial time series are notoriously badly behaved,
so this method might not work.

To search both moving average lengths during the same run, we let
AmiBroker evaluate every combination of the two sets of values in what
is called an exhaustive search. In this example there will be 300 of them
- 15 times 20. At the expense of a longer computer run, we are sure we
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evaluate all possibilities.

When we have a more complex trading system with three or more
parameters, we can extend the concept. The results are more difficult to
visualize, but we have the same trade-offs —longer runs with assurance
of evaluating all possibilities versus one or two dimensions at a time
and a hill climbing approach.

There is a third, non-traditional, search method that finds near-op-
timum values without an exhaustive search. The method randomly se-
lects a number of points in the parameter space, evaluates the system
at those points, and chooses new points based on artificial intelligence
techniques.

Darta prvision. The literature on trading system development and op-
timization has two major points of view about the division of data into
periods used for optimization and for validation.

One view optimizes using as much data as possible. The reason is
to include as many market conditions as possible, hoping the resulting
trading system will be able to respond well to whatever market condi-
tions it will encounter in live trading,

The other view is that the underlying market being modeled by our
trading system is very dynamic, and we should optimize using a much
shorter amount of data in order to more accurately model the current
conditions.

How short? Only one thing counts — the out-of-sample performance
of this system. I am perfectly comfortable with a reoptimization peri-
od of one day, if that works. One of the potential difficulties with short
reoptimization periods is handling trades that last longer than the re-
optimization period. You might find that the parameters from the new
optimization show you out of a trade that the old parameters had you
in, and vice versa. Whatever length of time you choose, you will need
to deal with the “edges” at the end of one period and start of the next.
One approach is to exit trades that disappear, but wait for new signals
to make new entries. Another approach is to exit trades that disappear,
but enter trades that the system shows as open when the new period
begins. The difference is whether the signals are treated as states or im-
pulses. Arguments can be made for either point of view. If you are us-
ing very short reoptimization periods and you encounter a lot of trades
that do not continue over the boundaries of the periods, that is an indi-
cation that the system may be unstable.

The market has so many dimensions that we cannot see them all,
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and we cannot know which are changing, and in what way. If conditions
change within our in-sample period, that makes our model fit less well.
The out-of-sample performance may still be acceptable, just not as good
as it would have been without the condition change. If conditions change
in the out-of-sample period, that drops our simulated or real profitabil-
ity. My feeling is that a single trading strategy cannot cope with many
changes. Trying to make it do so will require an increase in the number
of parameters and the complexity of the model, which increases the like-
lihood of a curve-fit solution, which decreases the likelihood of profitable
out-of-sample performance. (More about curve-fit models in a few para-
graphs.) I prefer to make the in-sample and out-of-sample time periods
shorter until the model fits fairly well throughout the period.

BioComp Dakota, a trading systems development program published
by BioComp Systems, takes the artificial intelligence approach to optimi-
zation. Using techniques such as particle swarm optimization, it searches
a subset of all possibilities in such a manner that it will probably find the
best region without evaluating every possibility. Dakota reoptimizes es-
sentially every bar, and all of its results are out-of-sample — they are the
concatenation of a series of one-day out-of-sample results.

Another optimizer that efficiently searches very large spaces and
performs automated walk-forward analysis is Fred Tonetti’s Intelligent
Optimizer, which you can find at the Yahoo Group for AmiBroker-ts.

Both Dakota and IO are discussed briefly in Chapter 20 of this
book.

CURVE FITTING

A curve-fit solution arises when the model has so many ways of adjust-
ing to the data that one of the ways discovers a specific fit, but that spe-
cific fit is not a general fit.

Many books and articles that talk about the design of trading sys-
tems talk about the relationship between the number of data points ex-
amined, or the number of closed trades, in relationship to the number
of parameters in the trading system. And they point out the necessity
of having at least 30 closed trades to be able to statistically validate the
results. If the only data period being studied is the in-sample period,
then it is very easy to examine so many values for so many parameters
that a profitable result is certain to be found. If a trading system uses
two moving averages, the lengths of both averages vary from 1 to 50 in
steps of 1, and 10 years of daily bars are used as the in-sample data, the
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system has essentially zero residual degrees of freedom. Ten years at 252
bars per year is 2520 bars. The trading system has used 2500 (50 times
50) values of the variables. So there might be a very good fit for the in-
sample period, but the model fits well primarily due to the data mining
that took place, not to the discovery of a fundamental relationship be-
tween the two moving averages and the underlying market.

The in-sample results always look good. The search process does not
stop until they look good.

The higher the number of rules, conditions, and variables in the trad-
ing system, and the larger the range of values searched during the opti-
mization, the more likely the resulting model will have been curve-fit,
and the less likely the model will be profitable in out-of-sample tests.

It takes surprisingly few parameters to curve-fit a model to the in-
sample data. Even if there are thousands of closed trades in the in-sam-
ple period, disregard those results and look at the out-of-sample results
to evaluate the goodness of the model.

Unfortunately, some authors, many of whom should know better,
and others who are intentionally misleading, devote articles, adver-
tisements, and entire books to the analysis of in-sample data and draw
very misleading conclusions. Examples include high gain equity curves,
perfect buy and sell signals, portfolios constructed to minimize draw-
downs, wild profits as result of position sizing algorithms, and on and
on. Some of you have probably seen the advertisements, read the arti-
cles, and purchased the books.

SHOULD A TRADING SYSTEM WORK FOR A LARGE NUMBER OF TRADABLES?

Not necessarily. Many successful trading systems are designed for a
single market, a single ticker — whether that market is S&P 500, Russell
2000, treasury bonds, or feeder cattle. If the validation process passes,
then there is no reason to insist that a model trade multiple markets. If
a model trades feeder cattle well, it is probably worth trying it on hogs
or pork bellies, but there is no reason to insist that it work on gold, oil,
or orange juice. In common stocks, if a model works well for Wells Fargo
and CitiCorp, it is probably worth trying it on other money center banks,
insurance companies, and brokerages; but there is no reason to expect it
to work for technology, utilities, or communications companies.
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SYMBOL SPACE

The symbol space is very similar to the space defined by the numeric pa-
rameters. By symbol space, I mean the list of tickers that are used when
the model is developed or tested.

If a system is based on a moving average crossover (buy when one
moving average crosses up through the other, sell when it crosses down),
and two lengths, each from 1 to 100 in steps of 1, are tested for the two
moving averages, 10,000 combinations will have been tried. Some will be
profitable, some not. Some areas of the space defined by the two length
variables will be smooth and stable, others not. Similarly, given a model
with the moving average lengths fixed, a search could be made of 10,000
tickers to determine for which tickers that model is profitable. Some will
be very profitable, others not. If the tickers for which the model is prof-
itable share some characteristic, such as belonging to the same indus-
try group, that increases confidence that the model has validity. On the
other hand, if the tickers are random, it may be that the optimization
has simply searched the symbol space and gotten lucky.

NEVER WORK AGAIN?

When [ say that trading systems that worked once, but stopped work-
ing, will probably never work again, people wonder what I mean and
ask if I am serious. Yes, I am serious.

Trading systems work because they recognize inefficiencies in the
markets they are trading, buy, sell, and make a profit. In so doing, they
remove some of the inefficiency they recognized. A very profitable sys-
tem recognizes a very large inefficiency. As long as the trading system
is not well known and few traders are following its signals, it will con-
tinue to be profitable. When it becomes widely followed, and volume of
trades based on its signals increase, the market becomes more efficient
and profit using that system is more difficult to make. Eventually, most
of the inefficiency is removed — those traders able to continue to make
a profit are the earliest ones to recognize the signal and have the low-
est frictional costs. As long as the signals generate some profit for some
traders, the model continues to be followed and traded.

It is not necessarily the trading system that you, as an individual, are
using to trade in small size that causes the system to no longer work. It
is the fact that some trading method removed the inefficiency that your
trading system recognized — maybe CitiCorp, maybe George Soros, may-
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be your system being traded by thousands of small traders after being
published or posted.

As new people enter the business of trading system development,
either on their own or as employees of trading companies, they acquire
computers, data, and trading system development platforms. The whole
package costs as little as $1000, total. To practice, they read about trad-
ing systems, see the associated equity curves, enter the code, and test
the profitability. If a system is profitable, they trade it, and in so doing
remove the inefficiency again.

My point is that there are so many people trying to make profitable
trades, that every widely known profitable trading system is being moni-
tored by someone hoping it will become profitable again.

For example, look ahead to Chapter 9 which has the code for a Don-
chian-style breakout system. Run it yourself on commodities data start-
ing in the 1960s. It was very profitable on just about every commodity
until the 1980s — about the time inexpensive personal computers became
available.

A basic breakout or moving average system can be easily coded into
a spreadsheet — VisiCalc, Lotus, or Excel work fine. Since historical data
and trading system development platforms have become more widely
available, and as commission rates have dropped, the profitability of the
classical trading systems has declined to near zero.

Richard Donchian was trading his systems in the 1960s and writing
about them in the 1970s. Richard Dennis and William Eckhardt started
their famous group of Turtle traders in 1983 and made their most spec-
tacular profits in the early years using Donchian-style systems.
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RECOGNIZING GOODNESS

An optimization is a search for a best trading system. The goodness of
a system is measured by the value of the objective function. The best
system is defined to be the one that has the highest objective function
value. Choosing the objective function is the most important, and the
most personal, task in designing a trading system.

An objective function assigns scores to each component or factor
that is used in its calculation and combines them into a single value. The
goal of the trading system is to maximize the objective function score
for every time period, especially the out-of-sample validation period.
If the objective function is properly designed, no other metric matters.
That is — if the objective function is properly defined, everything of im-
portance is accounted for in the objective function, and in proportion
to its importance to you.

Only you can decide which trading systems are good and which are
not. Selection of the objective function is a management decision and
must be made prior to extensive model development. The objective func-
tion itself is not a candidate for optimization.

You already have subjective preferences regarding a trading system
and know what is important to you. Your preferences might be high
percentage annual gain, low drawdown, frequent trading, short hold-
ing periods, and so forth. Or you may not know exactly what statistics
are important, but you will recognize the equity curve that you prefer.
In that case, run an AmiBroker optimization (see Chapter 5 — AmiBro-

49
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ker) and examine the results. AmiBroker will have calculated the met-
rics for each of the sets of arguments. Export the table of optimization
results so it can be opened using a spreadsheet. Back in AmiBroker, set
the variables to an assortment of argument values and plot the equity
curve for each. Select those that are best in your judgment. Examine the
values of the metrics that correspond to the equity curves you like. In
essence, you are giving AmiBroker a problem you already know the so-
lution to, and grading its performance.

You must have enough confidence in the definition of your objective
function that you are always willing to accept the model at the top of
the list. If you ever prefer a model below the top one, then the objective
function does not accurately reflect your preference, and must be modi-
fied. Later, when you perform automated walk-forward testing, the sys-
tem development platform will be selecting the best model, testing that
model’s forward profitability, stepping ahead in time, and repeating the
process, all without your active participation in decision making,.

BENCHMARK

Before proceeding too far, decide what your benchmark is. Is beating
one of the broad market averages, such as the Russell 2000, satisfactory?
If the Russell 2000 is down ten percent in a year, does a system that is
down only five percent qualify as a success? Or must there be an abso-
lute gain? If necessary, the objective function should include a relative
performance component.

If one of the metrics preprogrammed into AmiBroker is satisfactory,
just use it. If not, then it will be necessary to program a custom metric.
For AmiBroker, refer to the Appendix — Extending AmiBroker, and to
the AmiBroker documentation explaining how to add custom metrics
to the reports.

METRICS

The metrics preprogrammed into AmiBroker include:

* Net profit s. Profit in dollars for the entire period.

* Net profit %. Profit in percent for the entire period.

* Exposure %. Market exposure to the trading system calculated bar
by bar.

* Net risk adjusted return in percent. Net profit percent / exposure
in percent.
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* Annual return % — CAR. Compounded Annual Return in percent.

* Risk adjusted return % — RAR. CAR / Exposure %.

* Average profit / loss. (profit of winners in dollars + loss of losers in
dollars) / number of trades.

* Average profit / loss %. (percent profit of winners + % loss of los-
ers) / number of trades.

* Average bars held. Sum of bars in trades / number of trades.

* Maximum trade drawdown. Largest peak to valley decline in dol-
lars in any single trade.

* Maximum trade % drawdown. Largest peak to valley percentage
decline in any single trade.

* Maximum system drawdown. Largest peak to valley decline in
portfolio equity.

*  Maximum system % drawdown. Largest peak to valley percentage
decline in portfolio equity.

* Recovery factor. Net profit / maximum system drawdown.

¢ CAR/MaxDD. Compound annual percent return / maximum sys-
tem percent drawdown.

* RAR/MaxDD. Risk adjusted return / maximum system percent
drawdown.

e Profit factor. Profit of winners / loss of losers.

* TPayoff ratio. Ratio of average win to average loss.

e Standard error. Standard error of the equity line.

* Risk-reward ratio. Slope of equity line as expected annual return /
standard error of equity line.

e Ulcer index. Square root of sum of squared drawdowns / number
of bars.

* Ulcer performance index. (annual return in percent — treasury
note return in percent) / ulcer index.

* Sharpe ratio of trades. (annualized return in percent — risk free
rate of return) / annualized standard deviation of returns.

¢ Keratio. Linear regression slope of equity / standard error of equi-
ty, normalized.

EQuUITY SMOOTHNESS is very important. Minimizing drawdowns allows
optimal f, which is important in position sizing decisions, to be high-
er. Unexpected gains are nice, but predictability makes setting of profit
targets easier. Given a sufficiently smooth equity curve with low draw-
down, annual return for most tradables can be increased by increasing
the leverage, up to the point of drawdown limitation.
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Some of the metrics I find best for my personality are risk adjust-
ed return, risk-reward ratio and K-ratio. In all cases, higher values are
preferable.

OrHER METRICS that are useful include:

e Expectancy. (% winners * average profit) — (% losers * average loss).

e Sortino ratio. Computed in the same way as the Sharpe ratio, but
does not penalize winning trades. Only losing trades are used to
compute the downside deviation which is used in the denomina-
tor.

* Semi-deviation. An alternative to the variance in which only ob-
servations that fall below the mean, or below zero, are included in
the calculation.

e Treynor ratio. A metric applied to portfolios that is similar to the
Sharpe ratio. Computed as: (average return of the portfolio - risk
free rate of return) / beta of portfolio.

e VAMIL Value Added Monthly Index. Computed as: Latest VAMI =
previous VAMI * (1 + latest month percentage gain). Often used to
compare performance of funds.

e Equity smoothness — Various measures. For example, correlation
between day by day equity and linear regression of equity.

¢ Trading frequency — Number of trades per period. Long term trad-
ers prefer a lower number; models that look for infrequent but
profitable situations prefer a lower number; high frequency traders
prefer a higher number.

¢ Percent winners. Number of winners / number of trades.

¢ Win to loss ratio. Payoff ratio.

e Average profit per trade. Dollars per trade or percent per trade.

¢ Holding period. Average number of bars per trade.

* Pessimistic Return Ratio - PRR. Documented in Ralph Vince’s
books on money management, PRR adjusts the profit factor by in-
creasing the weight given losing trades and decreasing the weight
given winning trades.

(# Wins — /i Wins ) * AvgWin
(# Losses +-/# Losses) * AvglLoss

PRR =
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ExpECTANCY

Having gone through all the metrics that AmiBroker reports, there is
one component that absolutely must be included in some form. That is
expectancy. Think in terms of the trades made by a system over a long
enough period that all the possible results have happened. It is best to
measure the result from each trade as a percentage profit or loss. The
expectancy of a trading system is the average profit per trade taken over
all trades. If you separate trades into winning trades and losing trades,
then expectancy is the percent of trades that are winning trades times
the average percentage won per trade, plus the percent of trades that are
losing trades times the averageage percent lost per trade.

The expectancy of a trading system must be positive. No money man-
agement or position sizing technique will convert a system with a nega-
tive expectancy into a profitable one.

ANNUAL AccounNT GROWTH RATE

The average annual growth rate for a trading account depends on only
two figures:

* expectancy

e trading frequency

Measure the average expectancy per trade and express it as a decimal
fraction. Call this e. For example, if a system has an average profit per
trade of 0.8%, then e = 0.008.

Measure the average number of trades completed per year. Call this
n. If that same system trades 12 times in a year, n = 12.

The final account equity at the end of the year will be some multiple
of the account equity at the beginning of the year. Call this m.

m=(1+e)"
m = (1+0.008)"” = 1.1003

The annual account growth rate, g, is m - 1, or 10%.

The equity curves for two trading systems may look very different,
but if they have the same values for both e and n, then they have the
same annual growth rate.

Note the positive effect that compounding has. A system that trades

once a week and averages a 1% profit, has an annual growth rate of
67%.
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Casino GAME

Just for interest, let’s compute the expectancy and growth rate of a casino
game. Take roulette, for example. In the United States, there are 38 slots
the ball may fall into — 18 red, 18 black, 2 green. For the even money
bets, such as red/black or odd/even, a win is a 100% profit, a loss is a 100%
loss. Since green is neither even nor odd, red nor black, green is always
a loss. On average, in every 38 plays, every slot will be hit once.
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The expected return on every $1.00 bet is $.9474.
Playing once a minute for an hour gives 60 plays. The expected final
value of every dollar after one hour is

(1-0.0562)° = (0.9474)*° = 0.039 = 4 cents

Since the expectancy is negative, no money management, position size,
or betting sequence scheme can make roulette profitable for the player.
Any trading system that has a negative expectancy is just as certain to
go broke.

CUSTOM METRICS

Calling on the object orientation of AmiBroker itself, it is possible to
add custom metrics and have them reported in the Trade Report and
the Optimization Report. Because-of the advanced nature of the Ami-
Broker Formula Language (AFL) code required to implement custom
metrics, discussion of them is postponed until the Appendix — Extend-
ing AmiBroker.
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AMIBROKER was CHOSEN to develop, test, and illustrate the quantita-
tive concepts described in this book because:

It has all the features necessary, including;:

* Ease of use.

= High speed execution.

* Ability to use data from a variety of sources.

= Ability to use intraday data as well as end-of-day data.
* Fast optimizer.

= Flexible backtester.

* Equity curve analysis.

* Automated trading.

It is very fast.

It is inexpensive.

It is extremely well supported.

It uses the AFL programming language.

It has a large library of indicators and systems.

It can be extended.

It operates on portfolios as well as individual series.
It can model rotational trading systems.

It can model position sizing.

Its models can use multiple data streams.

It has a large user base with excellent discussion groups.
It is a stable program with years of history.
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FEATURES AND FUNCTIONS

AmiBroker comes in two editions — Standard and Professional. Both

have excellent functionality including:

* End-of-day processing, including:
* Charting
* Backtesting
* Scanning

* Intraday processing, resolution of 1 minute bars on up, including;:
= Charting
»  Backtesting
= Scanning

* Automatic updating of real time charts.

* Data feed functionality covering any exchange in the world and
with almost any data source.

e Database for an unlimited number of symbols and unlimited
number of quotes..

¢ Supports multiple databases.

¢ Automatic accumulation of ticks into minute bars up to end-of-day
bars.

* Companion AmiQuote downloader program works with many
sources of free end-of-day data.

* Streaming real-time quote handling for many real-time data
sources.

* Automated trading interface for many on-line brokerages.

e DPortfolio level testing and optimization.

* Ability to trade a basket of equities on a single signal.

* C(Create spreads and trading signals for spreads.

¢ Position sizing.

e Currency conversion.

¢ DPortfolio management.

Tue PROFESSIONAL EDITION ADDS:

¢ Tick charts
* Charting
* Backtesting
*  Scanning
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5 second and 15 second bars

= Charting

* Backtesting

« Scanning

Maximum adverse and favorable excursion reports and charts.
Unlimited time and sales window.

BoTH vVERSIONS OF AMIBROKER also have these operational features:

Charting includes over 70 built in indicators that can be applied
by drag-and-drop and object oriented drawing tools such as trend
lines, regression channels, cycles.

Time frames can be changed on the fly, multiple time frame charts
can be easily displayed, and multiple time frame trading systems
are easily created.

The windows and chart panes are completely customizable.
AmiBroker Formula Language (AFL) allows creation and appli-
cation of custom indicators and trading systems. Over 200 built-
in AFL functions including statistics, data manipulation, looping,
conditional branching, and signal generation, are provided as
building blocks.

AFL code is stored in clear text files and can be edited using the
built-in editor or an editor of your choice. AFL language can be ex-
tended via custom written DLL modules.

Screening automatically scans the database for current buy and
sell signals, or signals over any defined period of time.
Exploration searches the database for symbols matching user de-
fined criteria and creates reports showing values of indicators,
past performance, etcetera.

Backtesting and optimizing operate on either individual issues or
portfolios over any period of time desired, computing and report-
ing about twenty built-in metrics. Custom metrics can be defined.
Equity curves are automatically generated and can be used to fil-
ter trades.

VERSUS OTHER SOFTWARE

The programs listed here are the primary competition for AmiBroker
as of the time this chapter is being written. An Internet search for “trad-
ing system development platforms” will bring up new or additional en-
tries. The monthly magazine, Technical Analysis of Stocks and Commodities
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(TASC), has a regular column, Trader’s Tips. Each month, one of the ar-
ticles in TASC is coded into a directly usable indicator or trading system
for several trading system platforms. Checking the most recent issues
will give an idea of what software is being actively supported. The code
listings provide a comparison of the programming languages each uses.
The AmiBroker code is regularly both the fewest lines and the easiest
to understand.

MEeTaSTOCK

Reuters Corporation owns MetaStock, which has been one of the major
platforms for many years. It comes in two distinct versions — end-of-day
(about $500) and real-time (about $1400 to $1700). Reuters is also a sup-
plier of market data that can be used with the MetaStock program, as
well as most other platforms, including AmiBroker.

MetaStock’s capabilities for systems design, programming, backtest-
ing, and optimization have lagged the other platforms. They recently
changed from a “fill in the box” system development methodology to a
more modern programming language.

TRADESTATION

TradeStation, a publicly traded company, symbol TRAD, changed its ori-
entation a few years ago from being a standalone trading system devel-
opment platform to that of a combination system development platform
and brokerage. Their current emphasis is on real-time trading systems
and their brokerage. Their development language, EasyLanguage, is a
procedural language with special functions for trading, and is integrat-
ed with their trading platform. There are extensive libraries of code to
compute and display indicators and trading signals, and an active users
community. Traders who trade actively through TradeStation brokerage
get the TradeStation program at no cost, others pay $99 per month. The
standalone version, TradeStation 2000i, sells for about $2100.

WEeALTH-LAB PrO

Wealth-Lab was acquired by Fidelity Investments a few years ago. Before
that time, the program was available for license for a fee. It is now free
to active traders in the United States and Canada who make at least 120
trades per year through Fidelity brokerage. It is available outside the US
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and Canada for $650. Fidelity makes it difficult to determine what the
cost is for US users who do not make the minimum number of trades
— that information was not on their web site.

ESIGNAL

eSignal is both a data provider and a trading system platform. They offer
an end-of-day version of their program for $300 per year and real-time
versions priced at $115 to $185 per month. Of the alternatives to AmiBro-
ker listed here, eSignal’s programming language is the most inconve-
nient to use. What might be a 30 line AmiBroker program could well be
200 lines in eSignal. Consider, for example, the September 2006 Trader’s
Tips describing an Adaptive Price Zone indicator and trading system.
The AmiBroker code is listed in Chapter 10, Figure 10.5.

AMIBROKER - RECAP

Both the Standard (s149) and Professional (s229) versions of AmiBroker
support both end-of-day and real-time data and trading systems based
on that data. The license fee for AmiBroker gives the purchaser the right
to use the programs forever at no additional cost, and includes the next
five major upgrades — approximately one to two years. Yahoo hosts sev-
eral users groups where the exchange of ideas related to AmiBroker
from over 5000 registered members produces dozens of messages a day.
The AmiBroker web site has a library of indicators and trading systems
ready to copy and paste. Some of these have been provided by AmiBro-
ker, others by users. AmiBroker works with just about any source of
data, end-of-day or real-time, covering just about every market in the
world, from just about any data vendor. AmiBroker works with many
automated order entry systems.

Persons just starting development of trading systems and trading
can get AmiBroker Standard for $149 and use Yahoo or msn end-of-day
data at no cost. AmiBroker is highly recommended.

AMIBROKER SETUP

AmiBroker can be downloaded from www.amibroker.com. The setup file
is about 6 MB. Double click the program’s icon and accept all the de-
faults. A small database, consisting of about eighteen month’s data for
each of the 30 stocks in the Dow Jones Industrial Average, is automati-
cally installed, as are files which provide the context-sensitive help. Until
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a license has been purchased, the program runs in demo mode — every-
thing works, but nothing can be saved.

The User’s Guide, a 600+ page printable version of the help files, is
both included in the AmiBroker setup and available as a separate down-
load of about 4 MB.

AMIQuoTE

AmiQuote is a separate program, but is included in the AmiBroker down-
load file and is integrated into AmiBroker. The AmiBroker Help system
has detailed instructions for setting up a database and using AmiQuote
to retrieve data from any of several data services. I recommend using
AmiQuote and free end-of-day data from Yahoo or msn while learning
AmiBroker.

DATA SERVICES

Both the AmiBroker Help system and the User’s Guide contain detailed
instructions for setting up AmiBroker with the data subscription ser-
vice of your choice.

AmiBroker supports end-of-day services, including Quotes Plus,
TC 2000, TC 2007, FastTrack, MetaStock, CSI, Quote.com, msn, Yahoo,
ASCII, and any DDE source. It also supports real-time and delayed ser-
vices including eSignal, myIrack, DTN IQFeed, Quote Tracker, Market
Cast, and Interactive Brokers. AmiBroker manages backfilling real-time
databases.

GETTING STARTED

AmiBroker has tutorials in its Help system, and in its User’s Guide.
When you are on-line, there are excellent video tutorials. While this
book is not intending to be a comprehensive instruction guide to Ami-
Broker, a few basic techniques will be described, particularly those
that will help lay the foundation for discussions related to quantitative
trading later in the book.

DiISPLAY A PRICE SERIES

There is always a primary data series. To choose a new series, on the
Symbol menu, click the desired symbol.
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Ficure 6.1 DispLaY DaTa SERIES

Once a symbol has been selected, the up and down arrows will select
the symbol earlier or later in the list.

DisrrLay A CHART

The AmiBroker Charts tab shows a list of all the indicators and systems.
Some of them are complete, in that they will show the price series along
with some indicators and can be displayed on their own. Others are
only indicators and must be applied to a price series to be meaningful.
To display a chart in its own Window Pane, on the Charts menu, right-
click, select Insert, left-click.
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Ficure 6.2 DispLay CHART

This chart shows an indicator called z-score applied to a price series,
and can be displayed on its own. _
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FiGuRE 6.3 CHART DisPLAYED
ApDD AN INDICATOR

Other charts contain only indicators and are intended to be applied to

a price series that is already displayed. To add an indicator to an exist-

ing chart:

¢ On the Charts menu, select the indicator to be applied.

¢ Left-click and drag-and-drop it onto the series to be used as the
base.

The example shows the DEMA moving average being applied to a price
series.
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FIGURE 6.4 DRAG AND Drop AN INDICATOR
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Figure 6.5 shows the result.
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FIGURE 6.5 DrRAG anD Dror ResuLT
WRITE IN THE COMMENTARY WINDOW

During the development of a program, it is useful to have debugging
information output. Two ways to do that easily and quickly are:

¢ Compute something and plot it.

¢ Write something to the Commentary Window.

When a program is finished and being used for trading, the Commen-
tary Window is a good place to review information about the issue, the
indicators, and the signals.

Any string that is not assigned to a program variable is automati-
cally written to the Commentary Window.

//  CommentaryWindow.afl

1/

//  An example of using the Commentary Window.
//

//  Perform whatever calculations are needed.
FMA = MA(C, )

SMA = MA(C,2

Diff = FMA - SMA;

//  Write debugging information to the Commentary Window.
“The values of the two moving averages are: “;

Writeval (FMA, 1.4);

Writeval (SMA, 1.4);
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//  Combining text with variables.
“The difference between them is: “ + WritevVal(Diff,1.4);

FiGURE 6.6 COMMENTARY WINDOW

Interpretation o0 x

' Interpretation | Motepad

CommentaryWindow |
Date: 3/10/2005

The values of the bwo moving averages are:
8.2700

7.8940

The difference between them is: 0.3760

Ficure 6.7 CoMMENTARY OUTPUT
Test A TRADING SYSTEM

Write a trading system, complete with Buy and Sell signals, and save

it.

¢ From the Analysis menu, select Formula Editor.

¢ ]t will open with a blank screen. Type in, or use copy and paste,
whatever AFL program you want to use. The code in Figure 6.8,
for example.

¢ When you are done typing, save the program.

e  On the File menu, select Save As.

¢ Navigate to the directory you want to use for your custom func-
tions, indicators, and systems. AmiBroker will probably suggest
C:\Program Files\ AmiBroker\Formulas\Custom.

¢ Name the file something meaningful.

¢ Let AmiBroker add the .afl extension.

¢ C(lick Save.

// ExampleTradingSystem.afl

/!
//  Very simple trading system

FMA = M
SMA = MA(C,

Buy = Cross (FMA, SMA);
Sell = Cross (SMA, FMA);

FicUurE 6.8 ExaMPLE TRADING SYSTEM
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To select the issue to be traded, on the Symbols menu, double-click the
desired symbol.
fsmics RS
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FIGURE 6.9 SYMBOL SELECT

To select the trading system to be used, on the Analysis menu, select
Automatic Analysis. Click Pick, select ExampleTradingSystem, click
Open.

To set the data range and other settings, from the main Automatic
Analysis window, select Current Symbol, set the from and to dates.
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FiGURE 6.10 AUTOMATIC ANALYSIS SETTINGS

Click Settings, select the General tab. Set Positions to Long. Set Ini-
tial Equity to the starting amount in the account.

Backtester settings
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FIGURE 6.11 BACKTESTER SETTINGS - GENERAL

Click the Trades tab. Set the Buy price and Sell price as you wish them.
Choosing Close instructs AmiBroker to trade at the close of trading us-
ing a Market on Close order. The Buy delay and Sell delay setting spec-
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ify how many bars to wait after the signal before the action. Setting Buy
price to Close and Buy delay to zero means trade at the close of the bar
that triggers the signal. To trade at tomorrow’s open, set Buy price to
Open and Buy delay to 1.

Backtester settings

Genesal| Trades | Siops | Fepat | Porloko

Long trades

Buy price

FiGUre 6.12 BACKTESTER SETTINGS - TRADES

Click the Reports tab. Set the Result List to Trade List.

Backtester settings
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FIGURE 6.13 BACKTESTER SETTINGS - REPORT

Click OK back to the Automatic Analysis window. Click BackTest. The
trade by trade list will appear in the window.
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FiGure 6.14 BackTesT TRADE LISTING
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Click Report, and the Backtest Report will open. There is a lot more to
the report than is shown here.

B ExampleTradingSystem - Backtest Report - Hem(View
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Fi1GURE 6.15 BackTesT REPORT
OrTiMIZE A TRADING SYSTEM

To search for the best values for the parameters in a trading system, use
AmiBroker’s optimization features. Modify the trading system so that
the variables to be searched are set as Optimize. Save the new version.
//  ExampleTradingSystemOptimize.afl
/1

// Very simple trading system
//  set up to optimize.

MAi1Length = Optimize(“MA1Length”,3,1,20,1);
MA2Length = Optimize(“MA2Length”,20,5,50,5);

FMA = MA(C,MAiLength);
SMA = MA(C,MA2Length);

Buy = Cross (FMA, SMA);
Sell = Cross (SMA, FMA);

FiGure 6.16 ExampLe TRADING SysTEM OPTIMIZE
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Pick the system to be optimized (the one saved in the last step), click
Optimize.
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Ficure 6.17 OpTiMIZING EXAMPLE

AmiBroker will evaluate each of the combinations of parameters and
report the metrics for each combination in a list.

By default, the results are sorted in descending order by net profit.
Clicking the heading of any column will sort the results based on that
column.
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Ficure 6.18 OpTiMizING RESULTS, LEFT SIDE
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Scroll over to the right to see the values of the parameters associated
with each line in the report.
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Ficure 6.19 OprimizING ResuLts, RIGHT SIDE

OTHER FEATURES AND CAPABILITIES Of AmiBroker will be introduced as
they arise in the discussion.

RESOURCES

AmiBroker has a very large support community. Whether you are just
evaluating the program or are an active user of it, join the Yahoo Ami-
Broker Group. There are over 5000 members — some just lurk and listen,
some post and answer questions, others volunteer ideas.

The User Guide is excellent, including tutorials as well as specific
descriptions of individual features. It prints out at over 600 pages.

The AmiBroker Help command opens a hyperlinked version of the
User Guide. From it, examples of AFL code can be copied and pasted
into the program you are working on.

TASC’s monthly column entitled Trader’s Tips provides the code
for one of its articles each month for each of several development plat-
forms. There is an on-line version of this column as well at www.traders.
com. The article is often written by a principal developer of the platform
company. AmiBroker is featured in almost every issue, with many of
the programs written by AmiBroker’s president and chief designer, To-
masz Janeczko.
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Issue Selection

THE IDEAL ISSUE TO TRADE has several characteristics:

1. There is enough data to allow us to model its behavior.

2. The price is reasonable throughout its history.

3. There is sufficient liquidity over the recent period.

4. The length and amplitude of its typical cycle matches the holding

period and drawdown of our comfort level.

It offers enough profit potential.

6. We can discover one or more quantitative trading systems that
work with it.

@

Too often, modelers start with point 6 —looking for trading systems that
work. A few simple filters can be run first to select a group of issues that
meet points 1 through 5, then begin system development and testing,.
You may have other criteria that are important to you.

We can address points 1, 2, and 3 with a simple AmiBroker program
that will run as an Exploration.

When AmiBroker was set up, it came with a small database. You
can use that database to practice the techniques described in this chap-
ter, but to get the full advantages, a more complete database should be
installed.

Assume we want:
¢ Ten years of historical data.

* The lowest price over the last ten years to be at least $2.00.

71
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The average daily liquidity (dollar volume) over the past year to be
at least $1,000,000.

On the Analysis menu, select Formula Editor, and enter the follow-

Ing:

// IssueSelectionFilteri.afl

/1

// This AmiBroker program uses filters to help
/! with issue selection.

/1

// To use this filter,

1. Analysis >> Automatic Analysis

// 2. “Pick”, then select this file, and Open it
3. “Explore”

// With the results of any exploration,
// you can sort the result of any column
// by clicking on that column’s header.

// Assume we are working with stocks and using daily bars.

// There are about 252 trading days in a year.

// See if there is a closing price for the date 10 years ago.
PriceYearsAgo = Ref(C,-2520);

HistoryExists = PriceYearsAgo!=0;

// Find the lowest closing price for the past 10 years.
LowestClose = LLV(C,2520);
PriceReasonable = LowestClose > 2.00;

// Compute the average daily Liquidity

// (Closing Price times Volume) for the past Year.
Liquidity = MA(C*V,252);

LiquidityOK = Liquidity > 1000000;

// “Comment Qut” the “Filter = “ statement that
1/ you do not want to use,

// leaving the other active.

// Allow all issues to pass the filter.

Filter = f1;
// Set the filter to block issues that do not
1/ meet our criteria.

// Filter = HistoryExists AND PriceReasonable AND LiquidityOK;

// Add columns to report the items of interest.
AddColumn(C,”Close”,4.2);
AddColumn(PriceYearsAgo,”PriceYearsAgo”,4.2);
AddColumn(LowestClose,”LowestClose” 4.2);
AddColumn(Liquidity,”Liquidity”,4.0);

FiGurs 6.1 Issuk SELECTION FILTER
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Using a small nine issue Watch List, here are the results:
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Ficure 6.2 Issue SeLecTION RESULTS

We see that four of the issues do not have ten years of history, three have
a lowest close below $2.00, and all nine pass the liquidity test.

Criterion 2 specifies that the lowest daily closing price during the
last ten years be $2.00 or higher. Be aware that most historical data se-
ries are adjusted for splits. The adjustment process gives the appearance
of low prices in the early portion of the data series, when in fact they
were not. Whenever there is a stock split, the historical prices for dates
before the split are adjusted. Say the closing price for some stock on Au-
gust 1 is $40.00 and a 2 for 1 split is effective August 2. After the split,
all stockholders will have twice as many shares, each priced at $20.00.
To avoid the discontinuity of the price change from $40.00 to $20.00, all
prices (Open, High, Low, and Close) for August 1 and all earlier dates
are divided by two and all volumes are multiplied by two. If a stock has
had a large split or several splits, the accumulated effect is to lower the
apparent price of the shares several years ago. Look at Amazon, ticker
AMZN, for example. When this exploration was run, it was $39.46. The
historical data shows that it was as low as $131 in May, 1996. But Ama-
zon stock split 2-for-1 on 9/2/1999. So the actual lowest price in 1997 was
$2.62. The split adjustment caused the earlier data to appear to be lower,
and applying the filter in criterion 2 excludes it from the group of issues
you want to work with.

After running the Exploration, click the heading at the top of one of
the columns and AmiBroker will sort the report using that column as
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the key. For example, sorting on LowestClose gives this result:
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Ficure 6.3 SorTeED LowesTt CLOSE

If you wish to have AmiBroker filter out all those issues that fail to meet
your criteria, un-comment the line:

Filter = HistoryExists AND PriceReasonable AND LiquidityOK;
And rerun the Exploration. The code looks like this:

/! IssueSelectionFilter2.afl

//

// This AmiBroker program uses filters to help
/1 with issue selection.

//

// To use this filter,

// 1. Analysis >> Automatic Analysis

/1 2. “Pick”, then select this file, and Open it
// 3. “Explore”

/1

{/ With the results of any exploration,
// you can sort the result of any column
// by clicking on that column’s header.

// Assume we are working with stocks and using daily bars.

// There are about 252 trading days in a year.

/{ See if there is a closing price for the date 10 years ago.
PriceYearsAgo = Ref(C,-2520);

HistoryExists = PriceYearsAgo!=0;

// Find the lowest closing price for the past 10 years.
LowestClose = LLV(C,2520);
PriceReasonable = LowestClose > 2.00;

// Compute the average daily Liquidity
// (Closing Price times Volume) for the past Year.
Liquidity = MA(C*V,252);
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LiquidityOK = Liquidity > 1000000;

// “Comment Out” the “Filter = “ statement that
1/ you do not want to use,

// leaving the other active.

// Allow all issues to pass the filter.

// Filter = 1;
// Set the filter to block issues that do not
1/ meet our criteria.

Filter = HistoryExists AND PriceReasonable AND LiquidityOK;

// Add columns to report the items of interest.
AddColumn(C,”Close”,4.2);
AddColumn(PriceYearsAgo,”’PriceYearsAgo”,4.2);
AddColumn({LowestClose,”LowestClose”,4.2);
AddColumn(Liquidity,”Liquidity”,4.0);

FiGURE 6.4 Issut SELECTION FILTER

This is the result you will see:
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Ficure 6.5 FiILTERED Issuks

There are several ways to create a Watch List with the tickers that sat-
isty the criteria.

The first, and most straight forward, uses the menu that comes up
when you click any line of the results of an Exploration. Right-click, then
select Add all results to watch list. The Select Watch List menu comes
up, and you can select the list you wish to use. See Figure 6.8.

Before you add those tickers, you might want to do two things:

* Be sure that watch list is empty.

* Give the watch list a meaningful name.

To see if the watchlist is empty, just click the “+” sign next to Watch
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lists on the Symbol menu. Only those watch lists that are not empty
will be listed. As you can see in Figure 6.6, List 1 is not empty and has
not been renamed. All the remaining lists that have not been renamed

are empty.

To change the name of a watch list to be Filtered Tickers using the fol-
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FIGurE 6.6 WaTcH Lists

lowing sequence of commands:

1. On the Symbol menu, select Categories, then Watch Lists
2. Select the list to use, click Edit Name, type in the new name, such

as Filtered Tickers.

3. Click OK.

Like this:
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Now go ahead and Add all results to watch list — the watchlist named

Filtered Tickers.
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Ficure 6.8 App aLL Resucrs To Warcu List

Another method is a little more complex, but is useful when the results
need analysis in a spreadsheet. On the Automatic Analysis menu, click
the Export button. A Save As menu will open, allow you to browse to the
directory when you want to save the file, and save the data as a comma-
separated-value (CSV) file. From the spreadsheet, save a text (TXT) file
with the tickers you want to use in AmiBroker, then import them into
a watchlist. To do that:

On the Symbol menu, select Watch List, then Import.
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Select the Watch List named Filtered Tickers.

Click OK.
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FIGURE 6.10 SELECT WaTCH LIsST

Select the text file you just created, then Open. This copies the symbols
into the Watch List named Filtered Tickers.

If there are other issues that you want included in this Watch List,
you can add them using the Watch List option on the Symbols menu,
and either type them in manually or import them from another file. For
example, add AMZN back in, since its actual price was not less than our
filter criterion. You might want to add them to the FilteredTickers.tls list
as well, so AmiQuote will include them when you update quotes.
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Ficure 6.11 App SymBoL To WaTcH List

Be sure to review Chapter 2, Data, before finalizing your Filtered Tick-
ers and before proceeding with the next section of this chapter. If your
data has unadjusted splits distributions, or dividends, or other serious
data inconsistencies, the results will be misleading. Be aware of extreme
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price changes that are not splits — issues that often have extreme prices
changes can be difficult to model.

That takes care of points 1, 2, and 3. Points 4 and 5 are important to
prevent us from wasting our time developing trading systems that can-
not provide the profit we need, or that have cycle lengths that do not
match our own trading style.

The primary criterion for the goodness of a trading system for many
traders is drawdown. Assume for a minute that you are an investor who
holds positions for months or years, and you have a long position in a
stock or fund. Your entry price was $25.00 per share and your initial in-
vestment was $10,000.00. If the price never rose significantly, what per-
centage loss would cause you to sell? We all have perfect hindsight and
can see in the historical chart instances where one particular 10% drop
was temporary, but where other 10% drops were the first 10% of a 30% or
50% drop. When there is no way to see the next bars on the chart, what
is your drawdown tolerance?

For discussion, say the tolerance is 10%. That means that, in addition
to exit signals that come from the trading system, any drop in price of
10% from the highest price of the open long position will cause a sell.
In AmiBroker, this can be implemented by using a trailing stop set to
10 percent.

Assume all transactions take place at the close using daily bars. (It
is easy to modify AmiBroker code to trade at the Open, or to recognize
high and low prices.) Using perfect hindsight, we can analyze the his-
torical prices of any issue we are considering. We will do the analysis in
AmiBroker using the ZigZag function, which accepts two parameters
— the series being analyzed and percentage. Since we are trading on the
close, our series is the Close. Since our drawdown tolerance is 10%, we
will set the percentage to 10. The ZigZag function connects closing pric-
es such that there is no “correction” of more than 10% in any uptrend or
downtrend. That is, the ZigZag indicator can give perfect buy and sell
signals so that there is never a drawdown of 10% or more in any long
or short position.

Figure 6.12 shows a 10% ZigZag applied to Adobe Corporation (ticker
ADBE) daily bars with buy arrows at the low points and sell arrows at
the high points. If we had a trading system capable of generating these
buy and sell signals, our exits would always come from exit signals —we
would never sell because our drawdown tolerance was exceeded. But, if
we set the ZigZag percentage to 15%, or even to 11%, then there could be,
and probably would be, trades where the 10% drawdown would cause
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an exit before the trade continued to its profitable trading system-gen-

erated exit.
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Ficure 6.12 Z1GZAG INDICATOR

By setting the ZigZag percentage to some value, buying at the low,

selling at the high, and analyzing the trades, we can tell several

things:

* The cycle length associated with the given percentage, and the
consistency of the cycle length.

¢ The typical holding period for long positions, and for short posi-
tions, and their consistency.

¢ The profit potential.

Use the following AmiBroker code for the ZigZag System, which gives
perfect buy and sell signals.

// ZigZag.afl

/1

// This AmiBroker program uses the ZigZag function
// to give perfect buy and sell signals

// to help analyze the appropriateness of an
// issue.

/1

{/ To use this system,

// 1. Analysis >> Automatic Analysis

// 2. Pick >> select ZigZag.afl >> QOpen

// 3. Other Settings as desired

// 4. Back test >> Individual Backtest

/1

// Analyze using the Closing price
PricePoint = C;

// Set the ZigZag Percentage
Percentage = 10;

Z = Zig(PricePoint,Percentage);
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Buy = Z<=Ref(Z,1) AND Z<=Ref(Z,-1);
Sell = Z>=Ref(Z,1) AND Z>=Ref(Z,-1);
Short Sell;

Cover Buy;

Plot{(C,”C”,colorBlack,styleCandle);
Plot(Z,”Z”,colorRed,styletine);
PlotShapes(shapeUpArrow*Buy,colorBrightGreen);
PlotShapes(shapeDownArrow*Sell,colorRed);

FiGure 6.13 Zi6ZAG

Set the percentage to the drawdown tolerance you want to test. Pick one
of the issues that passed your filters and plot it — this makes it the Cur-
rent Symbol. To examine the profitability of long positions for this issue,
use these menus and settings:

On the Analysis menu, select Automatic Analysis.

Click Pick, select ZigZag.afl, click Open.

Under Apply to, choose current symbol.

Set Range to n last quotations with a value of 2520.

(or Range to n last days with a value of 3650).

Click Settings, on the General tab, set Positions to Long,.

Under Commission & rates, set Percent to 0.

Under Commission & rates, set Annual interest rate to 0.

Under Commission & rates, set Account margin to 100.

On the Trades tab, set Buy Price (and all Prices) to Close.

Set Buy Delay (and all Delays) to 0.

On the Stops tab, choose Disabled for all choices.

On the Report tab, for Result list shows, select Trade List.

Click OK.

Pull down the Back Test menu and click Individual Backtest.

When you click Individual Backtest, AmiBroker will apply the system
to the data file and produce a list of all trades. It is very interesting to
look at the columns entitled “% Profit” and “# bars.” Click on the column
heading to sort the entire report using that column as a sort key. Scroll
down to about the middle of the listing and note that the median gain
is about 20% and the median time in a long position is about 13 days,
depending on which issue you selected.

Using the Export button, you can save this data to a file in comma
separated format to be further analyzed to show the mean, range, distri-
bution, standard deviation, etcetera of all metrics of interest. An analysis
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of the exported detailed data using a spreadsheet might show the aver-
age gain is 2833% and the average time in a long position is 21 bars.

Run this same backtest after making the following changes:
Click Settings, on the Report tab choose Summary.
Click OK.

Click Back Test.

The results are now a single line and it shows the average gain to be
2833% and the average holding period 21 bars, confirming the spread-
sheet. It will usually be the case that the average is higher than the me-
dian for these two statistics.

It’s time to analyze all of the issues that passed the filters. Make just one
change:

Under Apply to, choose use filter. Click Define.
This opens the Filter Settings screen:

On the Include tab, pull down the Watchlist menu.

Select Filtered Tickers.

Click OK.
Inchude Exchude '_I_.':
Markat vl | [ _coneat |
Grow: -
Sector: -
Industry -

FiGURE 6.14 FILTER SETTINGS

Now run the backtest on the entire list:
Pull down the Back Test menu, click Individual Backtest.

The results are now one line for each ticker. Either sort them by click-
ing on the column header or export the data to a spreadsheet. Look for
issues whose trades indicate that you are probably not interesting in
trading them. Remove those issues from both FilterTickers.tls and the
Filtered Tickers Watch List.

Spend some time working with the ZigZag system. Try different
values for the percentage. Analyze the results for short positions. Pick a
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few issues that appeal to you and compare the detailed trade listing for
long positions and short positions. Some issues have price patterns that
are quite regular, uniform, and symmetrical, others lack regularity. Is-
sues with regular price patterns lend themselves to profitable quantita-
tive trading systems.

CAuTION
The ZigZag function looks into the future. ltis very useful as a research

tool, but is unusable in a trading system. Read the section about future
leaks in Chapter 7.



84

Quantitative Trading Systems



Entries and Exits

ORDER TYPES

In part, the entry and exit options for your trading system are limited
by those of the exchange on which the order will be executed and the
broker with whom it will be placed.

Interactive Brokers (www.interactivebrokers.com), to use a specific ex-

ample, supports over forty order types. The most common of these are
explained below. The term asset is used to mean any tradable item —
stock, bond, commodity, option, future, fund, or other asset.

Market A market order is an order to buy or sell an asset at
the current bid or offer price.
Stop A stop order becomes a market order to buy or sell

assets once the specified stop price is attained or penetrated.

Stop Limit A stop limit order becomes a limit order once the
specified stop price is attained or penetrated.

Trailing Stop A trailing stop for a sell order sets the stop price
at a fixed amount below the market price. If the market price rises,
the stop loss price rises by this amount, but if the stock price falls,
the stop loss price remains the same. Reverse this for a buy trail-
ing stop order.

Market if Touched (MIT) A market-if-touched order is an order

to buy (or sell) an asset below (or above) the market. This order is
held in the system until the trigger price is touched, and is then
submitted as a market order.
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* Market on Close (MOC) A market-on-close order is an order sub-
mitted to execute as close to the closing price as possible.

¢ Market on Open (MOO) A market-on-open order is executed at
the opening of trading at the market price.

* Limit A limit order is an order to buy or sell at a specified
price or better.

* Limit if Touched (LIT) A limit-if-touched order is an order to
buy (or sell) an asset below (or above) the market. This order is
held in the system until the trigger price is touched, and is then
submitted as a limit order.

* Limit on Close (LOC) A limit-on-close order is a limit order
that executes at the closing price if the closing price is at or better
than the submitted limit price, according to the rules of the specif-
ic exchange. Otherwise the order will be canceled.

* Limit on Open (LOO) A limit-on-open order is a limit order ex-
ecuted at the market’s open if the opening price is equal to or bet-
ter than the limit price.

* One Cancels All (OCA) All remaining orders in a one-cancels-
all group of orders will be canceled when any one of the orders is
executed.

MOO anp MOC oORDERS

If you use market-on-open or market-on-close orders, your backtesting
results will closely approximate execution prices that would have been
received. The New York Stock Exchange, the American Stock Exchange,
and the NASDAQ Stock Market all match orders placed before the open-
ing of trading and before the close of trading, then execute those or-
ders at a single price (or a narrow range of prices). That price is the one
quoted by the data distribution services and newspapers as the open or
close, respectively.

STOP ORDERS

An order to buy at the market when a certain price has been touched will
guarantee your order is filled. But in rapidly moving markets, your fill
price could be different than your stop price. That difference is almost
always to your disadvantage and is called slippage.
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LimMiT ORDERS

An order to buy that is placed below the best offer, or an offer to sell that
is placed above the best bid, hopes to improve the execution price rela-
tive to a market order. When your order is filled, it will be at your price
or better — that is, no slippage. If your trading system issues a buy signal
and you enter a limit order in hopes of purchasing at a lower price than
the market, your limit order may not be filled if the market rises. But, if
the market falls, your limit order will be filled. When using a limit or-
der to enter a position, you are guaranteed to be filled on all your losing
trades, but not on all your potentially winning trades.

STOP AND REVERSE SYSTEMS

If a system identifies tops and bottoms accurately, exits from long positions
can be treated as entries to short positions, and exits from short positions
as entries to long positions. In equities, long trades tend to have a longer
duration than short trades, but the slope of the short trades is steeper. Ap-
plying the zigzag indicator to the daily bars helps identify that. Assume
a moving average crossover trading system is used to give buy and sell
signals to trade the zigzag line — just for purposes of illustration. There
is a lag associated with any moving average, as there is with most indi-
cators. That lag means that the peak will be identified only after it has
passed. If long trades average 14 days, short trades average 6 days, and
the lag is 2 days (all reasonable assumptions), then the first two days of
each trade are lost and each trade is held two days too long. A long trade
is entered on day 3 instead of day 1. A profit will still be made on long
trades, but little or none on the short trades — unless the parameters for
the signal that reverses long to short are changed. The parameter values
for the long entry and the long exit do not need to be the same, but the
additional parameters increase the likelihood that the trading system
will be curve-fit and out-of-sample performance will be poor.

Beware of long-only systems, particularly those that keep trying to
buy in a declining market. A person might never take a short position.
But having a trading system that is profitable, or even break-even, for
short trades will act as a filter to keep long-only systems safe.
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ENTRIES IN AMIBROKER
MARKET ORDERS

If your trading system generates a Buy signal, but does not compute

and explicitly specify the price for the entry, then the entry will take

place at the Market price. In AmiBroker, the default Market price is set

on the Automatic Analysis menu, using the Settings and Trades win-

dow. Use the dropdown box to select either Open or Close. (Use High

or Low with care; the backtest results may be unrealistic.) In the Delay

box, enter o (zero) to trade the same day as the signal is generated, or 1

to trade the following day.

¢ If you are anticipating a signal near the close of trading and plan-
ning to place an order for execution Market-on-Close on the day of
the signal, then choose Close with a Delay of o.

¢ If you will download the actual closing data in the evening, and
place the order for execution Market-on-Open the day following
the signal, then choose Open with a Delay of 1.

¢ If you will download the actual closing data in the evening, and
place the order for execution Market-On-Close that day follow-
ing the signal (as some mutual funds might require), then choose
Close with a Delay of 1.

You can override the Delay settings with your AFL code. The statement
is:

SetTradeDelays(BuyDelay,SellDelay,ShortDelay,CoverDelay);
You can also override the BuyPrice and SellPrice settings with your AFL
code. The statement to change the BuyPrice is:

BuyPrice = (price);
Where price is set within your AFL code.

For example, to be certain that your trading system will be buying at the
close of the bar that generates the signal, the code to override whatever
is set in the settings is:

SetTradeDelays(0,0,0,0);
BuyPrice = C;
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Figure 7.1 has the code for a trading system that enters at the market.

//  EnterAtMarket.afl
//  Entry at the Market

//  This example uses a simple moving average crossover to
// illustrate entering a long position at the market

//  The delay between the signal and the entry is
//  controlled either by the Settings window or the AFL code

//  The following code will insure that trades will be made
/! on the Close of the same bar that generates the Buy or
// Sell signal.

SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

//  The trading system is a simple moving average crossover
MA1 = MA(C,5);
MA2 = MA(C,25);

//  The Buy signal is generated on the bar when MA1 crosses
//  from below MA2 to above MA2.

Buy = Cross(MA1,MA2);

Sell = Cross(MA2,MA1);

FiGure 7.1 ENTER AT MARKET
LimiT ORDERS

If you hope to get a better price on the entry, you might try a limit or-
der. Say you get a Buy signal at today’s close and you want to enter a
long position tomorrow at 1% below today’s close, with the order good
for the day. You get complete control over the entry with the following
code in Figure 7.2.

//  EnterAtLimit.afl

/1

//  Entry using a Limit Order

// Try to get a better price than the Market Order would give.

//  This example uses a simple moving average crossover to
//  1illustrate entering a long position at the market.

// The delay between the signal and the entry is
//  controlled either by the Settings window or the AFL code.

/1
// For market orders, enter and exit Market On Close
// with no delay

SetTradeDelays(0,0,0,0);
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BuyPrice = C;
SellPrice =

//  The trading system is a simple moving average crossover
MA1 = MA(C,5);
MA2 = MA(C,25);

//  The signal is generated on the bar when MAI1
/! crosses above MA2
BuySig = Cross{MA1,MA2);

// If we can get in at 1% below the Close on the
// day the signal was generated, we will enter,
//  otherwise pass on this signal.

Buy = (Ref(BuySig,-1)==1) AND (L<0.99*Ref(C,-1));
BuyPrice = 0.99*Ref(C,-1);

/!l When the sell signal comes, use a Market On-Close order.
Sell = Cross{MA2,MA1);

Frcure 7.2 ENTER ON LiMIT

Stop ORDERS

Trading systems that watch for prices to break out to new highs, then
enter long positions, use Buy Stop orders. They use Sell Stop orders to
take short positions when priaes break to new lows.

//  EnterAtStop.afl
// Entry using a Stop Order.

//  When the price today breaks out above the highest
//  price of the previous 20 days,
//  buy at that breakout price.

/I Sell on a Stop on a breakout below the 10 Day Lowest Low.
SetTradebelays(0,0,0,0);

Buy = H>Ref(HHV(H,20),-1);
BuyPrice = Ref(HHV(H,20),-1);
Sell = L<Ref(LLV(L,10),-1);
SellPrice = Ref(LLV(L,10),-1);

//  ExRem removes the extra signals that occur between

/l the buy that enters a position and the sell that exits it.
//  Comment out the ExRem to see the extra buy signals.

//  Since the system is already in a long position,

//  and the system is set by default to take only one position,
// the extra buy signals do not do anything.

Buy = ExRem(Buy,Sell);

Sell = ExRem(Sell,Buy);

FiGURE 7.3 ENTER AT STOP
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FORCE AN ENTRY

For testing purposes, it can be useful to force a long or short entry on a
particular date. )

// EnterOnSpecificDate.afl
//  Entry on a specific date.

// Used to force an entry so that the operation of
// a trading system or indicator can be checked.

/1
//  For market orders, enter and exit Market On Close
1 with nq delay

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

/! Enter on June 23, 1995

Buy = IIf(DateNum()==950623,1,0);

// or Buy = Datenum()==950623; 5
//  Exit on September 12, 2002

Sell = IIf(DateNum()==1020912,1,0);

{//  or Sell = Datenum()==1020912;

FiGURE 7.4 ENTER oN SPECIFIC DATE
Ranpom ENTRY

Using a random entry, it is possible to isolate the effects of the exit from
the entry.

/! EnterAtRandom.afl

/1

// Entry a position at the close of a random bar.
//

// A random entry for use as a benchmark.

/! :

//  Expect this entry ta mirror the buy and hold.

// It cannot be profitable taking long positions in
// a declining market, or taking short positions

//  in a rising market. )

// This code just waits a fixed number of bars to exit.
- // It can be used to test any of the exit systems.

/]
//  For market orders, enter and exit Market On Close
1 with no delay

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;
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//  Frequency is the number of entries per year.
Frequency = Param(“Entries per Year”,12,1,100,1);

// Repeatable is a switch.

f/  True {1): the sequence of random numbers will be repeated.
// False (0): each sequence is random.

Repeatable = Param(“Repeatable”,0,0,1,1);

// Seed is the number used to start the random sequence
//  when repeatable sequences are desired.
Seed = Param(“Seed”,13331,1,99999,1);

// Generate a fraction, uniformly distributed
// between 0.00000 AND 0.99999.
NextRandom = IIf(Repeatable,Random(Seed),Random());

Buy = IIf(NextRandom<Frequency/252,1,0);

{{ The code for the exit being tested starts here.
/1

// HoldBars is the number of bars to wait for exit.
HoldBars = Param(“HoldBars”,3,1,100,1);

Sell = BarsSince(Buy)>=HoldBars;
//  The code for the exit being tested ends here.

//  Remove extra Buy and Sell signals.

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

FiGUurE 7.5 ENTER AT RANDOM

An alternative is to enter a position at a fixed interval — say every six

days.

/{ EntryAtFixedInterval.afl

1/
// Use fixed interval to enter long positions.

/1
SetTradeDelays(0,0,0,0);
BuyPrice = C;

//  Enter every fixed number of bars.

// Setting EntrylInterval to 6 enters every sixth bar.
/1

EntryInterval = Param(“EntryInterval”,6,4,100,1);

Buy = (BarIndex() % EntrylInterval) == 0;
HoldDays = Param(“HoldDays”,3,1,100,1);
Sell = BarsSince(Buy) >=HoldDays;

Sell

ExRem(Sell,Buy);
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e = Equity();

Plot(C,”C”,colorBlack,styleCandle);

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

PlotShapes( shape, IIf( Buy, colorGreen, colorRed ),
0, IIf( Buy, Low, High ) );

GraphXSpace = 5;

Plot(e,”Equity”,colorRed,stylelLinelstyleOwnScale);

FiGure 7.6 ENTRY AT FixeEp INTERVAL
SCcALING INTO A PosITION

The sigScaleln option informs the backtester to add to an existing posi-
tion. This can be used to scale into, or pyramid, a position as profits in
an open position grow, or as additional buy signals are generated.

//  Scaleln.afl

/1

//  Example of adding to an open position.

/1

//  Buy at the Close of the bar when the High

// of that bar breaks out above the highest high

//  of the previous five bars.

// The initial position is 25% of available equity.
// Every time there is a new five day high,

// add another 25% to the position.

{/ Sell the entire position at the Close of the
//  bar when the Low of that bar breaks out below
// the Lowest Low of the previous twenty bars.

// Note: sigScaleln does not work when the test
/lis run under 0ld Backtester

// In order to see the scaling in trades,
/] select settings > report > detailed log.

// The logic is probably foolish,
/{ but the code illustrates the concept clearly.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

/!l Each Buy is allocated 25% of available equity.
PositionSize = -25;

Buy = IIf(H>Ref(HHV(H,5),-1),8igScaleln,0);

Sell = IIf(L<Ref(LLV(L,20),-1),1,0);
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//  Remove the extra Sell signals,
// but NOT the extra Buy signals.
Sell = ExRem(Sell,Buy);

FiGure 7.7 ScaLe In

AMIBROKER’S BUILT-IN EXITS

There are two ways to exit a position.

One is to have the trading system generate the exit signal from its
own logic. For example, a moving average crossover system has a state-
ment like:

Sell = Cross(MA2,MA1);

The second is to have the price trigger an exit before the exit signal is
generated. When a long position is entered, the trader expects the price
to rise.

The price could drop without ever having a significant profit in the
position. A maximum loss stop is placed some percentage or number of
points below the entry price to keep the loss from becoming too large.
Once set, it is not adjusted during the trade. A stop loss order at a given
price is not a guarantee that the exiting trade will be executed at that
price — it could be worse, and will seldom be better. This stop is enabled
and the amount of the stop is set on the Settings menu, Stops tab.

Backtester settings

Gerenal | Teades| Stcot | Flepat | Posticlia
anisms lows siop
) deabled Esat &t Irade price only (0] -
& percent o 3
S i fo Fle-eriry delay. i
Prof 1segsl
7) dheabled Exl ot trade prce only [0) v
) pacart -
© pont profit 0 Fle-enisy delay 0
Traling stop
(=) chasbled Ext at s price any |0) »
) pavcent
O pont [ a Re-erisy delay o
() pescerd of profit
N-bax stopr
® disabled o e S
O ban bars ) Re-entry detay
(o ][ save [0t J( cocat ][ hee ]

Ficure 7.8 Maxmmum Loss Stop
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The price could rise enough to give a good profit, then drop back. A
trailing stop follows the price up, and protects some of the profit when
the price drops back. Whenever a new high price is reached, the trailing
stop moves up so that it is always the same amount below the highest
price reached. If the price declines, the trailing stop stays at its last lev-
el. This stop is enabled and the amount of the stop is set on Automatic
Analysis menu, Settings menu, Stops window.

The price could rise far enough to satisfy the trader and trigger a
profit target exit. The target is set some percentage or number of points
above the entry price, and remains at that level for the duration of the
trade. If the price rises above the level of the profit target, the entire po-
sition is sold at that price. This order will be entered with your broker
as a limit order. This exit is enabled and the amount of the profit target
is set on the Settings menu, Stops window.

The price could stay between the stops and the profit target for lon-
ger than expected. A maximum holding period, or n-bar, exit ends the
trade when the trade has been open for a specified number of bars. This
exit need not be a stop order. This exit is enabled and the number of bars
is set on the Settings menu, Stops window.

All of these exits can also be set within the model’s AFL code. The
statements corresponding to the four stops described above are:

ApplyStop(stopTypelLoss,stopModePercent,10,True );
ApplyStop(stopTypeTrailing,stopModePoint,3*ATR(14));
ApplyStop(stopTypeNBar,stopModeBars,5);
ApplyStop(stopTypeProfit,stopModePercent,5);

If these built-in exits satisfy your needs, use them. If not, you can pro-
gram your own custom stops in the AFL language, using the looping
construction if necessary.

CusTtoMm EXITS
ProriT TARGET

The code that follows in Figure 7.9 illustrates a custom profit target
that exits the entire position when the desired price is reached.

/! ProfitTarget.afl
/{ Tllustration of looping code to implement a profit target.

// If you code this and run it,
/! the results look great at first blush.
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//  None of the closed trades are losers.

// When you look more closely,

// you will see that there is no exit

1 other than the profit target.

// So each and every trade either

// exits at a profit or is still being held

// waiting for the price to eventually recover.
//  The drawdowns are very high.

/1

//  Since you will be setting the values of

/! SellPrice yourself, this code overrides

i SetTradeDelays and SellPrice for the exit.

/{ But those settings will still apply to the entry.
SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

// Use a simple moving average crossover for the entry.
Buy = Cross(MA(C,5),MA(C,25));

// Load all the Sell array elements with value of O.
{/ The looping code that follows will reset them as necessary.
Sell = 0;

// Set the profit target value --
// a percentage in this example.
ProfitTargetPercent = 10;

// EntryPrice is used to both indicate that a trade
// is active, and to give the price at which the
// entering transaction took place.

//  EntryPrice is a scalar.

EntryPrice = 0;

//  Loop through all the bars.
// There are BarCount bars, indexed from O to BarCount-i.
for (i=0; i<BarCount; i++)

// Check for being flat and entering a new trade.
if (EntryPrice == 0 AND Buy[i] == 1)

EntryPrice = BuyPrice[i];
}
else
// Check for being in a trade
// and having the profit target hit.
if (EntryPrice > O AND
H[i] > EntryPrice * (1.0 + 0.01*ProfitTargetPercent))

{
Sell[i] = {;
SellPrice[i] = EntryPrice
* (1.0 + 0.01*ProfitTargetPercent);
EntryPrice = O;
}
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// When the loop has completed,

/! every bar has been checked for trade entry (Buy).
//  Once the trade is active,

1/ every bar has been checked to determine whether
// the profit target was reached.

1/ If it was, the Sell array and SellPrice array

// have been set to properly reflect the exit.

Buy = ExRem{Buy,Sell);
Sell = ExRem(Sell,Buy);

Ficure 7.9 ProriT TARGET
SCALING OUT OF A PosITiON

In order to take partial profits at several prices levels, use the sigScale-
Out option to the Buy command.

// ScaleQut.afl
// Sells part of holdings at one profit target,

// sells remainder of holding at second profit target,
//  sells entire holding on trailing stop.

/1
//  This example patterned after one in the
/1l AmiBroker User’s Guide.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

// Use a moving average crossover to enter long positions
Buy = Cross(MA(C,5),MA(C,25));
Sell = 0;

// Targets are in percentages.
FirstProfitTarget = 10;
SecondProfitTarget = 20;
TrailingStop = 10;

// Scalars to keep track of prices while in trade.
PriceAtBuy=0;

HighSinceBuy = O;

Exit = 0;

//  Loop through all the bars.
for( 1 = 0; i < BarCount; i++ )

{
if (PriceAtBuy==0 AND Buy[i]==1)
{
PriceAtBuy = BuyPrice[i];
}

else
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if(PriceAtBuy > 0 )

HighSinceBuy = Max(High[i],HighSinceBuy);
if (exit==0 AND
High[i] >= (1 + FirstProfitTarget*0.01)
* PriceAtBuy)

{
// first profit target hit - scale-out
Exit = 1;
Buy[i] = sigScaleOut;
BuyPrice[i] = (1 + FirstProfitTarget*0.01)
* PriceAtBuy;
}

if(Exit==1 AND
High[i] >= (1 + SecondProfitTarget*0.01)
* PriceAtBuy)

{
// second profit target hit - exit
Exit = 2;
SellPrice[i] = Max(Open[i],
(1 + SecondProfitTarget*0.01) * PriceAtBuy);
}

if (Low[i] <= (1 - TrailingStop*0.01) * HighSinceBuy)

// trailing stop hit - exit
Exit = 3;
SellPrice[i] = Min(Open[i],
(1 - TrailingStop*0.01) * HighSinceBuy);

}
if (Exit >= 2)

{
Buy[i] = 0;
Sell[i] = Exit + 1; // mark appropriate exit code
Exit = 0O;
PriceAtBuy = 0;
HighSinceBuy = 0;
}

}

SetPositionSize( 50, spsPercentOfEquity );

// scale out 50% of position

SetPositionSize( 50, spsPercentOfPosition * ( Buy==sigScaleQut)
);

{/{Buy = ExRem(Buy,Sell);
//Sell = ExRem(Sell,Buy);

Ficure 7.10 Scare Our
ParaBoLIC TRAILING STOP
The Parabolic Trailing Stop rises according to a formula. One version

of it is a component of the SAR indicator that is built-in to AmiBroker.
To see how it looks, open any price chart, and apply the SAR indicator
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— on the Charts Tab, Indicators section, SAR. Left click SAR, drag it,
and drop it on the price series. The red dots above and below the price
series show how the parabolic indicator starts below a long trade, moves
up slowly at first, then accelerates. It may slow its rise at some points,
but it never drops back. When the price hits the stop, or the stop hits the
price, the long position exits and a short position is established — hence
the name Stop And Reverse (SAR). There are many other ways to imple-
ment a stop and reverse trading system, but the name SAR is commonly
associated with the parabolic trailing stop. The code that follows uses
looping to implement the adjustment of the stop price as the trade con-
tinues, and exits when the stop price is hit. The reentry is left to some
other code — no reversal is coded, although it could be.

// ParabolicStop.afl
//  This implementation is for a long position.

/!l The parabolic trailing stop is set below the

/! entry point on the first day of long position,

//  and rises according to a formula as the price rises.
// Unlike the traditional trailing stop, the

// parabolic stop continues to rise even as the

/l price holds steady or drops. Eventually, the

//  price and the parabolic stop meet, which triggers

// an exit.

SetTradeDelays(0,0,0,0);

// Trading system entry logic goes here.
//  Exit will be made by the parabolic stop.

// For example, use moving average crossover entry.
MALent = Optimize(“MALen1",30,1,31,1);
MAvg = AMA(C,2/(MALent+1));

MALen2 = Optimize(“MALen2",15,1,31,2);
Pass = C>=MA(C,MALen2);

Buy = pass AND Cross(C,MAvg);

/f  The code for the Parabolic Trailing Stop begins here.

/1

/! Assume that entry will be made at the close of the day the
/! buy signal is generated.

11

//  Setting TradeAtStop to 1 assumes that there is a stop

H in place and the trade exits intraday at the stop price.
/!l Setting TradeAtStop to O assumes that intraday exit

1/ cannot take place (as in mutual fund end-of-day

/! trading) and the trade takes place at the close

/! of the signal day

TradeAtStop = Param(“TradeAtStop”,0,0,1,1);
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//  Set the initial stop level.

//  For this example, it is set at the Lowest Low
1l for some number of days.

LBDays = Optimize(“LBDays”,1,0,10,1);

//  Set the Acceleration factor and Maximum Acceleration.

IAF = Param(“IAF”,0.02,0.001,0.1,0.001); // acceleration factor
MaxAF = Param(“MaxAF”,0.2,0.001,1.0,0.001); // max acceleration
Psar = Close; // initialize

mp = 0; // flat initial conditions

Sell = 0; // clear sell signals

af = IAF; // initial acceleration factor

hp = High [ 0 §;

Ip = tow [ O ];

Lp = LLV(Low,LBDays);

//  Loop through all the bars.
for( i = 2; i < BarCount; it+ )
{

//  Check for exit from long position

if ( (mp == 1) AND (Low[i] < Psar[i-1]) )

{
Sellfi] = 1;
if (TradeAtStop)
SellPricefi] = Psar[i-1];
}
else
SellPrice[i] = Close[i];
}
mp = 03
}
/!l GContinuation of long position -- adjust stop
if (mp ==1)
{
if (High[i] > Hp)
{
Hp = High[il;
af = af + IAF;
if (af > MaxAF) af = MaxAF;
}
psar [ i ] = psar [ i-1 ] + af * ( hp - psar [ i-1 ] );

else



Entries and Exits 101

{
/{ not in a long position.
// value of psar is not important.
/I set the psar level so it will plot
/! on the price graph.
psar{i] = Close[BarCount-1j;
}

/{ Check for new long position

if ( (mp == 0) AND (Buy[i]} )
{
BuyPrice[i] = Close[i];
Psar{i] = Lp[1i];
Hp = High[i];
af = IAF;
mp = 1;
}

}

//  The code for the Parabolic Trailing Stop ends here.

Plot( Close, “Price”, colorBlack, styleCandle );
Plot({ MAvg, “MAvg”, colorBlue,stylelLine);
Plot( psar, “SAR”, colorRed,

styleDots | styleNoLine | styleThick );

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

FiGure 7.11 Paragoric Stop - Looring Cope
CHANDELIER STOP

The Chandelier Stop is a trailing stop based on price volatility, as mea-
sured by Average True Range (ATR), and either the highest high or high-
est close at any point in an open trade.

// ChandelierStop.afl

//  The Chandelier Stop is a trailing stop that rises
// as the price rises, with the distance between the
//  price and the stop determined by the volatility
/1 of the price.

// Volatility is measured by Average True Range.

/! The chandelier is “hung” below either the highest
//  high or the highest close.

/1
SetTradeDelays(0,0,0,0);
BuyPrice = C;

SellPrice = C;
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//  Use a moving average crossover to generate the Buy signals.
MA1 = MA(C,5);

MA2 = MA(C,25);

Buy Cross(MA1,MA2);

//  ATRRange is the number of bars used in the
/! calculation of the ATR.
ATRRange = 10; //Optimize(“ATRRange”,5,1,30,1);

//  ATRMult is the number of ATRRanges below
/! the highest value to place the stop.
ATRMult = 3.0; //Optimize("ATRMult”,2,0.5,5,0.25);

// Trail the exit from the highest High
/! -- it could be the highest Close.
TrailPrice = H;

// Compute this bar’s Chandelier Exit Price.
ThisBarsExitPrice = TrailPrice - ATRMult*ATR(ATRRange);

//  The trade’s exit price is the highest
1/ of the bar’s exit prices.
TradeExitPrice = HighestSince(Buy,ThisBarsExitPrice,1);

//  Sell when the price drops to the CurrentChandExit.
/{  1If there is a Stop Order in place during the day,

/! use L as the triggering price.
// If there is not an intraday stop,
1 use C as the triggering price.

TriggerPrice = L;
Sell = TriggerPrice <= TradeExitPrice;

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

Plot( Close, “Price”, colorBlack, styleCandle });

Plot(TradeExitPrice,”Chand”,colorRed,styleLine);

PlotShapes( shape, IIf( Buy, colorGreen, colorRed )},
0, IIf( Buy, Low, High } };

GraphXSpace = 5;

FIGURE 7.12 CHANDELIER STOP
Now that all the detail about the Chandelier Stop has been explained,
here is a one line implementation of it in AFL using the ApplyStop func-

tion.
ApplyStop(stopTypeTrailing,stopModePoint,3*ATR(14),True,True };

FiGUure 7.13 CHaNDELIER SToP IN ONE LINE
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DESIGNING ENTRIES

Assume a promising entry signal has been discovered. When coded
into a trading system, there are profitable trades that this signal fails to
notice and trades taken that are not profitable. Both are errors, but of
different types.

Statisticians define the two types of errors as Type I and Type IL
Given a hypothesis, Type I errors consist of those cases where the hy-
pothesis was rejected when it should have been accepted, and Type I
errors consist of those cases where the hy pothesis was accepted when it
should have been rejected. One type represents lost opportunities, the
other represents losing trades — which is which depends on how the hy-
pothesis is stated.

Trades not taken because the signal does not appear are lost oppor-
tunities. They can be reduced by being in the market a higher percent-
age of the time. A buy and hold position never misses an opportunity.
But, the longer the holding period, the higher the drawdown, since, on
average, the drawdown increases in proportion to the square root of the
holding period.

Losing trades taken because the signal was not correct lose actual
money. They can be reduced by being more selective — by requiring a
higher quality signal and being in the market a lower percentage of the
time. This type of error can be eliminated completely by not taking any
positions.

If the accuracy of a signal is related to the numeric strength of the
signal, then the signal can be made more selective simply by requiring
a higher value to initiate a trade. But if the increase in selectivity comes
from the addition of rules and conditions, each added condition causes
the model to become less general. The increase in complexity of the sig-
nal comes at a cost of loss of degrees of freedom, and the system is more
likely to become curve-fit.

For a given amount of data, decreasing one type of error increases
the other. Tending toward buy and hold will decrease missed oppor-
tunities, increase market exposure, and increase drawdowns. Tending
toward selectivity will increase missed opportunities, decrease market
exposure, and decrease drawdowns. If there are only a few opportuni-
ties, it is important to take them all. If there are lots of opportunities,
the trader can be more selective. Fortunately, there are thousands of op-
portunities to trade every day. Refer to Chapter 19, Statistical Tests, for
further discussion.
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QUALITY OF ENTRY SIGNALS

The competition for the entry signal being designed is the random en-
try.

One method, probably the traditional method, of designing or dis-
covering entry signals is to pick an entry indicator and analyze the trade
that would have resulted. If the entry is for a long position, then test the
profitability after some fixed number of days. The trade should show a
profit after some small number of days. If it does not show a profit soon
after signaling an entry, but does show a profit after a longer time in the
trade, then the entry was premature. Since it is very easy to delay entry,
and usually very easy to cause a signal to be generated later, this situa-
tion is easy to solve. If most of the trades show losses, try inverting the
signal and see if that creates a profitable entry.

The AmiBroker code to evaluate profit after a fixed holding period
for a moving average crossover system follows. You will want to substi-
tute entry methods of your own.

//  EntryldentificationI.afl

;; First method of analyzing entries.
// Pick an entry method, analyze profit
/{ after a few days.
égtTradeDelays(0,0,0,0h

BuyPrice = C;
SellPrice = C;

//  Moving average crossover

MALength1 = Param(“MALength1”,3,1,50,1);
MALength2 = Param(“MALength2”,16,1,50,1);
MA1 A(C, MALengthil);

M
MA(C, MALength2);

MA2
Buy = Cross{MA1, MA2);

HoldDays = Param(“HoldDays”,6,1,60,1);
Sell = BarsSince(Buy) >= HoldDays;

Buy = ExRem(Buy, Sell);
Sell = ExRem(Sell, Buy);

e = Equity();
Plot(C, “C”, colorBlack, styleCandle);

Plot(MAt1, “MA1”, colorGreen, styleline);
P1ot(MA2, “MA2”, colorBlue, styleline);
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shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

PlotShapes( shape, IIf( Buy, colorGreen, colorRed ),
0, IIf({ Buy, tow, High ) );

GraphXSpace = 5;

Plot(e, “Equity”, colorRed, styleLine|styleOwnScale);

Ficure 7.14 ENTRY IDENTIFICATION |

The system variables are set as parameters using AmiBroker’s Param con-
struction. With the system applied to some tradable data series, change
the parameters and observe the effect they have. Watch the performance
of the system in rising markets versus declining markets.
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FiGure 715 ENTRY IDENTIFICATION 1 CHART

Another method is to identify trades that fit your trading preferences
in terms of holding time, profit, drawdown, and so forth. Then look for
indicators that reliably precede the entry points.

The AmiBroker code to do this follows.

/! EntryldentificationII.afl

/! Second method of analyzing entries.
// Identify ideal entries, adjust indicators to
//  find a good match.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

//  This code looks into the future to compute

/! potential gain and potential loss from the present.
//  Gain is computed from Close of entry day

//  to Close of exit day.

//  Risk is computed from Close of entry day

/! to lowest Low while in trade.
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DaysAhead = Param(“DaysAhead”;5,1,20,1);
GainAhead = 100.0 * (Ref(C,DaysAhead) - C) / C;
RiskAhead = 100.0 * (C - LLV(Ref(L,DaysAhead),DaysAhead)) / C;

DesiredProfit = Param(“DesiredProfit”,5,0.5,10,0.5);
MaximumRisk = Param{“MaximumRisk”,3,0.5,10,0.5);

IdealEntry = (GainAhead >= DesiredProfit)
AND (RiskAhead <= MaximumRisk);

HoldDays = Param(“HoldDays”,3,1,60,1);
IdealExit = BarsSince(IdealEntry) >= HoldDays;

//  Remove extra exits, but show all entries.
IdealExit = ExRem{(IdealExit, IdealEntry);

IdealShape = IdealEntry * shapeHollowUpTriangle

+ IdealExit * shapeHollowDownTriangle;
IdealColor = IIf(IdealEntry,colorPaleGreen,colorPink);
IdealPosition = IIf(IdealEntry,Low,High);
PlotShapes(IdealShape,IdealColor,0,IdealPosition);

// The ideal part is above -- the candidate indicator is below
{/ Moving average crossover

MALengtht = Param(“MALength1”,5,1,50,1);
MALength2 = Param(“MALength2”,20,1,50,1);

MA1 = MA(C, MALengthi);
MA2 = MA(C, MALength2);

IndicatorBuy = Cross(MA1, MA2);

IndicatorShape = IndicatorBuy * shapeUpArrow;
IndicatorColor = colorGreen;

IndicatorPosition = IIf(IndicatorBuy,Low,High);
PlotShapes(IndicatorShape,IndicatorColor,0,IndicatorPosition);

Plot(C, “C”, colorBlack, styleCandle);

Plot(MA1, “MA1”, colorGreen, styleline);
Plot(MA2, “MA2”, colorBlue, stylelLine);
GraphXSpace = 5;

Ficure 7.16 EnTrY IDENTIFICATION TI
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The resulting chart follows.
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FiGure 7.17 EnTRY IDENTIFICATION IT CHART

If the indicator buy (green up-arrows) coincides with the ideal entry
(hollow up-triangles), then the entry is worth considering. Unmatched
green up-arrows indicate losing trades. Unmatched hollow up-triangles
indicate missed opportunities.

If desired, AmiBroker’s AddColumn() statements can be added to the
code to give tabular results that can be analyzed using a spreadsheet.

In either case, the random entry gives a standard for comparison
— either an informal comparison or test of statistical significance. If sta-
tistical tests are performed, be sure to use results that have come from
the out-of-sample portion of the data. For the in-sample period, the can-
didate indicator or signal is certain to be better than the random entry.
Read the sections on validation for more details about in-sample and
out-of-sample testing. Do not be surprised if most of the candidates for
entry signals do not beat a random entry.

CHECK FOR FUTURE LEAKS

Everyone wants to read tomorrow’s newspaper before they place today’s
trade.

During backtesting and optimization, it is possible for the program
to look ahead and make decisions based on information that would not
be available in real time.

It can be useful to look ahead in some circumstances, such as devel-
oping entry or exit strategies, and most development platforms permit
this. But when a trading system uses information it should not know,
the resulting trades are impossible to make. This condition is a future
leak.

AmiBroker’s Ref statement is used to refer to data from bars other than
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the current bar. Usually, the reference is to earlier bars. For example, the
two day percentage rate of change of the closing price can be coded as:
Chg = (C - Ref(C,-2))/C;
The -2 specifies the closing price 2 bars earlier. If a coding error omits
the minus sign, the line becomes:
Chg = (C — Ref(C,2))/C;
The 2 now specifies the close 2 bars into the future.
Hidden deep within a long and complex program, future leaks can
be difficult to detect. While everyone would catch the difference between
those two lines, others are more subtle, such as:

Lookback = Optimize(“LB",-2,-5,2,1);
//  Many lines of code
Chg = (C — Ref(C,Lookback))/C;

The first sign of a future leak is backtest results that are spectacular.
Be suspicious of great results! The second sign is that signals appear and
disappear as new bars of data are added to the series.

Figure 7.18 lists a program with an intentional future leak. When it
is run as a backtest, there is no evidence that a future leak exists, other
than high profitability and a high percentage of winning trades.

//  FuturelLeak.afl

H

//  Program with a known future leak

1

Buy = (Ref(C,2) - C)/C > 0.01;

Sell = BarsSince(Buy) >=2;

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

Plot( Close, “Price”, colorBlack, styleCandle );

PlotShapes( shape, I1If( Buy, colorGreen, colorRed ), O,
I1If( Buy, Low, High ) );

GraphXSpace = 5;

Ficure 7.18 ProGRAM WiTH A FUuTURE LEAK

AmiBroker can check your program and inform you if there is a future
leak. With the program open in the Formula Editor, click the down ar-
row along side the Analysis icon, the exclamation point. From the drop-
down menu, click Check.
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A message will appear, telling you whether your program has a future
leak in the AFL code. Note that there may still be undetected future

leaks in a plugin or script.

AmiBroker
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Functions and Indicators

FUNCTIONS

Functions are logical or mathematical expressions that take input values,
perform some comparisons or calculations using the inputs, and pro-
duce an output value. The calculations required are encapsulated within
the function, hiding the details, and allowing easy use and reuse of the
code, by using the function name. AmiBroker has an extensive library
of functions available for use simply by calling them. Here is a partial
list, organized by category. The AmiBroker Help system has detailed
information about each, many of which include examples which can be
copied and pasted into your own custom functions and indicators.

BASIC PRICE PATTERN DETECTION

¢ GapDown - gap down

* GapUp-gapup

* Inside - inside day

¢ Outside - outside bar

¢ Peak - peak

¢ PeakBars - bars since peak

¢ Trough - trough

e TroughBars - bars since trough
e Zig - zig-zag indicator

111
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COMPOSITES

¢ AddToComposite - add value to composite ticker
¢ ADLine - advance/decline line

¢ Advlssues - advancing issues

¢ AdvVolume - advancing issues volume

¢ Declssues - declining issues

e DecVolume - declining issues volume

e Trin - traders (Arms) index

* Unclssues - unchanged issues

* UncVolume - unchanged issues volume

Date/TiME

¢ Barlndex - get zero-based bar number

¢ BeginValue - Value of the array at the beginning of the range
¢ Date - date

¢ DateNum - date number

e Datelime - retrieves encoded date time

¢ Day - day of month

¢ DayOfWeek - day of week

¢ DayOfYear - get ordinal number of day in a year

e EndValue - value of the array at the end of the selected range
¢ Hour - get current bar’s hour

¢ Interval - get bar interval (in seconds)

¢ Minute - get current bar’s minute

¢ Month - month

¢ Now - gets current system date/time

¢ Second - get current bar’s second

¢ TimeNum - get current bar time

* Year - year

INDICATORS

¢ AccDist - accumulation/distribution

¢ ADX - average directional movement index
¢ ATR - average true range

¢ BBandBot - bottom Bollinger band

¢ BBandTop - top Bollinger band

¢ C(CI - commodity channel index
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* Chaikin - Chaikin oscillator

¢ MACD - moving average convergence/divergence
e  MDI - minus directional movement indicator (-DI)
¢  MEFI - money flow index

¢ NVI - negative volume index

¢ OBV - on balance volume

*  OscP - price oscillator

*  OscV - volume oscillator

¢ PDI - plus directional movement indicator (+DI)
* PlotText - write text on the chart

e PVI- positive volume index

e RMI - relative momentum index

e ROC - percentage rate of change

¢ RSI - relative strength index

* RWI - random walk index

¢ RWIHi - random walk index of highs

¢ RWILo - random walk index of lows

¢ SAR - parabolic stop-and-reverse

¢ Signal - macd signal line

e StochD - stochastic slow %D

¢ StochK - stochastic slow %K

¢ Trix - triple exponential smoothed price

e Ultimate - ultimate oscillator

INFORMATION / CATEGORIES

¢ CategoryAddSymbol - adds a symbol to a category

¢ CategoryGetName - get the name of a category

e CategoryGetSymbols - retrieves list of symbols belonging to given
category

e CategoryRemoveSymbol - remove a symbol from a category

¢ FullName - full name of the symbol

¢ GetCategorySymbols - retrieves list of symbols belonging to given
category

¢ GetDatabaseName - retrieves folder name of current database

¢ Groupld - get group ID/name

¢ Industryld - get industry ID / name

¢ InWatchList - watch list membership test

¢ " IsContinuous - checks ‘continuous quotations’ flag state

¢ [sFavorite - check if current symbol belongs to favorites
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e IsIndex - check if current symbol is an index
e Marketld - market ID / name

e Name - ticker symbol

* Sectorld - get sector ID / name

Lowest/HiGHEST

¢ HHV - highest high value

e HHVBars - bars since highest high

¢ Highest - highest value

* HighestBars - bars since highest value

¢ HighestSince - highest value since condition met

¢ HighestSinceBars - bars since highest value since condition met
e LLV - lowest low value

e LLVBars - bars since lowest low

¢ Lowest - lowest value

* LowestBars - bars since lowest

¢ LowestSince - lowest value since condition met

¢ LowestSinceBars — bars since lowest value since condition met

MATH FUNCTIONS

* abs - absolute value

® acos - arccosine

¢ AlmostEqual - rounding error comparison

® asin - arcsine

* atan - arctangent

* ceil - ceil value

® (oOs-cosine

* cosh - hyperbolic cosine function

* exp - exponential function

¢ floor - floor value

e frac - fractional part

* int-integer part

¢ Jog - natural logarithm

* logio - decimal logarithm

* Max - maximum value of two numbers / arrays
* Min - minimum value of two numbers / arrays
¢ Prec - adjust number of decimal points of floating point number
e round - round number to nearest integer
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* sign - returns the sign of the number/array
* sin - sine function

* sinh - hyperbolic sine

® sqrt-square root

¢ tan- tangent

e tanh - hyperbolic tangent

MISCELLANEOUS FUNCTIONS

e f#include - preprocessor include command

e f#include_once - preprocessor include (once) command

* fpragma - sets AFL pre-processor option

e ClipboardGet - retrieves current contents of Windows clipboard

e ClipboardSet - copies the text to the Windows clipboard

* ColorHSB - specify color using Hue-Saturation-Brightness

*  ColorRGB - specify color using Red-Green-Blue components

e (CreateObject - create COM object

* CreateStaticObject - create static COM object

e EnableScript - enable scripting engine

* EnableTextOuput - enables/disables text output in the Chart Com-
mentary window

* GetCursorMouseButtons - get current state of mouse buttons

¢ GetCursorXPosition - get current X position of mouse pointer

¢ GetCursorYPosition - get current Y position of mouse pointer

e GetExtraData - get extra data from external data source

e GetRTData - retrieves the real-time data fields

* GetRTDataForeign - retrieves the real-time data fields (for speci-
fied symbol)

*  GetScriptObiject - get access to script COM object

e IsEmpty - empty value check

e IsFinite - check if value is not infinite

* IsNan - checks for NaN (not a number)

e IsNull - check for Null (empty) value

e IsTrue - true value (non-empty and non-zero) check

* NoteGet - retrieves the text of the note

* NoteSet - sets text of the note

* Nz - Null (Null/Nan/Infinity) to zero

* Prefs - retrieve preferences settings

e SetBarsRequired - set number of previous and future bars needed
for script/DLL to properly execute
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¢ SetChartBkColor - set background color of a chart

e StaticVarGet - gets the value of static variable

¢ StaticVarGetText - gets the value of static variable as string
¢ StaticVarRemove - remove static variable

e StaticVarSet - sets the value of static variable

* StaticVarSetText - sets the value of static string variable.
¢ Status - get run-time AFL status information

¢ Study - reference hand-drawn study

¢ VarGet - gets the value of dynamic variable

o VarGetText - gets the text value of dynamic variable

¢ VarSet - sets the value of dynamic variable

¢ VarSetText - sets dynamic variable of string type

¢ Version - get version info

_TRACE - print text to system debug viewer

Moving AVERAGES, SUMMATION

* AMA - adaptive moving average

¢ AMA:2 - adaptive moving average

¢ Cum - cumulative sum

¢ DEMA - double exponential moving average
¢ EMA - exponential moving average

¢ MA - simple moving average

¢ Sum - sum data over specified number of bars
* TEMA - triple exponential moving average

¢ Wilders - Wilder’s smoothing

¢ WMA - weighted moving average

STATISTICAL FUNCTIONS

¢ Correlation - correlation

¢ LinearReg - linear regression end-point

¢ LinReglntercept — linear regression intercept
¢ LinRegSlope - linear regression slope

¢ Median - calculate median (middle element)
¢ DPercentile - calculate percentile

¢ Random - random number

e StdErr - standard error

e StDev - standard deviation

e TSF - time series forecast
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STRING MANIPULATION

* Asc- get ASCII code of character

* DateTimeToStr - convert datetime to string

e NumToStr - convert number to string

* printf - print formatted output to the output window
e StrExtract - extracts substring from comma-separated string
* StrFind - find substring in a string

e StrFormat - write formatted output to the string

e StrLeft - extracts the leftmost part

e StrLen - string length

e StrMid - extracts part of the string

e StrRight - extracts the rightmost part of the string

e StrlToDateTime - convert string to datetime

e StrToLower - convert to lowercase

e StrToNum - convert string to number

e StriToUpper - convert to uppercase

TRADING SYSTEM TOOLBOX

e Alertlf - trigger alerts

e ApplyStop - apply built-in stop

* BarsSince - bars since

* Cross - crossover check

* EnableRotationalTrading - Turns on rotational-trading mode of the
backtester

* Equity - calculate equity line

e ExRem - remove excessive signals

e ExRemSpan - remove excessive signals spanning given number of
bars

¢ Flip - flip flop signal

* GetOption - gets the value of option in automatic analysis settings

* GetTradingInterface - retrieves OLE automation object to automat-
ic trading interface

* Hold - hold the alert signal

e [IF - immediate IF function

e LastValue - last value of the array

e Optimize - define optimization variable

* Ref - reference past/future values of the array
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SetCustomBacktestProc - define custom backtest procedure formu-
la file

SetFormulaName - set the name of the formula

SetOption - sets options in automatic analysis settings
SetPositionSize - set trade size

SetTradeDelays - control trade delays applied by the backtester
ValueWhen - get value of the array when condition met

ExpPLORATION / INDICATORS

AddColumn - add numeric exploration column
AddTextColumn - add text exploration column

EncodeColor - encodes color for indicator title

GetCchartID - get current chart ID

GetPriceStyle - get current price chart style

LineArray - generate trend-line array

Param - add user user-definable numeric parameter
ParamColor - add user user-definable color parameter
ParamDate - add user user-definable date parameter
ParamField - creates price field parameter

ParamList - creates the parameter that consist of the list of choices
ParamStr - add user user-definable string parameter
ParamStyle - select styles applied to the plot

ParamTime - add user user-definable time parameter
ParamToggle - create Yes/No parameter

ParamTrigger - creates a trigger (button) in the parameter dialog
Plot - plot indicator graph

PlotGrid - plot horizontal grid line

PlotOHLC - plot custom OHLC chart

PlotShapes - plots arrows and other shapes

PlotVAPOverlay - plot Volume-At-Price overlay chart
SelectedValue - retrieves value of the array at currently selected
date/time point

SetChartOptions - set/clear/overwrite defaults for chart pane op-
tions

Writelf - commentary conditional text output

WriteVal - write number or value of the array

_DEFAULT _NAME - retrive default name of the plot

_N - no text output

_PARAM_VALUES - retrieve param values string
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_SECTION_BEGIN - section begin marker
_SECTION_END - section end marker
_SECTION_NAME - retrieve current section name

FiLe INPUT/OUTPUT FUNCTIONS

fclose - close a file

fdelete - deletes a file

feof - test for end-of-file

fgets - get a string from a file
fmkdir - creates (makes) a directory
fopen - open a file

fputs - write a string to a file
frmdir - removes a directory

REFERENCING OTHER SYMBOL DATA

Foreign - access foreign security data

GetBaselndex - retrieves symbol of relative strength base index
PlotForeign - plot foreign security data

RelStrength - comparative relative strength

RestorePriceArrays - restore price arrays to original symbol
SetForeign - replace current price arrays with those of foreign se-
curity

TiMme FRAME FUNCTIONS

TimeFrameCompress - compress single array to given time frame
TimeFrameExpand - expand time frame compressed array
TimeFrameGetPrice - retrieve O, H, L, C, V values from other time
frame

TimeFrameMode - switch time frame compression mode
TimeFrameRestore - restores price arrays to original time frame
TimeFrameSet - switch price arrays to a different time frame

CUSTOM FUNCTIONS

If the function that you want to use is not among the functions built in
to AmiBroker, you can write it yourself using the AFL language.

Functions must be defined before they are called. Functions are ei-
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ther placed at the beginning of the AFL file that will call them, or saved
in a directory and referenced by the #include directive.

The function definition consists of two parts — the function state-
ment and the function body.

The function statement always begins with the keyword function, if
followed by the function’s name, which is followed by the parameter list
enclosed in parentheses. The function’s name should be meaningful and
should not be the same as any of AFL's keywords or functions (AFL will
complain if there is a conflict). The parameter list can be any number of
parameters, including none. The parameters are the names used by the
function as it is compiled. When the function is called, the values of the
actual arguments will be used to evaluate the function.

The body of the function is enclosed in a set of curly braces. Within
the body, variables can be defined, storage allocated, and comparisons
and calculations performed, and a final single value computed. That val-
ue is associated with the function’s name, and is returned by the func-
tion to the routine that called it.

The example that follows in Figure 8.1 creates a second order smooth-
ing function. It is taken from the AmiBroker User’s Guide.

// IIR2.afl

/1

// Documentation to describe what the function does.
// Second order smoother

// the function statement

function IIR2( input, fO0, f1, f2 )

/!l the function body

{

result{ 0 ] = input|[ 0 ];

result[ 1 ] = input{ 1 J;

for( 1 = 2; i < BarCount; i++ )

{

result{i] = fO0 * input{i] + f1 * result{i-1] + f2 * result[i-2];
}

// the function returns a single value and exits.
return result;

}

// The routine that calls the function.
SmoothedClose = IIR2(Close, 0.2, 1.4, -0.6 );

Plot( Close, “Price”, colorBlack, styleCandle );
Plot( SmoothedClose, “function example”, colorRed );

Ficure 8.1 IIR2
To add this function to your own library of AmiBroker indicators, and

to apply it to a price series, refer to the steps described in Chapter 5,
AmiBroker.
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Figure 8.2 illustrates IIR2 applied to a price series.
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FiGure 8.2 1IR2 ArrLIED

There are a few limitations to functions and indicators created in AFL.
They cannot be used without including the source code for them in the
routine that is calling them, cannot be used recursively (they cannot call
themselves), the AFL code takes longer to execute than equivalent code
written in a lower level language, and the logic behind the indicator can
be seen by anyone who opens the AFL file. If any of these limitations are a
problem, you can overcome all of them by writing the function in a com-
piled language and creating a DLL version of the function. Please refer
to the Appendix, Extending AmiBroker, which contains an example.

INDICATORS

Indicators are a special type of function designed to be applied to fi-
nancial time series to help identify characteristics that lead to profitable
trades. Indicators are often plotted, either in the same window as the price
series, or in a separate window, but with the time scales aligned. Both
the standard and professional versions of AmiBroker have an extensive
library of indicators. Any of these can be applied to any series by using
the drag-and-drop, which does not require writing any code.

e ABI - Absolute Breadth Index

e AccDist - Accumulation/Distribution

e AD Price — Williams Advance Decline of Price

e AD Ratio — Advance Decline Ratio

e ADLine - Advance Decline Line

e ADX - Directional Movement Index

e ASI- Accumulation Swing Index

* Beta - compare ROC with base series

* Breadth Thrust — advancing issues / (advancing + declining issues)
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¢ CCI - Commodity Channel Index

* Chaikin - Chaikin Oscillator

e DPO - Detrended Price Oscillator

¢ DVI - Daily Volume Indicator

e EOM - Ease of Movement

e HPI - Herrick Payoff Index

e MACD - Moving Average Convergence Divergence
* Market Facilitation Index — (H-L) / V

¢ Mass Index — Double moving average of H-L
¢ MFI - Money Flow Index

* Momentum - price — previous price

® NVI- Negative Volume Index

* OBV - On Balance Volume

®  OSCP - Price Oscillator

¢  OSCV - Volume Oscillator

e PVI - Positive Volume Index

* PVT - Price Volume Trend

e RMI - Relative Momentum Index

¢ ROC - Rate of Change (%)

¢ RS- Comparative Relative Strength

¢ RSI - Relative Strength Index

¢ RSla - Relative Strength Index (custom array)
e RWI - Random Walk Index

¢ RWIHI - Random Walk Index of Highs
e RWILO - Random Walk Index of Lows
e SAR - Parabolic Stop and Reverse

e STIX - EMA of advance decline ratio

® Stochastic %D - slow stochastic

¢ Stochastic %K — fast stochastic

e Stochastic Momentum

¢ TRIN - Traders Index

¢ TRIX - Triple Exponential

* TVI-Trade Volume Index

¢ Ultimate — Ultimate Oscillator

¢ Volatility (Chaikin)

* Volatility (Wilder)

¢ Volume Oscillator

e Williams %R - faster stochastic

e ZIG - Zig-zag indicator
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CREATING YOUR OWN INDICATORS

If the indicator you want to use is not already built in to AmiBroker, you
can create it yourself using the AmiBroker Formula Language, AFL. The
steps outlined in Figure 8.3 below create a custom indicator that uses a dif-
ferent moving average to compute a variation on the classical MACD.

//  MACDDemalndicator.afl

// The classic MACD,
//  rewritten using Double Exponential Moving Averages

//  Set up the lengths for the MACD components

Lengtht = Param{“Lengthi”,10,2,40,2);

Length2 = Param(“Length2”,20,1,39,2);

Length3 = Param(“Length3”,9,1,20,1);

//  The Moving Average Convergence Divergence calculations
MACD1 = 100 * (DEMA(C,Lengthi1)-DEMA(C,Length2))/C;

MACD2 = DEMA(MACD1,Length3);

MACD3 = MACD1-MACD2;

Plot( Close, “Price”, colorBlack, styleCandle );

GraphXSpace = 5;

// Plot the MACD lines.
Plot(MACD1,”MACD1”,colorGreen,styleLine|styleLeftAxisScale,-1,1);
Plot(MACD2,”MACD2”,colorBlue,stylelLine|styleLeftAxisScale,-1,1);
Plot(MACD3,”MACD3”,colorRed,styleLine|styleLeftAxisScale,-1,1);
Plot(0,””,colorRed,styleLine|styleleftAxisScale,-1,1);

Ficure 8.3 MACD Dema INDicaTOR

Figure 8.4 shows the application of the MACDDema indicator to a
price series.
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Ficure 8.4 MACD Dema INDICATOR APPLIED

Pivor PoinTs ExXAMPLE

We often hear market analysts or experienced traders talking about an
equity price nearing a certain support or resistance level. And they say
that is important because those are levels at which major price move-
ments are expected to occur.

One of the methods of determining support and resistance levels is
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pivot points. There are several different methods for calculating pivot
points, the most common of which is the five-point system. This system
uses the bar’s high, low, and close to derive the pivot point, two support
levels, and two resistance levels. Here is the code to compute the five
points, and display them.

//  PivotPoints.afl
//  Traditional pivot points.

//  Thought by some to indicate levels of support
//  and resistance.

/IR2 =P + (H - L) =P + (Rl - 81)
/IR1 = (P x 2) - L
/IP=(H+L+C) /3

/1S1 = (P x 2) - H

//S2 =P - (H-L) =P - (Rl - S1)

P=(H+L+C)/ 3

R1 = (P *2) - L;
S1 = (P *2) - H;

R2 =P+ (Rl - S1); // P+ (H - L)
S2 =P - (R1 - S1); // P - (H-L)

Plot(C,”C”,colorBlack,styleCandle);

//  Displace the plot of the pivot points one bar
// to the right.

//  Pivot points are based on the current bar,

//  but are thought to provide indication of

//  support and resistance for the next bar.

Displace=1;
Plot(R2,”R2”,colorRed,styleLine,0,0,Displace);
Plot(R1,”R1”,colorPink,styletLine,0,0,Displace);
Plot(P,”P”,colorBlue,stylelLine,0,0,Displace);
Plot(S1,”S1”,colorPaleGreen,styleline,0,0,Displace);
Plot(S2,”S2”,colorGreen,styleLine,0,0,Displace);

Ficure 8.5 Prvor PoinTs

Figure 8.6 shows the PivotPoints indicator applied to a chart of Alcoa’s
stock prices. Note the pivot point and the support and resistance lev-
els have all been displaced one bar to the right so the bar that would be
traded relative to the pivot points and the pivot points themselves are
aligned. At the right side of the chart, the pivot points extend into the
future for one bar, showing the trading levels for the next bar.
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Trending Systems

TREND FOLLOWING SYSTEMS are based on the premise that prices often
continue to move in one direction for a long enough period of time so
that a trader can recognize that a trend has begun, take a position in the
direction of the trend, and make a profit by following the trend. Two of
the most classical trend following systems are Moving Average Cross-
over and Breakout.

MOVING AVERAGE CROSSOVER SYSTEMS

The moving average system takes a long position when a fast moving
average, one that averages only the most recent bars, crosses from be-
low to above a slow moving average, one that averages a much longer
number of bars.

This section of the book does three things:

1. Gives a step-by-step introduction to model testing and
optimization.

2. Tests the moving average crossover trading system.

3. Demonstrates that the conventional wisdom is very wrong about
simple moving averages.

Figure 9.1 has the code to create a moving average crossover trading
system.
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//  MACrossSystem.afl

//  The classic Moving Average crossover
// using simple Moving Averages

//  Set up the lengths for the moving averages
Lengtht = Param(“Length1”,6,1,81,2);
Length2 = Param(“Length2”,35,2,200,2);

//  The Moving Average calculations
MA1 = MA(C,Length1);
MA2 = MA(C,Length2);

//  The Buy and Sell logic

//  Buy when MA1 crosses from below MA2 to above MA2.
Buy = Cross(MA1,MA2);

Sell = Cross(MAZ2,MA1);

//  Compute the equity for the single ticker

e = Equity();

Maxe = LastValue(Highest(e));

Plot( Close, “Price”, colorBlack, styleCandle );

//  Plot the MA lines.
Plot(MA1,”MA1”,colorGreen,stylelLine);
Plot(MA2,”MA2”,colorBlue,stylelLine);

//  Plot the Buy and Sell arrows.

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;
PlotShapes(shape, IIf(Buy,colorGreen,colorRed), O,
IIf(Buy,Low,High));

//  Plot the equity curve
Plot(e,”Equity”,colorBlue,styleLine|styleOwnScale,0,Maxe);
P1ot(10000,””,colorBlue,styleLine|styleOwnScale,0,Maxe);
GraphXSpace = 5;

Figure 9.1 MA Cross SysTEM

If you have the data for it, load the daily OHLC bars for Louisiana Pa-
cific (LPX) from 1994 through current.

Click the small m on the AmiBroker toolbar to have the data dis-
played as monthly.
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Ficure 9.2 LPX MoNTHLY
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LPX closed at 18.62 on January 3, 1995 and closed at 25.01 on January 3,
2005. It had several years of trading range, a substantial decline, and a
substantial rise. An advantage of having the opening and closing price
approximately the same is that there is very little overall bias toward ei-
ther long or short positions. Ten years of daily data is about 2520 bars. So
we should be able to make some meaningful tests and observations.

On the Charts tab, right-click MACrossSystem, select Insert, left-
click.

This will open a new pane and load the MACrossSystem into it. Switch
back to daily data and zoom in or out until you see about 15 months of
daily data, including all of 2003.

!

LP- Price = 21 07, MAL = 10.80, MAZ = 17 63, Equity= 11,566 20—

Ficure 9.3 LPX 2003

The moving average lengths are set to arbitrary but typical values of 6
and 35. You will recognize the black candle stick bars for the daily open,
high, low, close. The 6 day moving average is the green line (on your
monitor) that follows the daily bars closely, the 35 day moving average
runs through the data until late May, then stays below the candles for
the six month rise. The green arrows below the candles mark the Buy
signals, the red arrows above the candles mark the Sell signals. The
ragged line, blue on your monitor, above the candles is the equity — the
balance in the account from trades that take the buy and sell signals.
The equity line follows the price while in a long position, and changes
to a straight horizontal line when not in a position. The blue line going
straight across is the starting equity — $10,000.

The conventional wisdom tells us that it is good to have a long data
series — the system will be exposed to several different conditions and
learn to adjust to all of them. Using the scroll bar, move the window back
and forth to show the early part of the data and the end. The system
gains a total of $484, before commissions, from 1/1/1995 through 1/1/2005.
There are some good runs, but a lot of whipsaws. The trading system has
been programmed using the Param feature, so that you can adjust the
lengths of the moving averages from the chart - you do not have to go
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back to the formula editor. Position the window so that January 2005 is
at the right side of the window. Right-click in the window with the LPX
data and the MACrossSystem, select Parameters, then left-click.

rLP- Price = 25.01, MA| = 2

2T, WAL= 24.79, Equily= 10,484 51——2
P AN

Parameters | fxes f.Gid
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Langihl 5
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Ficure 9.4 LPX MA Cross PARAMETERS

Left-click the white area to the right of the 35. A slider will appear. Ad-
just it until Lengthz is 200. Adjust Length1 to 1. A moving average of
length 1 is just the close itself.

”LPK-F‘II(:= 2416, M1 = 24,15, WAZ = 23 37, Equaly = 648174

Properties of: MACrossSystem
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Ficure 9.5 LPX MA PARAMETERS

Click OK and then use the scroll to look at the buy and sell signals for
the ten years. This setting corresponds to the guru advice that the stock
is a buy whenever the closing price is above its 200 day moving average.
Over the ten years, this strategy lost $3508 from a $10,000 account. The
equity had gotten as low as $2000 — a loss of 80% — in 2003.

Try the cross of the close (1 day average) with the 50 day average,
another combination widely recommended. The equity drops from the
start and the account never has a profit.

Open the AFL code in the formula editor and change the two in-
stances of Param to Optimize, and save the file. That is the only change
needed. The next figure shows that section of code.
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//  MACrossSystem.afl

1

//  The classic Moving Average crossover
// using simple Moving Averages

/1

//  Set up the lengths for the moving averages
Length1l = Optimize(“Lengtht”,6,1,81,2);
Length2 = Optimize(“Length2”,35,2,200,2);

FiGURE 9.6 MA Cross OpPTIMIZE

From the Analysis menu, select Automatic Analysis,_ then Pick, select
MACrossSystem.afl, click Open.

The next few screens prepare to perform an optimization to find the
best moving average lengths.
On the Settings menu, on the Report tab, click Summary.

Backtester settings

General | Tiades | Stops | Flepot | Poifolio

Resuk kst shows (3 Trade bt
1) Detaled log
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FiGURE 9.7 MA CRross SETTINGS - REPORT

On the Settings menu, on the Trades tab, be sure that all Prices are set
to Close and all Delays are set to o (zero).

On the Settings menu, on the General tab, set Initial Equity to 10,000,
Positions to Long, Periodicity to Daily.

Click OK to close the settings window.

On the Automatic Analysis screen:

* Select Current Symbol.

* Set date Range from 1/1/1995 to 1/1/2005.

* The Formula File should still show M ACrossSystem.af], if it does
not, use Pick to find it again.

* C(lick Optimize to begin the optimization.
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/. Automatic Analysis - MACrossSystem.afl
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FiGure 9.8 MA Cross Start OPTIMIZE

AmiBroker will evaluate all 4100 of the tests you have requested. Lengthz
has 41 different values (1 to 81 in steps of 2), Length2 has 100 different
values (2 to 200 in steps of 2). The results of the tests are sorted with the
best at the top. Each cell contains an entry — the column is the metric,
the row is the test run. Click on any column heading to sort by that ob-
jective function. In the example, the results were sorted by RAR/MDD
(high values are preferred) — choose whatever objective function you
decided on. Scroll over to the right hand side to see what the best val-
ues for the lengths are.

FiGure 9.9 MA Cross OrTiMIZATION RESULTS

The best combination is Length1 of 45 days, Length2 of 26 days. The
top 74 entries all have Length1 greater than Length2. Edit the program
again and change the values for the Length1 and Length2 to 45 and 26,
respectively. The Optimize part of each statement has just been made a
comment, so the program can easily be returned to optimizing.

//  MACrossSystem.afl
// The classic Moving Average crossover

// using simple Moving Averages

{l  Set up the lengths for the moving averages
Lengtht = 45; //Optimize(“Length1”,6,1,81,2);
Length2 = 26; //Optimize(“Length2”,35,2,200,2);

Ficure 9.10 MA Cross Fixep LENGTHS
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Click the Save Icon, then the Apply Indicator Icon. Look at the moving
average lines and the trades. The system takes a long position when the
fast moving average falls below the slow moving average — just the op-
posite of conventional wisdom.

TEquity =

50,888 37
nﬂfu’z"ilhuy.llfip;'—l - =

i

e M t-\;ieéa.rf o
' “fi":"lul}h_

M

FiGgure 9.11 MA Cross 45 26

My conclusion is that we would not want to trade a simple moving aver-
age crossover system on equities. The fact that the moving averages are
“upside-down” means that the trading system is not acting as a trend
following system, but an anti-trend, or mean reversion, system. If the sys-
tem not only exited from long positions on a sell signal, but went short
as well, it would be short during the long rises in price, and the trade
statistics for short trades would show large loses. We'll return to mean
reversion systems in the next chapter, but it seems clear that a simple
moving average system is not a good trend following system.

BREAKOUT SYSTEMS

There are still people who are, or say they are, making money with break-
out systems. If so, they are probably trading many different tradables
and reporting the results from the portfolio. Breakout systems have a
low percentage of winning trades — 30% is not unusual. They keep tak-
ing every signal, look for a few large winners, but get stopped out of
most trades with a loss. Many people cannot keep taking trades that are
predominantly losers. A lot of the success of a breakout system comes
from retaining most of the profit from large winners. Trailing stop loss
orders are helpful here, but profit targets do not work well. Setting prof-
it targets that are often hit means giving up the big gains; setting profit
targets that are seldom hit means creating a curve-fit system. Breakout
systems often enter on stop orders, with the slippage associated with stop
orders. If a breakout system is rewritten to use limit orders, the system
is guaranteed to have its orders filled on all the losing trades, but is not
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guaranteed to have its orders filled on all the winning trades — in fact,
it will miss some of the best trades.

When breakout methodologies work, they work best to trade com-
modities, but do not work well on common stocks.

In my opinion, there is a good reason why breakout systems do not
work any more. Prices move from one level to another for fundamental
reasons. In the early days of system trading, breakout systems noticed a
breakout, took a position, and stayed with the position until the new price
level was reached. As more and more companies and individuals began
using computerized trading systems, breakout systems were profitable
and easy to code. More money followed each system which accentuated
the size of the breakout moves and increased slippage. The price became
choppier, triggering counter-trend trades and stop-loss exits from trend-
following positions. The larger trends were broken up.

In general, I believe that systems that were once profitable will
eventually fail as they are discovered by more traders. Every profitable
trade removes inefficiency from an inefficient market. Once a trading
system has been published and coded, it will be tested periodically by
many traders. When it returns to profitability, traders will trade it and
again make it unprofitable. It may be coincidental, but breakout systems
stopped working well shortly after the “Turtle” systems became widely
known and programmed.

FOrR ANOTHER EXAMPLE, in the 1980s a profitable TBond system held
just overnight. Figure 9.12 has the AFL. The system computed the daily
change (Close minus Open) for the TBonds. Just before the close of trad-
ing, it took a position in the same direction as that change. At the next
open, it exited the position. That was a clear market inefficiency. Once
identified, profitable trades removed the inefficiency to the point that
frictional costs now exceed the overnight continuation move.

//  TBondOvernight.afl

// Buy the Claose if Close is higher than Open,
//  Short the Close if Close is lower than Open
//  Exit next morning

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Open;
ShortPrice = Close;
CoverPrice = Open;
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PositionSize = MarginDeposit = f1;

Buy = C>0;

Sell = Ref(Buy,-1)==1;
Short = C<0;

Cover = Ref(Short,-1)==1;

FiGure 9.12 TBoND OVERNIGHT

Another trend-following breakout system buys as the price rises through
the upper Bollinger Band, and exits when the priced drops back into the
Bollinger Band. Code is shown in Figure 9.13.

//  BBandBreakout.afl

// A trend-following breakout system
// based on the Bollinger Bands.

//  Buy when the closing price rises through the
/! upper Bollinger Band, Sell when the price

/! drops back into the Bollinger Bands.
BBLookback = Optimize(“BBLookback”,12,2,30,2);
BBWidth = Optimize(“BBWidth”,2.8,1,3,0.1);

BBT = BBandTop(C,BBLookback,BBWidth);
BBB = BBandBot(C,BBLookback,BBWidth);
Buy = Cross(C,BBT);

Sell = Cross(BBT,C);

Short = Cross(BBB,C);

Cover = Cross(C,BBB);

e = Equity();
Plot(e,”Equity”,colorBlack,stylelLine);

Ficure 913 BoLLINGER BAND BrREAKOUT

Like so many trend following system, this one is marginal for stocks
and works for some commodities.

DONCHIAN-STYLE BREAKOUT

The breakout system attributed to Richard Donchian buys strength and
shorts weakness. It buys on the intraday bar when the high rises above
the previous high of the last 20 trading days, and sells when the low
drops below the previous low of the last 10 trading days. Volatility, as
measured by the average true range, is used as a maximum loss stop.
This system was expanded by Richard Dennis and William Eckhardt
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when they established the famous Turtle group of trades in 1983. Among
other enhancements, Dennis and Eckhardt included a trade filter that
only entered after the previous trade was, or would have been, a loser.
They added a second system that took long positions on a breakout of 55
day highs and took short positions on a breakout of 55 day lows, without
regard to the previous trade. And they added to winning positions by
scaling in. The Turtles traded only very liquid futures contracts.

//  DonchianBreakout.afl

//  Simplified version of breakout system
// attributed to Richard Donchian and used
// by Richard Dennis and the Turtles.

//  Buy an upside breakout of 20 day highs,
//  set a maximum loss stop based on volatility,
//  sell a downside breakout of 10 days lows.

//  Short a downside breakout of 20 day lows,
/! set a maximum loss stop based on volatility
// cover an upside breakout of 10 day highs.

//  Usually used on futures contracts.

//  To set up for a “points only” test,

//  uncomment the following line and set

// Futures Mode to True on the Setting Menu.
//PositionSize = MarginDeposit = 1;

StopPoints = 2*ATR(20);

Buy = H > Ref(HHV(H,20),-1);
BuyPrice = Ref(HHV(H,20),-1);
Sell = L < Ref(LLV(L,10),-1);
SellPrice = Ref(LLV(L,10),-1);

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

Short = L < Ref(LLV(L,20),-1)
ShortPrice = Ref(LLV(L,20),-1
Cover = H > Ref(HHV(H,10),-1)
CoverPrice = Ref(HHV(H,10),-1

)
)

Short
Cover

ExRem(Short,Cover);
ExRem(Cover,Short);

ApplyStop(stopTypelLoss,stopModePoint,StopPoints,
1,False);

FiGUre 9.14 DoNcCHIAN BrREAKOUT
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Mean Reversion Systems

MEAN REVERSION SYSTEMS are based on the premise that prices tend to
oscillate above and below some level of equilibrium with some degree
of regularity. When prices are extended too far from equilibrium, take a
position that will profit by return to equilibrium. Almost any indicator
that swings between high and low levels can be used to create a mean
reversion trading system.

CENTER OF GRAVITY OSCILLATOR SYSTEM

John Ehlers describes an indicator he calls the Center of Gravity Oscil-
lator in Cybernetic Analysis for Stocks and Futures, published by Wiley in
2004. The code to compute that oscillator and use it in a trading system
follows in Figure 10.1. This example shows only the calculation of the
entry signal, and some very simple exits. It is not a complete trading
system.

//  CenterOfGravity.afl

//  Trading system based on John Ehlers’

//  Center of Gravity Oscillator.

//  Cybernetic Analysis for Stocks and Futures,
/l Wiley, 2004.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;
SetBarsRequired(200, 0);

137
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function CGOscillator(Price, Length)

{
Result = O;
for (i=length; i< BarCount; i++)
{
Num = O;
Denom = O;
for (j=0; j<Length; j++)
{
Num = Num + (1 + j)} * Price[i-j];
Denom = Denom + Price[i-j];
}
if (Denom != 0) Result[i]
= 100.0 * ((-Num / Denom) + (Length + 1)/2);
}
return Result;
}

Price = (H + L) / 2;

CGOLength = Param(“CGOLength”, 13, 1, 250, 10);
CGO = CGOscillator(Price, CGOLength);

SmLength = Param(“SmLength”, 2, 1, 20, 2);
CGOSmoothed = DEMA(CGO,SmLength);

Buy = Cross(CG0Q,CGOSmoothed);

HoldDays = Param(“HoldDays”,6,1,10,1);

W

Sell Cross(CGOSmoothed, CGO)

OR (BarsSince(Buy) >= HoldDays);
Sell = ExRem (Sell,Buy});

e = Equity();

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

Plot( Close, “Price”, colorBlack, styleCandle );

PlotShapes( shape, IIf( Buy, colorGreen, colorRed ),
0, IIf( Buy, Low, High ) );

GraphXSpace = 5;

Plot(e,”Equity”,colorRed,styleLine|styleOwnScale);

Plot(CGO, “CG Oscillator”, colorRed,
styleLine|styleLeftAxisScale);

Plot(CGOSmoothed, “CGO Smoothed”, colorBlue,
styleLine|styleLeftAxisScale);

Figure 10.1 CENTER OF GRAVITY
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Figure 10.2 shows it being applied to a common stock.
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Ficure 10.2 CenTer OF GrAVITY ON AAPL

Any series, whether naturally occurring, such as the day-of-the-month
or phase-of-the-moon, or calculated, such as the RSI or stochastic oscil-
lator, can be used in a mean reversion system. If the series is not already
a series that oscillates, it can easily be transformed into one that is.

One technique is to subtract a moving average of the series from
itself, resulting a series that oscillates about zero and having a period
about the length of the moving average.

Another technique is to compute a position-in-range statistic for the
series, resulting in a series that oscillates between zero and one. Williams
R and fast stochastic oscillator are both position-in-range transforma-
tions and both are functions that are built-in to AmiBroker.

Oscillator systems get their signals from any of several techniques.

One is zero crossing,. Buy when the value of the oscillator crosses from
below zero to above zero. Sell when the oscillator crosses from above zero
to below zero. If the buy and sell signals seem to be reversed, multiply
the oscillator by minus one before looking for the zero crossing.

A second is crossing of the series with another series. The second
series is a delayed or smoothed copy of the original series. The Center
of Gravity example in Figure 10.1 uses a smoothed version of the COG
— Dr. Ehlers” book uses a delayed version.

A third is the crossing of the oscillator with a level. The stochastic
oscillator, call it Sto, is bounded by 0.00 and 1.00. Buy when Sto cross-
es from below 0.20 to above 0.20, and sell when Sto crosses from above
0.80 to below 0.80.
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StocHAsTIC oF THE RSI

Another oscillator that works well as a component of a mean reversion
trading system is the Stochastic of the RSL. The AFL code and the chart
showing it applied to a common stock follow.

//  StochasticOfTheRSI.afl
// A Mean Reversion trading system.

// Use this as it is, or make it part of a more
/! complete and complex trading system.

/1

SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

RSILength = Optimize(“RSILength”,10,2,20,1);

PIRLookback = Optimize(“PIRLookback”,20,4,40,2);

TriggerSmoother = Optimize(“TriggerSmoother”,3,2,10,1);

r = RSIa(C,RSILength);

pir = (r-LLV(r,PIRLookback))/(HHV(r,PIRLookback)
-LLV(r,PIRLookback));

trigger = DEMA(pir,TriggerSmoother);

Buy = Cross(pir,trigger);
Sell = Cross(trigger,pir);

e = Equity();
Plot(C,”C”,colorBlack,styleCandle);
PlotShapes(shapeUpArrow*Buy,colorBrightGreen);
PlotShapes(shapeDownArrow*Sell,colorRed);

Plot(pir, “pir”, colorRed,styleline|styleLeftAxisScale);
Plot(trigger, “trigger”, colorBlue,styleLine|styleleftAxisScale);

Plot{e,”’e”,colorBlue,styleLine|styleOwnScale);

Ficure 10.3 StocHASTIC OF THE RSI

Ficure 10.4 StocHasTIc oF THE RSI on TXN
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ADAPTIVE PRICE ZONE

The efficiency of coding in AmiBroker was mentioned in Chapter 5, and
reference was made to an article from the September 2006 issue of TASC.
Figure 10.5 shows the code and explanation provided by Tomasz Janec-
zko, president of AmiBroker.

In "Trading With An Adaptive Price Zone,” author Lee Leibfarth
presents a trading technique that uses adaptive bands based on
the double-smoothed exponential moving average and the classic
ADX indicator.

Implementing the adaptive price zone technique using AmiBroker
Formula Language is easy and straightforward. Listing 1 shows
ready-to-use code. The formula is for both the indicator and the
trading system. (A sample chart is shown in the TASC article.)

// Adaptive Price Zone Indicator & system
I
function DblSmoothEMA( price, Length )
{
period = IIf( Length < 0, 1, sqrt{ Length ) );
smooth = 2 / ( period + 1 );
return AMA( AMA( price, smooth ), smooth );
}
price = ParamField(“Price”);
period = Param(“period”, 20, 2, 100 );
BandPct = Param(“width[%]”, 1.4, 0.1, 4, 0.1 );
DSEMA = DblSmoothEMA( price, period );
RangeDsSEMA = DblSmoothEMA( H - L, period );
UpBand = BandPct * RangeDSEMA + DSEMA;
DnBand = DsSEMA - BandPct * RangeDsEMA ;
Plot( C, “Price”, colorBlack, styleBar );
Plot( UpBand , “UpBand”, colorLightGrey );
Plot( DnBand , “DownBand”, colorLightGrey );
// you may uncomment lines below to get ‘cloud’ chart
// if you are using version 4.80 or higher
// P1otOHLC{ UpBand, UpBand, DnBand, DnBand, “Band",
/! ColorRGB( 245,245,255), styleCloud );
SetTradeDelays{ 1, 1, 1, 1 };
ADXThshold = 30;
ADXValue = ADX( 14 );
Buy = ADXValue <= ADXThshold AND Low <= DnBand;
Short = ADXValue <= ADXThshold AND High >= UpBand;
Sell = Cover = ADXValue > ADXThshold;
if( Status(“action”) == actionIndicator )
{
Equity(2);
PlotShapes( Buy * shapeUpArrow, colorGreen, O,
DnBand, -24 );
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PlotShapes( Sell * shapeDownArrow, colorRed, O,
UpBand, -24 );

PlotShapes( Short * shapeHollowDownArrow, colorRed, O,
UpBand, -24 );

PlotShapes( Cover * shapeHollowUpArrow, colorGreen, O,
DnBand, -24 );

-~-Tomasz Janeczko, AmiBroker.com
www.amibroker.com

Ficure 10.5 TASC ArTICLE - LisTING 1

The code has been changed a little so it is similar in style to that of the
rest of the book, and applied to a stock. Figure 10.6 shows the AFL code,
Figure 107 shows the price with Bollinger Bands, Buy and Sell arrows,
and equity line.

// AdaptivePriceZone.afl
/1
function DbiSmoothEMA{ price, Length )

{

period = IIf( Length < 0, 1, sqrit( Length ) );
smooth = 2 / ( period + 1 });
return AMA{ AMA( price, smooth ), smooth );

}

SetTradeDelays( 0,0,0,0 );

BuyPrice = C;

SellPrice = C;

price = C;
period = 50; //Optimize(“period”, 50, 2, 100, 2
BandPct = 2; //Optimize(“width[%]”, 2, 0.1, 4, O.

DsEMA = DblSmoothEMA( price, period );
RangeDSEMA = DblSmoothEMA( H - L, period );

UpBand BandPct * RangeDSEMA + DSEMA;
DnBand = DsEMA - BandPct * RangeDsEMA ;

ADXThshold = 30; //Optimize(“ADXThshold”,30,1,50,1);
ADXLength = 14; //Optimize(“ADXLength”,14,2,40,2);
ADXValue = ADX( ADXLength );

Buy = ADXValue <= ADXThshold AND Low <= DnBand;
Sell = ADXValue > ADXThshold;

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

Plot( C, “Price”, colorBlack, styleBar );
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Plot( UpBand , “UpBand”, colorLightGrey );

Plot( DnBand , “DownBand”, colorLightGrey );

PlotShapes( Buy * shapeUpArrow, colorGreen, 0, DnBand, -24 );
PlotShapes( Sell * shapeDownArrow, colorRed, 0, UpBand, -24 );

e = Equity();
Plot(e,”Equity”,colorGreen,styleLine|styleOwnScale);

Ficure 10.6 AparTive PricE ZONE
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CONVERT A DATA SERIES INTO AN OSCILLATOR

Almost any well behaved series can be converted into an oscillator, which
can then be used as an indicator in a mean reversion system. To illus-
trate, Figure 10.8 shows the AFL to detrend a price series by subtract-
ing a long term moving average forming an oscillator. The oscillator is
used to compute buy and sell signals. Note that there are both Param
and Optimize statements in the code, one of which is commented out.
If you want to plot the oscillator and adjust it visually, use the Param
statements. If you want to have AmiBroker search for the best param-
eters, use the Optimize statements.

/! DetrendedPriceOscillator.afl

/I Using any price series as input,

//  compute an oscillator by subtracting
// a moving average of the series from
//  the series itself.

/! Then use that series to compute

//  Buy and Sell signals.

SetTradeDelays(0,0,0,0);
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BuyPrice = C;
SellPrice = C;

//  The series to be detrended
Price = C;

//  The length of the moving average to remove
MALength = Param(“MALength”,30,2,200,1);
//{MALength = Optimize(“MALength”,30,2,200,1);

/I Subtract the moving average, leaving
// an oscillator

MovingAverage = MA(Price, MALength);
Oscillator = Price - MovingAverage;

// Smooth the oscillator once to smooth it
OscSmoothLength = Param{(“OscSmiLen”,10,1,50,1);
//0scSmoothLength = Optimize(“OscSmLen”,10,1,50,1);
SmOsc = DEMA(Oscillator,0scSmoothLength);

//  Smooth again to create a trigger line
Trigger = DEMA(SmOsc,3);

Buy = Cross(SmOsc, Trigger);
-Sell = Cross(Trigger, SmOsc);

e = Equity();

Plot(C,”C”,colorBlack,styleCandle);
Plot(MovingAverage,”MA”,colorRed,stylelLine);
PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,

IIf(Buy,colorGreen,colorRed));
Plot(e,”Equity”,colorRed,styleLine|styleOwnScale);
Plot(Oscillator,”0sc”,colorBlue,styleLine|styleleftAxisScale);
Plot(SmOsc,”SmOsc”,colorGreen,styleLine|styleLeftAxisScale);
Plot(Trigger,"Trigger”,colorRed,styleLine|styleLeftAxisScale);
GraphXSpace = 5;

FiGure 10.8 DETRENDED PRICE OSCILLATOR
Figure 10.9 shows the chart resulting from the Plot statements. It is

pretty busy, so you might want to comment out some of the lines after
you understand how they work.

February - Tharch . - TRom Wiy = Jun

Ficure 10.9 DeETRENDED PrICE OsCILLATOR CHART
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OTHER EXAMPLES

There are several other examples of mean reversion systems in this
book. Look at:

e Figure 83, MACD using DEMA.

e Figure 16.2, A Moving Average Crossover.

* Figure 17.11, Advance - Decline Diffusion Index.

¢ Figure 17.13, Z-score Diffusion Index.

e Figure 20.2, CMO Oscillator.

PrROS AND CONS

The price of any tradable issue at any given time is categorized as being
in either a trend or a trading range. Mean reversion systems work well
when the tradable is in a trading range. They fail badly when it is in a
trend — because they are designed to take positions against the trend.
To be used as a trading system with real money, a mean reversion sys-
tem must have a method for identifying that it is wrong and exiting.
The system might include a stop, or it might rely on a separate filter to
identify the mode as being either trending or trading range. Filters are
discussed in Chapter 17.



146 Quantitative Trading Systems



11

Seasonality Systems

CoMMODITY TRADERS are often solicited to subscribe to services that base
trades on seasonality. For example, buy August Feeder Cattle on May
31 and sell on July 22. The advertisement documents that that trade has
been profitable in 87% of years from 1985 to 1999. The historical record
probably confirms that. The question is whether the trade described is
profitable for some reason, even an unknown reason, and likely to con-
tinue, or is simply a result of data mining. Since there are so many com-
binations of contract, buy date, sell date, and historical period, and so
little opportunity to test out-of-sample, seasonality trades like these are
difficult to validate using statistical methods.

But there are possible seasonal trades that we might be able to vali-
date. These are “seasonal” periods that happen more frequently and ap-
ply to alarger population of tradable issues. For example, many people
believe that stocks exhibit seasonality related to: '

* The end of one month and the beginning of the next.
* Options expiration.
* New moon or full moon.

If reliable seasonality is found, it could be used to:

* Trade individual stocks that show profitable seasonality using the
seasonal pattern as a trading system.

e Model all 100 of the NASDAQ 100 stocks, then trade the QQQQ
based on the composite results.

* Create a filter that favors long positions or short positions accord-

147
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ing to the seasonality cycles and use that filter to allow or block
signals from a different trading system.

SEASONALITY PROCEDURE

Dividing data into in-sample and out-of-sample periods was introduced

in Chapter 3 and will be discussed in more detail in Chapter 18. Please

refer back to Chapter 5, to the sections describing how to test a trading
system and how to optimize a trading system for details about running
the AmiBroker backtester and optimizer.

The steps that are taken to evaluate each of the possible seasonal
patterns are:

1. Design and code a test program that will determine the profit or
loss from some specific condition to be tested.

2. Set the data range to the in-sample period.

3. Use asingle issue and the backtester to verify that the program
works as it should.

4. Add the code necessary so that the optimizer can be used to cycle
through all the possible values or conditions.

5. Still using a single issue, make an optimizer run and verify that
the program works as intended and gathers the results desired.

6. Set up a watchlist containing the list of tickers to be tested.

7. Set the filter so that the runs will process all the tickers in that
watchlist.

8. Run the Old Optimizer, which has the effect of running the
optimizer on each ticker individually, and accumulating the
results for all tickers for each value of the index of optimization.

9. Analyze the output report from the optimizer in whatever ways
are helpful - sort, graph, compute, et cetera.

10. Based solely on the results of the test runs made on the in-sample
data, draw tentative conclusions about the profitability of the
conditions.

11. Design a trading system based on the conclusions.

12. Apply the trading system to an individual ticker and verify that
the logic is as intended.

13. Apply the trading system to the entire list, and analyze and record
the results. The results will always be good — this is the in-sample
data.

14. Set the data range to the out-of-sample period.

15. Test the tickers in the list and determine whether the conditions
continue to be profitable out-of-sample.
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Throughout this chapter, the in-sample period is 1/1/1995 through 1/1/2005.
The out-of-sample period is the two years immediately following — 1/1/2005
through 1/1/2007. The list consists of 513 stocks, each actively traded, each
with price history from 1995 through the present.

The list of stocks you select will affect the results. For example, if
you plan to use the results of your own study to trade SPY, the exchange
traded fund that tracks the S&P 500, then an analysis of the stocks that
make up that index would be a good choice.

During testing, commission is set to zero. The tests are looking for
conditions and patterns that may be traded as individual rules, that may
be grouped together into a larger rule, or that may be used as filters to
allow or prohibit specific actions. The time to allow for commission is
after the conditions and patterns have been evaluated, the trading sys-
tem designed, and the realistic profitability evaluated.

On the charts that follow, do not focus on the profit figures them-
selves. They depend very much on the stocks and the time period being
analyzed. Instead, focus on the relative heights of the profit bars and the
periods of profitability or loss.

END OF THE MONTH

If there is a pattern around the end of the month, it will show up if we
look at the gain or loss from one-day trades, summarized by the day of
the month on the day of entry.

The program is very simple. For a specific day of the month, buy on
the close, hold one day, and sell on the next close. For the testing runs,
it is only necessary to take long positions. A loss for a long position for
a particular day shows that a short position would be profitable.

//  SeasonalityDayOfMonth_Testing.afl

//  Test for seasonality based on the day of the month.
//  This version does the day-by-day testing.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;

DayToBuy = Optimize(“DTB”,1,1,31,1);

Buy = DayToBuy == Day();
Sell = BarsSince(Buy) >=1;

FiGure 11.1 SeasoNnaLITY Day or MONTH - TESTING
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The in-sample pericd is 1/1/1995 through 1/1/2005. Using 513 active
stocks with data from 1995 to the present, the program summarized the
profit for each day of the month. As the next chart shows, there are three
strongly positive periods — the 1st through s5th, 10th through 16th, and
21st through 31st.

In-Sample Profit vs Day of Month
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Ficure 11.2 Day or MoNTH, IN-SAMPLE

Based on the in-sample results, the results were used to create a trading
system. The program was set to buy at the beginning of any of those
strong periods and sell at the beginning of the intervening periods. Since
there were no prolonged periods of losing days, we do not anticipate that
taking short trades will be very profitable. Nevertheless, the code has
been set up to enable testing of either long or short trades.

//  SeasonalityDayOfMonth_ System.afl

// Test for seasonality based on the day of the month.
//  This version is the trading system resulting
//  from analysis of the day-by-day testing.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;
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Cover = Buy = (Day() >= 1 AND Day() <=5) OR
(Day() >=10 AND Day() <=16) OR
(Day() >=21 AND Day() <= 31);

Short = Sell = (Day() >=6 AND Day() <=9) OR
(Day() >= 17 AND Day() <=20);

Ficure 11.3 SeasoNALITY DAY OF MONTH - SYSTEM

Each of the 513 stocks was tested individually using the trading sys-
tem version of the program over the in-sample period. 499 of 513 stocks
(97%) were profitable for long-only trades, with a median annual gain of
23%. 235 (46%) were profitable for short-only trades, with a median an-
nual loss of 1%. 442 (86%) were profitable for long and short trades, with
a median annual gain of 21%.

The out-of-sample period is 1/1/2005 through 1/1/2007 — the two years
immediately following the in-sample period. The results of running the
version that tests for day-by-day profitability are a little less well defined,
as the next chart shows. But no changes will be made based on out-of-
sample results.

Out-of-Sample Profit vs Day of Month
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Ficure 11.4 Day or MoNTH, OUT-0F-SAMPLE

Testing individual stocks in the out-of-sample period, with no change
to the program, 428 of 513 (83%) stocks were profitable for long-only trades,
with a median annual profit of 18%. For short-only trades, 292 (57%) were
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profitable with a median annual gain of 2%. 413 (80%) were profitable for
long and short trades, with a median annual gain of 20%.

Day of the Month - Summary ’

Percent Median

Profitable Annual Gain

In-Sample Long 97% 21%
Short 46% -1%

Long & Short 86% 21%

Out-of-Sample | Long 83% 18%
Short 57% 2%

Long & Short 80% 20%

Ficure 11.5 Day oF THE MONTH - SUMMARY

The seasonality pattern based on the end of the month looks very prom-
ising.

TRADING DAY OF THE MONTH

It could be that trading day is more important than calendar day. That
can be tested as well. The first trading day of the month is identified as
the Day Of Interest (DOI). The program code will determine how many
trading days the bar that is being evaluated is before or after the DOL
Long trades are entered on the close, and held one day. A trade entered

on the DOI is defined to be a trade entered on Day o (zero), relative to
the DOL

/! SeasonalityTradingDay Testing.afl

/1

//  Test for seasonality based on trading day of the month.
//  This version does the day-by-day testing.

//  This program looks ahead to see whether there is

// trading the next day. That is OK. We will not

//  be looking ahead when we trade, and the programming
// is greatly simplified by looking ahead during

//  the testing.

I

SetTradeDelays(0,0,0,0);

BuyPrice = Close;

SellPrice = Close;

/I We will specify one day as the Day Of Interest -- DOI.
// In this program, DOI is the first trading day of a month.
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/{ A trade made on DOI is a trade made on Day O.
// A trade made one day after DOI is a trade made on Day +1.
// A trade made one day before DOI is a trade made on Day -1.

//  There are about 22 trading days in a month.
/!l Centered at DOI, we will investigate from Day -8
//  to Day +8.

DOI = Month()!=Ref(Month(),-1);
Minus8 = Ref(DOI,8);
Daynumber = -8 + BarsSince(Minus8);

DayToBuy = Optimize(“DayToBuy”,0,-8,8,1);
Buy = Daynumber == DayToBuy;
Sell = BarsSince(Buy) >= 1;

Plot(Daynumber,”DN”,colorBlue,styleDots);

Ficure 11.6 SEasonaLiTy TRADING Day - TESTING

The in-sample period is 1/1/1995 through 1/1/2005, and uses the same
513 stocks as the end-of-month example. Based on the in-sample results,
there is a period of strong profitability beginning with Day -3 and ex-
tending through Day 2.

In-Sample Profit vs Trading Day of the Month
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Ficure 11.7 TRapING Day oF THE MonNTH, IN-SAMPLE
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The trading system based on this pattern buys at the close of Day -3 and
sells at the close of Day 3. It is long for six days. There is no period of
losing days within a few days of the first trading day of the month, so
no provision is made for short positions.

// SeasonalityTradingDay System.afl

/{ Test for seasonality based on trading day of the month.
//  This version is the trading system resulting
//  from analysis of the day-by-day testing.

//  This program looks ahead to see whether there is

// trading the next day. That is OK. We will not

// be looking ahead when we trade, and the programming
// is greatly simplified by looking ahead during

// the testing.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;

//  We will specify one day as the Day Of Interest -- DOI.

//  In this program, DOI is the first trading day of a month.
// A trade made on DOI is a trade made on Day O.

// A trade made one day after DOI is a trade made on Day +1.
// A trade made one day before DOI is a trade made on Day -1.
/1

//  There are about 22 trading days in a month.

// Centered at DOI, we will investigate from Day -8

//  to Day +8.

/1

DOI = Month()!=Ref(Month(),-1);
Minus8 = Ref(DOI,8);
Daynumber = -8 + BarsSince(Minus8);

Buy = (Daynumber >= -3) AND (Daynumber <=2);
Sell = (Daynumber >=3) OR (Daynumber <=-4);

Plot(Daynumber,”DN”,colorBlue,styleDots);
Ficure 11.8 SeasoNaLiTy TRADING DAY - SysTem

In-sample, 485 out of 513 (94%) stocks were profitable for long-only posi-
tions, with a median annual gain of 13.0%. Since there was not a strongly
negative peridd within a few days of the first trading day of the month,
short positions were not tested.

The out-of-sample period was 1/1/2005 through 1/1/2007. The day-
by-day results show the seasonality continuing into the out-of-sample
period.
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Out-of-Sample Profit vs Trading Day of the Month
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Ficurke 11.9 TrapiNG Day or THE MonTH, OUT-0P-SAMPLE

Testing the system on the out-of-sample period, and continuing to buy on
the close of Day -3 and sell on the close of Day 3, 442 of 513 (86%) stocks
showed a profit. The median annual gain was 14%.

Trading Day of the Month - Summary
Percent Median
Profitable Annual Gain
In-Sample Long 94% 13%
Out-of-Sample | Long B86% 14%

Ficure 1110 TrapIiNG DAy oF THE MONTH - SUMMARY
The seasonality appears to continue.
OPTIONS EXPIRATION DAY
Another possible Day Of Interest is options expiration day — the third
Friday of the month in the United States. Trades are entered on the close.

A trade entered on the Friday of options expiration is entered on Day
o (zero).
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//  SeasonalityOptionsExpiration.afl

//  Test for seasonality based on options expiration day,
//  the third Friday of the month in the US.

/! This program has the code for both the day-by-day
/! testing, and the resulting trading system.

/! Change from one to the other commenting-out

//  the code that is not needed.

// This program looks ahead to set the Day Of Interest.
// That is OK. We will NOT

//  be looking ahead when we trade, and the programming
// is greatly simplified by looking ahead during

// the testing.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;

//  We will specify one day as the Day Of Interest -- DOI.

{/ In this program, DOI is the third Friday of a month.

// A trade made on DOI is a trade made on Day O.

// A trade made one day after DOI is a trade made on Day +1.
/!l A trade made one day before DOI is a trade made on Day -1.

// There are about 22 trading days in a month.
// Centered at DOI, we will investigate from Day -8
//  to Day +8.

// DayOfWeek() returns 5 for Friday.

DOI = (DayOfWeek() == 5) AND ((Day() >= 15) AND (Day() <= 21));
Minus8 = Ref(DOI,8);
Daynumber = -8 + BarsSince(Minus8);

/! Do the day-by-day testing.

//DayToBuy = Optimize(“DayToBuy”,0,-8,8,1);
//Buy = Daynumber == DayToBuy;

//Sell = BarsSince(Buy) >= 1;

// Use the day-by-day results in a trading system.

Buy = ((Daynumber >= -6) AND (Daynumber <=-2)) OR
((Daynumber >= 2) AND (Daynumber <= 4));

Sell = ((Daynumber >= -1) AND (Daynumber <= 1)) OR
(Daynumber >= 5);

Short = ((Daynumber >= -1) AND (Daynumber <= 1));

Cover = (Daynumber >= 2);

Plot(Daynumber,”DN” ,colorBlue,styleDots);

Ficure 11.11 SEasonaLiTy Oprions ExpiraTiON
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The in-sample period is 1/1/1995 through 1/1/2005, and uses the same
513 stocks. Based on the in-sample results, there is a five day period of
strong profitability beginning with Day -6, followed by a three day pe-
riod of weak or negative profitability beginning with Day -1, followed
by a three day period of strong profitability beginning with Day 2. Day
6 and beyond are near the end of the month, have already been tested,
and will not be included in this study.
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Fioure 11.12 Orrtions ExpiraTioN IN-SAMPLE

The trading system starts flat, enters a long position on the close of Day
-6, reverses to short on the close of Day -1, reverses back to long on the
close of Day 2, goes flat on the close of Day 5.

In-sample, trading only long positions, 435 of the 513 (85%) are prof-
itable, with a median annual gain of 10%. For short-only positions, 246
(48%) are profitable, with a median annual gain of 0%. Taking both long
and short positions, 411 (80%) are profitable, with a median annual gain
of 10%.

Out-of-sample, the day-by-day results show the same pattern, but
with less strength.
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Out-of-Sample Profit vs Options Expiration Day
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Ficure 11.13 Options ExpiraTiON OUT-OF-SAMPLE

Trading out-of-sample, taking only long positions, 408 of 513 (80%) are
profitable, with a median annual gain of 9%. Short-only, 299 (58%) are
profitable, with a median annual gain of 2%. Trading both long and short
positions, 377 (73%) are profitable, with a median annual gain of 11%.

Options Expiration Day - Summary
Percent Median
Profitable Annual Gain
In-Sample Long 85% 10%
Short 48% 0%
Long & Short 80% 10%
Out-of-Sample | Long 80% 9%
Short 58% 2%
Long & Short 73% 11%

Ficurke 11.14 Options ExPiRATION DAY - SUMMARY

The seasonality is profitable, with most of the profit coming from long
positions.



Seasonality Systems 159
PHASE OF THE MOON

The moon cycles from new moon through full moon and back to new
moon approximately every 29.53 days, as seen from Earth. Starting with
the occurrence of a new moon, we can compute the portion of the cy-
cle that the moon has completed at any specific time — particularly the
opening or closing of the market. The cycle runs from 0.00 to 0.99, then
repeats. The program that follows is adjusted so that the cycle is mea-
sured at the close of the US equities markets — 4:00 PM EST. For the initial
study, we will ignore Daylight Saving Time. If the results are promising,
the code will be modified to account for DST.

Since the moon’s cycle and the monthly calendar do not have match-
ing divisions, the program divides the moon’s cycle into 100 equal por-
tions, and sets up a “slot” for each. Long positions are entered on the
close of one day and exited on the close of the next. The profit for each
trade is recorded according to the slot the moon was in when the trade
was entered. 513 active stocks with data beginning in 1995 were select-
ed. The in-sample period was 1/1/1995 through 1/1/2005, giving a sam-
ple set of 1,290,000 closed trades. Is that a large enough sample to give
statistical validity?

For those interested in calibrating a lunar cycle model, several Inter-
net sites give precise dates and times for new and full moon. The new
moon used to calibrate this program was on December 20, 2006, at 14
hours 1 minute, UTC. Subtract four hours from UTC to get Eastern Stan-
dard Time. When the market closes at 4:00 PM EST, it is 8:00 PM UTC,
or 20 hours o minutes. On December 20, 2006, when the market closed
the moon was 5 hours 59 minutes past new moon, which is 0.00844 of a
cycle. The small adjustment is made in the program so that the market
close on December 20, 2006, shows a phase of 0.00844.

// SeasonalityMoon.afl

// The moon has a cycle time of 29.53 days.
//  This program computes the profitability
// relative to the new moon.

//  This program has the code for both the day-by-day
{/ testing, and the resulting trading system.

//  Change from one to the other commenting-out

//  the code that is not needed.

//  The algorithm to calculate the age of the
// moon in days is based on code contributed to
// the AmiBroker Library by “0z Falcon,” which
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//1s very similar to code posted by Paul Sadowski
// on the Internet.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;

// Constants
PI = 3.1415926535897932385;

// normalize values to range 0 to 1
function normalize( val )
{
Val = val - floor( Val );
val = IIf(val < 0, val + 1, val);
return val;

= Year();
Month();
Day();

r = Hour();

n = Minute();

=T TO=x <
1l

// calculate the Julian Date at 12H UT
YY =Y - tfloor( ( 12 - M) / 10 );

MM = M + 9;

MM = IIf(MM >= 12, MM - 12, MM);

Ki = floor( 365.25 * ( YY + 4712 ) );
K2 = floor( 30.6 * MM + 0.5 );
K3 = floor( floor( ( YY / 100 ) + 49 ) * 0.75 ) - 38;

1 for dates in Julian calendar
JD = Kt + K2 + D + 59;
/1 for Gregorian calendar

JD = IIf(JD > 2299160, JD - K3, JD);

// Calculate the moon’s age as a percentage

/} of its cycle, with New Moon = 0.0

//  The small adjustment of 0.00407 is made

// so that the new moon falls exactly at

// December 20, 2006, 14 hours 1 minute UTC.

//  The US markets open (9:30 AM EST) 31 minutes
/1 before that new moon. The cycle age of the
//  market opening is -0.00073, which is 0.99927
/!l of the 0 to 0.99999 cycle.

/! The US markets Close (4:00 PM EST)

// 5 hours 59 minutes after the new moon. The
// cycle age of the market closing is 0.00844.

IP = normalize( (( JD - 2451550.1 ) / 29.530588853)-0.00407 );

// Calculate the moon’s age in days
AG = IP*29.53;
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// Convert phase to radians
IP1 = IP;
IP = IP*2*PI;

// For each of the 100 individual percentages
//  of the moon's age, compute the profitability of
//  buying at the close and selling at the next close.

Pct = int(100.0 * IP1);

// Do the testing

//BuyTime = Qptimize(“Pct”,10,0,99,1);
//Buy = Pct == BuyTime;

/1Sell = BarsSince(Buy)>=1;

/! Use the results as a trading system.

Cover = Buy = (pct>=1 AND pct <=59) OR (pct >=79 AND pct <=99);
Short = Sell = (pct >=60 AND pct <=78);
_N(Title = “Date = “ + Y + “/” + M + “/” +D +

“ Hr:” + Hr + “ Min:” + Mn +
“ Age: “ + AG +
“ IP: “ + IP1 + Pct: “ + Pct);

Plot(Close, “C”, colorBlack, styleCandle);

Plot(Pct,”Pct”,colorBlue,styleDots|styleOwnScale);

Ficure 11.15 SEASONALITY OF THE MOON

There seems to be strong seasonality, as the Figure 11.16, the in-sample
chart, shows. Using common terminology, the system goes long about
the time of the moon’s third quarter, reverses to short at about the full
moon, and reverses back to long at about the third quarter. In terms of
the 100 slots, the system is long when the moon was anywhere in the 79
to 59 range, wrapping around the period of the new moon, and short
when the moon is in the 60 to 78 range.
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In-Sample Profit vs Moon Phase
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FiGure 11.16 Moon IN-SaMPLE

For the in-sample period, it was profitable for 494 of 513 (96%) stocks,
with a median annual gain of 20%. For short-only trades, it was profit-
able for 232 (45%), with a median annual loss of 1%. For both long and
short trades, it was profitable for 458 (89%), with a median annual gain
of 20%.

The out-of-sample period was 1/1/2005 through 1/1/2007 — the two
years immediately following the in-sample period. Long-only, 285 of 513
(55%) were profitable, with a median annual profit of 2%. Short-only, 38
(7%) were profitable, with a median annual loss of 13%. Long and short,
140 (27%) were profitable, with a median annual loss of 11%.
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The out-of-sample results are very different from the in-sample results.
The slots from about g to 82 and 94 to 99 — about 80% of the slots — have
inverted!

Out-of-Sample Profit vs Moon Phase
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Ficure 11.17 Moon OuT-0r-SAMPLE

Based on the model in the program listed here, there is no persistent
pattern. It looks like there once was a pattern, but it has not been prof-
itable lately. Even though the in-sample run produced 1,290,000 closed
trades (significantly more than the 30 trades often suggested) to model
100 possible buy conditions, the model did not hold up out-of-sample.
This illustrates again one of the central points of this book - the only
statistics that count are those obtained from out-of-sample runs.
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Moon Phase - Summary
Percent Median
Profitable Annual Gain
In-Sample Long 96% 20%
Short 45% -1%
Long & Short ‘ 89% 20%
Out-of-Sample | Long 55% 2%
Short 7% -13%
Long & Short 27% -11%

Ficure 11.18 Moon Panse SummMaRry

NOTE ABOUT THE END OF THE MONTH STUDY

The code for the day of the month study simply recorded the results for
each date, without regard to the number of days in the month. Another
study, perhaps a better one, could be done using the first of the month
as a day of interest. Results for dates following the first would be un-
changed, but results for dates preceding the first would change.
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Pattern Systems

PATTERN SYSTEMS CAN BE USED to identify potentially profitable oppor-
tunities in almost any type of market. “Buy after three down days,” is
anticipating a reversion to the mean. “Buy after three up days,” is antici-
pating a trend. These might be meaningful patterns, and will be tested.
The trading literature has many articles describing many other patterns,
some of which have a reasonable basis and test well out-of-sample, oth-
ers are simply the result of data mining and do not hold up to out-of-
sample validation.

One way to test the “three days in a row” pattern is to compare the
closing prices. A bar with a higher close than its predecessor puts that
bar into the group of up days.

This example will use a different way. Each day will be evaluated
strictly on the closing price, and will be classified as being an up day,
flat day, or down day.

Measure the close to close percentage change for this day and for
the past 60 trading days — about three months. Sort that list and deter-
mine what percentage change is required to be in the top third, middle
third, or bottom third. Assign a value of 3, 2, or 1, to each day according
to whether that day is in the top third, middle third, or bottom third, re-
spectively. For each day, form a three number string with the most recent
day as the final character. Three up days would be “333.” Up, flat, down,
with today being down, would be “321.” There are 27 combinations. For
each combination, test the profitability of being long one day. ,

The program that follows will do that. Rather than limit the groups

- 165
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to thirds, a variable named cutoff allows the top and bottom groups to
be more or less restrictive as the value of cutoff is lowered or raised. The
Percentile function involves sorting data, so this program takes more
time.

// PatternDailyClose.afl

//  This program tests the profitability of a pattern
// of daily closing prices.

//  Rank each daily percentage close to close change
// according to where it fell in terms of the previous
{/ three months.

// If the change is in the top of the range, assign that day
// a “3”, in the middle a “2", in the bottom a “1”.

SetTradeDelays(0,0,0,0);
BuyPrice = Close;
SellPrice = Close;

PctC = (C-Ref(C,-1))/C;

/{ Set the Cutoff to select the exclusivity of the

//  top and bottom groups.

//  Cutoff = 33 will create three equal-sized groups.
f{ Cutoff = 15 will make it more difficult to qualify
//  for the top and bottom groups.

Cutoff = 33;

TopGroup = PctC >= Percentile(PctC,60,100-Cutoff);
BottomGroup = PctC <= Percentile(PctC,60,Cutoff);
MiddleGroup = (NOT TopGroup) AND (NOT BottomGroup);

// Set a single variable with the group
//  category of the bar.
Position = I1If(TopGroup,3,IIf(middleGroup,2,1));

//  Form a single identifier for each bar for its
// three day sequence.
Sequence = 100 * Ref(Position,-2) + 10

* Ref(Position,-1) + Position;

/I  These AddColumn statements display the categories
// each day is assigned to, and help verify that the
//  program works as it should.

/I Run as an Exploration with Current Symbol and

// Last Days set to 100.

Filter = 1;

AddColumn(C,”C”,1.9);

AddColumn(PctC,”PctC”,1.9);
AddColumn(TopGroup,”Top”,1.0);
AddColumn(MiddleGroup,”Middle”,1.0);
AddColumn{BottomGroup,”Bottom”,1.0);
AddColumn(Position,”Position”,1.0);
AddColumn(Sequence,”Sequence”,1.0);
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/!l ----Block of code in use when optimizing

//  When optimizing, uncomment this block

// and comment-out all of the

// code below the ==== dashed line.

11

// Create a set of optimizations that

/{  will cycle through all the possible sequences.
TwoDaysAgo = Optimize(“TwoDaysAgo”,1,1,3,1);
OneDayAgo = Optimize(“OnebayAGo”,1,1,3,1);

Thisbay = Optimize(“Thisbay”,1,1,3,1);

Selected = 100 * TwoDaysAgo + 10 * OneDayAgo + ThisDay;

Buy = Selected == Sequence;
Sell = BarsSince(Buy) >= 1;
1/
{{ ----End of code for optimizing
[/========s====ss====s=sss==sssssssssssssss=ssss
// ----Block of code in use when testing as a trading system
//  When testing, uncomment one set of sequences.
// Buy the strong patterns,
/!  short the weak patterns.
/*
/!l 33% Cutoff -- Strongest sequences
Buy = (Sequence == 111) OR

(Sequence == 223) OR

(Sequence == 323) OR

(Sequence == 311) OR

(Sequence == 313) OR

(Sequence == 213) OR

(Sequence == 131) OR

(Sequence == 331) OR

(Sequence == 113);

Sell = BarsSince(Buy) >= 1;

//  33% Cutoff -- Weakest sequences

Short = (Sequence == 132) OR
(Sequence == 332) OR
{Sequence == 232) OR
(Sequence == 231) OR
(Sequence == 221) OR
(Sequence == 322) OR
(Sequence == 333) OR
(Sequence == 133) OR
(Sequence == 122);

Cover = BarsSince(Short) >= 1;

*

j

/I 15% Cutoff -- strongest sequences

Buy = (Sequence == 111) OR
(Sequence == 211) OR
(Sequence == 311) OR
(Sequence == 121) OR
(Sequence == 112) OR
(Sequence == 223) OR
(Sequence == 131) OR
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(Sequence == 113) OR
(Sequence == 221);
Sell = BarsSince(Buy) >= 1;

//  15% Cutoff -- weakest sequences

Short = (Sequence == 333) OR
(Sequence == 331) OR
(Sequence == 332) OR
(Sequence == 132) OR
(Sequence == 232) OR
(Sequence == 133) OR
(Sequence == 233) OR
(Sequence == 123) OR
(Sequence == 313);

Cover = BarsSince(Short) >= 1;

*

!

// Long only -- strongest single sequence

Buy = (Sequence == 111);

Sell = BarsSince(Buy) >= 1;

*/

//  These AddColumn statements display the Buy, Sell, Short,
// and Cover signals, and the gain on the following day.
//GainAhead = (Ref(C,1)-C)/C;

//AddColumn(Buy,”Buy”,1.0);

//AddColumn(Sell,”Sell”;1.0);

//AddColumn(Short,”Short”,1.0);
//AddColumn(Cover,”Cover”,1.0);
//AddColumn(GainAhead,”GainAhead”,1.9);

Ficure 12.1 PatTeERN DaiLy CLOSE

UsInG A 33% cuTOFF

The first runs used a cutoff value of 33. The in-sample test results ap-
pear in the following chart, sorted left to right in order of their pattern
sequence. The metric used is Risk Adjusted Return (RAR).
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In-Sampile - 33% Cutoff - Return vs Pattern of Dally Closes
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Pattern Identifier

Ficure 12.2 33% CuTorF, IN-SAMPLE

There is definitely a pattern in the in-sample data. The best performance
is bi-modal — buy after weakness (patterns ending in 1) and buy after
strength (patterns ending in 3).

Strongest Weakest
111 132
223 332
323 232
311 231
313 221
213 322
131 333
331 133
113 122

Ficure 12.3 33% CutorF, IN-SAMPLE
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The program is extended to be a trading system which buys the nine
strongest patterns, and shorts the nine weakest patterns.

In-sample, 1/1/1995 through 1/1/2005, long-only, 464 of 513 (9go%) were
profitable with a median annual gain of 12%. Short-only, 109 (21%) were
profitable with a median annual loss of 6%. Long and short, 327 (63%)
were profitable with a median annual gain of 6%.

Out-of-sample, 1/1/2005 through 1/1/2007, long-only, 378 of 513 (73%)
were profitable with a median annual gain of 8%. Short-only, 220 (42%)
were profitable with a median annual loss of 2%. Long and short, 303
(59%) were profitable with a median annual gain of 5%.

The chart of the out-of-sample results is very similar to the chart of
the in-sample results. The sequences that ranked high in-sample con-
tinue to rank high out-of-sample, and the sequences that ranked low
continue to rank low. It appears that the three-day pattern of closes is
persistent. But it may not be strong enough to be profitable as a trading
system of its own.

Out-Of-Sample - 33% Cutoff - Return vs Pattern of Dally Closes
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Ficure 12.3 33% Cutorr, OuT-0F-SAMPLE
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33% Groups - Summary \

Percent Median

Profitable Annual Gain

In-Sample Long 90% 12%
Short 21% -6%

Long & Short 63% 6%

Out-of-Sample | Long 73% 8%
Short 42% -2%

Long & Short 59% 5%

Ficure 12.4 33% CuToFrr, SUMMARY

Using A 15% cuTOFF

The criteria for being counted as an up day or down day might be too
loose. The in-sample data was retested using a cutoff of 15%. One result
we can anticipate is far fewer occurrences of multiple up or multiple down
days. With the cutoff set at 33%, each sequence was expected to occur ap-
proximately equally — about 3.7%. With the cutoff set at 15%, a sequence
of three up days or three down days is expected to occur only 03%.

In-Sample - 16% Cutoff - Return vs Pattern of Daity Closes
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Figure 12.5 15% Cutorr, IN-SaMPLE
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The result is dramatic. Every sequence that has two or more days
when the decline was in the deepest 15% of any three day period is
among the strongest nine sequences. And every sequence that has two
or more days when the rise was in the top 15% of any three day period
is among the nine weakest sequences.

Strongest Weakest
111 333
211 331
311 332
121 132
112 232
223 133
131 233
113 123
221 313

Ficure 12.6 15% CuToFr, IN-SAMPLE

In-sample, 1/1/1995 through 1/1/2005, long-only, 436 of 513 (85%) were
profitable with a median annual gain of 8%. Short-only, 204 (40%) were
profitable with a median annual loss of 2%. Long and short, 347 (68%)
were profitable with a median annual gain of 6%.

Out-of-sample, 1/1/2005 through 1/1/2007, long-only, 305 of 513 (59%)
were profitable with a median annual gain of 2%. Short-only, 261 (50%)
were profitable with a median annual gain of 0%. Long and short, 286
(56%) were profitable with a median annual gain of 0%.
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Qut-Of-Sample - 16% Cutoff - Return vs Pattern of Dally Closes
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Ficure 12.7 15% Cutorr, OUuT-OF-SAMPLE

15% Groups - Summary
Percent Median
Profitable Annual Gain
In-Sanmple Long 85% 8%
Short 40% 0%
Long & Short 68% 6%
Out-of-Sample | Long 59% 2%
Short 50% 0%
Long & Short 56% 2%

Ficure 12.8 15% CuTOFF, SUMMARY

Even though the in-sample results have about 1,290,000 data points, none
of these three-day patterns are strong enough or persistent enough when
tested in the out-of-sample period to be used as trading systems. Perhaps
they could be used in conjunction with other indicators or as filters.
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Anticipating Signals

IF YOUR TRADING SYSTEMS are designed to trade at the closing price on

the day the signal is generated, you must either:

* Be able to monitor the market near the close, estimate the closing
price, and act very near the close.

¢ Precalculate the price that will trigger a signal and place a limit-
on-close order before the close.

MAKE AN ESTIMATE

One technique is to create the next price bar during the trading day, get
areal time quotation near the close, enter those prices into the AmiBro-
ker database using either the AmiBroker Quotation Editor or AmiQuote,
and run the system.

In the example on the next chart, the system is a moving average
crossover, it is in a long position, and it calculates its signal based on
the closing price. The moving average lengths are 1 and 36, yesterday’s
Close was 41.12, the fast moving average is 41.12, and the slow moving
average is 40.5875. If the price drops a little from yesterday, a Sell signal
will be generated.

175
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SADBE - Prica = 41,12, WA1 = 41 12, MAZ = 40,58, Equity= 13,000 03 : ' - =

Ficure 13.1 MA Cross As OF YESTERDAY

Figure 13.2 shows the code for the simple trading system to use to illus-
trate these techniques.

//  MACrossSystem.afl

/!

// The classic Moving Average crossover
// using simple Moving Averages

/1

// Set up the lengths for the moving averages
Length1 = 1; //Optimize(“Length1”,6,1,81,2);
Length2 = 36; //Optimize(“Length2”,35,2,200,2);

//  The Moving Average calculations
MA1 = MA(C,Length1);
MA2 = MA(C,Length2);

//  The Buy and Sell logic

//  Buy when MA1 crosses from below MA2 to above MA2.
Buy = Cross(MA1,MA2);

Sell = Cross(MA2,MA1);

// Compute the equity for the single ticker

e = Equity();

Maxe = LastValue(Highest(e));

Plot( Close, “Price”, colorBlack, styleCandle );

//  Plot the MA lines.
Plot(MA1,”MA1”,colorGreen,stylelLine);
Plot(MA2,”MA2”,colorBlue,stylelLine);

//  Plot the Buy and Sell arrows.

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;
PlotShapes(shape, IIf(Buy,colorGreen,colorRed), O,
IIf(Buy,Low,High));

//  Plot the equity curve
Plot(e,”Equity”,colorBlue,stylelLine|styleOwnScale,0,Maxe);
P10t(10000,””,colorBlue,styleLine|styleOwnScale,0,Maxe);
GraphXSpace = 5;

Ficure 13.2 MovING AVERAGE CROSSOVER SYSTEM
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To enter estimated prices for the next bar:
¢  On the Symbol menu, select Quote Editor.

¢ In the Quote Editor window, left-click the top line in the quote list
— the one that says “new.”

¢ Set the date, and enter the latest price quotations.

L]

Click OK to save the quotes. The new data will immediately be
displayed in the chart window, along with the Sell arrow if a sig-
nal is generated.

r

/\ Quotations editor

Made :
7 "__j' e Ticker Date Close Open High Low Volume Open.. ~
\--’ Lurrent symi .Cl all quotes ADBE [MW]
) Al symbals/single quote ADBE 12/29/2006 4112 4136 418 41 2,887,200 0
(very slow) ADBE 12/28/2006 4153 4178 4184  41.25 3036700 0
ADBE 12/27/2006 4179 4176 4189 4135 2,921,000 0
Ticker: ADBE ADBE 12/26/2006 4144 4075 4155 4075 2,332.300 0
ADBE 12/22/2008 4075 4132 4162 4058 2459400 0
Date: 12/30/2006 % | | 4DBE 12/21/2006 4138 4201 4204 4099 3064000 0
eAY . | 4DBE 12/20/2006 4187 4229 4244 416 5123500 i}
o 120000AN% | apBE 12/19/2008 4145 4077 4155 4045 5763400 0
Open: 41.20 ADBE 12/19/2006 4123 4245 4255 4105 7575000 0
e . ADEE 12/15/2008 4281 4315 4322 4222 19193400 0
9 4.2 ADBE 12/14/2006 4081 4046 4159 4005 12,668,000 0
W 4065 ADBE 1213/2006 403 406 4075 3353 4541800 i
ADBE 12/12/2006 3997 3995 4009 3934 4872200 i
Close: 14070 ADBE 1271172006 3998 3969 4038 3918 7.320600 ]
i 5 ADBE 12/8/2006 3388 3815 3933 3793 5687500 0
ADBE 12/7/2006 3775 3876 3885 3761 5653500 0
Open Int 0 | ADBE 12/6/2006 3854 3315 3943 3833 4298000 0
—— ADBE 12/5/2006 3315 3362 3962 3072 260000 0
| Delete J ADBE 12/4/2006 3329 3954 40 3907 3988500 0
[ OK Carice! j

Ficurke 13.3 Quote EpiTor

If the market closes with the prices as you entered them, with a Close
of $40.70, there is no sell signal.

4070, MAZ = 40 61, Equity = 12,867. 26—

FiGURE 13.4 No NEw SiGNAL
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But, if the price drops further, and you estimate that the close will be
$40.60, there is a sell signal.

ADBE - Price = 40.60, MAL = 40.60, MAZ = 40.61, Equily= 12,651.46
[~ — i

e ——

O
11 007

Ficure 13.5 NEw SiGNAL

When the actual closing prices are downloaded later, after the market
closes, the actual prices will automatically replace those you entered as
estimates.

PRECALCULATE KNOWING FORMULA

Another technique is to run a program that calculates the price at
which the cross will take place. For Simple Moving Averages, this
is pretty straight forward algebra. Figure 13.6 shows the code for a
stand-alone routine (without error checking).

//  SimpleMovingAverageCrossover.afl

/1

/! Given the lengths of two Simple Moving Averages,

// each of which uses the value of the Close to compute
// its average, compute the closing price that will

// cause the two moving averages to intersect.

1

/! Moving average lengths.
FastLength = 1;

SlowLength = 36;

Price = C;

MAfast = MA(Price,FastlLength);
MASlow = MA(Price,SlowlLength);

MAFM1 = IIf(FastLength>1,MA{Price,FastLength-1),0);
MASM1 = IIf(SlowlLength>1,MA(Price,SlowlLength-1),0);
Filter = BarIndex() == LastValue(BarIndex());
PartA = FastLength*(SlowLength-1)*MASM1;

PartB = SlowlLength*(FastLength-1)*MAFM1;

LenDiff = SlowLength-FastLength;

MACrossClose = ( PartA - PartB ) / (LenDiff);
AddColumn(FastLength,”FL”,1.0);
AddColumn(SlowLength,”SL”,1.0);
AddColumn(MAFast,”MAF”,1.9);
AddColumn(MASlow,”MAS”,1.9);
AddColumn(MACrossClose,”Crosses”,1.9);

Ficure 13.6 Moving AvERAGE CROSSOVER PREDICT



Anticipating Signals 179

Running the program as an Exploration (without any estimate for the
next day’s prices) shows that a closing price below $40.61 will generate
a sell signal.

Ly Autematic Analysis - SimpleMovingAverageCrossover. afl

Foumuia e E
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Apph lo Fangs e —
©) ol wmboki ) ol quokstions [ sem [ Eioe_]
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Export
R Smin| | A O A !:; ’—__I
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[ b backii (R T ondy) ta 17 172007 | r‘—— -
[ Peamete |

Flaslty

Ticker Do/ Time Al B MAF MaS Creates

ADBE A6 1 % NN, 0875, 406097

Figure 13.7 SMA CrossOVER PREDICTION

It would be tedious to have to have a separate stand alone program to
compute the cross over point for each system, but we can combine the
two — the trading system and the cross over computation - into one AFL
code module, as shown in Figure 13.8.

/! MACrossSystemWithPredict.afl

//  The classic Moving Average crossover
// using simple Moving Averages

//  Set up the lengths for the moving averages
Length! = Param(“Lengthi”,6,1,81,2);
Length2 = Param(“Length2”,35,2,200,2);

// The Moving Average calculations
MA1 = MA(C,Length1);
MA2 = MA(C,Length2);

// The Buy and Sell logic

// Buy when MA1 crosses from below MA2 to above MAZ2.
Buy = Cross(MA1,MA2);

Sell = Cross(MA2,MA1);

//  Compute the equity for the single ticker

e = Eguity();

Maxe = LastValue(Highest(e));

Plot( Close, “Price”, colorBlack, styleCandle );

//  Plot the MA lines.
Plot(MA1,”MA1” colorGreen,styleLine);
Plot(MA2,”MA2”,colorBlue,styleLine);

//  Plot the Buy and Sell arrows.
shape = Buy * shapeUpArrow + Sell * shapeDownArrow;
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PlotShapes(shape, IIf(Buy,colorGreen,colorRed), O,
IIf(Buy,Low,High));

// Plot the equity curve
Plot(e,”Equity”,colorBlue,styleline|styleOwnScale,0,Maxe);
Plot(10000,””,colorBlue,stylelLine|styleOwnScale,0,Maxe);
GraphXSpace = 5;

IR LT
//  SimpleMovingAverageCrossover.afl

//  Given the lengths of two Simple Moving Averages,

// each of which uses the value of the Close to compute
// its average, compute the closing price that will

// cause the two moving averages to intersect.

//Retrieve the current values of the moving average lengths.
st = PARAM_VALUES() ;

Cp = StrFind(st,”,”);

P1 StrMid(st,1,Cp-2);

Ccp = StrFind(st,”)”);

P2 = StrMid(st,Cp,Ccp-Cp-1);

1

//  Moving average lengths.
//FastLength = Lengtht;
//SlowlLength = Length2;
FastLength = StrToNum(p1);
SlowLength = StrToNum(p2);

Price = C;

MAfast = MA(Price,FastLength);
MASlow = MA(Price,SlowlLength);
MAFM1 = IIf(FastLength>1,MA(Price,FastlLength-1),0);
MASM1 IIf(SlowLength>1,MA(Price,SlowLength-1),0);

1}

Filter = BarIndex() == LastValue(BarIndex());

PartA = FastLength*(SlowLength-1)*MASM1;
PartB = SlowLength*(FastLength-1)*MAFM1;
LenDiff = SlowlLength-FastlLength;
MACrossClose = { PartA - PartB ) / (LenDiff);

AddColumn(FastLength,”FL",1.0);
AddColumn{SlowLength,”SL”,1.0);
AddColumn(MAFast,”MAF”,1.9);
AddColumn(MASlow,”MAS”,1.9);
AddColumn({MACrossClose,”Crosses”,1.9);

//AddTextColumn(st,”Params”,1.0);
/{AddColumn{cp,”’cp”,1.0);
//AddTextColumn(P1,”P17,1.0);
//AddColumn{ccp,”’ccp”,1.0);
//AddTextColumn(P2,”P2” 1.0);

Ficure 13.8 MA Cross wiTh PREDICTION
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To use the system requires two steps. First, Select and Insert the trad-
ing system.

Symbols  Layouts  Layers  Charts \
LowLagacD
S MACDODemalrdicator
[ MACDDemaSystem
J MaCrossSystem
J maCressSyslemhapter]4
S MaoDxavedovn It l
S MormSin Trsart Linked
I abv Overlay | |

Ficure 13.9 SELECT TRADING SYSTEM

Right-click the window pane with the system.
Select Parameters.

Set the lengths of the moving averages, if necessary.
Click OK.

1= 33 98, MAZ = 3856, Equity = 10,000.00-

’l ADBE - Prica = 19 68, WA
I

Parameters | fuons B Gd

=l S

_ Praperties af; MACraszSyztemWithPredict

~ Length? ®

|

|

|
|
.

Ficure 13.10 SEt LenGTHS

Observe the indicators and note that a signal may be coming at today’s
close.

On the Analysis menu, select Automatic Analysis, pick the system.
When it is open, click Parameters, set them to match the parameters that
were set in the trading system’s window.

Click OK.
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. Automatic Analysiz - MACrostSyste mWithPredict aft
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Ficure 13.11 SeT PARAMETERS

Click Explore, and read the predicted price at which the two moving
averages Cross.

Autamatic Analysis - MACrossSystemWithPredice. afl
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Ficure 13.12 Reap PreDiCTION

Near closing time, check real time quotations. If it appears that the Close
will be $40.61 or below, place an order to Sell, MOC or LOC.

PREDICTION WITHOUT KNOWING FORMULA

The computational method above does give the closing price that corre-
sponds to the two averages exactly meeting. But that example requires
that we are able to first write the formulae and second solve for the pre-
diction.

" Binary search is a method used to find roots of equations that are
well behaved, even if the formula is not known or the closed form so-
lution is difficult or impossible. Make two guesses about the closing
price — one that is too high and the other that is too low — and see that
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no signal was generated from the guess that was too high and a signal
was generated from the guess that was too low. But guessing the clos-
ing price that just barely gives the signal will take a lot of trial and er-
ror. Provided that there is only one point between the too-high guess
and the too-low guess where the curves cross, and providing that both
moving averages are well defined (no divide by zero, or similar errors)
for the entire range of data between the two initial guesses, then the bi-
nary search technique will work.

The technique is as follows:

1. Guess a value for the close that is known to be too high.

2. Evaluate the moving averages, or other more complex functions
and indicators, using the high value.

3. Guess a second value that is known to be too low.

Evaluate the functions using the low value.

5. Set some condition that will stop the loop about to be entered. An
accuracy target is a good choice, with a limit on the number of
iterations as a back up. Say the accuracy target is $0.0001 — one-
one-hundredth of a cent.

6. Compute the accuracy of the guesses so far. The accuracy is the
difference between the high value and the low value.

7. Stay in this loop until the accuracy is less than the accuracy target:
»  Compute the mid point between the high and low values.
= Evaluate the functions at the mid point.

» Decide whether the mid point is too high or too low, and re-
place either the existing high or low guess with the mid point
guess.

« Compute the accuracy.

>

When the program finishes the loop, the high value and low value will
still be on opposite sides of the crossing value, but they will be very close
together — close enough that either value, or the mid point, represents
the predicted crossing price for our purposes.

Each pass through the loop cuts the difference between the high val-
ue and low value in half. For any reasonable choices of the initial high
value, initial low value, and desired accuracy, the solution will be found
within about 20 iterations.

Figure 13.13 following shows the AFL code to find the crossing point
of two simple moving averages using the binary search method. This
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method does not require that we can solve the algebra for the predic-
tion, or even that we know the formula.

//  GenericBinarySearch.afl

/l

//  This routine uses a binary search to find the
//  value that sets the function defined in

//  “ZeroToFind” to 0.

1

//  Set any global values before the function definition.
/1

Lengtht = 1;

Length2 = 36;
AccuracyTarget = 0.0001;

function ZeroToFind(P)

// Code whatever you want to find a zero for
//  into this function.

//  In this example, we are looking for the

//  value of a closing price that makes the

// two moving averages, call them MA1 and MA2,

/!l equal.
// That is, we want MA1 - MA2 to equal 0.
{

FTZ = MA(P,Lengthi) - MA(P,Length2);
return FTZ;

// BC is the index of the final bar in the existing
// array.
BC = LastValue(BarIndex());

//  TF is the temporary array used for the
// calculations.

// Extend TF by one artificial value.

// TF does not look into the future,

// this is just a convenient way to put

//  the value being tested at the end

//  of a known array.

//  This code assumes that the variable being
// searched is the Clasing price.

// If it is something else, use that

//  instead of “C” in the following line.
TF = Ref(C,1);

// Set HGuess to 10 times the previous
//  final value.
TF[BC] = HGuess = TF[BC-1] * 10.0;

//  Find the sign associated with HGuess.

// It could be either positive or negative,

// depending on the function definition.

//  We do not care which, we just remember it.
HSign = IIf(LastvValue(ZeroToFind(TF))>0,1,-1);
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//  Set LGuess to 0.1 times the previous
// final value.
TF[BC] = LGuess = TF[BC-1] * 0.1;

//  Find the sign associated with LGuess.
LSign = IIf(LastValue(ZeroToFind(TF))>0,1,-1);

f/  If the signs are the same, there is no

{/ zero in between them.

//  Set the return value to zero and return.
//  Otherwise loop through the binary search.
if (HSign==LSign)

{
HGuess = 0.0;
}
else
{
while(abs{HGuess - LGuess)>AccuracyTarget)
{
MGuess = (HGuess + LGuess)/2;
TF[BC] = MGuess;
MSign = IIf(LastValue(ZeroToFind(TF))>0,1,-1);
HGuess = IIf(HSign == MSign, MGuess,HGuess);
L.Guess = IIf(LSign == MSign, MGuess,LGuess);
}
}

// When the loop finishes, HGuess and LGuess
// will be very close together. Either one

/! 1s an acceptable value for our purposes.
Filter = Barlndex() == BC;

AddColumn(HGuess,”Zero if Close is:”,1.9);

Ficurg 13.13 Generic Binary SEarCH
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Ficure 13.14 Generic Binary SEaARCH RESULT

This result agrees with the previous solutions.
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Sector Analysis

THE CLOSEST MEETING between quantitative analysis and fundamental
analysis is in the mutual funds and exchange traded funds that focus
on one sector of the economy. Fidelity has about 40 sector-oriented mu-
tual funds, most of which have been trading since about 1988. Standard
& Poors has nine sector-oriented exchange traded funds that have been
trading since December 1998. Both of these series give an opportunity to
analyze the relationship between different sectors and between stocks
and their sector.

To carry out these studies, it will be necessary to have data from two
or more series in a single AmiBroker program. The next few figures il-
lustrate some very basic tools for doing that.

Figure 14.1 gives the AFL code to export a data series from the Ami-
Broker database to a Comma Separated Value (csv) formatted file in a
directory of your choice. One of the reasons for wanting to do this is
to create test data series with dates that align with the other series in
the database, and signal characteristics that are specially created to test
AFL programs.

The outline is:

1. Export a data series.

2. Use a spreadsheet to modify the OHLCV values.

3. Import the new test data series back into AmiBroker.
4. Run tests using AFL code.

187
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The specific steps are:

1.

N o W

*

10.

11.
12.
13.
14.

Use Windows Explorer to create the directory to receive the data
being exported from AmiBroker.

Enter the path name into the code of this program.

Note that any slash characters required to separate subdirectories
in the path name must be entered as double slashes in the AFL
code.

Make the data series you want to export the active series.

Open this file, ExportDataSeries.af], in Automatic Analysis.

Click the verify syntax icon.

A file named Exported.csv will be written to the directory
specified.

Use whatever spreadsheet or editor you wish to modify the data.
Save it back into csv format with a new file name — say signals.csv.
If the date is formatted yyyy-mm-dd, the ASCII Import default
format will read it correctly.

Within AmiBroker, from the File menu, select Import ASCIL
Navigate to signals.csv and import it..

It will show up in the list of Symbols as Signals.

Use the signals data series as you would any other data series.

//  ExportDataSeries.afl
/!
/!l This code taken from the “fputs” entry of the
// AmiBroker help files.
/!
fh = fopen( “C:\\Program Files\\AmiBroker\\
CSvData\\exported.csv”, “w”);
if( fh )
{
fputs( “Date,Open,High,Low,Close,Volume\n”, fh };
y = Year();
m Month();
d = Day();
for( i = 0; i < BarCount; it+ )

{

Sonod

ds = StrFormat(“%04.0f-%02.0f-%02.0f,",
yi i}, mfi],dl £ 1)
fputs( ds, fh );

gs = StrFormat({“%.4f, %.4f, %.4f, %.4f, %.0f\n",
Of i 1, HL 1 ], LT 1 1, C[ 1 ], V[ 11 );
fputs( gs, fh );

}
fclose( fh );

Ficure 14.1 Exporr Data SERIES
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Figure 14.2 shows a plot of the Close of the signals series. All of the data
for the Close component has been set to a value of 10.0, except for values
of 15.0 for those days when a specific buy signal is desired and a value
of 5.0 for those days when a specific sell signal is desired.

Figure 14.2 SieNaL Data

The AFL program to make use of that series is shown in Figure 14.3. Since
the signal series has only the signals, the code must read and remem-
ber that “base data”, then go on to process other data series specified
by the “current symbol” or defined group. The Foreign and SetForeign
statements load the base data. Foreign loads a single component — one
of OHLCVI - into a single variable. SetForeign loads all six components
into the default variables Open, High, Low, Close, Volume, and Openlnt.
Perform whatever calculations are desired, and assign whatever results
to other AFL variables. Then use the RestorePriceArrays statement to
inform AmiBroker that data from the current symbol is to be used from
that point on.

//  ProcessSignals.afl

// This program assumes that the file names “signals”
//  has been imported into the AmiBroker database.

//  Any close greater than or equal to 15.0 will be
//  taken as a “buy” signal, and any close less than
// or equal to 5.0 will be taken as a “sell” signal.

// Load the signals into variable sigs,
//  then return to normal processing of whatever
// ticker is loaded.

sigs = Foreign(“signals”,”C"};
RestorePriceArrays();



190 Quantitative Trading Systems

Buy = sigs >= 14.0;
Sell = sigs <= 6.0;

Plot (C, “C”, colorBlack, styleCandle);
Plot (sigs, “Signals”, colorRed, stylelLine|styleOwnScale);

FiGure 14.3 PrOCESS SIGNALS

A more interesting, and only slightly more complex, example uses data
from one series to compute buy and sell signals, then applies those sig-
nals to all the issues in the defined group. Figure 14.4 contains the AFL
code. Here the OEX, the index tracking fund that follows the S&P10o0,
is used to calculate buy and sell signals. Since the SetForeign statement
was used, the OEX data was loaded into OHLCV without the need for
separate variables. Note that those values will be replaced by the OHL-
CV for whatever issue is loaded in the next part of the code. The equity
computed is the equity from trades in the current symbol or defined

group.
// SignalsFromCommonSeries.afl

// This code reads one data series that will be
//  used to compute the trading signals for
// a group of issues.

// Use the S&P 100 as the base series --
//  Yahoo ticker "OEX
SetForeign(“~0EX”);

// At this point, all calculations will be done with
//  the OHLCV of "OEX.

Buy = Cross(MA(C,7),MA(C,3));

Sell = BarsSince(Buy) >=3;

//  From this point on, use the data in the
/!  Selected data series.
RestorePriceArrays();

e = Equity();
Plot(e, “equity”, colorRed, styleline);

//  Use the Charts menu and Insert this program.

//  Place the cursor on a trade near the end of

//  the data series.

// Cycle through, making several other data series
//  the current one, and note that trades always

// take place at the same date.

FiGure 14.4 SicNAaLS FROM COMMON SERIES
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Even though the sector funds have a narrow focus, and even though they
represent trades made, use them as representatives of economic sectors
with some caution. A notice posted on the Fidelity web site states that:
“On October 1, 2006, the fund began comparing its performance to a dif-
ferent benchmark and adjusted its investments.”

An advantage of performing quantitative analysis using sector funds
is the smoothing that they provide. Since the components of the fund
are chosen to have similar characteristics, the resulting fund has lower
variance than the individual components. So the sector, hopefully, has
less noise and a higher signal to noise ratio, making analysis easier. The
disadvantage of using sector funds is that the profit from trading them
is usually less than the profit from taking the same trades in the com-
ponent issues.

One application of the use of a foreign data series is creation of a
mini-portfolio of stocks that track a sector. As shown in Figure 14.5, use
the Foreign statement to load the data for a sector, compute perfect buy
and sell signals that correspond to whatever trading frequency is desired,
then use the Backtest system to determine the profitability of trading
individual stocks. Form a mini-portfolio of the stocks that perform best
and trade them based on signals that are derived from applying actual
trading systems to sector data.

// SectorCorrelation.afl

// Use Foreign to load the data from a sector

//  mutual fund or ETF.

//  Use the ZigZag function to determine perfect

//  buy and sell signals based on the sector.

// Test a large number of individual issues to

// determine which trade best using those signals,
// and form a mini-portfolio to be traded.
SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

SetForeign(“FSELX"); //Fidelity Select Electronics
zz = 2ig(C,10);

Buy = (zz<Ref(zz,-1)) AND (zz<Ref(zz,1));

Sell = (zz>Ref(zz,-1)) AND (zz>Ref(zz,1));
RestorePriceArrays(),

e = Equity();

Plot(e,”equity”,colorRed,stylelLine);

Ficure 14.5 SecTorR CORRELATION
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Of course it is impossible to buy at the perfect bottom and sell at the per-
fect top, but Figure 14.6 shows what trading Fidelity Select Electronics
Fund, FSELX, based on perfect FSELX signals produced.

_. Automatic Analysis - SectarCarrelation. afl
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Ficure 14.6 PErrecT TRADING FSELX

Changing the symbol to be traded from FSELX to a group defining the
500 stocks in the S&P 500 index, the issues that ranked highest using
RAR as the metric are shown in Figure 14.7.
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Ficure 14.7 RaNkeD BY RAR
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The issues that ranked highest using K-ratio as the metric are shown in
Figure 14.8.
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FiGure 14.8 RANKED BY K-rRATIO

Changing to the Fidelity Select Utility Fund, FSUTX, produces the re-
sults shown in Figure 14.9 when trading the fund itself.

. Automatic Analysts - SectorCorrelation, afl
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Ficure 14.9 PerrecT TRADING FSUTX
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And, when tested against the 500 stocks in the S&P 500, Figure 14.10
shows those results, ranked by RAR.

-

‘. Automatic Analysis - SectorCorrelation.afl
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Ficure 14.10 Resurts TRaDING FSUTX

Wait a minute. The highest ranking stocks are not utilities. What are
Verisign, PMC Sierra, Broadcom, Juniper Networks, and Network Appli-
ance doing tracking the utilities? It looks like those stocks were is such
a strong up trend from 1995 through 2005, that they would score well
using any signal. The AFL code is changed so that positions are taken
both Long and Short. Figure 14.11 shows the modified AFL code.

// SectorCorrelation.afl

/! Use Foreign to load the data from a sector

//  mutual fund or ETF.

// Use the ZigZag function to determine perfect

// buy and sell signals based on the sector.

// Test a large number of individual issues to

// determine which trade best using those signals,
// and form a mini-portfolio to be traded.
SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

SetForeign(“FSUTX”); //Fidelity Select Utilities
zz = Zig(C,10);

Cover = Buy = (zz<Ref(zz,-1)) AND (zz<Ref(zz,1));
Short = Sell = (zz>Ref(zz,-1)) AND (zz>Ref(zz,1));
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RestorePriceArrays();

e = Equity();
Plot(e,”equity”,colorRed,stylelLine);

FiGure 14.11 TrADING LONG AND SHORT

And Figure 14.12 shows the results of trading the S&P 500 stocks, both
long and short.

T
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Ficure 14.12 LonG anD SHorT RANKED BY RAR

Those technology stocks are still at the top of the list. Should the tech-
nology stocks be traded based on utility sector signals? An out-of-sam-
ple test will help answer. FSUTX has not had a 10% retracements since
2005, so there are no signals based on the code shown above. To get sig-
nals, the 10% retracements in the Zig function is changed to a 1%. The
in-sample period was retested and those same technology stocks were
among the very top. A watchlist was formed from the 12 stocks that test-
ed best in-sample, and it was tested out-of-sample, with results shown
in Figure 14.13.
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/, Automatic Analysis - SectorCorrelation. afl
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JNS 21,330.97 21391 98.41 77.88 7913 -4 208 60 -19.85 -4,208 60
HYDa 153174.37 153174 B4 30786 31283 10.341.18 1625 12626.38
VRSN 46,364.12 4B3 B4 8841 13843 141.07 -8.186.68 1960 536054
YHOQ 2308694 23087 98.41 2265 83193 9,690 48 228 A3.400.9

Ficure 14.13 OUT-0OF-SAMPLE

Figure 14.14 shows trading the FSUTX on its own signals for that pe-
riod.

'y Automatic Analysis - SectorCorrelation.afl |

Fosmuls file
£ \Progtam Files\&m1oker\Formulas\ Custon\SectarConelsion af
Apply to Range o
e e om
(%) curent symbal ) nlast quotations Oplimize ¥
) e filter l_DE"—E] 0 n last days = 1 a o £
5 troa 17 /2005 = =R L_Ewot
] Run every Seean || | BT o
[C]'wait for backfill (AT only) to 12 172007 R =——
Paiameters Close
Results E_]
Ticker Met Profit  Net % Piofd  Exposiee X CAR RAR  Max Trade .. Max Trade . Max Sys Dia Max Sys %
FSUTX 530485 53043 41 15263 18516 -491.52 100 -491 92 1

Ficure 14.14 FSUTX TraDING 11§ OWN SignaLs, QUT-0OF-SAMPLE

These results are OK, but the leverage expected from trading individu-
al stocks rather than the sector fund has disappeared. A watchlist was
made up of the 31 companies that are the current components of the S&P
Utility ETE, ticker XLU, and that list traded out-of-sample on the FSTUX
signals. Figure 14.15 shows clearly that there is an advantage in choos-
ing stocks that have some reason to be correlated, rather than just those
that appear at the top of the profitability list.
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r

', Automatic Analysis - SectorCarrelation. afl

Fonmuds fils
€ \Frogram Files\Ami ke Formiias\CustomsS ectorConelation af
Apply to Flange
) ol symbols (O &l quotations |
) cunent symbol ) o |2t quotstions Optimize |~ |
© use s gruaw 1t B || gy 1
Gifom | 17 172006 % {
Ofoer | ton] O TG
1wt tor backill [RT only) ta 1712007 & !
+ [poameters
Resuits E]
Ticker NetPioft  Met% Profit  Expotue % CAR RAR 0 Max Trade Max Trade Max GysCra..  Max Sy
AL 21754 2173% 41 30 386,20 2057639 1034 2343700
STR 124,34 1.243.45 3a41 28963 27413 13,194 44 1185 137831
AYE 106,32 108325 841 243% 247.90 752826 706 9.760.06
EXC 88.267... 862.88 |4 21593 21948 4.231.72 525 -4.231.72
SAE 3442 63443 98,41 208.05 2114 -1.887.90 -351 -1,887.90
] 79483 73484 98.41 20141 204 56 -9.268. 65 2657 -10.863 03
FEG 77,399 77400 5941 19785 201 05 1324698 510 1491654
CEG 73696 73697 3041 159143 19453 281162 &75 281152
CM3 £4800 (4802 @4 17540 17824 -3527 85 £.22 -3,868 64
EXX 63164, 631.64 841 17235 17514 -4.156.28 59 441102
FFL 57478 . 57878 3|41 16228 164,68 354095 -7.42 444739
DUK 52,901 52901 w841 15240 154,88 ERETR 412 1,134 45
CHP 50521 505,22 941 14754 14993 250937 4.79 328412
D 46,209 46309 |4 13871 140,95 277396 £.08 27799 i
8ES 45,805, 458,06 41 13764 13985 518855 A1 5,188 55 i
ETR 45265 . 45285 |41 1352 138.73 127886 481 1.978.04
TE 44101 441.02 3341 1235 136,12 22120 520 258978
GAS 43542 43583 98 41 13304 136.13 -1.823.06 -3.78 182306
FFL 40,469 404 83 5841 125.9% 127.93 168012 5.65 -16680.12
AEP 30622, 386 22 5841 1211 12368 96375 218 96375
PCG 38,274 3|2 3441 1209 122.88 4135954 -3497 1,747 69
FE 34592 34592 9841 Nz 114.07 -1.477.88 176 A3
PGL 33124, M5 |41 10871 1047 4617.77 121 520493
HEL 1OXM.., k] 9841 10950 11025 1423 551 1767
NI 3206 2017 a4l 10600 107.71 231947 5332 231947
AEE 31,945, 3345 |41 10582 107,53 84108 Bk 041,05
FMwW 30,701 307.01 @4l 10272 10439 11931 369 1,343.00
DTE 30,624.... 306 25 9241 10253 10413 1.059.78 -4.23 -1,22083
PGM 29577, 29578 9841 99.69 101.50 -1.546.26 4.33 244386 |
50 28676 266.76 368.41 97.58 9916 T4275 261 74275 |
ED 24 BEE., 246,66 @41 89S 8840 £8013 512 72178 |
KSE 14615, 14615 %841 5738 58,31 1.00973 513 400873
< > |
(32 tows) Profi = 33034 99 (330 35%), CAR = 108.50%, MaxSy:00 = 172631 [-7.93%), CAR/MDO = 13 68, K winners = 58 (90.63%). # losers = 6 (9.38

Ficure 14.15 Stocks oF THE XLU ETF TRADED QUT-OF-SAMPLE
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Rotation

ROTATIONAL TRADING SYSTEMS deal with a small group of issues - usu-
ally about five to twenty. A fixed number of positions are held at all
times. At the end of each period — usually a day or a week — some metric
is computed for each of the group members and the issues are ranked
from high to low. Long positions are taken in the issues with the high-
est positive rank. As time passes and conditions change, issues drop
down inrank. If any issue has dropped below an established lower limit
of rank, exit that position and replace it with the issue with the highest
rank that is not already held.

Success depends on choosing a metric that correlates with the per-
centage change coming over the next few bars. High rank correlates with
the strongest gains in the near future, while low rank correlates with the
steepest losses in the near future.

Optionally, short positions are taken in the issues with the most neg-
ative rank. In some systems, particularly those that hold long-only posi-
tions, a risk-free choice, such as a money market fund, that will always
have a positive rank is included.

For example, a group might consist of ten issues, each from a differ-
ent sector of the market, perhaps represented by sector-oriented mutual
funds. The system will always be long two issues and short two issues. A
long position will be held as long as it is among the four highest ranked
issues, and a short position will be held as long as it is among the four
weakest issues.

Rotational systems are good candidates to beat a broad market av-
erage. They select the best from among a limited population, and rotate
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among the choices.

The economy progresses through regular cycles, with sectors of the
economy rising and falling in sequence with some predictability. While
the economy may be difficult to predict, and the specific sequence of pro-
gression may change from time to time, an accurate metric will identify
which sector is currently strong or gaining strength. ’

In the 1980's and 90’s, the strong upward bias to the equity markets
made comparative relative strength the metric of choice. (That is, true
relative strength, not the RSl indicator.) This was particularly true when
the group was comprised of sector mutual funds. Since 2000, rotational
systems that hold only long positions, have relatively long holding peri-
ods, and use relative strength as the metric, have not done well.

Rotational trading, as implemented in AmiBroker, does not use
buy signals, sell signals, stops, profit targets, or intra-bar transactions.
All exchanges are made at the price and delay specified on the settings
menu.

For rotational systems, consider using a population of mutual funds,
exchange traded funds, or market sector indices as the population from
which to choose. You do not necessarily invest in these directly, but
rather use them to indicate which sector of the economy is coming into
strength. When the system signals that positions should be taken in a
new issue, the actual trades may be taken from a mini-portfolio of is-
sues that are correlated with the issue used in the rotational system, but
have higher beta. N

The group of issues among which the example in this chapter rotates
consists of the nine Standard and Poor’s sector exchange traded funds.

XLB Materials

XLE Energy

XLF Financial

XLI Industrial

XLK Technology

XLP Consumer Staples

XLU Utilities

XLV Health Care

XLY Consumer Discretionary

Figure 15.1.shows the AFL code for the rotational trading system used
in this chapter.
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/! SectorRotation.afl
11
//  Compute a score based on the recent Rate Of Change
//  of the closing price.
11 .
// Rotate among the nine S&P sector ETFs
11
// Program options include allowing short positions or not
/! and interpreting the ROC as a mean reverting indicator
// by turning it “upside down”.

EnableRotationalTrading();

/1

The number of issues to hold at a time

NumberHeld = 2; //Optimize(“NumberHeld”,1,1,4,1);

1l

Allocate funds equally among all issues

PositionSize = -100/NumberHeld;

1
1l

Set WorstRankHeld to be some number greater
than the number of positions held.

NumberExtras = 3; //Optimize(“NumberExtras”,0,0,4,1);
WorstRank = NumberHeld + NumberExtras;
SetOption(“WorstRankHeld”, WorstRank);

/1

The LookBack period for the Rate of Change indicator

LookBack = 5; //Optimize(“LookBack”,7,2,20,1);

11
1

UpDown allows the ROC to be inverted
to treat a rising ROC as a “sell” signal

UpDown = 2; //Optimize(“UpDown”,2,1,2,1);

//  Vvalue of 1 allows short positions
//  Vvalue of 2 blocks*short positions
AllowShort = 2; //Optimize(“AllowShort”,1,1,2,1);

Multiplier = IIf(UpDown==1,1,-1);

Score = Multiplier*ROC(C,LookBack);

Score = IIf(AllowShort==1,Score,Max(Score,0));
PositionScore = Score;

Ficure 17.1 SEcTorR ROTATION

The system was optimized over the in-sample period from the begin-
ning of the funds existence in 1998 through 1/1/2005. The results were
sorted by three metrics. One was risk adjusted return (RAR), another
RAR/MDD, and the third K-ratio. RAR gives the highest total profit for
the period a position is held, but it often has high drawdown and some-
times does not trade well in the out-of-sample period. RAR/MDD di-
vides RAR by the maximum drawdown, and K-ratio is a metric based
on the angle and smoothness of the equity curve. Both of the last two
typically have a lower percentage return, but both usually trade well in
the out-of-sample period.
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For each of the three metrics, the variables were set to values asso-
ciated with the highest ranking result and were retested for the period
1998 through 1/1/2007. This includes a test of the out-of-sample data. The
figures below show the equity curves for the entire period, with a ver-
tical line at 1/1/2005 where out-of-sample results begin. Although the
optimization allowed short positions to be taken, many traders will not
take short positions. Each result is shown in two versions — one allow-
ing short positions and one prohibiting them.

— e
Suh = 40631 77, Cash = 0.00, Drawdown = -8,3T1 78

_—_— —_—— [ ——— . T

Ficure 15.2 RANKED BY RAR, ALLowW SHORTS

= 23448 81, C 300 = 0 00, Crawdmen = 1,011

Ficure 15.3 Rankep BY RAR, ProH1BIT SHORTS

S ———
o= AT BTHO7, Cash= 15087, Drawdown = -2 634 04

Ficure 15.4 Rankep BY RAR/MDD, ALLow SHORTS

T = 26,570 58, Casn = 12583, Drawdown = -547 35

Ficure 15.5 RaNkep By RAR/MDD, ProHIBIT SHORTS
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e e —
= 24,217 45, Cavh = 0.00, Drawdown =-543 T

FiGure 15.6 RANKED BY K-raTIO, ALLOW SHORTS

= 10,244 72, C il # 53 25, Drawown = <395 31

FiGure 15.7 RANKED BY K-RAT10, PROHIBIT SHORTS
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Portfolios

ONE OF THE STRONGEST FEATURES of AmiBroker is its capability to man-
age a portfolio. The portfolio could be a single trading system with a
single set of parameter values being applied to all the issues in a group,
or it could be a single trading system with specific parameter values as-
sociated with individual issues, or it could be several trading systems.

Unlike the portfolios traded using the rotational methods described
in the previous chapter, there are essentially no restrictions when deal-
ing with general portfolios — almost anything that can be done with an
individual issue can be done with a portfolio, plus the many features
related to portfolio management. Buy and Sell signals are used to enter
and exit positions; buyprice, sellprice, and trade delays control the tim-
ing and price of the entries and exits; any number of simultaneous posi-
tions can be held; trades can be scaled into and scaled out of; restrictions
can be placed on the holding period and trading frequency to comply
with mutual fund family rules; and so forth.

The simplest portfolio expands a simple trading system — from work-
ing with a single issue to working with a group of issues. That change
is made by selecting Use Filter rather than Current Symbol on the Auto-
matic Analysis menu, as shown in Figure 16.1. Clicking the Define but-
ton opens up the menus that allow any meaningful group to be selected
—amarket, group, sector, industry, or watchlist. The scan, explore, back-
test, and optimize functions will then work on all of the issues that are
members of that group. If the command is Back Test or Optimize, the
group is treated either as a portfolio of issues, or as a list of single issues,
depending on the options chosen on the submenus.
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', Automatic Analysis - SimplePortfolicExample.afl

Forrnuda fle
(€ \Progran Fier\AnkiokeFomdsd Casom SipPanchotarpie st | (pot] (et ]

kool Obnaisire (s (oo

O ke Oniotamoeon — (fo0 x|

Ouets  [Done | Onimame ™[ ' £

O S | @l | 1/ 171995 )

le:‘::ymﬂmra{m s e | 17172000 |
P

Ficure 16.1 AutoMaTtic ANALYSIS MENU

Figure 16.2 shows the AFL code for a simple trading system that can be
applied to a single issue or to a portfolio.

// SimplePortfolioExample.afl

1/

//  The basic system is a simple moving average crossover
1/

SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

MAlLength = 8;
MA2Length = 7;

MA1 = MA(C,MA1Length);
MA2 = MA(C,MA2Length);
Buy = Cross(MA1, MA2);

Sell = Cross(MA2, MA1);

Plot(C,”C”,colorBlack,styleCandle);
Ficure 16.2 SimrLE PorTFOLIO EXAMPLE
Make Alcoa (ticker AA) the current symbol and click the Back Test but-

ton. The Results show the profit and other metrics, and show “<Portfo-
lio>" as the Ticker.

. duitamatic &nalysh - StmplePortfelinlaample ofl

Formula tie

e i ks | (F)(12) |

el o R

© ol ymbols O?mtm E_I—L] {

@ oo O e |

Owetw (=] Oviwdwr =LY [om [ tom ) |

R ey | B 3 hows 1 1n96 &

L‘qummmrm oo | 12208 |
e |

Aeudy =

Tickss NetPiot Nel%Prot Expomse® CAR  RAR MaxTads  Mon Trade.  MaxSyalwa. Max Sp% |

cPonchs 15,057, 18057 ®n i Am S0 % Z85 Az =6 ||

Ficure 16.3 DerauLT BACKTEST
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When the Back Test menu is pulled down, Portfolio Backtest is shown to
be the default operation, as in Figure 16.4. That means that the backtest
calculations are applied to all of the issues in the group, the rules pro-
vided by the AFL code and the AmiBroker backtest engine for creating
a portfolio are applied, and the result for the portfolio is reported.

/. Automatic Analysis - SimplePortfoliocExample. afl

Farraula file

'C \ngram Flles\AmIEmker\F armu}as\Cuslom\SlmplePorlfrJlioExampIe afl

E=E |

Apply ta Range

() all symbiols ) all quotations

() current symbaol () n last quatations

() use filter Define... ] ) nlast days n=| l
[ Run every: [ 5:n_|n' © from: : V__1 4 99?_ 1_1
[]\Wait for backiill (BT only) to: Lw 172005 %

[ Scan J[- Explore 1
lB_ackTestti_j Dpllrmze|"

ackbest ( dr-l‘ ault)

Partfolio B
Individual Backtest

| Old (v4,4) Backtester

FIGURE 16.4 SHowING PORTFOLIO BACKTEST

If the Individual Backtest option is chosen, then the trading system is
applied to each issue in the group individually, and the results are re-
ported individually. Figure 165 illustrates this. Since current symbol is
still selected, and Alcoa is the current symbol, the Results pane, Figure

16.5, now shows the Ticker to be AA.

_. Automatic Analysis - SimplePortfolicExample . afl

Formula file
C\Program Fles\AmiBioken\Famulas\Custom\SimpleP artfoboE xample. i |
Apply to Range
O all symbols () all quotations - —
(%) cument symbe - ) nlast quotations ack Test ™ - |
2o BRI oy e
TR e Eee B OL S R VE VT R
- g
[C]wWait fo backfll (AT ondy) to: 1/ 172005 (™
—
Aesults B
1407 Met Profit Net % Proft Exposws X CAR FAR  Max Trade . Max Trade . Max. Syz Dra Max Sps % Rec|
M 150510 15057 4803 962 2003 50443 2551 1217551 5346

FiGURE 16.5 INDIVIDUAL BACKTEST

By selecting use filter, then clicking the Define button, a watchlist con-

taining six issues is selected. See Figure 16.6.
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Fourmdy lin
(L \Program Fles\Amlok e\ F

#pply ta
) ol ayembess

e

() use fiker

[C] R eveny Seniry
)Wt box backIB (BT orly)
Flesulls

T Met Profil  Net X Profit
B4 15,057 00 15057

_. Autematic Analysits - SimplePartiobio Example afl

FiGURE 16.6 SELECTING A WATCHLIST

Pulling down the Back Test menu and selecting Individual Backtest runs
the system on each ticker individually and reports the results separately,
as Figure 167 shows.

L, Autematic Analysis - SimplePortfolioExample.afl

Formula file == s >

C:\Program Files\AmiBiroker\Fomulas\Custom\SimplaPotfoiof sample. st

Apply to Range

© 2l symbals O al quotations

) cumerit symbiol 0 11 last quokstions

() use fier ) rilast days o= |
] Run every: Goin| | N0 | 1/ 171985
[JWaitfor backill RT anly) o | 17172008
Results

Ticker Met Proft Met % Proft Exposure % CAR

AA 15,057.00 15057 48.03 962

8Ty 834014 €340 4475 1913

GM 26308 269 400 027

P 73514 7381 481 587

MSFT 9,955.74 9366 47.04 716

SCG 1188219 11862 4545 815

ack Test ¥
o e
=
-
= Ceom -
' (Fommes
FAR Max Trade M Trade
20,03 -5,044.75 -25.51
4320 4.019.60 -31.86
055 7.048 55 -36.92
11.78 5,830 57 -35.70
1522 14,526 27 -26.68
1732 -2.294.22 1662

Maic Sys Dia,
1217551
-4.31360
1263327
832025
40,126 49
5.991.09

Ficure 16.7 INDiviDUAL BackTEsTs OF GrROUP

=J

Max Sys %
5346
3341
-B6.79
4899
7223
3841

Just clicking the Back Test button instructs AmiBroker to compute the
results assuming that the six issues are a single portfolio. Figure 16.8
shows a single line in the results pane. Note that the results that do not
match any of the six components.
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i Automatic Analysis - SimplePortfolioExample.afl

Foarmubs file i
£ \Prograrm Fies\AmBroken\Formuas\ Custom\SimplePortiobof vample 2l = |

O st O dacaies (oo (oove |
O“""‘“’“““'@] O st cuotaons ] m-

(5 use fiter ) n last days =
_tq:at -—Ewk
Clfun vy o gl KA
: ! ings
[]w/an for backill [RT oedy) to 1/ 172005 ™
Pasnere:
Results B
Ticker Nel Profl  Net % Piofl Ewposwie X CAR PAF Max Trade..  Masx Trade . Man SysDra. Mex Sys %
Porfober  75,830.08 76830 7479 2413 R® 1376775 24 4663785 407 ||

Ficure 16.8 PorrroLio BackTEST oF GrOUP

Click the Report button, then the trades tab, to see the individual trades
taken as a portfolio, as shown in Figure 16.9. The Results summary, in
Figure 16.8, shows an exposure of 74.79%, which is higher than any of
the individual exposures as seen in Figure 16:7. Because the moving av-
erages cross over for different issues at different times, there are more
signals and a higher exposure. Figure 16.9 shows that there is only one
trade active at any time.

r

P SimplePortfoliocExample - Backtest Report - HtmlView

Statistics | Charts | Trades | Formula | Settings | Symbols
Trades

Trade Bst

Tiker Trade  Entry Exit ;";dw Profit  Shares Pos, vaiue ;om s Profithoar MAEAFE mt
PoL WPs WIS sarw  %Slwsacs w0000 3661 5 en:z THE oo
e Long 1113211?‘3; 236;;;?‘32 7.04% '_;2‘;1;2 451993 10346.61 33154 17 -42.83 “f:ﬂz 00
M long NIO/S UL goom ST 134 e w5y 2 aum LRR g
AA Long m”ﬁg 1”5“393;5, L47% i‘f,ﬁ 190385 97546 15163 3 4763 % op

MSFT  long M/ 2f2?ﬂ£!§ 2% U1¥ 0207 ey ses 6 324 1E op
M Long VTN JIAME ggew  TEM us7es wosmes w7 0 26 SR op
A Long 3;13;1;?33 3“6";?‘?;‘ 0.26% 02_;52 1260.74 973289 -241.89 4 6.3 'i;g: o0
AA Long VTINI95 3201995, o5a 217 ppnpsg gysmar 2419 2 10885 O¥% o M

Ficure 16.9 PorrroLio Resurt TRADES
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To allow for more than one simultaneous position, a change must be
made to the AFL code. See Figure 16.10. Note the lines that set Number-
Positions and PositionSize. No other changes were made.

//  SimplePortfolioExampleMultipleTrades.afl
//  The basic system is a simple moving average crossover

//  This version allows multiple simultaneous positions,
//  and allocates available funds equally among them.

/1
SetTradeDelays(0,0,0,0);
BuyPrice = C;

SellPrice = C;

//  Set the number of positions.
NumberPositions = 2;
SetOption(“MaxOpenPositions”, NumberPositions);

/! Allocate available funds equally among them.
PositionSize = -100 / NumberPositions;

MAtLength = 8;
MA2Length = 7;

MA1 = MA(C,MA1Length);
MA2 = MA(C,MA2Length);

Buy = Cr‘oss(MA1 MA2);
Sell = Cross(MA2, MA1);

Plot(C,”C”,colorBlack,styleCandle);

FiGure 16.10 StmpLE PorRTFOLIO EXAMPLE - MULTIPLE TRADES
Allowing two simultaneous positions, results change considerably, as

shown in Figure 16.11. Some systems benefit from holding multiple po-
sitions, others do not.

_. Automatic Analysis - SimplePortfolicExampleiultiple Trades afl

Fomuda file
[C:\Program Fles\amB1oker\Fomuas\Custom\SimpleFortiobof xampleMudipleT ades. | [ Pick ] [ Eat |

Otombce Oasoms (oo ] (et ] |
(9] symbal n last quotations Teat '
ot | -

Oueine ) [Ortom_w T |
[ Run every: [ Soin| | SO 1/ 1199 ~ Setti |
L — = : .m -elhnoa.
(] Wit for backfil (RT onlyj o | 17172005 % P- |
1 NN B s

|

Resuts =
Tickes Net Prafit  Net % Pl Evposue % CoR RAR  Max Trade Max Trade Max SysDra . Max S l

<Portoboy 16.283.91 16284 5392 1015 1693 -2.999.30 -26.78 8.3B065 |

Ficure 16.11 PorTroL1O BACKTEST MULTIPLE TRADES
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The Trades tab shows that there are overlapping positions, as can be
seen in Figure 16.12.

Statistics | Charts | Trades | Formula | Settings | Symbols =

Trades

Trade Bst i
Ticker Trade  Entry Exit ;'tmge Profit  shares "% g’;‘;‘t & v Profitibar MAEMFE mt a
P Long 1"3”293 ”‘3/2‘5?3; 3.47% ;73?32 199.205 5000.00 17331 5 3466 ';:3‘;‘;": 0f0 \
MSFT Long 1/5/13?32 1/12/1392 2.80% g’;ﬁ 1551.4 4995.51 31293 6  23.27 'g:jﬁ: 0/0
ensTaaDD 509576 18683 3 4203 AT op :

'f;f,: 245.196 5156.47 -176.06 17  -21.35 '1?_112:: ofo

AA Long i g S10% jiﬁi S65.601 4918.10 £23.63 13 -34.43 "gg: )

oM Long 2”0/13;'; 2513’;333 0.90% O‘I’gza‘;,: 235.586 4688.16 -581.27 2 2120 'é:ggx 0/0

A long 2“3/;9.912 3"15-’?2'; 1.47% 1‘.53'735: 577.83 4709.36 51193 3 23.11 {;:g:: L
e 1] el |
. — — - — - —

Ficure 16.12 PorrroLio ResuLt TRADES MuLTIPLE TRADES

If the population of the group is expanded, there will be more signals,
including multiple signals on days when there are not enough open po-
sitions or funds to take them all. Change the group to be the 100 stocks
that comprise the NASDAQ 100 and set the program to allow two si-
multaneous positions. On the setting menu, report tab, select detailed
log. Click Back test (requesting the default portfolio backtest), and rerun
the program. The detailed log will appear in the results pane, as shown
in Figure 16.13. The first line of the entry for each day shows the tickers
that have signals that day. There are several each day, and each has a
score of 1 listed next to it.
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. Automatic Analysts - SimplePartfolioExampleMultipleTrades, afl

Fomula file
C:\Program Fies\AmiiokeA\Formuas\ Custom\S mplePorlobof kampleMulipkeTrades
Apphy 1o Rangs I
) ol symbols () all quotations - - l
) cuent symbol e © nlast quotations 3 ack Teal ¥ -
Dafine n= ‘
i e — |
: oM 1211985 v
S B0 8 T
[ ]'wat for backiill (BT ony) | 12172008 % !
: Pusnai: |
EET B [3 |
Dale {indamation ~ ‘
1/2/199%6 |
Entry signals(scorel CTAS=Buy(1). SIRI=Buy1), STMC=Buy(1). TEVA=Buy(1) |
£l signaly ADBE =Gl ADSK=Sell ALTR=Sel, AMAT =Sell, BME T =Sell, CSCD=5el, DELL=Sel, MICC=5el, MSFT =Gell, ORI
Exl Long, XRAY, Prce: 6.14, (Avg el pr. 6 14), Shares: 157115, Commission: 0. [T otal comm.: 0), Profit: 109981 (1.15 %), 1
Erter Long. CTAS, Price: 14.06, Shares: 682 211, Comméssior: 0, Rank: 1, Equity 19183.8, Margin Loarc 0. Fx rate: 1
1 Open Postions. . CTAS {+692 211), Equity: 19183 8, Cash 559189
1731199

FiGure 16.13 PorTroL10 BAckTEST DETAILED LOG

A metric, computed using ordinary AFL code and stored in the variable
named PositionScore, is used to differentiate among multiple signals.
This metric is similar to the one used in the rotational trading, but its
only use is to break ties when there are more signals than entry places.
Figure 16.14 shows the same trading system, this time with the addi-
tional AFL necessary to compute PositionScore.

//  SimplePortfolioExampleMultipleTrades.afl
//  The basic system is a simple moving average crossover

//  This version allows multiple simultaneous positions,
// and allocates available funds equally among them.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

//  Set the number of positions.
NumberPositions = 2; //Optimize(“NumPos”,1,1,6,1);
SetOption(“MaxOpenPositions”, NumberPositions);

//  Allocate available funds equally among them.
PositionSize = -100 / NumberPositions;

MA1Length = 8;
7

MA2Length =
MA1 = MA(C,MA1Length);
MA2 = MA(C,MA2Length);

Buy = Cross(MA1, MA2);
Sell = Cross(MA2, MA1);
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Plot(C,”C”,colorBlack,styleCandle);

e L LR 1

//  Compute the PositionScore metric to break
// ties when there are more signals than

/! can be funded.

11

Lookback = 5;

PositionScore = -ROC(C,Lookback);

Ficgure 16.14 SimrLE TRADING SYsTEM wWiTH POSITION SCORE

The detailed summary shown in Figure 16.15 illustrates the PositionScore
values that result. All possible entering trades are listed in order of their
PositionScore, and as many as can be accommodated will be executed.
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Ficgure 16.15 PorTroL1o BackTesT PosiTiON Score DeTAILED LOoG

That PositionScore algorithm seems to work pretty well. Compare Figure
16.16, which shows the result for the group of 100 Nasdaq stocks with-
out PositionScore, with Figure 16.17, which shows the result when the
PositionScore is used to break ties.
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Ficure 16.17 Naspaq 100 ~ PositioN Score COMPUTED

After a backtest is completed, a click of the equity button (see Figure 16.1)
will display the portfolio equity. Funds that are in trades are colored blue
on your monitor; those in cash are in green.

Figures 16.18 and 16.19 display the portfolio equity corresponding
to Figures 16.16 and 16.17. The two backtests were rerun, this time with
the date range up through 1/1/2007. The area of the curve to the right of
the vertical line is out-of-sample performance.
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Ficure 16.18 Naspag 100 Equity - No PosiTioN SCOrE
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e
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Figure 16.19 Naspaq 100 Equity - PositioNn SCORE COMPUTED

Of course, calculation of PositionScore is limited only by your own
imagination.

Please refer to the AmiBroker user’s guide or help system for more
information about backtesting and portfolios. The articles backtesting your
trading ideas and portfolio-level backtesting, in particular.
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Filters and Timing

FILTERS ARE INDICATORS created specifically to permit or prohibit trades.
They often use information outside an individual trading system to in-
dicate whether conditions are favorable to trade or not. (Note, filters
discussed in this chapter are different than the filters selected on the
Automatic Analysis menu that define groups of issues to be analyzed.)

The filter might be based on:

* Analysis of data other than that being traded.

e Confirmation using a different time frame.

e Overall market timing,.

* Performance of the system itself through equity curve feedback.
e Advisory services or newsletters.

Filters can be industry specific, based on a fundamental relationship
between the issue being traded and the characteristics of the data used
in the filter. For example, a filter based on interest rates may work for
stocks in the financial service industry, but not for stocks in the min-
ing industry. But it is not necessary that the two data series be directly
related with changes in one causing changes in the other, just that they
be correlated and remain correlated.

You are limited only by your imagination, and sound validation
techniques, in creating filters. It is acceptable to use stocks, stock indi-
ces, bonds, mutual funds, commodities, seasonality, or anything else;
always with the caveat that the data is reported with acceptable lag, is

217
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reported on the same or nearly the same granularity as the tradable, and
is not subjective or subject to revision.

Using a filter as a component of a trading system turns the trading
system into a two step process. First, define the filter so that it identifies
some characteristic of the market you plan to trade. For instance, the fil-
ter could identify the direction of the trend. Second, use the filter as a
permission switch to allow or prohibit positions in assets that are well
correlated with the filter. For example, take only long positions when
the filter indicates the direction is up and only short positions when the
filter indicates the direction is down.

When developing filters, be careful to observe good modeling tech-
nique. That is, use one set of data to develop the filter, and a second set to
verify that it works out-of-sample. Do not contaminate the out-of-sample
data when determining which stocks to trade. Alternatively, code both
the filter and the trading system into the same logic so they share the in-
sample period. Out-of-sample testing is then out-of-sample for both com-
ponents. But due to the increased complexity, beware of curve-fitting.

ANALYSIS OF OTHER DATA

Analysis of data other than that being traded falls into two categories.
* In the first, which is intermarket analysis, the frequency of signals
based on the external data is the same as the trading frequency.

* In the second, which is a true filter, signals based on the external
data are much less frequent - the filter signals hold their state for

much longer than the trading position is held.

To begin, we will take a brief look at intermarket analysis — analyzing
two series of data and taking positions in one based on the other or on
the relationship between the two.

Many of the well publicized intermarket trading systems focus on
commodities and futures; and using a continuous futures contract as
one or both of the components works well. Traders who do not have
commodities data, or who are not interested in trading commodities or
futures, will still be able to experiment with intermarket systems by us-
ing either indices or exchange traded funds.

Chapter 14, Sector Analysis, introduced the use of the Foreign and
SetForeign statements to load data other than that of the current symbol.
Many of the examples in this chapter will use foreign data.
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INTEREST RATES AS INTERMARKET MODEL

The first example uses analysis of interest rates to trade equities.
Yahoo maintains several interest rate-related data series. "IRX is the
go day interest rate, "FVX is the yield on the Five Year Note, and "TXN
is the yield on the Ten Year Note.
Figure 17.1 shows the basic version of an intermarket trading sys-
tem. The external data is "FVN. The issue being traded is the current
symbol.

//  IntermarketFiveYearNoteBasic.afl

/1

/! The BuyPrice and SellPrice come from the
/] issue being traded.
SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

//  The indicators and signals are computed from the
// Five Year Note, Yahoo Ticker "FVX
ForeignC = Foreign(“"FVX”,”C”);

//  Compute the RSI
ForeignRSI = RSIa(ForeignC,15);

/I Compute the Stochastic of the ForeignRSI
ForeignStochRSI = 100 * (ForeignRSI - LLV(ForeignRSI,24))
/ (HHV(ForeignRSI,24) - LLV(ForeignRSI,24));

ForeignStochRSI = EMA(ForeignStochRSI,3);

//  The Buy and Sell signals will be taken from the

/! crossing of the StochRSI indicator with itself, smoothed
Sm = Param(“Sm”,3,1,100,1);

FStRSISm = DEMA(ForeignStochRSI,Sm);

Buy = Cross(ForeignStochRSI,FStRSISm);
Sell = Cross(FStRSISm,ForeignStochRSI);

e = Equity();

// Plotting the “current symbol”

Plot(C,”C”,colorBlack,styleCandle);

PlotShapes(Buy*shapeUpArrow + Sell*shapeDownArrow,
IIf(Buy,colorGreen,colorRed));

//  Plotting the indicator created from the Five Year Note

Plot(ForeignStochRSI,”FStRSI”,colorRed,
styleLine|stylelLeftAxisScale);

Plot(FStRSISm,”FStRSISm”,colorGreen,
styleLine|styleLeftAxisScale);

/! Plotting the equity of trading the

//  current symbol based on the Five Year Note
Plot(e,”Equity”,colorRed,styleLine|styleOwnScale);
GraphXSpace = 10;

Ficure 17.1 Basic INTERMARKET ANALYSIS
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In the program above, all of the computation is done based on values that
came from the Five Year Note data, except the prices at trade entry and
trade exit — they came from the current symbol. The results of applying
this system to one of the stocks in the S&P Financial sector is shown in
Figure 17.2. No search was done for the best values of the arguments or
the stocks that trade most profitably, so even though this is nicely prof-
itable there is probably a lot of room for improvement.
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Ficure 17.2 Basic INTERMARKET EQuiTY

This is a very high frequency trading system. Trading VNO long-only
for the period 1/1/1995 through 1/1/2005, there are 394 trades in the ten
year in-sample period, each trade held an average of about 4 days, each
trade showing a profit of about 0.4%, slightly over 50% of the trades are
winners.

INTEREST RATES AS A FILTER SYSTEM

In order to turn the intermarket system into a filter system, the frequen-
cy of the signal changes coming from the filter series must be slowed
down. Perhaps that can be accomplished by taking additional moving
averages before the signals are calculated.

Instead the program in Figure 173 uses a different trading system to
create the filter. The first part of the code uses the "FVX data to create a
permission variable. The second part of the code uses data from the cur-
rent symbol to generate signals. The third part of the code combines the
two. Read the comments in the code for step by step explanation.

//  IntermarketFivevYearNoteIntermediate.afl

//  The Yield on the Five Year Note will be used
/! as a filter to permit or block trades

/] First step -- find a profitable trading
// for "FVN that has longer holding periods
//  than the one in Figure 17.1.
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SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;

// The indicator and signals are computed from the
// Five Year Note, Yahoo ticker ~FVX

// Load the data from "FVX into OHLC;
SetForeign(“~"FVX"”);

//  Compute the stochastic {(Position In Range)
//  indicator based on the MACD.
StochMACD = 100 * (MACD()-LLV(MACD(),30))

/ (HHV(MACD(),30)-LLV(MACD(},30));

/! Using a BuySelllevel, compute the
// permission.
BuySelllLevel = 95;

// The Buy and Sell signals that are commented out
// in the next lines are profitable for trading

// the yield on the five year note.

//Buy = Cross(StochMACD, BuySelllevel);

//Sell = Cross(BuySelllevel,StochMACD);

//  But the price of the five year note and its
//  yield are inversely related.

// 8o the signals need to be reversed so they
// are profitable for the equities.

BuyS = Cross(StochMACD, BuySelllLevel);

SellS = Cross(BuySelllevel,StochMACD);

// The Buy and Sell signals that are commented out
// in the next lines are profitable for trading
// individual stocks based on the yield of the

/{ five year note.

//Buy = SellS;

//8ell = BuysS;

//Short = Sell;

//Cover = Buy;

//  Use those signals from the five year note

//  to filter permission for a trading system that
/! trades more frequently.

Permit = SellS;

Block = BuyS;

/!l At this point, Permit and Block are only set

// on the bar when the signal changes.

//  Use the “flip” command to set all the bars

Permit = Flip(Permit,Block);

Block = Flip(Block,Permit);

//  Uncomment the next line to see the Permit variable
Plot(Permit,”Permit”,colorBlue,styleDots);

//  Stop using data from "“FVX
RestorePriceArrays();
//  This is the end of the filter portion.

/1
[] e
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/1

//  The second step -- have a trading system that
// profitable in its own right.

/1

// Start an ordinary trading system using the
//  data from current symbol to generate
// its signals.

//  Compute the RSI
RSIValue = RSIa(C,15);

/!l Compute the Stochastic of the RSI of the current symbol
StochRSI = 100 * (RSIValue - LLV(RSIValue,24))

/ (HHV(RSIvValue,24) - LLV(RSIValue,24));
StochRSI = EMA(StochRSI,3);

//  The Buy and Sell signals will be taken from the

//  crossing of the StochRSI indicator with itself, smoothed
Sm = Param(“Sm”,3,1,100,1);

StochRSISm = DEMA(StochRSI,Sm);

SRSIBuy = Cross(StochRSI,StochRSISm);
SRSISell = Cross(StochRSISm,StochRSI);

//  The third step -- combine the trading signal with the
// permission variable.

/1
//  The final Buy and Sell signals come from a
// combination -- the signals from the high

/!l frequency trading system with permission
// from the lower frequency filter.

Buy = Permit AND SRSIBuy;

Sell = Block OR SRSISell;

//  Remove the extra signal arrows.

Buy = ExRem(Buy,Sell);

Sell = ExRem(Sell,Buy);

e = Equity();

Plot(C,”C”,colorBlack,styleCandle);

PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,
IIf(Buy,colorGreen,colorRed));

Plot(StochMACD,”StochMACD”,colorBlue,styleLine|styleOwnScale);
Plot(StochRSI,”StochRSI”,colorBlue,styleLine|styleOwnScale);

Plot(e,”’Equity”,colorRed,styleLine|styleOwnScale);
GraphXSpace = 10;

Ficure 17.3 INTERMARKET FILTER
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FIGURE 17.4 INTERMARKET FILTER EQUITY
HEeINE INTEREST RATE FILTER

Credit for this filter goes to work done by Richard Heine and reported
by Nelson Freeburg in his excellent journal, Formula Research. Contact
information for Mr. Freeburg is in the Appendix - Resources.

As described by Heine and Freeburg, the filter is based on weekly
data of five indices: Dow Jones 20 Bond Index, Long Term Bond Yields,
13 Week T Bill Yield, Dow Jones Utility Index, and CRB Index. Score +1
when the DJ20o is above its 24 week Simple Moving Average (SMA). Score
+1 when Long Term Bond Yield is below its 6 week SMA. Score +1 when
13 Week Yield is below its 6 week SMA. Score +1 when the DJ Utility In-
dex is above its 10 week SMA. Score +1 when the CRB Index is below its
20 week SMA. Score 0 when those conditions are not met. Add up the
five scores. Allow Long positions when the total score is +3 or higher,
allow Short positions when the total score is +2 or lower. The Heine Fil-
ter was designed to time the Dow Jones 20 Bond Index.

With AmiBroker’s ability to use multiple time frames, the Heine fil-
ter could be implemented as designed using weekly data. Heine’s work
can also be adapted to use daily data. Almost any combination of the
five data series using average periods between 5 and 250 days works well
when used to time the Dow Jones 20 Bond Index. It also works well for
many common stocks, particularly those with a strong relationship to
interest rates.

The Dow Jones 20 Bond Index has always been quirky. Data for a
more stable index (the Dow Jones Corporate Bond Index) begins about
January 2002. To bring the Heine filter up to date on daily data, replace
the DJ 20 Bond Index with the Dow Jones Corporate Bond Index. For
backtesting, you may need to splice together the earlier data from the
DJ 20 Bond Index. Then use Exponential Moving Averages with lengths
20, 150, 100, 100, and 200 respectively.

The resulting filter is not very good for the general stock indices, but
it is a good filter for long term interest rates and related securities. The



224 Quantitative Trading Systems

model is very stable relative to the values of its parameters. The tech-
nique used to create the filter is the important point of this section.

OTHER RELATIONSHIPS

Other relationships worth investigating include:

* Volatility as measured by VXO or VXN and broad indices
* Dollar and equities

¢ Dollar and gold

¢ Dollar and oil

¢ Qil and transportation

¢ C(attle feed and cattle

* Crops and weather

MuLTIPLE TIME FRAMES

MANY TRADING SYSTEMS are built on the principle that action at one
time interval must be confirmed by action at a longer time interval -
confirm a daily signal with a weekly signal; or use a weekly setup and
a daily signal.

The time frame manipulation features of AmiBroker make it pos-
sible to perform all the calculations within one program. Figure 175
shows an example.

//  TimeFrameWeekly.afl

11

//  This is not a good trading system.

// Its purpose is to illustrate the use
// of TimeFrameSet, TimeFrameExpand, and
//  TimeFrameRestore.

// The time frame modification features of AmiBroker
// are very powerful, but it is easy to overlook
// a necessary conversion and get incorrect results.

SetTradeDelays(0,0,0,0);
BuyPrice = GC;
SellPrice = C;

//  Start out working with daily data, as is normal

//  Compute the Position In Range indicator on daily data.
// If the term stochastic had not been coined first,

// what is now called the stochastic oscillator might

// be called the PositionInRange indicator.

// PIR is an unsmoothed stochastic.
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// In pseudo-code, PIR = (C-LLV)/{HHV-LLV);

/! Set the lookback length for the daily indicator
//  As usual, this could be a Param or Optimize statement
DailylB = 20;

//  Compute the PIR using Daily data
PIRDaily = (C - LLV(C,DailyLB))
/ (HHV(C,DailylB) - LLV(C,DailylB));
/! Plot the Daily PIR
Plot(PIRDaily, “PIRDaily”, colorRed,styleline);

/! Switch to weekly data
TimeFrameSet(inWeekly);

/I C is now the Weekly Close

/' As are 0, H, L, V, OI

// There are only one-fifth as many data points
/!l for the weekly data, and they are stored in
//  the data arrays near the “current date” end.

/! Set the lookback length for the weekly indicator
// This can also be an Optimize statement
WeeklylLB = 5;

// Compute the PIR using Weekly data
PIRWeekly = (C - LLV(C,WeeklyLB)) / (HHV(C, WeeklyLB)
LLV(C,WeeklylLB));

/! Plot the Weekly PIR
/!l If the “TimeFrameExpand” is omitted from the plot command,
/! there will be a blue line at the current end of the chart,
// but it will not extend all the way to the left.
Plot(TimeframeExpand(PIRWeekly,inWeekly),

“PIRWeekly”, colorBlue, styleline);

//  Switch back to daily data
TimeFrameRestore();

//  Set the levels at which signals are triggered.
WeeklyLevel = 0.10;
DailylLevel = 0.15;

/! Check for signals
/1 If the “TimeFrameExpand” is omitted from this line,
//  the PIRWeekly data will be concentrated at the current end
//  of the chart, and the dates will be misaligned.
/1 Signals will be generated, but since they are using
// misaligned data, they are wrong.
Buy = (TimeframeExpand(PIRWeekly,inWeekly) <= Weeklylevel)
AND (Ref(PIRDaily,-1) <= Dailylevel)
AND (PIRDaily>Ref(PIRDaily,-1));
Sell = BarsSince(Buy) >=3;

//  To see what is happening, remove one or more of
//  the “TimeFrameExpand” from the lines above,

//  and look at the data produced by the

// Exploration that follows.
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Filter = 1;

AddColumn(C,”C”,1.4);

AddColumn(PIRDaily,”PIRDaily”,1.4);
AddColumn(TimeFrameExpand(PIRWeekly, inWeekly),”PIRWeekly”,1.4);

Ficure 17.5 Time FRame WEEKLY

There are explanatory and cautionary comments in the program, but they
bear repeating. It is easy to overlook one of the commands that compress
or expand the data. When that happens, the data series will not align
properly and the results will be inaccurate. It is instructive to modify
the program by removing one or more of the TimeFrameExpand com-
mands and note the effect that has, so that you will be able to recognize
the problem and know its solution in other programs.

Here is another example, this time using the slope of the MACD Dif-
ference line to permit or block trades. Two versions are programmed —
one using daily data for the MACD, the other using weekly data. Figure
17.6 shows the version that uses daily data.

//  WeeklyMACDFilterDailyData.afl

// Use a MACD to allow or block trades signaled
// by some other system.

// Set up the Permission filter

//  The traditional MACD is the smoothed difference of
//  two moving averages.

//  Using daily data for the permission filter
5; //Optimize(“P”,17,3,36,2);

37; //Optimize(“Q”,29,3,52,2);
= 7; //Optimize(“R",9,3,15,1);

S OT

EMA1= EMA(C, p);
EMA2= EMA(C, q);

Diff = EMA1 - EMA2;
SmDiff = EMA(Diff, r);

Plot(SmDiff, “SmDiff”, colorRed,styleline);

/! Permit trades when the line is rising
Permit = SmDiff > Ref{SmDiff,-1);

//  Test using the permission filter

PermitSwitch = 1; //Optimize(“PermFilter”,1,1,2,1);
Permit = IIf(PermitSwitch==1,Permit,0);

//  Put the trading system here
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/1
MA1 = MA(C, 8);
MA2 = MA(C, 7);

BuySignal = Cross(MA1,MA2);
SellSignal = Cross(MA2,MA1);
Buy = Buysignal AND Permit;
Sell = SellSignal OR (NOT permit);

FiGure 17.6 WeekLy MACD FiLTer Using Daivy Dara

Testing the 100 stocks in the current NASDAQ 100 from 1/1/1995 to 1/1/2005,
the system is profitable for most stocks with median RAR about 20%.

Figure 177 shows the AFL code when the time frame modifications
are made.

/! WeeklyMACDFilterWeeklyData.afl

// Use a weekly MACD to allow or block trades signaled
// by some other system.

//  Set up the Permission filter

// The traditional MACD is the smoothed difference of
// two moving averages.

//  Using weekly data for the permission filter

TimeFrameSet(inWeekly);

p 19; //Optimize(“P”,17,3,36,2);
g = 23; //Optimize(*Q”,29,3,52,2);
r 14; //Optimize(“R”,9,3,15,1);

EMA1= EMA(C, p);
EMA2= EMA(C, q);

Diff = EMA1 - EMA2;
SmDiff = EMA(Diff, r);

Plot(SmDiff, “SmDiff”, colorRed,stylelLine);

//  Permit trades when the line is rising
Permit = SmDiff > Ref(SmDiff,-1);

//  Test using the permission filter
PermitSwitch = 1; //Optimize(“PermFilter”,1,1,2,1);
Permit = IIf{(PermitSwitch==1,Permit,0);

//  Expanded Permit to have daily periodicity
Permit = TimeFrameExpand(Permit,inWeekly);

/{  Return to daily
TimeFrameRestore();
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Using the same values for the MACD calculation, profitability improves.
And making a few optimization runs reveals other profitable and stable

Quantitative Trading Systems

L R L L L LT PP PP
/1

//  Put the trading system here
/1

MA1 = MA(C, 8);

MA2 = MA(C, 7);

BuySignal = Cross(MA1,MA2);
SellSignal = Cross(MA2,MA1);

Buy = Buysignal AND Permit;
Sell = SellSignal OR (NOT Permit);

Plot(Permit,”Permit”,colorBlue,styleDots);

Figure 17.7 WeekLy MACD FiLter Using WEEKLY Data

sets of arguments.

Another scheme that has supporters is a dual time frame Bollinger
Band system. A version of it is shown in Figure 17.8. There are several
possibilities for trading Bollinger Bands — buy the breakouts, fade the
breakouts, etcetera. The code has several of the options in place, but
commented out. None of them seemed to work well on the issues and

time periods tested.

//  DualTimeFrameBollingerBand.afl

//  This program uses daily data to take trades, providing

//  the weekly data permits the trade.

//  Both daily and weekly look at the position of the most

// recent close within the Bollinger Bands.
SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

//  Set up the weekly filter
TimeFrameSet(inWeekly);

WeeklylLookBack = Optimize(“WkLB”,8,2,10,2);
WeeklyBandWidth = Optimize(“WkBW”,1.1,1,2.5,.1);

BBPctWeekly = (C - BBandBot(C,WeeklylLookBack,WeeklyBandWidth))
/ (BBandTop(C,WeeklyLookBack,WeeklyBandWidth)
- BBandBot(C,WeeklyLookBack,WeeklyBandwidth));
BBPctWeekly = TimeFrameExpand(BBPctWeekly,inWeekly);

/I Return to daily data
TimeFrameRestore();
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A e e P LR PR EEEE
/! Set up daily trading system
DailylLookBack = Qptimize(“DyLB”,5,5,30,5);;
DailyBandWidth = QOptimize(“DyBW”,1.1,1,2.5,.1);

BBPctDaily = (C - BBandBot(C,DailyLookBack,DailyBandWidth))
/ (BBandTop(C,DailylLookBack,DailyBandWidth)
- BBandBot(C,DailylookBack,DailyBandWidth));

/! There are a lot of conditions that might work --
// Buy breakouts

// Fade breakouts

//  Buy returns into bands

//  Buy breakouts

Buy = (BBPctWeekly >= 0.90) AND (BBPctDaily >= 0.90);
Sell = BBpctDaily <= 0.10;

//Sell = BarsSince(Buy) >=3;

Short = (BBPctWeekly <= 0.10) AND (BBPctDaily < 0.10);
Cover = BBPctDaily >= 0.90;

//Cover = BarsSince(Short) >=3;

// Fade breakouts without waiting for prices to move

// back into the band.

// This does not work very well, at least

// on the issues I tested.

//Buy = (BBPctWeekly <= 0.10) AND (BBPctDaily <=0.10);
//Sell = (BBPctDaily >= 0.90);

//Short = (BBPctWeekly >= 0.90) AND (BBPctDaily >= 0.90);
//{Cover = (BBPctDaily <= 0.10);

// Buy returns to the bands after excursions outside.

//  This does not work very well, at least

//  on the issues I tested.

//Buy = ((BBpctWeekly <= 0.10) OR (Ref(BBPctWeekly,-1) <= 0.10))

/1 AND (Ref(BBPCtDaily,-1) <= 0.10)

1 AND (BBPctDaily > Ref(BBPctDaily,-1));

//Sell = (BBPctDaily >= 0.90);

//Short = ((BBPctWeekly >= 0.90) OR (Ref(BBPCtWeekly,-1) >= 0.90))
// AND (Ref(BBPctDaily,-1) >= 0.90)

1 AND (BBpctDaily < Ref(BBPctDaily,-1));

//Cover = (BBPctDaily <= 0.10);

Buy = ExRem(Buy,Sell);

Sell = ExRem{Sell,Buy);
Short = ExRem{Short,Cover);
Cover = ExRem(Cover,Short);

Plot(C, “C”, colorBlack, styleCandle);
PlotShapes(Buy*shapeUpArrow + Sell*shapeDownArrow,
IIf(Buy,colorGreen,colorRed));
PlotShapes(Short*shapeHollowDownArrow
+ Cover*shapeHollowUpArrow,
IIf(Short,colorRed,colorGreen));
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Plot(BBPctWeekly,”BBPctWk”,colorBlue,
styleLine|styleLeftAxisScale);
Plot(BBPctDaily,”BBPctDy”, colorGreen,
styleLine|styleLeftAxisScale);

Ficure 17.8 DuaL Time Frame BoLLINGER BANDS

BROAD MARKET TIMING

Broap MARKET TIMING is based on characteristics of the market itself,
using artifacts such as the number of new highs, advancing volume, or
declining issues to create indicators which provide some insight into
the market.

It is often easier to develop profitable trading systems for broad mar-
ket timing than for individual equities. This may be because the broad
market consists of many individual equities and the averaging effect of
combining them contributes a natural smoothing.

It is still easier to develop models for market sectors. The combina-
tion of individual equities in the sectors provides some smoothing, and
the components are correlated, so the sector indexes trend well.

Using AMIBROKER’S ADD TO COMPOSITE FUNCTIONALITY

A very powerful feature of AmiBroker is the AddToComposite (ATC)
function. The AmiBroker web site has an excellent tutorial in the use
of ATC written by Herman van den Bergen. A typical use of ATC is to
process all the issues in a watch list and accumulate sums, averages, and
counts of selected information. For example, count the number of stocks
that are at new go day highs. Indicators formed in this manner are de-
scribed as diffusion indices or diffusion indicators.

The form of the AddToComposite function is:
AddToComposite(array, “ticker”, “fields”, flags);
* Array is the array being added into the composite.
¢ “ticker” is the ticker of the composite being formed.
* “fields” are the data fields within “ticker” that are being up-
dated.
¢ flags govern the actions of ATC.
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As its name suggests, ATC adds information into a composite data se-

ries. Typical operation is:

1. Decide what array will be accumulated, and compute it.

2. Use the AddToComposite function to accumulate the data in one
or more fields of a composite data series.

3. Refer to the newly created data series as you would any other data
series.

There are some guidelines for working with ATC:

The ticker symbol for a composite should start with the tilda
“~” character.

The ticker symbol should be at most 15 characters long.

All the composite data series will be created in Group 253.
ATC can be used while in Scan, Explorer, Backtest, or Opti-
mize mode.

The composite series can be stored in the O, H, L, C, V, or I
fields.

If you plan to use one of OHLC, use the “X” code instead — it
puts identical values in all of OHLC so data inconsistencies do
not arise.

SimpLE ExamprLe oF ATC

Following is an AmiBroker program that computes and displays an
Advance Decline Oscillator for the 500 stocks currently in the S&P 500

index.

//  ATCSimpleTest.afl
//  Demonstration of the AddToComposite (ATC) function

// In Automatic Analysis:

1/ In Apply to, with the Use Filter and Define menus,

/1 Select a group to process

/1 For example, select a Watchlist containing the
1/ 500 stocks that make up the S&P 500 index.

1/ In Range, use any settings, they make no difference

/! Click the Scan button

/1

//  This program creates four composite tickers.

// ~-Counter -- contains the number of issues processed
/! ~-AdvIss -- contains the number of issues Up each day
/! ~DecIss -- contains the number of issues Down each day
1/ ~UncIss -- contains the number of issues Unchanged

//  The Volume field of each series is used to store the counts
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//  Since no explicit Flag parameter is specified,
/! the default flags are in effect.

/! ATC should Reset the composite series

/" before adding data to them,

/! the series should be stored in Group 253.
11

// Click the Apply Indicator icon and the ADO will be
//  plotted in its own window pane
AddToComposite(1,”~Counter”,”v");

AdvIss = C > Ref(C,-1);
AddToComposite(AdvIss,”~AdvIss”,”V”);

DecIss = € < Ref(C,-1);
AddToComposite(DecIss,”~DecIss”,”V”);

UncIss = C == Ref(C,-1);
AddToComposite(UncIss,”~UncIss”,”V”);

/

/  Scan mode requires that the afl program have
// Buy and Sell signals.

/{  Just set them to zero -- no buy and no sell.
Buy = 0,
Sell = 0O;

//  The four new data series are immediately available.

/{ Create and plot an Advance Decline Oscillator using them
AdvIss = Foreign(“~AdvIss”,”V”);

DecIss Foreign{“~DecIss”,”V”);

Unclss Foreign(“~UncIss”,”V”);

Count = Foreign(“~Counter”,”v”);

ADO = (AdvIss - Declss)/IIf(Count<=0,1,Count);

Plot(ADO,”AdvDecline”,colorRed,stylelineg);

Ficure 179 ATC SimeLe TesT
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Figure 17.10 shows the results. Note that the oscillator has peaks on days
the S&P 500 closed higher and valleys on days it closed lower.

Ficure 1710 ATC SimprLE TesT RESuLT
DirrusioN INDEX

An excellent use of ATC is creation of diffusion indexes of various
kinds. A diffusion index is an index that represents the summation of
an indicator over many issues in a group. The resulting diffusion index
is usually an oscillator. The index can either be a sum of an oscillator al-
ready associated with each member of the group, such as summing up
the RSI of each member; or it can be formed by first accumulating data
from each member, then creating the oscillator. With just a little more
code, the simple test in Figure 17.9 could become a useful oscillator. Those
additions are incorporated into the code in Figure 17.11.

//  SimpleDiffusionIndex.afl

/{/ Create a simple diffusion index using ~AdvIss, ~Declss,
/! and ~Counter that were created in an earlier run.

// Since those data series will not change until

//  another day of data is added to the database,

//  there is no need to recalculate them for every run.

{/  There is no AddToComposite statement in this program.

SetTradeDelays(0,0,0,0);
BuyPrice = C;
SellPrice = C;
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// Read the data series containing the number of

//  advancing issues, declining issues, and
// total issues.

AdvIss = Foreign(“~AdvIss”,”V”);
DecIss = Foreign(“~DecIss”,”V”);
Count = Foreign(“~Counter” /”V”);

ADO = (AdvlIss - Declss)/IIf{Count<=0,1,Count);

//  This optimization does not involve the ATC function.

LookBack = Optimize(“LookBack”,24,2,100,2);

SmoothedADO = DEMA(ADO,LookBack);
Trigger = DEMA(SmoothedADO,3);

Plot(SmoothedADO,”AdvDecLine”,colorRed,styleLine);

Buy = Cross(SmoothedADO,Trigger);
Sell = Cross(Trigger,SmoothedADO);

PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,

IIf(Buy,colorGreen,colorRed));

Filter = 1;
AddColumn(C,”C”,1.4);
AddColumn(AdvIss,”’AdvIss”,1.4);
AddColumn(ADO,"ADD>,1.4);

Ficure 1711 SimpLE Dirrusion INDEX

The median Risk Adjusted Return (RAR) for the 500 individual stocks
that make up the S&P 500 for the in-sample period was about 35%. Fig-

ure 17.12 shows the stocks with the highest RAR.

’, Automatic Analysis - SimpleDiffusionindex.afl
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(%) use filer Define ) st dags = 100 Repot, ][ Emport

[ Aun every Bin | | 2 froz 1/ 1719%  » c

quly |~ -_Serm;:
[ Twiat for backiil (AT only] o 1 12005 % =
arameters C

Results
Tickear Nel Profit  Mel % Fraft  Exposure % CAR FAR % Max Trade Max Trade
WLL 785134 7851 50.00 6315 136.30 -1,032 60 560
CoF 1,555,802 00 16.,558.02 4243 65,78 13862 169022 44 3576
Twx 113553713 11.355.37 4847 BILEE 1514 -180,333.83 20.27
YHO0 430,389 62 4590290 4868 56.58 116.23 -79,169.84 -24.04
ar 19,988 65 193.89 49.04 55.35 11265 -a11.20 -6.98
TROW 740886 11 7.408.86 45843 5401 mas -39.380 55 2084
CTX5 37638289 376383 4862 4961 102.04 -156.340.33 -2997
L 453,454 70 4,594 55 4847 45.95 96.85 -38,650 56 -16.46
Fim g Jeer Ao anav ar 0 A 4 7 Aar AL e

)
Max Sys Dia a

-1,375.92
-364.986 45
-498,364 32
-A50,135.31
27381
723414
-523,906.87
-80,343.70

~wn AT 45

Ficure 1712 SiMprLE DiFrusioN INDEX REsuLT
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A watchlist containing the 100 stocks that performed best in-sample
based on RAR was formed, and those stocks were tested out-of-sample,
1/1/2005 to 1/1/2007. The median RAR was about 16%.

Since the signals are coming from a single indicator, all the stocks get
a Buy signal on the same day, so a good PositionScore method should be
added to the code in Figure 17.11 to differentiate which stocks to buy.

ANOTHER SiMrLE DIFFuUsioN INDEX

In the program shown in Figure 17.13, the diffusion index is formed by
averaging indicators associated with each individual issue. In this ex-
ample, the oscillator part is computed before the ATC part. Within the
program, the z-score will be added into the composite. Z-score values are
both positive and negative, and they are small in absolute value — seldom
over 3.0. AmiBroker handles the negative values without any problem,
but the small numbers lose all the significance beyond the decimal point.
To overcome that, multiply the z-score by 100 or 1000 before adding it
in. There is no need to reverse the transformation before computing the
indicator —just think of a z-score of 0.80 as a z-score of 8o percent of one
standard deviation and work with the 8o instead of the 0.80.

As each member of the group is processed, compute the z-score
of every closing price. The z-score measures the amount, measured in
standard deviations, that the data point is above or below the mean.
For this example, the group chosen is XLE, the S&P Energy Exchange
Traded Fund. If the diffusion index is successful, the plan is to trade the
most profitable of the issues that make up XLE, the XLE itself, or op-
tions on XLE.

Figure 17.13 shows the code for creating this diffusion index, again
using ATC. The Z is calculated using the function ExampleZScore. Ex-
ampleZScore computes the z-score in the ordinary way, but it has been
compiled into a custom DLL. The creation of custom DLLs is described
in the Appendix - Extending AmiBroker.

// ATCExampleZScore.afl

// Note the flags in the ATC statement.
// Flag 1: Reset

//  Flag 2: Save results in Group 2583

//  Flag 8: Enable ATC in Backtiest mode

LB = 5;
ZlookbackLength = LB;
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zs = 1000* ExampleZScore(C,Zlookbacklength);
//Plot(zs,”zs”,colorRed,styleLine);

AddToComposite(zs,”~XLEZScore”,”V”,1+2+8 );
AddToComposite(1,”~Counter”,”V” 1+2+8 ),

xlez = Foreign(“~XLEZScore”,”V”);
xlezcount = Foreign(“~Counter”,”V"”);

xlez = xlez / IIf(xlezcount<=0,1,xlezcount);

xlezsm = DEMA(xlez,20);
trigger = DEMA(xlezsm,3);
Filter = {;

Plot(xlezsm,”xlezsm”,colorRed,styleLine|styleLeftAxisScale);
Plot(trigger,”trigger”,colorBlue,styleline|styleLeftAxisScale);

Buy = Cross(xlezsm,trigger);
Sell = Cross(trigger,xlezsm);

PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,
IIf(Buy,colorGreen,colorRed));

Ficure 17.13 DirrusioN INDEX FROM Z-SCORE

If you want to find out how the group does as a portfolio, click the Back
Test button and accept the default of Portfolio Backtest. Similarly to the
previous example, the code in Figure 17.13 will give all the issues in the
group Buy and Sell signals on the same day, so it is important to have a
PositionScore method.

If you want to find out how each individual in the group does, pull
down the small menu on the Back Test button and select Individual
Backtest. That is how the results in Figure 17.14 were produced. Be sure
to check individual performance — very often the performance of the
group is influenced by one or two strong performers, or by a data error
that appears to be a very profitable trade. In this example, XTO produces
about three times the profit of the next most profitable issue.

XLE, the ETF itself, was included as one of the tickers along with
the components that make up XLE. Note that the profitability of trad-
ing XLE ranks near the bottom of the list. Trading the individual com-
ponents will be a better choice.
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G
. Autematic Analysis - ATCExampleIScore afl
Formuda i - -
| AProgram Fles\armrok e Formudas\Custom AT CExamnpleZScore o ]
Apply 1o Aange
) all symibsols ) ol quotations
O cument symbol O nlast quatations -
5 - = :
Omn RSl oy (B [][ Eooe ]
o @ fom: 171/ v/
[ ] Run syvey Smin . = Equiy |~ eitings..
) wiait tor backill [RT only) to. 17 1/2005 % |
-+ [(Pooneten |
Ress B
Ticker NetProft Met % Prof?  Espoowe % CAR RAR 3 Max Trade Max Tiade .. Max SysDra.  Max
“10 1,333554.40 1333554 4370 6324 127.24 65.299.30 17.08 -196,079.91 |
ESV 448,583 85 4 45504 4978 46.60 9382 -37003.95 <1342 -100,387.62 !
\WMB 44373138 4497 31 4988 46.64 9350 327247 2341 6792437 |
MNER 44091189 440912 4362 4636 9342 44602 74 1307 118067.27 |
CHE 308,708.39 3,087.08 4588 4135 84 62 -34,450.08 -41.38 R1.706 53 n
BJS 266.850.43 266850 5008 ke 78.68 |Imas2 51.34 13895894
OvN 25514299 2551.43 5035 k] 7704 1592310 1354 -37.769.94 |
VLo 225,868 98 2258689 50.00 krA K 7435 15482 30 Q.08 -33.146.91 |
il 208,131.51 2,081.32 4962 k10 7247 13921 .43 1461 -56.914.23 |
ROC 182.154.21 1.921.54 4378 35.07 70.45 1147032 1309 -114,936.23 |
NOW 6,799 957.40 4345 3343 6760 1020828 2358 36.00.71 |
NE 159,926 66 1,593.27 4962 275 65.99 16,434 63 -1939 E6.701.02 |
| WFT 136,10045  1.361.00 4374 w076 €183 12,157,689 1667 52.224.41
HAL 13201319 1,32013 4934 3033 6158 1051563 180 -32.153.43
EMI 104.238.25 104238 4362 2758 55.58 464773 a9 -9.291.m
BTu 13684 48 13684 4378 xnH 64 68 162905 BE ) 252318
axy 78,063.21 78063 4984 24.30 4878 -3B2285 894 -6,865.90
=, 2186504 21865 43.75 2265 4552 5.355.93 -31.92 8,352.42
RIG 6E.156 85 6E1 57 4366 25 4533 -833m.22 15,30 54,049 32
SLB 56.835.29 568.35 4978 2092 4202 -5,340.36 A0.73 -23,057 59
EdG §1.647.49 51647 5018 1995 nn 332 81 241 1280337 {
EFP 46,807 27 468.07 5008 18.97 37.90 -10,148.45 2390 53,556 44 |
EHI 40.585.02 40585 4545 1760 3558 -4 586 99 1317 -24 £9382 1
APC 4074678 407 47 4958 17.64 /57 327834 1085 -11.020 82
APA 3540236 A0z 5062 1633 27 -2.976.84 938 85371
MUR 21126 M2 50.22 1603 nsn -2058.1% a78 6187 10 |
HES 2104254 21043 431¢ 1159 24733 -4,150.86 1773 -A4821.21 |
MAD 2041508 20415 4374 1.7 2365 181582 1056 -7.897.91
[ 20,048 67 20049 5022 1163 2316 -1.841.94 7.73 6,257 45
| SUN 18,594 66 168595 4385 1108 Y -1,487.92 115 £.551.15
#OM 18.450.91 184,51 5010 11.02 2200 222995 937 865 78
HLE B4 37 874 5050 1091 2181 94530 217 -3.264.19
copP 1707578 170.76 4578 1047 21.04 2751 40 143 5,771 66
SE 000 aon N N Hs, 0.00 0.00 a.00
< b4
{34 1ows] Profit = 133355440 (13335 54%]. CAR = B3.24%. Maxty:00 = 19607391 (-40.78%), CAR/MODD = 1.55, # wanners = 197 (52825 Hloserz = ||

Ficure 17.14 Z-score on XLE
OrtiMiIZING WiTHIN ATC

The previous examples computed one composite, then used optimiza-
tion to search for the best use for it. Another approach, as is shown in
Figure 17.15, is to search for the best composite by optimizing, creating
several alternatives, and choosing among them.

//  ATCExampleZScoreOptimize.afl
/1

LB = Optimize{“LB”,20,5,50,5);
ZlookbackLength = LB;
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zs = 1000* ExampleZScore(C,Zlookbacklength);
//Plot(zs,”zs”,colorRed,styleline);

AddToComposite(zs,”-XLEZScore”+Writeval(LB,1.0),”V",1+2+8 );
AddToComposite(1,”~Counter”+WriteVal(LB,1.0),"V”,1+2+8 );
xlez = Foreign(“~XLEZScore”+WritevVal(LB,1.0),”V”);
xlezcount = Foreign(“~Counter”+Writeval(LB,1.0),”V");

xlez = xlez / IIf(xlezcount<=0,1,xlezcount);

xlezsm = DEMA(x1lez,20);

trigger = DEMA(xlezsm,3);

Filter = 1;
Plot(xlezsm,”xlezsm”,colorRed,styleLine|styleLeftAxisScale);
Plot(trigger,”trigger”,colorBlue,stylelLine|stylelLeftAxisScale);

Buy = Cross(xlezsm,trigger);
Sell = Cross{trigger,xlezsm);

PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,
ITf(Buy,colorGreen,colorRed));

Froure 17.15 OpriMizinG witH ATC

Caution — using this program, there will be two files created in Group
253 for every combination of values for the optimization variables.

If you want to find out how the group performs as a portfolio, click
the Optimize button and accept the default of Portfolio Optimization.

If you want to find out how the individuals within the group per-
form, drop down the small menu on the optimize button and select Old
(V4.4) Optimizer. That is what was done, using XLE, the S&P Financial
ETF, and its components, to produce Figure 17.16. Run 2, the best as mea-
sured by Net Profit, used a Lookback length of 10. We would see the 10
in the rightmost column if we scrolled across.
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' Automatic Analysis - ATCExampleZScoreOptimize.afl
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Ficure 17.16 Z-score OpTiMizED oN XLF

The AddToComposite function in AmiBroker is extremely powerful and
the diffusion indices that can be created using it are very profitable.

EQuITY CURVE FEEDBACK

Two traders are discussing their experiences. One says that periods of
drawdown are buying opportunities; the other says that they are indi-
cations that the trading system has stopped working. The last 12 trades
show the following gains, all in dollars:

Gain

+400

-200

+300 [ +100 | +200 | +450 | +150 | +200 | +600 | -200 | -100 | -300

Label

TasLe 171 TrapE RECORD

Who is right? (We will come back to A, B, and C)

Isn’t this the same as asking whether a particular market is trend-
ing or in a trading range? In a trending market, rising prices are usually
followed by rising prices, falling prices are usually followed by falling
prices, and several declines following a period of rising prices indicates
a change in trend. In a trading range market, rising prices are usually
followed by falling prices, falling prices are usually followed by rising
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prices, and several declines following a period of rising prices does in-
dicate a buying opportunity.

Substitute closed trades for daily bars — trade entry, highest equity;,
lowest equity, trade exit. In order for the equity curve to be a filter for
trades, some technique similar to a trading system must be accurate
when applied to trade bars.

A trading system that is profitable in a trending market stays with
the trend and exits or reverses when the trend changes. A trading sys-
tem that is profitable in a trading range market takes positions opposite
the trend.

There are statistical tests that identify trend versus trading range.
One is the runs test. Given a time series, assign each data point a “+” if
it is higher than its predecessor and a “-” if it is lower or unchanged.
A run is a sequence of any number of data points that have the same
sign. The data points can be of any length — hourly bars, daily bars, or
closed trades.

Take this series of 15 data points and 14 changes:

Data 40 36 (38| 41140| 38|34 (33|36|34|40] 40| 47 (53] 57
Change 4| +2| 43| 1| 2| -4 1[+3]| -2|+6| 0| +7|+6]| +4
Sign - + + - - - - + - + - + + +

TaBLE 17.2 ANALYZING RuUNs

The number of points, N, is 14.

The number of wins (+ sign), W, is 7.
The number of losses (- sign), L, is 7.
The number of runs, R, is 8.

The formula for the Z statistic is:

N*(R—05)—X

(X*(X—N))
(N-1)
where X = 2*W*L = 2*7*7 = 98

,_ 14%75-98 7 .0

 [98%(98-14) 2516
13
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The Z being discussed in this section is the z-statistic — related to, but
different than the z-score used in earlier sections.

If Z is negative, there is a positive serial dependency, which implies
trending, and fewer but longer streaks — wins follow wins and losses
follow losses.

If Z is positive, there is a negative serial dependency, which implies
trading range, and more, but shorter streaks — wins follow losses and
losses follow wins.

The magnitude of Z indicates how far from the expected random
value this data series is.

Since we accept the sign of Z as correct and want to know whether
it is significant, we use a one-tailed test. Z must be greater than 1.65 in
absolute value to be significant at the 0.05 level, and greater than 2.33 to
be significant at the o.01 level.

For a very rough estimate — for wins and losses approximately equal
in number, if 10 data points have 3 or fewer runs or 8 or more runs, the Z
statistic is significant at the 0.05 level, and the mode is trending or trad-
ing, respectively. If 20 data points have 6 or fewer runs (trending) or 14
or more runs (trading), the z-statistic is significant at the o.05 level.

Our two traders could compute the Z value for the series of closed
trades listed in Table 17.1. If Z is -1.65 or more negative, the series is of
trades is trending, and since the last three trades are losers, the system
is broken. If Z is +1.65 or greater, the series is a trading range and buy-
ing the dips is a good strategy.

Long ago, they decided to use a 10 trade sequence on which to base
their equity curve analysis. After Trade A, Z = 032 — not significant. Af-
ter Trade B, Z = -133 — not significant. After Trade C, Z = -2.11 - signifi-
cant at the 0.05 level, and indicating that the series is trending and the
system is broken. They should stop trading it until the system and the
market it trades return to synchronization.

A short program will compute and plot the Z value for daily bars.

/1 PlotRunTest.afl
/1

//  Compute the Runs Test
//  and plot the result.

function ComputeRunZ (P, N)
{
wl = IIf(P>Ref(P,-1),1,0);

for (i=0; i<N; i++)

Z[i] = 0.0;
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}
for (i=N; i<BarCount; i++)
{
Runs[i] = 1;
Win[i] = 0;
Lose[i] = O;
for (j=0; j<N; j++)
{
if (wl[i-j] == 1)
{

Win[i]++;
}

else

Lose[i]++;
}
}
for (j = 0; j<n-1; j++)
{

if (wlfi-j] != wl[i-j-1])
{

}

Runs{i]++;

}

X = 2 * Win[i] * Lose[i];

Num = N * (Runs[i] - 0.5) - Xx;

Denom = sqrt( (X * (X - N)) / (N - 1) );
Z{i] = Num / Denom;

}

return Z;

}

il

n Param(“n”,10,2,50,1);

Z

1l

ComputeRunZ(C,n);
Plot(C,”C”, colorBlack,styleCandlefstyleOwnScale);

Plot(Z,”Z”,colorBlue,styleline,-2,2);
Plot(-1.65,””,colorBlue,styleDots);
Plot(1.65,””,colorBlue,styleDots);

FiGure 1717 ProT RuN TesT

Changing the time frame can change the mode of the market. Five
days up followed by five days down looks like trends on a daily or shorter
time frame, but looks like a trading range on a weekly time frame.

Another approach to equity curve analysis is to see whether a trend
following system, such as moving average crossover, or a trading range
system, such as stochastic oscillator, is more accurate when applied to
trade “bars.”
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ADVISORY SERVICES

THERE ARE MANY, many advisory services willing to take our subscription
fees and offer us advice. Some act as filters — permitting trades or block-
ing trades — which is why the discussion of advisors is in this chapter.

Before subscribing to as advisory service or newsletter, check to see
if it is tracked by The Mark Hulbert Financial Digest. Contact informa-
tion for Hulbert is in the Appendix — Resources. Note that very few of
the services he follows have annual rates of return above 10 percent for
two years or more.

Newsletter writers cover the range from very professional and very
ethical down to very unethical. One of the difficulties with advice from
any advisor — newsletter writer, stock broker, television commentator,
economist, etcetera — is for any one customer to detect unethical behav-
ior or even to differentiate between skill and luck.

The scenario described here does not reflect any real person, living
or dead, and there is no indication that this ever happened. But imag-
ine an unethical person wanted to convince people to subscribe to his
expensive newsletter. He compiles a list of ten thousand people who are
known to be interested in investing.

He begins a ten week program. At the beginning of week one, he
write two versions of his newsletter — one forecasting that the coming
week the broad market average he trades will be up, the other than it
will be down. He emails the up letter to 5,000 randomly chosen people
and the down letter to the other 5,000, along with a message saying that
they have been chosen to receive a free ten week trial subscription. At
the beginning of week two, he again writes two versions of his newslet-
ter — one forecasting that the next week will be up, the other that it will
be down. He mails the up letter to 2,500 who got the up letter last week
and to 2,500 who got the down letter last week. The down letter goes to
the others. He continues this process for ten weeks in all, splitting the
recipients in half each time.

At the end of ten weeks, one person of every 1024 — 9 out of the 10,000
— will have gotten newsletters with perfect predictions — ten out of ten
correct. Another g7 received nine out of ten correct, and 439 received
eight correct. He informs them that his regular subscription rate of $100
per month will be going up, and they can subscribe for a non-refundable
$1000 per year if they hurry. Even those who received zero correct will
sign up, planning to do the opposite of his advice. A sizable percentage
sign up and pay the fee, and the newsletter writer goes out of business
due to serious health problems.
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EXPECTATIONS OF PROFITABILITY

If the advisors, newsletters, money managers, or fund managers are good
(better than random), at least some of them should be profitable. And
their level of profitability should provide some indication of the returns
individual traders can expect. Given the large number of advisors mak-
ing predictions and recommendations every day, week, and month, some
of them will have excellent annual returns strictly due to luck.

There are several sources of information that report returns by cat-
egory of investment. Futures magazine, and other monthly periodicals,
regularly publish the results for the most recent month and year to date.
The source quoted is often the Barclay Trading Group. It is rare to see
annual returns in excess of 10% per year for two or more years. The five
most profitable Commodity Trading Advisors for the entire year of 2006,
as reported in December 2006 issue of Futures, averaged about 19% for
the year. The worst five lost 19% for the year.

Firms that trade options do little better. And firms that trade cur-
rencies not only do no better, but also have month to month swings of
profit and loss greater than their annual net profit.

According to the Hulbert Financial Digest, as reported in the Decem-
ber 2006 issue, only six newsletter services outperformed the Wilshire
5000 index in both up and down markets since 1990. Although there
were both rising and falling periods, overall it was a very strong bull
market with an annualized gain of 11.0% for the Wilshire. The best of
the newsletters had an annualized gain of 15.4%.

Screens that select stocks based on a variety of fundamental metrics,
such as AAII and Value Line, suffer from common faults:

* All of their results come from in-sample testing.

* The data used has been reported and is not the result of trades
made.

¢ The data is subject to revision.

The very strong upward bias to the equities markets since 1982 makes
nearly any portfolio look profitable and nearly any portfolio manager
look skillful.

To quote a friend of mine who is both observant and cynical, do not
confuse brains with a bull market.
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In-Sample — Out-of-Sample

D1visioN oF paTa into in-sample and out-of-sample periods gives us a
method of evaluating the ability of a trading system to identify and syn-
chronize with the characteristics of the market. In order to trade profitably,
the trading system must recognize patterns that occur in the in-sample
period, hoping that they persist through the out-of-sample period.

The market data always consists of two components -- the signal
component that is characteristic of the data and remains relatively sta-
ble over time, and the noise component that is random and unpredict-
able over time.

The distinction between signal and noise is, in part, an artificial
distinction caused by our inability to detect patterns in the noise. If we
could find persistent patterns in the noise, that portion of noise would
become signal.

Through optimization, the trading system will learn the patterns in
the in-sample period — both signal and noise — as well as it can, given
its rules and parameters. If the market is sufficiently stationary and the
trading system sufficiently clever, the patterns that it learned by exam-
ining the in-sample period will continue to be identified in the out-of-
sample period.

The trading system will be successful if the profits are coming from
the signal component rather than the noise component. The only way to
test this is to look at the results from applying the trading system to data
that was not used during its learning process — the out-of-sample data.

245
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How oPTIMIZATION WORKS

An optimization is an organized search. Each of the parameters that
will be searched has a list or range of values established for it. One pa-
rameter might be the lookback period of a simple moving average. The
length of the moving average will be varied from 2 to 30 in steps of 2.
The maximum number of days that a position may be held will be var-
ied from 1 to 20 in steps of 1. The total number of runs necessary to test
all combinations is the product of the number of steps for the individual
variables. In this case, it is 300 (15 times 20). For each test, the in-sample
data period specified is loaded into memory, the model is set with a spe-
cific length for the moving average lookback and a specific time for the
holding period, buy and sell signals are issued, and the values of the
metrics including the objective function are computed. At the end of all
300 runs, there is a list of the 300 individual runs and the performance
statistics for each. The entry at the top of the list is the best —because its
objective function has the highest value.

Optimization is not limited to numerical arguments. But it can in-
clude logical operators (equal, less than, greater than, and, or) and ticker
symbols (that is, searching the symbol space) — all in hopes of discov-
ering combinations of models, arguments, and tickers that scored high
for the in-sample period and will continue to score high in the out-of-
sample period.

REASONS FOR USING LONG IN-SAMPLE PERIODS:

The trading system will be exposed to many different market conditions and, hope-

fully, will learn to recognize and make profitable signals for them. The problem
is that the model cannot adapt to many different conditions without hav-
ing many variables, which risks curve-fit solutions. For example, a mov-
ing average crossover model with specific moving average lengths might
work well over one period of time, but would need different lengths for
other time periods, and rules to identify which lengths to use.

With many data points, the model has less risk of being curve-fit. True, but
unless the underlying market is stationary, the model will only fit (and
be profitable for) a portion of the period.

A long data period will produce a large number of trades, which helps pro-
vide statistical validity. 1f this were the out-of-sample period, that state-
ment would be true. But the model is the result of an optimization over
the in-sample period, so all in-sample trade results are meaningless.
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Only the results from the following out-of-sample period are useful in
estimating future performance.

REASONS FOR USING SHORT IN-SAMPLE PERIODS:

Short data periods give the underlying market less time to change, so there are
fewer conditions for the model to learn and a greater chance that it can learn
them. The problem is the risk of curve-fitting a model to a short in-sam-
ple period. Examination of the out-of-sample results for the following
time period will indicate whether the model is valid or not.

Is IT NECESSARY TO HAVE AN OUT-OF-SAMPLE DATA PERIOD?

Yes. Models that have been created by an extensive search will have
used up all the available degrees of freedom and will be curve-fit solu-
tions. Equity curve and trade statistics for in-sample trades are mean-
ingless. The out-of-sample period is the only way to determine whether
the model has prediction capability.

CAN OUT-OF-SAMPLE PERIODS PRECEDE IN-SAMPLE PERIODS?

No. A model that is fit to an in-sample period of 1985 to 1995 will prob-
ably show good results over the 1975 to 1985 period. But, the data we
will eventually trade is always more recent than the in-sample period,
never earlier. So the results over the earlier period have no predictive
value. Testing the model over a later time period, such as from 1995 to
the present, is meaningful. If the results over 1975 to 1985 are profitable
but the results from 1995 to the present are not, that is an indication that
the market has changed in such a way that the model being tested is no
longer profitable. If the results over 1975 to 1985 are profitable and the
results from 1995 to the present are also profitable, that is an indication
that the model may continue to trade profitably. The positive results
from 1975 to 1985 indicate that the underlying market is very stationary
with regard to that model.

For the same reasons, it is inappropriate to use the fold or jackknife
technique for dividing data into in-sample and out-of-sample periods.
The jackknife method divides all the data into several periods — say ten.
The modeling process makes ten passes; each pass treats nine of the pe-
riods as in-sample and reserves the other for out-of-sample. After the
ten passes, the results from the ten out-of-sample periods are gathered
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together and analyzed as one out-of-sample period that includes all of
the original data. Only one of the ten periods is truly out-of-sample.

Is IT LEGITIMATE TO USE ARTIFICIAL DATA TO TRAIN A MODEL?

No. We are hoping to find some pattern within the data that will lead to
profitable trades on actual market data that the model has never been
exposed to. Certainly, we can create an artificial data file that has some
of the same characteristics of the real data. But if we knew how to cre-
ate an artificial data file that had the important characteristics of the ac-
tual data, then we would already know how to identify the patterns we
are looking for. In any event, the model must perform profitably in true
out-of-sample testing, which requires actual market data.

DOES A SYSTEM NEED TO DO WELL IN ALL MARKET CONDITIONS?

No. But any system must be able to recognize the type of market it does

do well in, and remain out of the market when conditions are unfavor-

able. This can be accomplished in several ways.

¢ The system can take entries according to its rules, but stop out
with small losses when the market conditions are unfavorable.

¢ The system can track its own performance and scale back during
drawdowns.

e A filter can be included either within the trading system or as a
separate program to identify favorable and unfavorable markets.

WILL THE BEST IN-SAMPLE RESULTS GIVE THE BEST QUT-OF-SAMPLE RE-
SULTS?

When the question is asked a little differently it is apparent that the best
hope for strong out-of-sample results comes from the best in-sample
models. “Are there any techniques that could be applied that have not
already been applied that will help select any model other than the one
that scored highest?” If the answer is yes, then incorporate those tech-
niques into the model and rerun the optimization. If the answer is no,
then accept the model that ranks highest in-sample
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CAN OUT-OF-SAMPLE RESULTS BE AS GOOD AS OR BETTER THAN IN-SAM-
PLE RESULTS?

Perhaps for one or two out-of-sample periods, but long periods of out
performance are unlikely.

The more complex a model is, the less likely out-of-sample results
will be as good as in-sample results because of the model being some-
what fit to the noise. The less complex a model is, the less likely out-of-
sample results will be as good as in-sample results because of the lack of
stationarity of the data and the inability of the simple model to adapt.

If the out-of-sample performance was regularly better than the in-
sample performance, that would create an inconsistent situation. Assume
that the in-sample period is six months and the out-of-sample period
is also six months. Each out-of-sample period becomes the in-sample
period for the next walk-forward step and the optimization process in-
sures that the profit will be at least as great when that six month peri-
od is in-sample as when it was out-of-sample. For the out-of-sample to
be consistently more profitable than the in-sample, the trading system
would become more profitable over time. However, experience shows
that equity curves always flatten over time — they never show steeper
rises for extended periods.

A wide search will have created and tested thousands of models,
each slightly different. Just as the scam newsletter writer got lucky and
sent some people perfect predictions by writing sequences of advisory
letters that covered all the possibilities, some of these models got lucky
and produced great results based solely on fitting the noise component
of the data. To the extent that the model fits the signal component, good
performance will continue as long as the characteristics of the signal re-
main stationary. To the extent the model fits the noise component, per-
formance will drop considerably.

We cannot remove the noise from the historical data. If we could,
we would simply do that and the performance due to fitting the noise
would be removed and no longer an issue. But we can minimize fit to
one specific series of noise found in the in-sample data by substituting
our own noise. Take high scoring models and rerun them, each time
adding a random noise component to the data. Alternatively, the opti-
mization could be set up to run all models several times, adding ran-
dom noise to each run, and reporting a composite score.

Chapter 22, Monte Carlo Analysis, has an example of adding noise
to the price series to test the sensitivity of the model.
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BEwWARE OF CONTAMINATING THE OUT-OF-SAMPLE DATA

Model development is rarely done in a completely unbiased manner. Ev-
ery use of the out-of-sample data to adjust the model causes the model
to lose generality and predictive ability.

OUTLIERS

Outliers are valid data points that differ significantly, say more than two
standard deviations, from data points near them. The sharp drop in the
equity markets on October 19, 1987, is an example.

How should outliers such as these be handled, particularly in the
in-sample data? We certainly hope the model will be holding the cor-
rect position when a similar outlier occurs again when actually trading.
Those systems that depend on catching a small number of big trades
live or die by outliers. If the outlier is included in an in-sample period,
no model that is wrong on that date will score well.

The answer depends in part on how the model will be used.

¢ If the model will be used to buy or sell the data series that has the
outlier, then that data is very important and should not be modi-
fied.

¢ If the model will be used to buy or sell options on the data series,
the effect of being in the wrong position may be minimized - the
maximum loss from a debit options position is the amount of the
debit.

¢ If the model will be used as a broad market indicator or filter, then
recognizing the sign of the move is more important than being
credited for the amount of the move.

One technique to limit the effect of outliers is to limit the gain or loss on
any single day. Performing the limit within the trading system before the
objective function is computed insures that the outlier will not adverse-
ly affect that trading system’s rank. In AmiBroker, this can be accom-
plished by recognizing the large price change and setting the BuyPrice
or SellPrice variable to limit the effect of that trade.

Avoid the temptation to add a rule to the trading system to deal with
unlikely events.
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Statistical Tests

ComrarisoN oF Two Means

One of the tests we will want to make is the comparison of two averag-
es — two means. In developing trading systems, we will want to know
whether one system has an advantage over another, and the certainty
of our conclusion. To illustrate, we will first use an example that might
be easier to understand, then go on to examining the validity of trad-
ing systems.

Assume that a petroleum chemist has developed a new additive, la-
beled Treatment B, for gasoline and wants to determine whether it im-
proves gasoline mileage over the formulation currently in use, Treatment
A. He performs some tests, gathers some data, computes some statistics,
and tests a hypothesis.

STATEMENT OF HYPOTHESIS

The process of comparing two means begins with two statements that,
together, include all possibilities. These statements describe the relative
gasoline mileage when using Treatment A versus when using Treat-
ment B. The statistical test will be used to reject one of the statements
and, therefore, to accept the other. The statements are worded so that
the statement the chemist hopes to reject is that his new additive does
not improve gasoline mileage. The statement that is set up to be tested is
called the Null Hypothesis. The chemist’s null hypothesis, named Ho, is:

251
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Treatment B does not improve the gasoline mileage when compared to
Treatment A. The alternative statement, named Hyj, is: Treatment B does
improve the gasoline mileage when compared to Treatment A. Clearly,
only one of these two statements can be correct. If the chemist is able to
reject Ho, then he accepts Hy, and goes on to file a patent application.

The statistical level at which Ho will be rejected is usually decided
before the data is gathered. The 0.05 level is a good choice, and will be
discussed later in this chapter.

COLLECTION OF DATA
He sets up an experiment in which he makes 45 runs on a test track, each

25 miles long, using the existing gasoline formula. He carefully records
the gasoline mileage and labels it Treatment A. He makes 45 more runs

Gasoline Treatment Study

Treatment A Treatment B

25.23 | 25.43| 25.22| 25.92| 26.41 25.91
25.90| 244 24.21 25.34 | 25.10| 25.54
25.71 24.22| 24.04| 26.90| 26.28| 26.05
25.80| 25.38| 24.71| 26.00| 26.59| 25.22
25.83| 24.35| 24.09| 25.05( 26.04| 26.22
24.35| 25.34| 2497 26.20( 25.84| 25.20
2490 | 25.12| 25.94| 25.95| 25.33| 26.80
25.77 | 24.22] 25.20( 25.97| 25.41 25.90
24.48| 24.49| 25.31 25.71 26.76 | 26.42
24.47 2475 24.56| 25.44| 26.84| 26.14
25.55| 25.76 24.29| 25.90| 26.02| 26.50
25.65 | 25.82| 25.43| 25.63| 26.83| 26.46
25.31 2496 | 24.56| 25.22| 25.73| 26.28
2415 25.45| 24.69| 25.83| 26.10| 25.05
25.73| 25.02| 25.10( 26.89| 25.27| 26.01
Mean 25.01 Mean 25.96
StdDev 0.60 StdDev 0.54

z-score 7.90

Ficure 19.1 GAsOLINE TREATMENT DATA
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using gasoline with his new additive, records the mileage, and labels it
Treatment B. The miles per gallon figures are listed in Figure 19.1, along
with the mean and standard deviation for both treatments.

The mean value of the 45 test runs using Treatment B is 25.96 miles
per gallon, while the mean value for the 45 test runs using Treatment A is
25.01 miles per gallon. Treatment B’s mean is greater than Treatment A's.
If Treatment B’s mileage was lower, the chemist would not have to go any
further — he would know that his additive does not help. The question
he must answer is: Could the results from his 45 test runs using Treat-
ment B have come from Treatment A's population? That is, are the results
because of an improvement, or because of luck? He will never know for
certain, but he can assign a probability to the likelihood that the results
came from luck. If that probability is small enough, usually 5% or less,
then he will be satisfied that the results came from his additive.

When the chemist is making his test track runs using gasoline with
the new additive, each run gave him one observation - one sample point
actually observed drawn from the infinite population of all points. It is
the population that he wants to know about, and each sample he takes -
each run he makes — increases his knowledge. But, no matter how many
runs he makes, he will not know with certainty the mileage of the popu-
lation. He will only increase the probability that his estimate is correct.
Our inability to know for sure is the reason the analysis is stated as a
probability. When two alternatives are compared in laboratory studies,
it is common for the result to be stated as, for example, “significant at
the 95% level.” This means that the null hypothesis can be rejected with
95% confidence — there is less than a 5% probability that the data from
the two alternatives came from the same population, which would mean
the results from his additive were higher by chance.

The experiment will have its null hy pothesis stated in such a way that
rejecting the null hypothesis confirms something — usually confirms the
point the researcher wants to make. He states the null hypothesis, Ho:
Treatment B is not better than Treatment A. That is, the mean of Treat-
ment B is not higher than the mean of Treatment A. He states the alter-
native hypothesis, Hi: Treatment B is better than Treatment A.

One method of testing whether the two treatments are different is
performed by computing the z-score associated with the two experi-
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ments. After first computing the mean and standard deviation of each
set of results, the z-score is computed:

(X - %)

0 (%%,

var, var,
where, 0% %) = + —
-
N, N,

(25.96 —25.01) B
\/9_60 *0.60  0.5470.54
45 45

ya—

In our example, z = 7.90

STATISTICAL SIGNIFICANCE

Since the mean mileage for Treatment B is greater than the mean mileage
for treatment A, and our chemist is only interested in further research
for his new additive if it improves gasoline mileage, he decides to use a
single-tailed test. The value of 7.90 represents the number of standard er-
rors of the mean that the mean for Treatment B is greater than the mean
for Treatment A. Is that a large enough number to justify a decision?
There are statistical tables and formulas that tell us what the probability
is that two sets of data could have come from the same distribution for
any given z-score. The 95% level of confidence corresponds to a probabil-
ity of 0.05. The z-score associated with 0.05 is 1.65; the z-score associated
with 0.01 is 2.33. The probability associated with a z-score of 7.90 is much
less than 0.000001 — one part in a million. Based on that probability, he
rejects Ho, the null hypothesis, and accepts Hi, the alternative hypoth-
esis. Note that he is never absolutely certain that his additive helped,
only that the chance that it did not help is very, very small.

The graph that follows in Figure 19.2 shows the distribution of ob-
served data from the two sets of test runs.
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Ficure 19.2 GASOLINE ADDITIVE STUDY

Tyre I AND TYrE II ERRORS

If there is no certainty, then there must be a possibility of making the
wrong decision - rejecting Ho when it should not have been rejected, or
accepting Ho when it should have been rejected. A diagram will help.

Observed

HQ True, H1 False

Hg False, Hi True

Ho True, Observations cor- Type | Error.

H1 False rectly confirm, or Obersvations incor-
at least do not re- | rectly reject Hg,
ject, HQ implying Hi is true

Actual when it is not.

Ho False, Type 1l Error. Observations correctly

H1 True Observations incorrect- | reject Hp, implying H1
ly confirm Hp as True, is true.
when H1i is True.

Frcure 19.3 Type I anp Type 11 ERRORS
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ArrLICATION TO TRADING SYSTEMS

Moving on to data that results from a trading system, we want to ask
whether the new system is superior to a baseline system, which is per-
haps a system that takes positions at random.

Ho, the null hypothesis, states: The New System is indistinguishable
from a Random System. Hj, the alternative hypothesis, states: The New
System is better than a Random System.

We want Hj to be true, so we want to reject Ho. To do this, we col-
lect observations about both the Random System and the New System,
then describe the mean of the New System’s observations in terms of
the Random System’s.

The level of confidence that you, as the person responsible for mak-
ing your own trades, require is up to you. It need not be 95%, but the
higher it is, the more likely your trading system will be profitable when
traded.

Assume end-of-day data is being used, trades are held some number
of days, and the day by day percentage gain over a fixed period of time
for both systems can be recorded. If this is the test that will be used to
decide whether or not to trade the New System, be certain that the data
collected for this test is coming from out-of-sample periods. If either the
baseline system or the New System has been optimized over this period,
the resulting data will not be representative.

The New System has a total of 340 days in trades, mean gain of 0.0025
(0.25%) per day, standard deviation of 0.006; the Random System has a
total of 225 days in trades, mean gain of 0.0020 (0.20%) per day, standard
deviation 0.005.

We can apply the same calculations as the chemist.

(0.0025 — 0.0020) _
\P.O% *0.006 , 0.005%0.005
340 225

07

In our example, z =

The critical value for z for a one-tailed test at the 0.05 level is 1.65. (It
always will be.) This implies that we cannot reject the null hypothesis
at the 95% level, or even at the 9o% level, where the critical value is 1.28.
We can reject the null hypothesis at about the 85% level. That is, the re-
sults from the New System appear to be better than those of the Random
System, but they could have resulted by chance — about once in every six
times we perform the tests we could get results this good by chance.
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The risk of rejecting Ho and accepting Hi is the risk of a Type I Er-
ror — the risk of trading an invalid system.

A MAJOR DIFFICULTY arises when designing statistical tests to be applied
to trading results. The data points being analyzed are either the profit
or loss from closed trades or day-to-day equity changes. Measuring as
a percentage normalizes the data. The standard deviation of a series of
trading outcomes typically exceeds the mean of that same series. Take
any out-of-sample trading result and compute percent profit per trade
for all closed trades. Then compute the mean and standard deviation of
profit per trade in a 20 trade moving window. Invariably, the standard
deviation is large in relation to the mean, and often exceeds it. Conse-
quently, the lower limit of a plus-or-minus two standard deviation con-
fidence interval is a negative number — so the statistical test of whether
the mean could be zero says that indeed the mean could be zero. That is,
these results could have come from a profitless system and results are
profitable strictly from luck. Increasing the number of trades or days be-
ing analyzed reduces the width of the confidence bands, but increases
the lag time between the time the system breaks and the time the sta-
tistical test verify that.

CHI-SQUARE TEST

Often we wish to know whether observed frequencies differ significantly
from expected frequencies. For example, we ask whether one set of ob-
served daily change data could have come from a normally distributed
population with the same mean and standard deviation.

The chi-square test is a measure of the discrepancy between observed
and expected frequencies.

Data to be analyzed using a one-way classification fits into a table
such as the following:

Event E1 E2 | E3 Ek
Observed Frequency o]l 02 |o3 ok
Expected Frequency el e2 |e3 .. ek

Figure 19.3 CHi-sQUARED CLASSIFICATION

Degrees of freedom = v = number of categories minus 1, that is,
k-1
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The chi-squared statistic is computed as:

2

Xz _ (01 “el>2 i (02 —32>2 T (Ok —ek)
e e, e,
k. (0, —e
XZZZ ( i I)
i=1 €;

If the total frequency is N,

Zoi = Zei =N,

Then an equivalent expression is
2

2 9%
X _Ze. N.

L

If x* = 0,0bserved and expected frequencies agree exactly.

The larger the value of x?, the greater the discrepancy.

If necessary, lump events together so that every event has at least a count
of five for the expected frequency.

EXAMPLE (NOT FROM TRADING)
A coin is tossed 200 times and comes up heads 115 of those. The null

hypothesis is that the coin is fair. Can we reject that hypothesis? If so,
at what level of confidence?

Event Heads | Tails
Observed Frequency 115 85
Expected Frequency 100 100

115-100) (85—100)°
x":( > 0)+(5 0" _ 450
100 100

r=2-1=1
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Look up the percentile in a table.
Forv=1,x5 =3.84,x% = 5.02.

Since 4.50 > 3.84, the hypothesis can be rejected at the .05 level. But 4.50
<5.02, 50 it cannot be rejected at the .01 level. The coin is probably not
a fair coin.

Why 307

So many articles talk about the number of items being analyzed statisti-
cally and want a minimum of 30. There are a couple reasons.

For one reason, several important probability distributions have a be-
havior that is unique when the number of items being analyzed is small,
but behave like the normal distribution when the number is large. The
transition between small and large happens at about 30. The binomial
distribution is one such example. “Student’s t” distribution is another.

For another, when samples are drawn from a population and an-
alyzed, corrections based on the sample size are necessary when
the sample is small. For example, sample statistics, such as the

: . - N
standard deviation, are adjusted by multiplying them by N_1
to estimate population parameters. When N is greater than about 30, the
adjustment is less important and usually omitted.

When analyzing truly out-of-sample results, it is useful to test whether
the results obtained could have come from a population with a mean of
zero and the same standard deviation as the out-of-sample results. The
confidence factors are higher with more trades, but the calculations can
be done with any number.

Reiterating a very important point, it is essential that tests, whether
by eye-balling the equity curve or by formal tests of statistical signifi-
cance, be used to compare only results from out-of-sample data. When
in-sample results are analyzed, there is no number of closed trades, or
of anything else, that is large enough to assure profitable out-of-sample
performance. In-sample results are essentially meaningless. They are
always good. We do not stop optimizing until they are good.
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Walk Forward Testing

WALK FORWARD TESTING is a process for mechanizing and automating
the search for profitable, stable trading systems that adapt to changing
market conditions.

It is easy to verify that markets change characteristics. Program any
trading system and optimize it so that it is acceptable over some period
of time. Acceptable in the sense that the objective function you prefer
scores well — high profit, low drawdown, etcetera. Extend the time pe-
riod and test again. Most likely there are periods of acceptable perfor-
mance scattered among unacceptable periods. Look at the equity curve
—itrises and falls. Without exception, the longer the time period tested,
the worse the average performance will be. A trading system is a com-
bination of a trading model and a market. The model did not change.
So the market must have changed.

When using the walk forward technique, the time period is short-
ened in the hope that the market and the trading system remain in syn-
chronization throughout — remain stationary, in statistical terms. If they
do not eventually synchronize, then either the time period is too long,
the market data is too low in information content, or the system is in-
adequate. If they do remain in synchronization for a period of time, we
want that period to include all of the in-sample time plus enough out-
of-sample time so that the market can be traded profitably. Stationarity
is measured with respect to a specific model. Over the same period of
data, a model might be stationary with respect to a moving average sys-
tem, but not with respect to a breakout system.

As illustrated in Figure 20.1, two lengths of time are chosen. One is

261
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the length of the in-sample period, the other the length of the out-of-
sample period. The out-of-sample period always immediately follows
the in-sample period.

The model is optimized over the in-sample data, the best values for
the optimization variables are selected and coded into the program, and
the system is tested over the out-of-sample period. The out-of-sample
results are saved, the start of the in-sample period is moved forward in
time the length of the out-of-sample period, and the process is repeated.
After all of the data has been processed, including yesterday, the out-of-
sample results are concatenated together and examined — they provide
an unbiased estimate of the performance we might expect when this
procedure is continued and traded. If the equity curve and other trade
statistics from the out-of-sample periods are acceptable, then the model
can be traded. At the end of what would be the out-of-sample time peri-
od, the in-sample period is moved forward, the model reoptimized, and
trading continues using the newly optimized parameter values.

The two lengths, the in-sample length and the out-of-sample length,
are parameters of the model and are available for optimization themselves.
Like other parameters of the model, they should be tested for stability.
The specific amount of time between reoptimizations should be unim-
portant. Test this by reoptimizing after various lengths of time, much as
you would test varying the length of a moving average. If the system is
stable, the amount of time between reoptimizations will be forgiving. If
results vary widely with small changes in the time between reoptimiza-
tions, then the system is unstable and probably unreliable.

The objective function must be predetermined and is not available
for optimization. The highest ranking values must be accepted at every
walk forward step.

Dakota carries this to an extreme, and does it very effectively. The
out-of-sample period is one bar long.

No matter how validation is performed, including walk forward test-
ing, it cannot guarantee that actual trades will be profitable. But strict
adherence to rigorous validation increases the confidence in the model
and the probability of profitable trades.
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\/'/

The Walk-forward Process /\[}

PJ/HFJ < pe ressiis
\

i Cut-of-
| sempias

In-S3mple §

Cut-of-
Sample 4

In-Sample 4

Qut-ol

| In-Sample 3 Surpte 3

out-af-

‘ In-Sample 2 ot 2

Out-g!-
| In-Samale 1 Sampie 1 |

Live
Trading

| In-Sample 6

Ficure 20.1 WaLx FORwARD PrROCESS

A WALK FORWARD EXAMPLE

Figure 20.2 shows the AFL code for a trading system called CCT CMO.
// CCT CMO Oscillator.afl

// A CMO Oscillator

/! Two variables are set up for optimizing
CMOPeriods=0Optimize(“pds”,21,1,101,10);
AMAAvg=0Optimize(“AMAAvg"”,96,1,101,5);

// The change in the closing price is summed

/!l into two variables -- up days and down days

SumUp = Sum(IIf(C>Ref(C,-1),(C-Ref(C,-1)),0),CMOPeriods);
SumDown = Sum(IIf(C<Ref(C,-1),(Ref(C,-1)-C),0),CMOPeriods);

//  The CMO Oscillator calculation
CMO = 100 * (SumUp - SumDown) / (SumUp + SumDown);

//Plot(CMO,”CM0”,colorGreen,styleline);

/! Smooth the CMO Oscillator

CMOAvg = DEMA(CMO,AMAAvQ);

//  And smooth it again to form a trigger line
Trigger = DEMA(CMOAvg,3);

// Buy when the smoothed oscillator crosses
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//  up through the trigger line

Buy = Cross(CMOAvg,Trigger);

// Sell on a downward cross, or 6 days,

/! whichever comes first

Sell = Cross(Trigger,CMOAvg) OR BarsSince(Buy)>=6

Buy = ExRem{Buy,Sell);
Sell = ExRem(Sell,Buy);

Plot(C,”C”,colorBlack,styleCandle);
PlotShapes(Buy*shapeUpArrow+Sell*shapeDownArrow,
IIf(Buy,colorGreen,colorRed));

Plot (CMOAvg,”CMOAvg”,colorGreen,
style=styleLine|styleOwnScale|styleThick,-100,100);

Ficure 20.2 CMO OsciLLATOR

The walk forward testing for this system was done using a single trad-
able, XLB, the 5&P Materials ETF. The in-sample optimization period
was two years, beginning January 1. The out-of-sample validation pe-
riod was one year, beginning January 1 immediately following the in-
sample period. The optimization was done five times.

I.

1L

111

Iv.

The first in-sample period was 1/1/2001 to 1/1/2003, followed by
out-of-sample 1/1/2003 to 1/1/2004.

The second in-sample period was 1/1/2002 to 1/1/2004, followed by
out-of-sample 1/1/2004 to 1/1/2005.

The third in-sample period was 1/1/2003 to 1/1/2005, followed by .
out-of-sample 1/1/2005 to 1/1/2006.

The fourth in-sample period was 1/1/2004 to 1/1/2006, followed by
out-of-sample 1/1/2006 to 1/1/2007.

The final in-sample period was 1/1/2005 to 1/1/2007, followed by
live trading if the results are acceptable.

A series of Figures, 203 through 20.17, illustrates the process of manually
performing a walk forward analysis. The steps are numbered in roman
numerals to indicate which walk forward period is being analyzed.

Before starting the walk forward, test the code and select the issue that
will be used for the optimization.

From the Automatic Analysis menu, pick the formula file.
Apply to should be set to current symbol.

Make certain the options under the Settings menus are as you
want them.

On the Report Tab, be sure Trade List is selected.
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* Decide which metric will be used to rank the optimization results
— I have picked K-ratio, just as it is provided by AmiBroker.

I Set the date range to 1/1/2001 to 1/1/2003.

Click Optimize.

Sort the results by K-ratio.

Record the parameter values that rank highest.

Modify the AFL code so those values will be used on the next
backtest run.

Change the To date to 1/1/2004.

Click Test.

Note the profit on 1/1/2003, the last in-sample date, and the
profit on 1/1/2004, the last out-of-sample date.

Click the Export button and save the trade list to a file in
comma separated value (CSV) format. Give the file a name
associated with the ticker, the system, and the beginning out-
of-sample date.

Figure 203 shows Automatic Analysis ready to click Optimize for the
first walk forward step.

/y Automatic Analysis - CCT CMO Oscillator. afl ) |
|
|

(%) current symbol - r t B
‘-- ¥ . | =
) use filter ‘ Define... () nlast days p={ 1] f
[ Run eveny: | Smin| e ial
[]wait for backfil (T only) oo | 14172003 |

Faormula file

C:\Program Fiies‘\.&miBlokev;‘.FmrnuI-as\Custom\.CCT CMO Elsciila-to_l.;afl_ i l Pick |
Apply to Fange
() all symbols ) all quotations [ Scal J { Explore } ‘

) n last quotations

Grtom: | 1 /1 /2_09-1-_ v |

L 7] |
[ _J[ Settings... ] |
[Patame\en ] r Close ] ‘

Ficure 20.3 Reapy 10 Crick Oprivize ForR WF 1

After optimizing, sort the results by K-ratio. Figure 20.4 shows the high-
est ranking results.
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Ficure 20.4 WF 1 BesT VALUES

Quantitative Trading Systems

Figure 205 shows the test results for both the two year in-sample and
one year out-of-sample. The values of the optimizable variables have
been set to those that were highest ranking.

1L

WB  Leng 1755 300
MB  Long 40 176 41072003
M8  Long yvem 18R S
AB  Long 52003 1867 S7/20M
B Lo 5/32003 1881 571472003
M8 Loy SR 1a) 5297003
MB  Long B0 193
| KB Lomg 6122003 1386 6n32m
|48 Lo are/ne
X8 Long 7RO 1457 771072003
AB Lo FAB2003 196 7/2872003
M8 Leeg NS BABN0
A8 Long 2208 217 9200
MB  Log W00 0% 101072003
|8 e WB2NE 2T 1022200
| KB Long 107232003 215 103172003
WMB Lo 11200000 2196 127172003

Formdefle = e :
Appl o Flange

) ol sywmbale ) & qualations

(&) cusrent symbal Cinlast quotalions: .
) use fiter ) nlast dags sl '}
[l Fum eveny: [ 5] | @[ 1/ 1720m |
[Jwal lor back@ AT cry) o | 1/ 1/2004
Rews

Tickes  Tiade Dals  Prce Ex dale

| (P (ca)

g
Export.
~
Ex Pice Xchg Profit X Profd
1885 239% 2967 21x
1872 1ea% 21548 168%
1501 106 138 106X
1683 07X 10079 47x
182 961X 12539 361X
173 l4x 2374 142%
175 1.65% 2823 1.65%
1847 Q7% 3764 02
1866 Q05% -7 45 Q0a%
1884 016% 218 atex
1883 90% 45303 110%
1837 005% m nosx
196 -1.31% 1803 13X
1983 -155% 21D ER 1.55%
1924 -169% 22565 169%
N6 851% 124493 551
2124 30h% 434.06 356
2153 4y 11262 78%
A4 205% 29232 205%
214 a70% 2ARF7 1.70%
2244 437% 62554 437%
2363 780% 11562 TE0%

Posiion Core Profit

124581
TLTH 48
1301084
1314928
13048 43
14,302 40
14,09 85
1396635
1390399
13,696 54
133an
13.765.68
1377279
1359248
1337
1315614
13881.07
1437513
14.262 52
14554 84
14,307 47
1493300

13879
315614
3881.07
437513
474252
4554 84
4,307 47
493300
6,068.62

B hars

R O N R P O L e

Frol

Ficure 20.5 WF 1 OuTt-0r-SaMPLE RESULTS

168 rowes] Profil = 606862 (B0.63%], CAR = 17 16%, Masbyi0D =-119324 (5 3051 CAR/MDD = 184, 8 wwers = 23 (48 535). & lovers = 7 [51 47%)

Change the From date to be 1/1/2002. The date range is now 1/1/2002

to 1/1/2004.

e Click optimize.

* Sort.

* Record.

* Modify the code.

* Change the To date to 1/1/2005.
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e (lick Test.
e Export.

Farmula Hle

|C:\Program Fles\AmiBrakerFormulashCustom\CCT CMO Dscillator.af n
Apply to Range

) all syrbals O all quotations [ Scan [ Ewploe_|

() curent symbal ) n last quatations __thimfm n
Ouserﬁltely O n last days n= [ Fepor <] Expot. |

1 Run every: 5’“‘“{ Sitn D_—_——:r/ Uz Equiy |+ | Settings. I
[:lWail for backfil (RT only) ta: 14 122004 v = I -
vy,

Ficure 20.6 Reapy 10 CLick Orrimizs ForR WF 2

PSS —
Foemula e
C\Program Files\AmBioker\Fomuias\Custom\CCT CHO Oscllator sl
Apply o Rangs
Ol ymbols O o quotaion:
© e s Onitamiios
o Ouiies__ =2 | Liwe Il o |
[ | o | 171 El
Chmeny [ o] O 10
[C]'wiait fon backil [AT only) o 112005
'
Rens
Tickat Trade Dats Price Ex date ExPrcs Xchg Profi X Profit Shares Hbws  FProk
X8 Long 11/20/200 209 121/200 2363 760% 108944  760%  GAOFS 7 18
bt} Long 20372004 2383 242004 2167 Q&% 10160 OEM%  6HON A
| a8 Long 2/5/2004 2397 212004 494 405%  G0BZS  405% 627083 7 £
et Long V2008 242 VR2004 B3 LUx aBA 4y B1E2B I
W8 Long 21872004 Y7 VRN 284 219% AWM 219 6XEN 3 N
| BET Long 3/25/2004 427 4204 BB 445t B2% 448x BAMI 7 §
| BT Long 4/22/2004 2515 472672004 483 127%  A0%  127% 6B i
s Long SN2/2004 295  5N1/2004 261 148% 23100 148% 679453 =
B Long 516/2004 2302 572172004 2126 104% 16016 104X B67.32 4 q
48 Long SR42004 2349 426 328x 50887  328% 660018 7 7
A8 Long 6/7/2004 45 B/4/2004 402 -200% 3050 -200% 55077 5 £
8 Long BAT2004 Uy %8 250% I 290% G458 § £
T 711372004 4% 7192004 4% 0Mx £45  QMx £452 5
W8 Long 7/28/2004 2463 A7 430% 2915 0% 55583 o
e Long 2/10/2004 2442 82004 A 72 AW 7% 65061 gz 8
B Long 8/16/2004 2458 B/24/2004 503 183 26588 183 635286 7 [
| }B Long 20U B4 020 2549 0% 76  0Mx  6XA2% 7
BT Long V004 B4 9152004 A1 051%  8a1®  0A51% 6xE®m FFN g
B Lorg VIR B VS04 693 422%x  GR,W  AXX  G13EM 7 E
bt Long 101172004 AT 101272004 %15 106X 7508 1068% 625 2 £
M8 Long 10/22/2004 X% 10/28/2004 %72 182% 2978 182% 647318 5 £
8 Long T/2/2004 %3] 1111/2004 2161 486X 772 486% 6312 e
WB Long 1729/2004 2833 1173072004 2621 Q42% 7381 Q4% E1508 I
18 Long 127152004 2838 12/17/2004 2013 088% 15285  088% 61138 - ]
T Long 1272172004 A6 122772004 2B 003% 601  003% 60348 4
167 rovs) Prot = 7204 57 [72.06%), CAF) = 19.84%, MaxSpaD0 = -1123.71 (9.32%), CARMDD = 213, B wanness = 33 (49.25%). 8 losers = 34

Ficure 20.8 WF 2 OuT-0r-SAMPLE RESULTS
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[I. Change the From date to 1/1/2003.
e The date range is now 1/1/2003 to 1/1/2005.
* Perform the same steps.

e e e L
C:\Program Files‘amiBroker\FormulashCustomdCCT CMO Oscillator. afl

| [Pick ] [(Eadt |
Appdy ta - Fange [——1 r—j )
| ) all symbols 3 all quatations Sean Explore

i (3 cument symbol () nlast quotations — [ Back Test I"j [Qplimiza ,"I
N .
. ) use filker Define... l ) nlast days = | ___1_1 [ F‘_J E Excort, ]

[ Run eve: [ w &) from: l—:lf—lz_z_?ﬂiﬂ___:—l o
i R [_Easy [-]( setings. ]

‘Wait for backfill (RT onl to:
s 4 ¥ [ Paramelevsj{ Close J

Ficure 20.9 Reapy To Crick OprimMize For WE 3

pds| A | |
61 101 |
61 % ||
61 81 |
gy |
&1 78 |
&1 gy
61 66

i O

Ficure 20.10 WF 3 Best VaLUES

|
Fornuda e |
|C:\Priogram Files\inoB ak Fotsass Custos\ CCT CMO Qsclaion o Fck || Eae |
Appkto Range
©) ol okt ©) ol quotalions Sean .
(%) cunrent symbol ) st quokations - Qptimiss ¥ ]
D= Onetey — F—l Lo -
<) o /1 -
Erﬂml backill [T == e Bl ) LS '
Wl foe o) tor 2 |
2 P |
Fresulls
Ticker Tiade Date Price Ex date Ex Pice Xchg Frofit X Profit Shae: Fostio.  Cum fhay Pyl
AB Long 11729/2004 833 11/30/2004 AN 04z £ 24 042% Sn9m 42241 416117 < |
T Long 12/15/2004 BB RNTENM W13 08%  I2475 0BBX 439994 14I6L17 40343 3
A8 Lorg 1272172004 06 121272004 20861 003 431 Q03% 4907684 1403643 404 4 ]
LB Long 1/6/2006 2753 171172008 2747 043% 5107 043% S08928 140413 238026 4
B Long 1182008 A R V.1 P 1 7] a5t 1.5x 17525 1.28% 500726 1338026 80501 3 |
X8 Long 1/28/2005 278 272005 2838 JEAX  SM420  168%  S0A201 138050 4302 7
B Long 2N02005 B3¥  218/2005 2341 370x 529.78 anmx 504556 143021 48300 7
T Lang A0S BW 4S5 283 ONX BB D41% S113F 45MH 4776 3
LB Lang 47742005 AB 42005 A0 4B 67943 AB0% G035 1477763 ADHS 5
He Long 4N3/2008 2131 427005 %5 267%  IEE5  267% 516227 1408815 3713 7
B Lang 472302005 7m 508 2N 2mx ME19 252%  SOTER 137130 408649 7
X8 Lorg 5/25/2005 ®76  5/31/2005 /5 QU 477 034%  SISE54 1406643 4113980 ]
B Long 6/3/2005 %9 6172005 73 383% S04 333% 524677 1411380 455422 7
XLE Lang 77042005 %85 TAA0B 21 0E% 1345 093% 545781 14E822  4TH065 5
LB Long T/20/2005 2786 7/28/2005 788 00m% e oy 530832 14T6EE 450128 P
Y1B Long 97272005 2667 9132005 %93 097% 14423 097% 554979 1480128 434557 7
a8 Leng 47205 T VA6 X3 2 44234 2%%  SR2IS 4SS 450323 &
%8 Lorg 9/22/2005 %38 VA8 681 163%  2%41 163X S4A7) 1450323 476 7
LB Long 1017/ 2005 2586 10/26/2005 643 220% 32469 2220% 563978 1473964 506453 7 |
B Long 1172842006 2888 117292005 2314 090k 1562 ik 1 521625 1506453 520015 2 |
LB Long 1272372005 2498 221005 24 Q6% g: 1] Q80% SH6841 1520005 510892 2 |
LB Long 1 2/28/ 2006 3006 12/26/2005 nn 017 2513 017% 50265 1510892 506379 -] |
(53 1owa) Prold = 5063 74 (50 84%). CAR = 14 71%. MaxSyaD0 = -1117 70 (8 4%, CARMOD « 1 76, 8 varnass = 32 (50.79%), Hlosess » 1 (4921%)
by oot a0

Ficure 20.11 WEF 3 OuT-0r-SamprLE RESULTS
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IV. The date range is now 1/1/2004 to 1/1/2006. Perform the same steps.

Fomula filz
AP ikt Cen\CET CHO Ol
fﬁoppaly“ ;thols ga;?zuotalions [ _Sean ][ Ewpiore ]
e e Onima [ _Tfpemel i
(] Run every: | Smin| A —121——7_2@_—_;_4 L‘ . -] rSetting;.. ]
] Wait for backiill (RT only) o | 1/ 172006 (¥ TP

Ficure 20.12 Reapy To Crick OpriMizZE FOR WF 4

—d
pds A Al
61 |
21 21 =8
61 g1
61 86
61 66
£1 E1
21 26
£1 7
1 36

Ficure 20.13 WF 4 Best VALUES
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Formuda fle
L \Program Fies\AmiBrok s\ Fomulas\ Custom\CCT MO Dacilslor o [P | [Ean |
Apphy tn Fangs
) ol symbols O sl quotations _:j
(3 cusrent symbal ) nlast quotations : | Back Test v —
Dl 2 i
; Gfom [ 17172004 %

1 Run svenr Smin | L . ! Egdy |~ gt
[T] Wt fow biackill (AT anky} to 17 172007 &

Parametss
Fesulls
Ticker Trade Date Price Ex daste Ex Prce Xchg Proft % Prot Shaes  Pomiio Cum fbas Fr
B Long 12/28/20086 W06 12/292005 00 017% -0 017k 4069 122186 22135 H
MLB Long 12006 S 102006 ME4 02X N 023 WASE 1221381 220048 5
ML Long 1/19/2006 W 12002008 285 168 20741 -169% 0BG 1224148 203408 2
8 Lang VIVOE B VA W47 160K 1SR61 160% 4012680 120M06 2267 3
XLB Long VAR e 222006 ez 006% 793 Q06% 396455 1220667 221874 5
L8 Lorg W06 NI ZAA06 NN Z4% 2072 24 MRIE 1271874 251647 7
BT Long 1/6/2006 W0I7T 306 023 15% %25 156% 6775 1251647 23122 3
LB Lerg VIOME W23 N6 NT3 S16% S/ET  SI6R 4075E 2R B LW 7
X8 Long V22006 87 WIN0E AN 0.5% 052 05% 469 1295704 29957 5
M8 Lang GYNE M 47102006 2R 015 MO8 QISX  A01656 1296957 00965 6
X8 Lang 4N0R0E 1377 450006 T62 0% WS QX% WSEd 1100965 290407 3
HB Long SA2006 63 SAVANE ST 280% 3256 8% MW 129M07 3306 )
X8 Long S50 62 652006 343 DEDX 8012 Q60% 421683 11063 12538 7
LB Long B4006 2961  B/Z/ANE A5 0% MY AME 76 1125361 365187 ¥
#1B Long GG AT76  T/AE 77 013% BT 019 429845 1165187 AR08 7
e Lang TANZNE N4 VWA W 279 WOEY 27 ATETS 1362608 3453 2
B Lang 7006 3059 73006 02 04X 5629 042% 432997 13261 3168 2
BT Lang 832006 N6 &M/2006 WS EI% 4340 183X 427202 133M6D 305828 7
LB Long GZ00E 3138 AWE N® 010% 1248 010% 416000 TI0SA  1M4SA0 2
W Lang B/3/2006 35 BG12006 N6 QME T7W 0% 44152 1204580 310378 2
¥B Long 52006 3219 9/6/2006 79 l24%  B2ED | A24%  AQ7O76 1310378 29409 2
MEB Long 91 3/2006 N3 W42006 M2 0% AL OWE 413449 12409 289961 2
XLB Long V006 3B Y206 64 1155 14846 11S% 412392 1289961 3607 5
pT] Long MS2006  TET 10432006 Ww7S 289% W14 289% 40993 1304807 3420 7
| 48 Lorg 101872006 1264 10/25/2006 3324 1BA%  METI 1B 41131 1342520 3IENH 6
HB Long 1002006 B4 TWVE WM LB @67 QB0 MA3) 136099 150 5
WE Long TW/%206 W0 11072006 ;|7 HHX 1379 097k IWWI 1350 148W 2
MB Long WAB/Z2006 398 NAZZ06 el J4dx 5341 Q4% 3072 1345853 339992 2
B Long TR006 348 11/27/2006 M5 006% 777 006X RG0S 1339912 340689 5
| X8 Long 1242006 B2 12006 3?24 003% 381 000% 30553 13406689 341069 3
ALl Leng 12/7/2006 /46 12112006  ¥/42 00X 513 QUX 7RI 1341070 3WSE 3
8 Leng 127272006 /13 1M22006 M8l 083X 11058 083% MW 13385 I2MW 3
(74 rows) Proft = 3284 99 (12 85%), CAR = 9 965, MasSyaDD) = 980 08 [-7 53] CAR/MDD = 132, 8 winners = 37 [50.00%), 8 lossrs = 37 (50.00%)
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V. The date range is now 1/1/2005 to 1/1/2007. This is the last full opti-
mization period, so it will be the last optimization.

* Sort by K-ratio.

* Record the parameter values that rank highest.

* Modify the code so those values will be used for the next tests,
and to generate the buy and sell signals. Since this chapter is
being written early 2007, there is only a short out-of-sample pe-
riod.

e Export the out-of-sample results.

Farmula file

|C '\F‘rogram Fules\AmoBrokel'\FormuIas'\Cus!am\CCT CMO Oscillator. afl |
Lpply bo Rangs

() all symbols O all guotations [ o J [ Eplors j
&) curent symbol O n last quotations e Eack Tesl|'] [ Optimize j

O use fiker () nlast days n= '_1- | 'J TKPO” }

min] Ofom [/ 12005 |
[1Run eveny: [ 5mm 2 Equ m
] 'wait for backfill (AT only) te: | 1/ 172007 1
= [ Parameters ]{ Close j

Ficure 20.15 Reapy 1o Crick OpTiMize rOR WF 5
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ST ___E] E
pds| A, |8
10 1
101 11
101 41
51 %
21 26
10 5
B1 76
21 3
101 3k
101 <
21 3k |

Formuds ke
[ \Program Fies\miokeFormuss\Cuslam\CCT £MO Osclslor s
- Fange

O s quistons (Csen ][ Expore ]

O nlast quotations ach Test ~ -

=y 10 iy

‘ [osn.] | Oniueas G

) hrom: 206
] Run every Eemin 1 L 3
[ 1\ lon backti (RT onp) ter 1/ 172008 (&
Resuly
Ticker Tiade Dsle  Puce  Exdate ExPrics %chg Pt XPoit  Shaes Poso.  Cum Hbas F
48 Lorg 0702006 1264 10/25/2006 3324 184X 21706 184%  ®177 1180816 200522 3
A8 Lora W0AVAS 348 VA0S 3328 0605 7184 060X 399176 2081 19538 5
T Log /32006 3403 11/10/2006 37 QWx  A15®m W% BB 1IN 18747 2
T Lorg NABR006 MW TIANZE006 83 0ME B2 QMY MOME NAN 1162 2
LB Lang 1172002006 348 1/27/2008 M5 00ex 684 noes 1799 1178522 179205 -]
T Long 1242006 3523 1262008 B24  003% 3% 00X IMAIS 117205 17540 3
LB Long 127772006 e 12N /200 B4z Onx 1331 DRRES 33264 NM75E40 178210 3
B Long 120/2006 B3 12292006 M4 08X WX 08X IEWE 1178210 16M4E 3
e Lorg 1112007 3484 1/22/2007 FA 161X 7E2 161%  IBHE 1168483 187265 7
151 10w} Profd = 1672 65 (18,7351, CAR «  700%. MaeSyaDD = 862 04 (-7 5351 CARMDD = 116, B winars = 27 (52 4%, B losers = 24 (47.06%)

Ficure 20.17 WF 5 OuT-0F-SAMPLE RESULTS

Figure 20.18 shows the in-sample and out-of-sample results for walk for-
ward step V. Out-of-sample begins at the vertical bar.

2q

Ficure 20.18 SionaLs WF 5 pLus Live TRADES
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Go to the directory where the CSV files were saved, and open all five
files with a spreadsheet. Each file holds the in-sample and out-of-sample
for one of the walk forward steps. Using the cut and paste capabilities of
the spreadsheet, put all of the out-of-sample trades into a single time-or-
dered column. Because each of the walk forward steps has taken a differ-
ent computational path, and the number of shares and equity will have
discontinuities, you will have to work with the changes in price from
trade entry to trade exit. Perform whatever analysis you wish on these
results, then decide whether to trade this model ~ that is the combina-
tion of this code and this ticker.

Figure 20.19 shows the equity curve resulting from concatenating to-
gether the out-of-sample data from the four full years 2003, 2004, 2005,
2006 and the portion of 2007. The straightness of the out-of-sample eq-
uity curve is 96.5%. $10,000 as of 1/1/2003 becomes $16,670 1/22/2007 — a
compound annual growth rate of 13.5%. It is unusual to find out-of-sam-
ple results with such a straight equity curve. This appears to be a very
robust model.

Concatenated Out-of-Sample Results

| 18,000 4

16,000

12,000

10,000

goD) 4—mr - —_ —_— —

Account Equity

6,000 —

4,000 + —

2,000 4— - - - -

0

Trade Exit Date

Frcure 20.19 ComBineDp OuT-0r-SamrLE EQuiTy CURVE

The in-sample results are interesting for comparison. Figure 20.20 shows
the equity curve resulting from 1/1/2001 to 1/1/2003 from step I, then the
second in-sample year from each of the other steps. The straightness of



Walk Forward Testing 273

the equity curve is 98.6%. $10,000 on 1/1/2003 becomes $21,350 on 1/1/2007
—a compound annual growth rate of 13.5%.

Concatenated In-Sample Results

v =6 1166x- 216907
R =0.9862

Account Equity

101920086

Trade Exit Date

- Ficure 20.20 CoMBINED IN-SampLE EQuiTy CURVE

The annual growth rate over the out-of-sample period is equal to that of
the in-sample period. This is unusual. It is an indication that the model
has discovered a stable relationship and that it is likely to remain prof-
itable. Since the out-of-sample performance is so good, a drop in out-of-
sample profitability will signal that no trades should be taken until the
model returns to its 13% annual profitability trend line.

AUTOMATING THE WALK FORWARD PROCESS

The walk forward analysis just described and illustrated was done by
hand. There are two programs that automate the process, making it
possible to check many more alternatives in much less time and with
much less effort, and removing the possibilities of peeking at the out-
of-sample result while adjusting the model. Those two are Intelligent
Optimizer and Dakota.
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INTELLIGENT OPTIMIZER

Intelligent Optimizer is an add-on to AmiBroker that will provide au-
tomatic walk-forward testing. The program is under development. The
current release of it can be downloaded from the AmiBroker-ts Yahoo
Group'’s file directory.

DakoTa
OVERVIEW

Dakota is a stand-alone platform for trading system development, vali-

dation, and trading. Dakota is a product of BioComp Systems, Inc. It has

several unique and valuable features:

e Allresults are 100% out-of-sample.

e It has built-in Monte Carlo analysis. (See Chapter 22 for more
about Monte Carlo analysis.)

* The modeling engine is based on Particle Swarm and Flocking
adaptive techniques.

e Dakota’s code module is known as a bot — short for robot.

* For each run, multiple bots are used and their individual results
combined.

e The initial parameter values of the bots are distributed throughout
their range.

* The bots can communicate with each other during the runs, and
adapt their behavior.

* Itis designed to use as many processors as the computer has.

¢ Trading system modules are coded in Visual Basic Script.

Dakota comes in two versions — end-of-day and real-time. The results de-
scribed here were achieved using the end-of-day version. Dakota reads
data from MetaStock or ASCII format files. There are no limits on the
number of bars of data or the number of data files that can be processed.
The data remains in its original database, and is not imported into Da-
kota until it is needed for the runs.

Depending on the trading model coded into the bot, Dakota is equal-
ly suited for longer term or for swing trading. Entries and exits are usu-



Walk Forward Testing 275

ally taken at either the open of trading or the close, with o, 1, or 2 bars
of delay.

As the data series is processed:

1. A single bar of data is presented to all of the bots.

2. Each bot knows its own state and its own performance history.

3. Each bot generates a signal to be long, flat, or short.

4. The signals from all the bots are combined and reported as the
system’s overall signal.

5. Each bot is given information describing the performance of
the swarm of bots, and may or may not adjust its parameters in
anticipation of the next bar.

For more information about swarm technology, search the internet for
“particle swarm optimization” or “flocking optimization.”

When Dakota is installed, it has several bots ready to use. The Bio-
Comp Dakota support site has a library of bots that have been created
by BioComp and by the community of Dakota users. The bots are Visual
Basic Script modules and are in text file format. A command instructs
Dakota to import bots and they are immediately ready for use. They may
be just as easily exported for archiving or sharing.

As with AmiBroker, bots can be compiled into DLLs for security or
to improve execution efficiency.

Users may elect to participate in a results sharing information data
base, where the ticker, bot name, and results of runs are merged into a
data base and made available to other participants.

ProGraM CODE

Figure 20.21 lists the complete Dakota bot named double smoothed en-
tropy, which is in the Dakota library. When programming a custom bot
for Dakota, coding templates and a coding wizard take care of the boil-
er plate code. Almost all of the trading system code goes into the Cre-
ate Signal function.

¢

' Double Smoothed Entropy . vbs
‘Hidden Global variables

Option Explicit

Dim Dakota
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Dim PriceCtr

Dim Performance
Dim NbrParameters
Dim ParameterMin()
Dim ParameterMax()
Dim Parametervalue()
Dim ParameterName()
Const READ = 1
Const WRITE = 2
Const APPEND = 3
Dim OPEN

Dim HIGH

Dim LOW

Dim CLOSE

Function Script_SetHost(Host)
Set Dakota = Host
End Function

Sub Script_Reset()
PriceCtr = 0
End Sub

Sub Script_SetPerformance(Perf)
Performance = Perf
End Sub

Function Script_NumberOfParameters()
Script NumberOfParameters = NbrParameters
End Function

Function Script_GetParameterName(ParameterlID)
1f ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Function
End If
Script_GetParameterName = ParameterName(ParameterID)
End Function

Function Script_GetParameterMin(ParameterlD)
If ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Function
End If
Script_GetParameterMin = ParameterMin(ParameterlD)
End Function

Function Script_GetParameterMax(ParameterID)
If ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Function
End If
Script_GetParameterMax = ParameterMax(ParameterlID)
End Function

Function Script_GetParameterValue(ParameterlD)
If ParameterIQ < 1 Or ParameterID > NbrParameters Then
Exit Function
End If
Script _GetParametervValue = ParameterValue(ParameterID)
End Function
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Sub Script_SetParameterMin(ParameterArray)
Dim ParameterlID
Dim Value
ParameterID = ParameterArray(1)
Value = ParameterArray(2)
If ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Sub
End If
ParameterMin(ParameterID) = Value
End Sub

Sub Script_SetParameterMax(ParameterArray)
Dim ParameterlD
Dim Value
ParameterID = ParameterArray(1)
Value = ParameterArray(2)
If ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Sub
End If
ParameterMax(ParameterlD) = Value
End Sub

Sub Script_SetParametervValue(ParameterArray)
Dim ParameterID
Dim Value
ParameterID = ParameterArray(1)
Value = ParameterArray(2)
If ParameterID < 1 Or ParameterID > NbrParameters Then
Exit Sub
End If
ParametervValue(ParameterID) = Value
End Sub

Sub Script_SetColumnIDs(ParameterArray)
OPEN = ParameterArray(1)
HIGH = ParameterArray(2)
LOW = ParameterArray(3)
CLOSE = ParameterArray(4)
End Sub

Sub Script_Load(PathAndFileName)
Dim i
Dakota.OpenFile PathAndFileName, READ
PriceCtr = Dakota.ReadFile
Redim PriceHistory(PriceCtr)
Redim Entropy(PriceCtr)
Redim FirstSmoothing(PriceCtr)
For i = 1 to PriceCtr
PriceHistory(i) = Dakota.ReadFile
Entropy(i) = Dakota.ReadFile
FirstSmoothing(i)= Dakota.ReadFile
Next
Dakota.CloseFile
End Sub
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Sub Script_Save(PathAndFileName)
Dim i ‘a variable used to step through
‘the history as we write it to disk
Dakota.OpenFile PathAndFileName, WRITE
‘Tells Dakota to open a file for us to write into
Dakota.WriteFile PriceCtr
‘Write the number of rows of data that we are saving
For i = 1 to PriceCtr ‘Step through each row of data
Dakota.WriteFile PriceHistory(i) ‘Write the value
Dakota.WriteFile Entropy(i)
Dakota.WriteFile FirstSmoothing(i)
Next ‘i ‘next row, please
Dakota.CloseFile ‘Done with the file, close it
End Sub

Function Script_CreateSignal(Prices())
Dim SSFast
Dim SSSlow
PriceCtr = PriceCtr + 1
Redim Preserve PriceHistory(PriceCtr)
PriceHistory(PriceCtr) = Prices(2)
Redim Preserve Entropy(PriceCtr)
Redim Preserve FirstSmoothing(PriceCtr)
Entropy(Pricectr) =
Dakota.McEwanEntropy(PriceHistory,ParameterValue(1))
FirstSmoothing(Pricectr) =
Dakota.SMA(Entropy,Parametervalue(2))
SSFast = Dakota.SMA(FirstSmoothing,Parametervalue(3))
SSSlow = Dakota.SMA(FirstSmoothing,ParameterValue(4))
If (SSFast < SSSlow) Then
Script_CreateSignal = 1
ElseIf (SSFast > SSSlow) Then
Script CreateSignal = -1
Else
Script CreateSignal = 0
End If
Exit Function
End Function

Function Script_ChangeParameters(ParamArrayln)
' Dakota.ChangeParametersFlocking(ParamArrayIn)
Dakota.ChangeParametersEQController
Script_ChangeParameters = True
Exit Function

End Function

Sub Script_InitializeParameters()
‘Use this function to set the starting values
‘of your parameters
‘This example initializes the parameters
‘randomly between their mins and maxs

Dim i

Randomize

For i = 1 To NbrParameters

Parametervalue(i) = (ParameterMax(i) - ParameterMin(i)) *
Rnd + ParameterMin(i)

Next

End Sub
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Sub Script_bDefineParameters()
‘Use this function to define your parameters
‘This example defines one parameter
NbrParameters = 4
ReDim ParameterMin(NbrParameters)
ReDim ParameterMax(NbrParameters)
ReDim ParameterValue(NbrParameters)
ReDim ParameterName(NbrParameters)

ParameterName(1) = “Entropy Period”

ParameterMin(1) = 2

ParameterMax(1) = 6

ParameterName(2) = “First Smoothing Period”

ParameterMin(2) = 4

ParameterMax(2) = 6

ParameterName(3) = “Second Smoothing Fast Period”

ParameterMin(3) = 6

ParameterMax(3) = 8

ParameterName(4) = “Second Smoothing Slow Period”

ParameterMin(4) =

ParameterMax(4)
End Sub

1

7
11

‘GLOBALS [Do not change or remove this line]

‘Declare any global variables, such as persistent arrays of
prices, flags,

‘intermeditate results that need to

‘survive’ between CreateSignal calls.

Dim PriceHistory()

Dim Entropy()

Dim FirstSmoothing()

‘End GLOBALS [Do not change or remove this line]

Function Script_GetDescription()

‘Create a Description for your bot,

‘which is displayed when the bot is selected

‘in the Swarm window.

Script_GetDescription =

“This bot trades countertrend using the crossing
of two double smoothed Entropy oscillators that
differ in the period of their second smoothing.’

End Function

Function Script_GetName()

‘Create a short but descriptive name for your bot,

‘something you will recognize.

‘This name will appear in the Swarm window bot tree.
Script_GetName = “Double Smoothed Entropy Bot”

End Function

Frcure 20.21 DousLE SmMooTHED ENTROPY BOT
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Figure 20.22 shows the list of bots available for use.

.I Bots
| T_-fv\lnb:\l___

Ficure 20.22 List or BoTs
OPERATION

To run a simple test of one bot and one ticker:

1. Select a ticker, and adjust dates as desired.

2. Select a bot, and adjust parameters as desired.
3. Push the Go button.

As each bar is processed, the price series is plotted bar by bar, as is the
composite signal from the group of bots, and the equity curve.

A separate tab displays a scatter chart of the parameters, bot by bot,
bar by bar. Any of the parameters can be plotted against any others.

Another tab displays a dynamic summary of the performance statis-
tics for the run, and lists the individual trades as they are signaled.

After the run is complete, there is a button to create a report in
Microsoft Word format. The report contains everything needed to
document or recreate the run, and includes parameter settings, a trade
listing, performance statistics, and a graph of the equity curve.
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Resvrrs

The double smoothed entropy bot was applied to the Russell 1000, ticker
RUI, from 1/1/2003 to 1/17/2007. The top pane shows the RUI price series.
Note that buy and hold gains about 300 points over this period.

The middle pane is the composite signal from the swarm of bots. As
the parameters are set, any positive signal value causes a long position.
If there are too many whipsaw trades, it is possible to set a minimum
signal level that must be met before a position is taken. This technique
will work if profitability is correlated with signal strength.

The bottom pane shows the equity curve for this run.

Ficure 20.23 SinGLE Run EquiTy CURVE

Figure 20.24 shows the report for the single run. Note that the system
made 375 points versus buy and hold’s 342 points while exposed only
51% of the time. 82% of trades were profitable. Expectancy was 5.5 points
per trade, or about 0.94% per trade. The average trade was held about
7 days.

There were about 17 trades per year, so this system returned about
20% per year, or about 40% risk adjusted return. All out-of-sample.
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Trads Count: 8 I
Winning Tradas: s¢ (8Z.35v)

Lowing Trades: 1z (17.€5%)

Cumulative Winners: 483, 8600

Cusulative Losers: ~108.3900

Average Winner: B.6404

Average Loser: ~9.032E
IHighest Trade: 26,1900

Lowest Trade: -18,2000

Ave Trade (Expsccancy) 5.52Z18

Bars Long: 499

Bars Short: 0

% in Position: 51.07%

Trade Scdey: 8.5728

¥in/Logs Painc Ratio: 4.4641

Man Drawdown: 28.€400

Bars Duration: 146

Time Duravion: 212

Max DD Date Scarc: A/17/8004

Max DD Date End: 10/15/2004 |
Max DD W: 18.71%

Opan Equity: 0.9000 |
Closad Equity: 275.4700 |
Total Fguicy: A75.4700

Het Equity: 375.4700 Ii
Minimus Bquiny: -11.2200

Buy-n-Hold Rquicy: 300. 4000

ist Signal Buy-n-Hold: 342.2700 1
Bquity straightnass 0.9570

% of Paxtect: 10.334 |
4 of Pextect: Z1. 760 (while in & pomition)

4 Direction Correct: 60. F2n |
Trads Ava ¥ Return: 0.94%  (Accum. trade 4 recurns / Mbr Trades) |
Date Acrian  Prica Valua Bquity |
3/4/2003 LONG  436.5300

3/19/2003 EAIT 462.7200 26.1%00 26. 1500

3/31/2003 LONG 460.3500

4/3/2003 Dar 459.9000 8. 5500 34.7400

4/47 /2003 LonNG 473.3000

4/23/2003 BRI 4868000 13, sono 48. 2400

5/2/2003 LONG 493 2600

§/9/200% EXIT 435. 3800 2.1200 £0.3600

5/15/2003 LONG  E0Z.SE00

6/2/2003% EAIT 5145300 12.3400 62.7000

6/11/2003 LONG  §30.7300

7/7/2003 EXIT 5351800 4.4500 67.1600 {
7¢17/2003 LONG  523.3700 |
7/29/2003 EXIT 527.9500 4.5800 71.7300

8/6/2003 LONG 515.4300

8/13/2003 EAIT §24.2700 8.7800 80.5100

8/26/2008 LONG 531.5100

3/5/2003 EXIT §45. 7000 14.13%00 94. 7000

Ficure 20.24 SiNnGLE RUN StaTs
BarcH OPERATION

Dakota has a feature that tests a trading system using any number of
tickers. Simply select the bot to be tested and the tickers to be tested and
start Dakota. This runs as a batch run, but one that can be interrupted
and restarted as often as necessary. Using the straightness of the equity
curve as a metric, an individual report is created for every ticker that
meets user-defined minimum standards.

Under ordinary circumstances, this process would be described as
data mining or optimizing the symbol space. There is little danger with
Dakota. After reviewing the individual reports, select one that looks
promising.
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MonTE CaArRLO REPLICATION

Repeat that run using the same bot and the same data and Dakota’s Mon-
te Carlo facilities. This time, instruct Dakota to make some number of,
say 30, independent runs. If the good results were a result of luck, there
will be no consistency.

Dakota made 30 independent runs using the RUI data. Figure 20.25
shows the rainbow chart of equity curves. Each curve came from one of
the 30 independent runs. Except for one maverick, the runs were very
consistent. The 30 individual curves have been saved in CSV format and
are available for further analysis.

Ficure 20.25 MuLTiRUN RAINBOW
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Figure 20.26 shows the performance report for the average of the 30 in-
dependent runs.

Maio 0 S Wy 03] g
Total E quaty 3576520
Equity Straighirets 0.95%

M Deawliovn nm
Max Drawedowr Bar Dursbion 1352333
M Drawedown Time Dusstion  197.5000
M Dravedown Start DateTime 38050 0000
Max Drawdown End DateTime 38247 5000
Mue Dravedowm Peak Peif 170.5207
Max Drswedown Villey Pesf 355 6480
Max DD % 406

Nbr Trades ke
Nbr ‘winners 52 4000
Hbx Losers 159333

% Winning Trades 7873

% Losing Trades nmx
Clurredative Wirewts 4819027
Cumudstive Lovers 104 2497
Avetage Wirne: asled
Average Loses & 6847
Highest Trade 2354970
Loweat Trade 170803
Average Trade 5243
Baz Long 436.0667
Bars Shont 0,0000

X in Postion 50.74%
Timde Stdey azm
Win/Loss Point Ratio 44019
Open Equiy 00,0000
Closed E quity 76530
Het Equiy 3576530
Meiramum E quity 14.5657
Buyp-reHald E quity 00,4000
First Signal BupnHold 00,4000

X of Pasect 4%

X of Pesfect in Position 2086

% Ditection Coirect 6020% |
Trade &ve X Retumn 089% |

Ficure 20.26 MurtiRun StaTts

DaiLy OPERATION

After the research is complete, the same bots can be used to generate
trading signals. To do this:

1.

2.
3.
4

Save the swarm.

Add data to the MetaStock or ASCII files.

Open the swarm.

Click the Go button and Dakota will continue the walk-forward
from when it was saved.

Observe and act on the position or signal.

REMEMBER - if you do not have acceptable test results on a truly out-of-
sample data period, then out-of-sample testing begins tomorrow with
real money.
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Survivor Bias

IN MANY PROFESSIONS, such as music, law, and physics, success is based
on skill. A person who is untrained and unskilled is unlikely to succeed.
Even less likely is that a high percentage of practitioners in any of those
fields could be unskilled and still succeed in them.

In financial management skill is not required to be successful. Cer-
tainly some managers, advisors, and traders are both skilled and suc-
cessful. Others are skilled but not successful. Still others are unskilled
but lucky.

Fund managers, investment advisors, newsletter writers, and indi-
vidual traders who were in the right place during the right time were
very likely to have made a lot of money. 1988 through 1999 was a great
time to hold long equity positions. Those who made the wrong choices
were very likely to have lost money, perhaps a lot of money. If we look
up the performance statistics for currently active managers and advi-
sors for that period of time, we will see the results for those who were
successful. Those who were not successful have gone on to other careers
and their records are not available.

Similarly for hedge funds. Those that do well attract more money to
manage. Those that do poorly, even after doing well for a long period,
often go out of business, perhaps to be reincarnated by the same people,
but with a new name and a new performance report. The history of poor
performance disappears.

Both broad and focused indices also suffer from survivor bias. A
common method of selecting companies to test trading systems is to

285
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choose those which are members of the S&P 500 index, S&P 100 index,
or the NASDAQ 100 index. When we test long-only positions from 1990
to date for companies that are current members of the index, we will see
better results than we would if we formed a group of all members of the
index as of 1990 and traded them forward. The companies that drop to
the bottom of the ranking are dropped from the index and replaced by
companies that the index manager thinks will do better in the future.
This manipulation of the membership of the index is carried to an ex-
treme with the Dow Jones Industrial Average, which is so managed that
it is almost meaningless.

And it is not just indices — mutual fund managers rebalance their
portfolios to maintain higher weights in top performing stocks. The top
ten holdings for any sector fund today are certain to be far different than
the top ten holdings a decade ago.

The Table 21.1 lists all of the companies that were members of the
NASDAQ 100 index in 1999 but are no longer, those that are members
as of January 2007 but were not in 1999, and those that have been mem-
bers throughout. It is interesting to buy each stock as of 1/1/1995 and
hold them through 1/1/2007. Compare the RAR columns in Figures 21.1,
21.2, and 21.3.

Stocks in NASDAQ 100
1999 | 2007 |Both 1999 | 2007 |Both
ADCT [AEOS | AAPL MCLD |JNPR [ PAYX
ADPT | AKAM | ADBE MKC JOYG | PCAR
AFM AMLN [ ADSK MLHR | LAMR | QCOM
ANDW | ATVI | ALTR MOLX |LBTYA |ROST
ASND [ BEAS | AMAT MU LINTA | sBUX
ATML | BIIB | AMGN NET LRcX | s1AL
BGEN | BRCM | AMZN NOVL |MEDI | SPLS
BMC CDNS | APCC NSCP [ MICC [ Sunw
CATP | cDWC | APOL NWAC |MNST | TLAB
CBRL [CELG |BBBY NXTL |MRVL | XLNX
CE CHkP | BMET PHS NIHD | YHOO
CEXP | CHRW |cCSCO PMTC | NTAP
CHIR | CKFR [CTAS PSFT | NVDA
CMCSK [ CMCSA | CTXS Q PDCO
CNTO | CMVT | DELL QNTM | PETM
COMR | COST | ERTS QTRN | PTEN
COMS | CTSH | FAST RTRSY | RIMM
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Stocks in NASDAQ 100 |
1999 |2007 [Both 1999 |2007 |Both |
COST DISCA | FISV RXSD SEPR
CPWR DISH GENZ SANM SHLD
DLTR EBAY IACI SNPS SIRI
DZA ERIC INTC SPOT SNDK
EFII ESRX INTU SSCC SYMC
ERICY [ EXPD KLAC STEI TEVA
FHCC EXPE LLTC TCOMA | VRSN
FORE FLEX LVLT TECD VRTX
HBOC GILD MCHP VRTS WFMI
IMNX GOO0G MSFT VTSS WYNN
JCOR GRMN MXIM WCOEQ | XMSR
JWN INFY NTLI WOR XRAY
LNCR ISRG ORCL

TasLe 21.1 NASDAQ Tickers 1999 anp 2007

2

_. Automatic Analyzis - BuyAndHold. afl

{
Formuia file — 1
C\Program Files\AmBrokei\F ormulas\Custom\BupiindHold off LPu:-k Edit
|
Apphy 1o Hange
Oadls O ol quotations Scan Explore
) cunant symbel O nlast quotations Back Tent ¥
(5) use filler Define . ) nlast dags n= 1 o=
Repart.. Export. . ]
F vty Gy 2 from 141135 | — |
Wit for backfil [RT tox 17172007 (™
7 e Fame:
Results =1 Il
== : Lin
Ticker Met Proft  Met % Proft  Exposure % CAR R.. B Max Trade . Max Trade Max Sys Dra. Max Sys % .
CE 6,385.54 [k ) 100,00 29.04 29.04 3,436.91 2398 -3436.91 -23
DLTR 80.290 80350 100,00 2048 20,48 -36 666.67 57.06 -96,666.67 £7
| COST 74,322 74322 100.00 19.45 19.45 -48,452.95 -53.38 -48.452.95 a3
| SN 46,777... 467.78 100.00 1558 15.58 1514384 66,87 15,143 84 &6
LNCH 46,430, 4E4.31 100,60 1552 1582 -26,880.74 -53.15 -25.560.74 53
MEC 45,085, 450 85 100.00 18.29 15.29 13.085.711 -30.97 -13,085.71 -3
| BMC 36.802 3302 100,00 1373 13.73 107 543,61 B6.85 107 543 81 86 |
SHPS 13823 13824 100.00 751 7.51 -20.240.64 £0.79 -20.240.64 -60 1
TECD 12.951.. 12952 100.00 717 717 229124 7212 -2291.21 72 I
SANM 10294, . 102.94 100.00 608 6.08 33758821 -97.27 -337.588 21 97 1
CPwR 910550 91.08 100.00 555 659 -83,715.59 -33.45 -83,715.59 -93 1
MO 9.100.24 9100 100.00 554 554 2471018 -67.38 2471015 87 1
| ATML 492843 48.28 100.00 334 334 -71,200.98 -37.65 -71,200.38 97, 1
MU 284269 343 100.00 2N 21 A261269 -93.00 8261269 93
aQ 1,957.14 1957 100.00 1.90 1.90 -83,842.66 -88.27 -89,842 86 A |
| ADCT -3.188.00 -31.88 100.00 315 -315 -151.036.10 -97.73 -151.036.10 -97.
S5CC -3,449.13 -34.49 100.00 -3.47 -3.47 -9.86352 6345 986352 83
NOVL -6.405.80 -64.06 100.00 a8 18 -24,046.30 -96.33 -24,046.39 36
< » |
{18 rows] Profit = 12951.52 (129 52%), CAR = 7.17%, MaxSys00 = -22921.21 (-72.12%). CAR/MDD = 0.10, # winners = 1 (100.00%]. # losers = 0 (0.00% |

Ficure 21.1 ResuLts FroM Buy anp HoLp 1999 Stocks
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Foimula fie
C:AProgram Files\AmiBoker\Foimulss\Custom\BuyndHeld af [ Pick | [ Eat |
O et ynba e | Som, I Ewine.
) cument symbel - O nlast quotations ) |Eci@ Oplimeze  ~
(@) use et [ Deme.. | ¢ _:-nmx days ne i@ L_EEWT]
g e rRg [
[\ for backfll (AT oriy) e 2007 o | i- = [II‘EJ
Results
Ticker Met Proft Net % Pioft  Exposuie % CAR RAR %
NIHD 447.021.29 4,470.21 100.00 153,78 153,78
SHLD 101,953.34 1,019.53 100.00 9237 93.37
GOOG 35.891.97 358.92 100.00 90.63 90.63
CTSH 919,638.60 9,196.39 100.00 70.07 70.07
WYNN 67,052.55 £70.53 100.00 £2.97 £2.97
CELG 1,297.500.04  12,975.00 100.00 50.12 5012
BIIE 1,219,750.00 1219750 100.00 49.36 49.36
JOYG 59,155.94 531.56 100.00 41.75 41.75
NVDA 140,447 .15 1.404.47 100.00 40.70 40.70
GILD 544,957 28 5.44357 100.00 3377 39,77
MEDI 529,459.98 5,295.00 100.00 39.44 39.44
EB&Y 142,639.59 1.426.40 100.00 39.04 39.04
AEODS 470,153.87 4,701.54 100.00 38.10 3810
NTAP 296.,875.00 2.968.75 100.00 36.09 36.09
EXPD 314.000.00 3,140.00 100.00 33.64 3364
SEPH 297.900.00 2,379.00 100.00 307 33.07
PTEN 269.873.53 2,698.80 100.00 3203 32.03
DISH 174,611.66 1,746.12 100.00 28.77 28.77
ATVI 137,480.58 1,374.81 88.57 2515 28.40
WEMI 174,05512 1,740.55 100.00 27.49 27.43
ISRG 36,216.87 36217 100.00 26.46 26.46
ESAX 148,057.39 1,480,567 100.00 25.88 25.88
CHRW £68.786.13 £87.86 100.00 2513 2513
BEAS 70,641.03 706.41 100,00 23.95 23.95
COwLC 116,702.70 1.167.03 100.00 2358 2358
SHDK 92,696.85 926.97 100.00 23.24 23.24
PDCO 95.059.17 950.59 100.00 21.66 21.66
SYMC 88,349.06 883.49 100.00 21.00 21.00
MNST 56,623.57 566.29 100.00 20.77 20.77
COST 7432217 74322 100.00 19.45 19.45
LBTYA 5.237.85 52.38 100.00 17.79 17.79
LINTA 1,089.97 10.90 100.00 17.59 17.59
LAMR 38,437.04 384.37 100.00 16.36 16.36
XRa&Y 51.042.95 510.43 100.00 16.28 16.28
AMLN 50.116.67 50117 100.00 16.13 1613
VRSN 27.695.92 276.96 100.00 16.04 16.04
BRCM 26,140.54 261.41 100.00 15.90 16.90
CHCS4 46,971.74 489.72 100.00 15.61 15.61
CMVT 40,381.86 403.82 100.00 14.43 14.43
VRTX 39.833.33 398.93 100.00 14.34 14.34
LRCX 31.594.08 315.94 100.00 12.62 12.62
CDNS N.077.98 310.78 100.00 12.50 1250
PETM 16.404.33 164.04 100.00 843 8.43
CKFR 8.679.07 86.79 100,00 57 5.71
SIRI 661972 B66.20 100.00 33 4.33
DISCa 51E.34 518 100.00 3.47 347
KSR 2,041.67 20.42 100.00 280 280
| JNPR 1,492.72 14.93 100.00 1.87 1.87
| EXPE -1,265.61 -12.66 100.00 -8.96 -8.96
i AlaM £.241.36 g4 100.00 12.08 13.08

Ficure 21.2 Resurts From Buy anp Howp 2007 Stocks
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Forrnula file
C:\Program Files\amiBroker\Formulas\Custom\BuydndHold. afl I Pick. Edit
Apph ta Fange o
7 all symbols () all quotations [ Scan J ﬁxnlore J
O ourent symbal - ) n last gquotations Lﬁack Test "j Lgptimize :J
Qbirid: ) 'Mri‘_’] (':__“_“.-nlast i i3 [ Beport... 'J l Expon..-T
7 () from:
L Aun every: [ Sminj = Ui 1/133'5 [ Equity |¥ J ! Settings.,,J
[T1\wait for backfil (BT anly) ;| 1/ 1/2007 l & : ] I 2 ]
arameters ose
Results
Ticker Met Profit Met % Profit  Exposure % CAR RAR 9 Max Trads .. Max
AMZN 218,092,438 2,180.92 100.00 38.38 38.38 -582,196.52
APOL 443,139.54 4,431.40 100.00 37.44 37.44 -746,860.48
DELL 394,677.42 3,946.77 100.00 3614 36.14 -669,516.13
QCOM 25992858 253329 100.00 31.62 3162 538, 000.02
YHOOD 175.072.47 1,750.72 100.00 N9 3129 -831,159.44
ROST 247,017.54 247018 100.00 31.08 31.08 -99,736.84
NTLI 9,164.77 91.65 100.00 3046 3046 -6,560.36
SBUX 202.095.81 2.020.96 100.00 29.00 29.00 -60,359.28
FCAR 144,156.77 1,441 57 100.00 2562 262 -23,040.38
CSCO 133,842 11 1.338.42 100.00 2489 2489 -376,105.29
CTXS 93,200.00 982.00 100.00 2401 24.01 -454,240.00
PAYX 120.435.05 1,204.95 100.00 23.98 2383 -116,930.69
ADBE 107,151.00 1,071.51 100.00 2277 22.77 -94,131.06
BBBY 97,62712 976.27 100.00 2191 21.91 -43,559.32
ERTS 95,576.52 955.77 100.00 2171 21.71 -59916.14
AMGN 83.832.42 83832 100.00 2052 2052 -64.464.28
MSFT 81,876.92 Nn8.77 100.00 20.31 20.31 -103,107.69
SPLS 80.202.70 802.03 100.00 2013 2013 -64 966.22
AAPL 79,399.37 793.99 100.00 20.04 20.04 -36,796.63
GENZ 72,768.82 72769 100.00 19.27 19.27 -59,301.08
ORCL 70.845.06 708.49 100.00 19.03 19.03 -183.915.11
FISY 70,398.77 70399 100.00 18,98 18.98 -36,809.82
ALTR 67,176.47 671.76 100.00 18.57 18.57 -220,156.86
MM £5.049.02 650.49 100.00 18.30 18.30 -156,072.44
AMAT 6439516 64395 100.00 18.21 18.21 -186,935.48
| FAST £3,827.16 £38.27 100.00 18.14 1814 -31,954.73
BMET 62,786.60 627.87 100.00 18.00 18.00 -32,204.59
MCHP 56.194,33 561.94 100.00 17.07 17.07 -36, 538 46
LLTC 46,252.32 46252 100.00 15.45 15.49 -93,543.60
INTU 44 677 .42 446.77 100.00 15.22 18.22 -65,268.82
| I INTC 44,000.00 440.00 100.00 15.10 1510 -156,186.67
|| SlaL 43,600.00 436.00 100.00 15.02 15.02 -13.586.21
| RLNX 4221491 42215 100.00 1477 14.77 -179,495.61
1A4C! 18,744.37 187.44 63.50 §.20 14.49 -24.220.18 |
SUNW 38.6828.83 388.29 100.00 1413 1413 -557,657.64 '
ADSK 38.281.62 B2.82 100.00 14.03 14.03 -20,930.79 |
| KLAC 32,196.78 321.97 100.00 12.75 1275 -59,397.80 i
|| APCC 23,521.97 29522 100.00 12.14 1214 -46.,434.11 |
| CTAS 25,455.36 254 55 100.00 1113 1113 -22.991.07 |
| TLAB 5,498.49 54,98 100.00 372 372 -110,453.18 |
|| LYLT -8.491.38 -84.91 100.00 -19.44 19.44 -34 636.31 ‘

Ficure 21.3 Resurts Buy anp HoLp Stocks in Botr
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The median RAR of those stocks that were members of the 1999 NAS-
DAQ100, are not now members, but are still actively traded, is about
7% per year from 1995 to today. Those that are now members, but were
not in 1999, had an RAR of about 23%. And those that have been mem-
bers throughout had an RAR of about 19%. Table 21.2 summarizes the
results. And clearly, the full extent of the survivor bias is understated,
since many of the stocks on the list in 1999 would show negative returns
if their data was available.

Median RAR for Survivor Study

1999 7%

2007 23%

Both 19%
TABLE 21.2

EXPECTATIONS

What rate of return is reasonable to expect? A famous trader turned
$10,000 into $1,000,000 in one year, the final equity a factor of 100 times
initial equity. Under the assumption that entries and exits are made only
when the markets are open, and the fact that there are 252 trading days
in a year, then the daily rate of change must be the x in the following
equation:

x®? =100 ,

Logarithms make the solution easy.

252 * In(x) = In(100)

1
In(x) = 55 * In(100)
In(x) = 0.00397 * 4.605 = 0.01828
x =" = O = 1,0184
x=1.0184
The daily rate of change must be 1.84%.

By a similar calculation, the weekly rate of change to turn $10,000 into
$1,000,000 in one year is 9.26%.



Survivor Bias 291

What does a trading system that produces those results look like? As-
sume it:

* Has 70% winners.

¢ Has a payoff of 2 to 1 on winning trades.

* Loses 100% of its equity in all losing trades.

¢ Trades once a week.

* Bets 20% of the value of the portfolio on every position.

Those are pretty stiff requirements, and the 30% losing trades can come
at the wrong time. One in every seven traders who has this system and
trades it this way turns $10,000 into $1,000,000 in one year and becomes
famous. We do not remember the others.

ONE PERCENT A Day?

Can a rate of return of “only” 1% per day be sustained? If it could, $1,000
would become $50 trillion dollars — about the total value of all property
in the United States in 2006 (also about the total value of the debt of the
United States federal government in 2006) — in about nine years.

1*10* *(1.01)* = 50* 10"

(1.01)" =5*10°
x = 2244 (tradingdays)=8.9 years

DrawpowN OVER TIME

An earlier chapter discussed the relationship between holding period
and drawdown. Following are two graphs — one for a portfolio made up
of about 2700 stocks currently listed on the NASDAQ), the other made
up of about 2100 NYSE stocks. Beginning 1/1/1990 and continuing every
six months through 1/1/2006, the maximum drawdown for each stock
for periods of 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 225, and
256 days ahead is computed. Closing prices are used for the entry and
the maximum drawdown. The calculations were done twice a year, on
about January 1 and again on about July 1. Whatever stocks have suffi-
cient data were included. The results of all individual drawdowns were
averaged together to form a composite for the exchange.
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The graphs show several things:

* Asexpected, the drawdown increases in proportion to the square
root of the time the stock is held. That is, the average drawdown
should increase by a factor of four when the holding period in-
creases by a factor of 16. That relationship holds reasonably well
— at 256 days the drawdown is about four times that of the average
drawdown at 16 days.

*  The NYSE stocks are less volatile than the NASDAQ stocks.

* Both exchanges show wide variation in drawdown volatility.

*  On average, an NYSE stock will experience a 10% drawdown with-
in a holding period of about three months.

* On average, a NASDAQ stock will experience a 10% drawdown
within a holding period of about five weeks.

But these figures are all extremely conservative. There is a massive sur-
vivor bias. Hundreds of stocks had near 100% drawdowns in the three
years from early 2000 through early 2003, and disappeared. Some went
bankrupt, some were acquired, some were delisted. If those stocks had
been included before they disappeared, there would be many more steep
drawdowns, the average drawdown for any given period would be high-
er, and the length of time before a 10% drawdown would be shorter.

The stock markets have had a very strong upward trend from 1982
through early 2007 when this chapter is being written. So strong that it
is difficult to find profitable trading strategies for short positions. High
quality, inexpensive data is not available for periods before 1982, so it is
difficult to prepare for periods when stocks have a persistent downward
trend. Nevertheless, traders should be prepared for periods when short
positions are preferred. Perhaps you never would, or never could because
of a limitation in the account being traded, take a short position. Even
s0, it is worthwhile to try to develop trading systems that are profitable,
or that at least break even, in falling markets. When those systems gen-
erate a signal to enter a short position, it might be a good time to exit or
lighten up on long positions.
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Ficure 21.4 DrawpownN or NYSE Stocks
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To completely overcome the survivor bias of, say, index membership, it

would be necessary to have:

* accurate lists of the members as of the start of each test period.

* accurate price history as of the start of each test period — unadjust-
ed for subsequent splits, mergers, and restatements.

* test runs that reflect the then-current conditions as of the start of
each test period.

The point is this — even taking a random selection of equities for use in
testing is not adequate to overcome the survivorship bias. Any stock or
fund that has enough historical data to validate a trading system and is
available to trade tomorrow is a survivor and is affected by survivorship
bias. The past twenty years have been exceptionally strong for equities.
Almost any equity will trade long-only positions well and short-only
positions poorly. Survivor bias produces an overly optimistic result.

The subtitle to this chapter should be: “History is written by the win-
ners.”
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Monte Carlo Analysis

MonTE CARLO ANALYSIS is based on creating a computer program that
models a system we are studying, repeatedly samples possible results
from a chance process, and analyzes the results. The process being mod-
eled is the trading system written in AFL. The repeated sampling relies
on use of random numbers.

GENERATING RANDOM NUMBERS

When we speak of random numbers generated by a computer, we are
speaking of pseudo-random numbers. Truly random numbers can be
produced from physical devices, such as flipping coins, throwing dice,
or measuring the time interval between counters on a detector of radio-
activity. But truly random numbers are both inconvenient to generate
and convert to use by a computer program, and non-reproducible.

Various methods have been devised for creating a series of pseudo-
random numbers that pass tests of randomness. A common one is called
a linear multiplicative congruent generator. A very simple example has
been coded into the program shown in Figure 22.4. The constants in the
program are chosen to be prime relative to each other. The maximum
period - the number of random numbers that can be generated before
the cycle repeats — is always less than the constant associated with the
modulo operator, 4865933 in this instance.

If longer sequences of pseudo-random numbers are required, there
are several methods of increasing the randomness of the numbers gen-

295
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erated, and of extending the period beyond the limit of the constant as-
sociated with the modulo operator. One is to create a relatively small
array of perhaps 1000 elements and prefill the array with random num-
bers generated by one function. Whenever a random number is required,
choose which one to return by selecting it from the array with a random
number generated by a different function, then generate a new number
to replace the one just used. There are also many other algorithms for
generating series of random numbers with very long periods and very
random behavior.

If the random number generating program is poorly designed, or
if the constants are poorly selected, then the maximum period may be
considerably less. The first number to be a duplicate of any number pre-
viously generated causes the list of numbers to repeat, and from that
point on the random series is only as long as the number of numbers
between the two duplicates.

Even if there is a long cycle period, the numbers may have a non-ran-
dom pattern. One method of visually testing for patterns is to select pairs
of numbers, treat them as an x-value and a y-value, and plot the points
on a surface. Of course, the non-random pattern could appear first in a
three dimensional, or higher, space and be difficult to detect visually.

If you plan to do a lot of testing where random numbers are used,
learn enough about the random number generator your software uses to
assure yourself that the numbers are sufficiently random and the cycle
is sufficiently long for your purposes.

Most pseudo-random number generators produce uniform numbers.
Uniform numbers all have the same probability. Throwing a single six-
sided die and recording the number on the top face will produce uniform
random numbers that range between 1 and 6. The probability density
function for that process is shown in Figure 22.1. This is a discrete func-
tion, because outcomes can only be integers in the range of 1 to 6.

Ficure 22.1 ProBaBiLITY DENSITY FROM A SINGLE DIE
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Having only six random numbers available is too restrictive for most
simulations. So a continuous density function where any outcome can
result is used instead. (Since the computations are being carried out on
a digital computer which has a finite number of binary digits in the re-
sult, strictly speaking the density is still discrete, but the possibilities
are so close together that the density is considered to be continuous.)
Figure 22.2 shows the density function, usually called the Probability
Density Function, pdf, for a continuous density following the uniform
distribution. The range is normalized so that every number chosen will
be greater than or equal to zero, and less than, but not equal to, one.

Continuous Uniform Density

0.0 0.9999...

Ficure 22.2 Continvuous UnirorMm DensiTY FuncTiON

Every density function has a distribution function associated with it.
Figure 223 shows the distribution function, usually called the Cumula-
tive Distribution Function, CDF, for the uniform distribution.

Continuous Uniform Distribution
099 | .

0.0 0.9999...

Ficure 22.3 Continvous Untrorm DistriBuTtion Funcrion

The process of generating specific random numbers for use in computer
simulations is:
A. Create the CDF for the desired distribution.
B. Every time a new random number from that distribution is
needed:
1. Pick, or generate, a uniform number between o and 0.9999.
2. Go up the y-axis to that number.
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3. Go across, parallel to the x-axis, to meet the line describing
the CDF.

4. Drop down to the x-axis.

5. Read off the number from the distribution.

If the desired distribution follows one of the theoretical distributions,
such as normal, poisson, or exponential, it may be possible to compute the
CDF. But even some distributions that have mathematical definitions are
difficult to compute directly. In all cases where the desired distribution
comes from observations, as it could when simulating trading systems,
the CDF is developed by sorting observed data into bins and counting
the number of observations in each bin. An example using trading data
is given in a few pages.

So the keys to running simulations are:
* Have a CDF for the distribution you want to draw from
e Have a good uniform random number generator

AmiBroker has a built-in random number function, random(), which can
be used to create an array of uniform random numbers, one per bar. To
get one random number in AmiBroker, use LastValue(random()). Since
we plan to add noise to the data bar-by-bar, we could use the built-in
function. But there are times when random numbers are needed at a
rate other than one per bar. This can be accomplished using a uniform
random number generator that returns a single number with each call.

//  UniformRandomNumber.afl
/1

global RandomSeed;

function Rand()
//  Uniform random number generator
// using linear multiplicative congruence method.

//  There are no parameters.
// Each call to Rand generates and returns
// a new random number from the uniform distribution.

//  The congruence method is sensitive to choices for
//  the program constants and degenerates into a very
// short repetitive cycle when poor constants are

//  chosen.

/{ This routine is probably adequate for most informal
// Monte Carlo analysis to test model sensitivity

/! to small changes in the data.

// If you plan to do more simulations, you will

// need a better random number routine.
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{

// b 4126537;

/I a = 2323297;

/I m = 4865933;
Randomseed = (4126537 * Randomseed + 2323297);
Randomseed = Randomseed % 4865933;

return (Randomseed / 4865933);

Ficure 22.4 UnirorM RANDOM NUMBER

The RandomSeed is set by a program variable and retains its value be-
tween calls to the function. Each different value of RandomSeed creates
a series of random numbers that start at a different number. Of course,
since the numbers generated always occur in the same sequence for a
given RandomSeed, they are not truly random, but pseudo-random. But
they are repeatable, which allows comparison of alternative runs.

In the case of the program in Figure 22.4, and in most cases, the ran-
dom number generated is a uniform random number and behaves as a
number drawn from the statistical uniform probability distribution. It
is always between 0.0000 and 0.9999.

If numbers that appear to have been drawn from other distributions
are required, there are several ways to obtain them. Some distributions
can be described by a formula that relates the desired distribution to the
uniform distribution. For those cases, one or more random numbers are
drawn from a uniform distribution and used to compute the associated
number from the desired distribution. For both the theoretical distribu-
tions that have no formula solutions, and for all empirical distributions
— those resulting from collected data — the technique is to first build an
array whose components define the Cumulative Distribution Function
(CDF) of the desired distribution, then use a uniform number to select
a value from the distribution.

Although the normal distribution has well defined mathematical
definition, it is difficult to compute the CDF needed. The code illustrated
in Figures 22.5 and 22.6 solves the problem by storing the coefficients for
the CDF of the normal distribution in the 101 element array. (The values
for the CDF of the normal distribution were calculated using a spread-
sheet.) After that, it is easy to look up the value required from the array.
For more precision, or to extend the function beyond +/- three standard
deviations, use an array with more than 101 elements.
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Figure 22.5 shows the initialization code. This only needs to be per-
formed one time.

//  InitializeNormalCDF.afl

/!

function InitializeNormalCDF()

/}/ Initialize the array that holds the coefficients
/1 for the Normal Cumulative Distribution function.

{
NormCDF{0Q] = -3.090;
NormCDF[1] = -2.326;
NormCDF[2} = -2.053;
NormCDF[3] = -1.881;
NormCDF[4] = -1.751;
NormCDF[5] = -1.645;
NormCDF{8] = -1.555;
NormCDF{7] = -1.476;
NormCDF[8] = -1.405;
NormCDF[9] = -1.341;
NormCDF[10] = -1.282;
NormCDF[11] = -1.227;
NormCDF[12] = -1.175;
NormCDF[13] = -1.126;
NormCDF[14] = -1.080;
NormCDF[15] = -1.036;

NormGDF([16] = -0.994;
NormCDF[17] = -0.954;
NormCDF[18] = -0.915;
NormCDF[19] = -0.878;
NormCDF[20] = -0.842;

NormCDF[21] = -0.8086;
NormCDF[22] = -0.772;
NormCDF[23] = -0.739;
NormCDF[24] = -0.706;
NormCDF[25] = -0.674;
NormCDF(26] = -0.643;
NormCDF([27] = -0.613;
NormCDF[28] = -0.583;
NormCDF[29] = -0.553;

NormCDF[30] = -0.524;
NormCDF[31] = -0.496;

NormCDF[32] = -0.468;
NormCDF({33] = -0.440;
NormCDF[34] = -0.412;
NormCDF[35] = -0.385;
NormCDF[36] = -0.358;
NormCDF[37] = -0.332;
NormCDF{38] = -0.305;
NormCDF{39] = -0.279;
NormCDF[40] = -0.253;
NormCDF[41] = -0.228;
NormCDF[42] = -0.202;

NormCDF({43] = -0.176;
NormCDF[44} = -0.151;
NormCDF[45] = -0.126;
NormCDF[46] -0.100;
NormCDF[47] -0.075;

o



NormCDF[48]
NormCDF[49]
NormCDF[50]
NormCDF[51]
NormCDF[52]
NormCDF[53]
NormCDF[54]
NormCDF[55]
NormCDF[56]
NormCDF[57]
NormCDF[58]
NormCDF[59]
NormCDF[60]
NormCDF([61]
NormCDF[62]
NormCDF[63]
NormCDF[64]
NormCDF[65]
NormCDF[66]
NormCDF[67]
NormCDF([68]
NormCDF[69]
NormCDF[70]
NormCDF[71]
NormCDF[72]
NormCDF[73]
NormCDF[74]
NormCDF[75]
NormCDF[76]
NormCDF([77]
NormCDF[78]
NormCDF[79]
NormCDF[80]
NormCDF[81]
NormCDF[82]
NormCDF[83]
NormCDF(84]
NormCDF[85]
NormCDF[86]
NormCDF[87]
NormCDF[88]
NormCDF[89]
NormCDF[90]
NormCDF[91]
NormCDF[92]
NormCDF[93]
NormCDF([94]
NormCDF[95]
NormCDF[96]
NormCDF[97]
NormCDF[98]
NormCDF[99]
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-0.050;
-0.025;
0.000;
0.025;
0.050;
0.075;
0.100;
0.126;
0.151;
176,
202;
228;
253;
279;
305;
332;
358;
385;
412;
440;
468;
496;
524;
553;
.583;
.613;
643;
.674;
.706;
.739;
772,
.806;
842;
878;
.915;
.954;
.994;
036;
.080;
.126;
.175;
.227;
281;
.341;
.405;
.476;
.555;
.645;
.751;
881;
.054;
.326;

PN —= a4 24 a4 0 1L L 20000000000 P00000000O0000C0OOO0

NormCDF[100] = 3.090;
return{Null);

Ficure 22.5 IntriaLization oF CDF
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Figure 22.6 shows the function that generates a single random number
from the normal distribution. This is called once for each random num-
ber needed.

//  NormalRandomNumber.afl

1

function NormalRandomNumber()

// Normally distributed random number generataor
11

//  Returns a random number with mean 0.0 and

//  standard deviation 1.0.

/!

// Before using this routine, a single call to
//  InitializeNormalCDF must be made.

1l

{
Index = int(100* rand()) + 1;
return(NormCDF[index]);

Ficure 22.6 NormaL Ranpom NUMBER

ADDING NOISE TO DATA

Every data series has two major components — signal and noise. The sig-
nal component is that part that we hope contains patterns that can be
recognized and traded profitably. The noise component is that part that
is random and cannot be traded profitably. To some extent, the separa-
tion is arbitrary. Any data from which the trading system cannot extract
information and patterns is placed in the noise category.

As the complexity of a trading system increases through the addi-
tion of rules, indicators, and filters, and as the number of alternative sets
of values for the arguments that are tested increases through extended
optimization searches, the likelihood increases that the resulting mod-
el has fit itself to patterns that are not persistent beyond the in-sample
period.

Filters (the digital signal processing kind) are often applied to the
data to remove either the low frequency signal —a detrending operation
— or the high frequency signal — a smoothing operation. Both operations
are done in hope of leaving a data series that has a higher signal content
and lower noise. In order to test the sensitivity of a model to the specific
prices in the data, random noise can be added to the data, and the model
rerun. If the model performance drops sharply when the noise is added,
that is an indication that the model has fit itself to non-persistent patterns
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and will probably not perform well on out-of-sample data.

Using the two functions just described, the AFL program illustrated
in Figure 22.7 adds noise to the data series being used, and reports the
performance of the trading system as the level of noise is increased.

/! AddNoiseWithIncludes.afl

//  Add random noise to price data to test
//  sensitivity.

global NormCDF;
global RandomSeed;

{/  Copy the Uniform Random Number code here.
/!l (Or use #include)

#include <UniformRandomNumber.afl>

J] wmmmm e

/{ Copy, or #include, the code to initialize the
/! NormCDF array and to generate
// Normal Random Numbers here.

#include <InitializeNormalCDF.afl>
xxnull = InitializeNormalCDF();
#include <NormalRandomNumber.afl>

SetTradeDelays(0,0,0,0);

// Select a random seed.

// A different seed will produce a
/! different series of noise.
RandomSeed = 17131;

//  Weight of 0.0 adds no noise.
// Weight of 1.0 adds one standard deviation of noise.
Weight = Optimize(“Weight”,0.0, 0.0, 2.0, 0.05);

// Compute the standard deviation of the Close.
//  Arbitarily use 20 days.
SD = StDev(C,20);

//  Bar by bar, add noise to the Close.
for (i=1; i<BarCount; i++)

{
}

NoisyClose[i] = C[i] + SD[i)*Weight*NormalRandomNumber();
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// Tell AmiBroker to use NoisyClose for trades.
BuyPrice = NoisyClose;

//  The trading system rules.
MALengthtl = 1; //Optimize(“MALength1”,1,1,10,1);
MALength2 = 4; //Optimize(“MALength2”,4,1,10,1);

MA1 = DEMA(NoisyClose,MALengthi);
MA2 = EMA(NoisyClose,MALength2);
Buy = Cross(MA1,MA2);

HoldDays = 1; //Optimize(“HoldDays”,2,1,5,1);
Sell = BarsSince(Buy)>=HoldDays;

Sell = ExRem(Sell,Buy);

//  Examine the noisy data bar by bar.
Filter = 1;

AddColumn(C,”C”,1.4);
AddColumn(SD,”StDev”,1.4);
AddColumn(NoisyClose,”Noisy”,1.4);

Diff = (NoisyClose-C)/SD;
AddColumn(Diff,”Diff”,1.4);

Ficure 22.7 App Noise

The procedure to determine the sensitivity of the model to noise is as
follows:

1.

Set Weight = 0.0 so that no extra noise is added. The Close prices
as they exist in the data files will be used to compute the Buy
signal.

Set the in-sample dates as desired.

Set the trading system variables, such as moving average lengths,
to Optimize. Optimize to find the best model.

Assign the best values to the variables that were optimized so
that they will not change during the next step.

Set Weight to Optimize. With each pass, a different amount of
noise will be added to the closing price. The noisy close will be
used to compute the Buy signals and calculate the trading per-
formance.

Examine the output from the optimizing runs. If the run with
Weight =0 s at the top of the list and the results drop off rapidly
as noise is added, that indicates that the model has fit itself to the
noise component in the original data. If the run with Weight =
o0 is among runs that form a plateau in the fitness variable, or if
the run with Weight = o is several places down the list and runs
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with small amounts of noise are ranked nearby or higher, then
the model is not overly sensitive to noise and is more robust.

As an example, the Russell 2000 index is optimized over the in-sample
period of 1/1/1995 through 1/1/2005, then sorted by K-ratio. The best ar-
guments were hard coded in and a new optimization was run varying
the weight of the noise. The results show a plateau for noise up to o.10
standard deviations of the close, then drop off. This model handles small
amounts of added noise well.
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SIMULATION RUNS USING A SUBSET OF ACTUAL DATA

The S&P 500 index closed on December 29, 1994 at 461.17 and closed on
December 29, 2006 at 141830. The time period is 12 years, or 3022 trading
days. $10,000 invested on 12/29/1994 would be worth $30,754 on 12/29/2006.
The annual compound rate of growth is 9.81%. The daily compound rate
of growth is 0.000372 or 0.0372%.

Given the annual growth rate of 9.81%, and 9 up years out of 12
years, we might expect that a trading system that is in a long position
a randomly selected 20 percent of the time would be profitable. We can
test that.
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Ficure 22.9 SP500 Price

AmiBroker is used to compute the day to day percentage changes.
/] ComputeDailyPercentChange.afl

// Compute the Close to Close percentage change
// for the series and period provided.

SetTradeDelays(0,0,0,0);

BuyPrice = C;

SellPrice = C;

PctChg = (C - Ref(C,-1)) / C; // or ROC(C,1);
Filter = 1;

AddColumn(C,”C”,1.4);
AddColumn(PctChg,”PctChg”,1.8);

Ficure 22.10 CompuTte DaiLy PERceNT CHANGES

The change data are exported to a CSV file, and imported into a spread-
sheet for analysis. The mean and standard deviation of the 3022 daily
changes are 0.000315 and 0.010795, respectively. The skewness is -0.202,
meaning the distribution has a longer tail to the negative side — the nor-
mal distribution has skewness of 0.0. The kurtosis is 3.705, meaning the
distribution is more peaked than a normal distribution, which has a
kurtosis of 3.0.

The data is sorted into 200 bins, each bin 0.00065 wide, with the min-
imum bin -0.073 and the maximum bin +0.057. The curve representing
the density function of the normal distribution with a mean of 0.000315
and a standard deviation of 0.010795 is superimposed over the histogram
of actual observations.

A chi-square test shows that the observed data definitely did not
come from a normal distribution. Chi-square is computed to be 322,
with 79 degrees of freedom. The 0.005 significance level for 8o degrees
of freedom is 116. Since 322 is much greater than 116, we can reject the
hypothesis that the observed data came from a normal distribution.
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But, not being a normal distribution may not matter at all. So far, noth-
ing we have discussed relies on the distribution being normal. And if
something did, we might be able to use repeated sampling to produce a
nearly-normal distribution, in accordance with the Central Limit Theo-
rem of statistics.

S&P 500 Daily Percent Change 1995 through 2006
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Ficure 22.11 SP500 HisToGRAM

The cumulative distribution function (CDF) is formed by adding the
count in each “bin” from left to right, then normalizing so that it starts
at 0.00 and ends at 1.00.
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S&P 500 Daity Percent Change 1995 through 2006
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FiGgure 22.12 SP500 CuMULATIVE DISTIBUTION

The cumulative distribution function can be used to select a sequence
of daily changes to simulate trades. The technique is to generate a single
random number between 0.0000 and 0.9999 from a uniform distribution,
use that number as an index as though it is a cumulative distribution
value, go up the y-axis to that value, go horizontally across until the
curve is reached, then go down to the x-axis. The value at the x-axis is
the corresponding change.

TRADING SYSTEM SIMULATION

As an example, we will examine the possible equity curves from a trad-
ing system that takes long positions, holds them just a few days, and is
in a long position about 20 percent of the time. Since there are 3022 days
in the seven year period, 604 daily values represents 20 percent. Using
the average daily rate of change of 0.000315 and 604 days, the final eq-
uity should average approximately the initial equity times (1.000315) "
604, or about $12,095 for an account that started at $10,000.

To create a single simulated run:
¢ Start with an initial account of, say, $10,000.
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¢ TFor each of 604 days:
* Randomly draw a daily change from the observed data.
*  Add 1.00 to the change and multiply by the running account
value.

The last value, after day 604, gives the final equity for one simulated
run. The intermediate equity values can be used to calculate drawdown
and other statistics, if desired.

Make several runs and examine the distribution of the equity curves.
The following chart shows the equity curves from a run of 50 simula-
tions.

Simulated Equity Curves S&P 500 20% Exposed

25000 5

20000 +— — — —_—

15000

Equity

toooa

"B cncResEERRAREAABRRRAE

Day Number

&
4

Figure 22.13 SimuLaTep EQurty

After making many runs of 200 simulations each, the average final eq-
uity is about $12,100, as expected. Maximum final equity is usually about
$22,000 and the minimum final equity is usually about $5,500. About 30
percent of all simulation runs have a final equity less than $10,000.

UsinG AMIBROKER DIRECTLY
Although AmiBroker does not have extensive native Monte Carlo capa-

bility, it is possible to do an analysis directly in AmiBroker that provides
some of the same information.
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The following AmiBroker program uses a random entry, along with
a three day holding period, to create a trading system that holds a long

position about 20 percent of the time.

1
1

/1

SetTradeDelays(0,0,0,0);

BuyPrice =
11
/1

G;
Use the Optimize statement to get a report
listing of the results.

SimulateRandomLongReport.afl

Use random entry to long positions.

Seed = Optimize(“Seed”,13331,13331,13530,1);

/1
HoldDays =
/1

RandomBuy = Random(Seed)<= 0.10;

1

Do not allow overlapping trades.
Buy = (RandomBuy AND Ref(BarsSince(Randombuy),-1)>HoldDays);

Sell = BarsSince(Buy) >=HoldDays;

Sell =

ExRem(Sell,Buy);

Exit after a fixed holding period.
Param(“HoldDays”,3,1,100,1);
Buy 10% of the days.

Quantitative Trading Systems

FiGURE 22.14 SiMuLATE RANDOM LONG REPORT

Run this as an optimization. For each pass, the variable Seed will be
assigned a different value, and a different series of entry dates will be
generated. The Exposure% column shows that a long position is held
about 20 percent of the time. The best results for this series show a profit
of $12,434, or a final equity of $22,434. AmiBroker computes drawdown

and other metrics.
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A variation on the AFL code produces a graphical output.

//  SimulateRandomLongGraphic.afl

/1

//  Use random entry to long positions.

11

SetTradeDelays(0,0,0,0);

BuyPrice = C;

// Use the Param statement to view the result

//  in a window pane.

Seed = Param(“Seed”,13331,13331,13530,1);

/!  Exit after a fixed holding period.

HoldDays = Param(“HoldDays”,3,1,100,1);

//  Buy 10% of the days.

RandomBuy = Random(Seed)<= 0.10;

// Do not allow overlapping trades.

Buy = (RandomBuy AND Ref(BarsSince(Randombuy),-1)>HoldDays);

Sell = BarsSince(Buy) >=HoldDays;

Sell = ExRem(Sell,Buy);

Plot(C,”C”,colorBlack,styleCandle);

shape = Buy * shapeUpArrow + Sell * shapeDownArrow;

PlotShapes( shape, IIf{ Buy, colorGreen, colorRed ),
0, IIf( Buy, Low, High )} );

GraphXSpace = 5;

e = Equity();

Plot(e,”Equity”,colorRed,styleline|styleOwnScale);

Ficure 22.16 StmuraTE RaANDOM LoNG GRAPHIC

From the Charts menu, select SimulateRandomLongGraphic, right click,
then Insert. As each new symbol is selected from the Symbols menu, the
random entry system will be applied and the equity curve displayed.
Right Click the pane, select Parameters, then use the Slider to change
the value of Seed. A new equity curve will be computed and immedi-
ately displayed, as shown in Figure 22.17.

A . ; ...... oo haono
n «w&f?ﬂiﬁ?#ﬁ..” sy es s G

- {13200

|

Paramelers | Avas & Grid
[ SemidsieRandomong

Sead

| HoldDays

S 1,IE00

- fL2e00

FiGURE 22.17 AMIBROKER SIMULATION GRAPH

Concrusion: One test run may not be enough.
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MARGIN AND POSITION SIZING
MARGIN FOR EQUITIES

When trading equities, there is limited opportunity to increase lever-
age. In real life, an account can use margin — that is, borrow from the
brokerage firm to increase the trading account. In the US at the present
time, margin is limited by law to 50; where 100 means the retail account
funds the account completely and 50 means the retail account funds fifty
percent of the account, with the remainder borrowed. To use margin in
AmiBroker, on the Back Test menu, select Settings. On the General tab,
enter the figure in Account Margin. See Figure 22.18. To trade a $10,000
account as though it has $20,000, set Account margin to 5o.
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Ficure 22.18 AccouNT MARGIN
PositioN S1zING FOR EQuITIES

Investment advisors and trading coaches recommend that the risk of
every trade be limited to some small percentage of the trading account
— typically from 1% to 5%. Risk is measured by the amount that will be
lost when the stop-loss logic causes an exit. A trade that buys 100 shares
at $50.00 is making a purchase of $5,000.00. If the trading system has a
Maximum Loss stop set to 5% (see Figure 22.19), that trade has a risk of
$250.00. Note that placing a stop-loss order with your broker does not
guarantee that the exit price will be limited to 5% — in the event of a
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fast market or overnight gap, the price at which the order is filled could
result in a loss exceeding 5%. Computing the risk for the entire trading
account with several trades open simultaneously is much more compli-
cated, and includes needing to know the correlation between open trade
equity for the positions. Interested readers will find detailed discussion
of these issues in Ralph Vince’s books.
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Ficure 22.19 Maximum Loss Stop

Alternatively, the maximum loss stop can be set within the AFL code,
as is demonstrated in the next section. Setting the stops within the AFL
makes them more readily available for testing and optimization.

Risk AND StOPS

One of the major points of this section is that Stops Hurt Systems. Along
the route to giving some evidence for that statement, some alternative
schemes for allocating funds are presented.

If a trading account has an initial equity of $50,000 and the trader
plans to hold five positions, a common allocation scheme is to divide the
funds equally. The AmiBroker code to do this is:

PositionSize = -20; // 20% of equity in each
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Or the following, which allows testing and optimization of the profit-
ability of the portfolio as a function of the number of positions:

NumberPositions = 5; // Can be optimized
SetOption(“MaxOpenPositions”,NumberPositions);
PositionSize = -100/NumberPositions;

Another allocation scheme determines the number of shares to trade by
the risk. The AmiBroker code to do this, where risk is measured by the
average true range, is:

// TestingRiskPerTrade.afl
SetOption(“InitialEquity”,50000);
RiskPerTrade = 0.02; /12%

RiskInPoints = 2.0 * ATR(20);

e = Equity();

Shares = RiskPerTrade * e / RiskInPoints;
SetPositionSize(shares,spsShares);

Buy = Cross(MA(C,8),MA(C,7));

Sell = Cross{MA(C,7),MA(C,8));

Figure 22.20 TesTING Risk PER TRADE

The code in Figure 22.20 sets the position size according to the potential
risk, but does nothing to exit losing trades based on adverse price move-
ment. Figure 22.21 is the same, but adds a maximum loss stop.

//  TestingRiskPerTradeWithStop.afl
SetOption(“InitialEquity”,50000);

RiskPerTrade = 0.02; /12%

RiskInPoints = 2.0 * ATR(20);

e = Equity();

Shares = RiskPerTrade * e / RiskInPoints;
SetPositionSize(shares,spsShares);
ApplyStop(stopTypeLoss,stopModePoint,RiskInPoints);
Buy = Cross(MA(C,8),MA(C,7));

Sell = Cross(MA(C,7),MA(C,8));

Figure 22.21 TeSTING Risk PER TRADE WiTH STOP

Try various combinations of risk level, stop setting, and holding period.
You will find that stops hurt systems. The trading system used is trivi-
ally simple. Replace it with your own and try again.

There is one way to enter a trade — by the Buy signal that the model
generates. There are several ways to exit the trade:
* By the Sell signal that the model generates.
* By a profit target.
* By a maximum holding period.
* By a trailing stop.
* By a maximum loss stop.
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The worst way to exit is the maximum loss stop. For one reason or an-
other, you may be required to have a maximum loss stop in your code,
but try to design your trading systems so that one of the other methods
causes almost every exit.

My research indicates that stops hurt all systems.

Continuing on with position sizing, a more sophisticated position
sizing can combine equal allocation with risk allocation.

/! EquityAllocation.afl

/! Allocating capital in an account
/!l based on a combination of equal division
//  and risk.

//  Compute the allocation of funds
SetOption(“InitialEquity”,50000);

// Allocate a maximum of 20% of the equity

/!l in a single position

AllocationPercentage = 0.20;
//Optimize(“AllocPct”,0.20,0.05,0.50,0.05);

// Risk at most 2% on any trade
RiskPerTrade = 0.02;
//Optimize(“RiskPerTrade”,0.02,0.005,0.1,0.005);

/! Compute the stop in several ways

/1 Number of points as measured by ATR

ATRMultiplier = 2.0; //Optimize(“ATRMult”,2.0,0.5,5.0,0.5);
RiskByVolatility = ATRMultiplier * ATR(20);

/! Number of points as measured by Maximum Risk
RiskByMaximumRisk = C * RiskPerTrade;

//  Use the smaller number of points
RiskInPoints = Min(RiskByVolatility, RiskByMaximumRisk);

/!l Set the built-in stops

/!l The default exit is ExitAtStop=1 -- stop out intraday
ApplyStop(stopTypelLoss,stopModePoint,RiskInPoints);
ApplyStop(stopTypeTrailing,stopModePoint,2*ATR(20)); //
Chandelier

/! Keep track of the account equity
e = Equity(};

//  Compute how many shares to buy
SharesByCapital = AllocationPercentage * e / C;
SharesByRisk = RiskPerTrade * e / RiskInPoints;
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Disable the stops, either by setting them very wide or commenting out
the ApplyStop statements. Select values for the parameters that optimize
the fitness of the system. Code those values so they will not change, then

Quantitative Trading Systems

// Use the smaller number of shares
Shares = Min(SharesByCapital, SharesByRisk);
SetPositionSize(Shares,spsShares);

L e

//  The trading system follows

//  Replace this one with a better one of your own
MALengthl = 8; //Optimize(“MALengthi”,16,1,20,1);
MALength2 = 7; //Optimize(“MALength2”,15,1,20,1);
MA1 = MA(C,MALengthi);

MA2 MA(C,MALength2);

Buy = Cross(MAT,MA2);

HoldDays = 100; //Optimize(“HoldDays",1,1,20,1);
Sell = Cross(MA2,MA1) OR (BarsSince(Buy)>=HoldDays);

Buy = ExRem(Buy,Sell);
Sell = ExRem(Sell,Buy);

Ficure 22.22 EQuiTy ALLOCATION

explore the alternative exit methods.

Why is this material in the chapter on Monte Carlo Analysis? Be-
cause setting position size, determining exit methods, and setting stop
levels requires a lot of thought, testing, optimization, and what-if anal-
ysis. Future developments in AmiBroker that expand its capabilities to

do that analysis within AmiBroker will be welcome.



Appendix A

Extending AmiBroker

CusTOM METRICS

While AmiBroker computes a large number of metrics without any ex-
tension, the metric that best fits your trading may not be among them.
Particularly if an automated walk-forward test and validation process
will be carried out, the preferred metric must be computed for each op-
timization run.

This example follows the example given in the AmiBroker User
Guide very closely. It adds expectancy as a custom metric. Expectancy is
the amount that, on average, each trade returns. A system with a nega-
tive expectancy is a losing system, and no position sizing technique can
overcome that. The long-term profitability of a system with a positive
expectancy can be enhanced by intelligent position sizing,.

Expectancy = %winners * average profit + %losers * average loss
Where average loss is a negative number.

Write the AFL code shown in Figure A.1, and save it as you would
any other trading system.

317
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//  CustomMetric.afl

x Add a custom metric to the backtest report
x The first part defines the custom metric
é/etCustomBacktestProc(“");

if (Status(“action”) == actionPortfolio)

{

bo = GetBacktesterObject();
bo.backtest();
st = bo.getperformancestats(0);
expectancy = st.getvalue(“WinnersAvgProfit”)
st.getvalue(“WinnersPercent”) /100
+ st.getvalue(“LosersAvglLoss”)

* st.getvalue(“LosersPercent”) / 100;

bo.addcustommetric(“Expectancy”, expectancy);

}

/!

//  The second part is the trading system
1

fast = Optimize(“fast”,11,1,20,1);

slow = Optimize(“slow”,50,5,50,5);
MAF = MA(C,fast);

MAS = MA(C,slow),

Buy = Cross(MAF,MAS);

Sell = Cross(MAS,MAF);

Ficure A.1 CustoM METRIC

When this system is run as a backtest, expectancy is added to the Re-
port. When this system is optimized, expectancy is added as a column
in the Optimization Report.

r

’, Automatic Analysis - CustomMetric.afl

Farmuls fils
|C:\Program Files\AmBrok er\Formudas\Custom! Custombelic.alf [ Pick
Appiy to Range
O s O e quontons
(%) cunrent symbaol :] ) nlast quotations - Back Test ¥ | Optimze 'i
Ometly - “ipte. ] JiQnwaowe % Lo )
T e R e e
! flings
[]'wai for backfill [RT ordy) to 1/ 1/2005 %
Parameters Close
Reasuls oy
Bars.. Mollosers %ofloses L Tolloss L Avgloss L Avg%loss L Avg Bas . Expectancy ¥  fast  slow &
107.45 19 6333 932962 -491.03 250 2568 0 1 50
9543 13 4815 10,337.95 84139 -4.43 2462 265 17 50
lun 16 5517 -9.90499 £13.06 341 27.94 29468 12 80
9392 15 5656 -10,086.41 57243 a7 3047 2714 20 50
90.36 13 4815 1043341 80257 43 2323 2559 19 W0
.00 12 4138 954885 79574 432 283 3% 15 80
arTca 17 F4 04 101 9T AR ot ¢ 27 e~ ATE A2 19 aF

Ficure A.2 CustoM METRIC OPTIMIZATION
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Expectancy can also be coded as a percentage, as illustrated in Figure
Aa.

/I ExpectancyPercent.afl

/1

{/ Add a custom metric to the backtest repoart
/1

SetCustomBacktestProc(“”);

if (Status(“action”) == actionPortfolio)

{

bo = GetBacktesterObject();
bo.backtest();
st = bo.getperformancestats(0);

ExpectancyPercent = st.getvalue(“WinnersAvgProfitPercent”)
* st.getvalue(“WinnersPercent”) /100
+ st.getvalue(“LosersAvglLossPercent”)
* st.getvalue(“LosersPercent”) / 100;

bo.addcustommetric(“ExpectancyPercent”, ExpectancyPercent);

FiGure A.3 ExPECTANCY PERCENTAGE

There are other definitions of expectancy. But if you agree that these are
correct, there is no need to code either A1. or A3. AmiBroker already
reports Average Profit / Loss and Average Profit / Loss %, which are ex-
pectancy and expectancy percent.

CustoM METRIC wiTH PENALTY FUNCTIONS

The next example is more complex, and is based on the desire to incor-
porate several goals in the objective function.

I have chosen the K-ratio as the primary metric from among those
built-in to AmiBroker. The K-ratio is the ratio of the slope of the equity
curve to the standard error of the equity curve. A steep slope is good,
and a small standard error is good. The additional terms of this custom
metric reward results with values in a range that I prefer and penalize
values that fall outside that range. In some cases, the penalty is complete
rejection, in others it is a reduction of the objective function. (It is difficult
to meet all of these conditions without penalty, but worth trying.)
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Features I want are:

* Average Percentage Gain per Trade at least 1.0%.

¢ The Exposure - the time the system is in a position - between 10%
and 20%.

* The average holding period between 3 and 7 days.

¢ The percentage of trades that are winners at least 65%.

¢ A Risk Adjusted Return value of at least 20%.

The objective function is calculated as:

Obfn = KRatioVal * AvgPctGainMult * ExposureMult *
HoldingPeriodMult * PctWinnersMult * RarMult;

If there are no penalties, the objective function is the K-ratio of the sys-
tem. For each feature, I have created a weighting function which defines
the desired range and assigns penalty weights for being outside that
range. Each multiplier is a number between 0.0 and 1.0. A multiplier of
1.0 assigns no penalty; a multiplier of 0.0 completely rejects the set of
arguments associated with it.

Take, for example, the Exposure. If the exposure is between 10% and
20%, multiply the objective function by 1.00 — no penalty. Exposure can-
not be less than 0%. If the exposure is less than 10%, multiply the objec-
tive function by a linear factor between 0.50 and 1.00, depending on how
much less than 10% the exposure is. If the exposure is between 20% and
40%, decrease the multiplier linearly to o.50. If the exposure is greater
than 40%, multiply by o50.

1.00

=
=
2
2
o
o
[=%
x
ul
0.50
0.00 0.10 0.20 0.40
ExposureVval

Ficure A.4 PenavLTy FUuncTION FOR EXPOSURE

The calculation of the ExposureMult term computes the weighting de-
pending on which of the four parts of the line ExposureVal falls into.
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// ExposureMultPseudoCode
Exposureval = 0.01 * st.getValue(“ExposurePercent”);

ExposureMult = IIf(exposureVal<0.10,
partt,
IIf((exposureVal>=0.10 AND exposureVal<=0.20),
part2,
IIf((exposureVal>0.20 AND exposureVal<0.40),
part3,
parta )));

Ficure A.5 Exrosure Murt Pseupo Cobe
It takes a little geometry and a little algebra to write the formula for each

part. Assume ExposureVal is about 032, or 32% exposure. That falls in
the third line segment.

100

0.50

ExposureMult

0.50

0.00 0.10 0.20 32 0.40
ExposureVal

FicUure A.6 PenaLTY FUNCTION FOR ExPOSURE ParT 3

We need to know the value of x, so that it can be subtracted
from 1.00.
ExposureMult = 1.00 - x

By similar triangles, we know

x _ 0.50

z 0.20
0.50 ,

x=—"z
0.20

We know that ExposureVal extends past 0.20 by z.
ExposureVal = 0.20 + z

z = ExposureVal — 0.20
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So, we can put everything together and compute ExposureMult

ExposureMult =1.00 — [%J *(ExposureVal — 0.20)

The complete program, shown in Figure A7, combines all of the desired
features and produces a single-valued objective function. All of the con-
stants have been left in place to make modifications easier. If desired,
the code could be simplified to

ExposureMult = 1.50 — 2.5 * ExposureVal

But that would make understanding and modification much more dif-
ficult. Actually, the AFL compiler simplifies expressions before execu-
tion, so they can be left as they are with little adverse effect on running
time.

Insert the objective function calculation portion ahead of the trad-
ing system being tested or optimized.

//  CustomMetricWithPenalty.afl

/1

// Add a custom metric to the backtest report.
//  The metric is the KRatio, multiplied by a
//  penalty function based on:

// the average percentage profit or loss per trade.

// the percentage the system is exposed to the market.
1l the holding period per trade.

/] the percent of trades that are winners.

// the RAR value.

KRatioval = O;
SetCustomBacktestProc(“”);

if (Status(“action”) == actionPortfolio)

{
bo = GetBacktesterObject();

bo.backtest();
st = bo.getperformancestats(0);
KRatioval = 100.0 * st.getvalue(“KRatio”);

AvgPctGainval = 0.01

* st.getvalue(“AllAvgProfitLossPercent”);
Exposureval = 0.01 * st.getvalue(“ExposurePercent”);
HoldingPeriodvVal = st.getvalue(“AllAvgBarsHeld”);
PctWinnersval = 0.01 * st.getvalue(“WinnersPercent”);
Rarval = 0.01 * st.getvalue(“RAR”);
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AvgPctGainMult = IIf(AvgPctGainval<0.01,
0.0,
1.00);

ExposureMult = IIf(Exposureval<0.10,
1.00-(0.50/0.10)*(0.10-Exposureval),
ITIf((ExposureVal>=0.10 AND ExposureVal<=0.20),
1.00,
IIf((ExposurevVal>0.20 AND Exposureval<0.40),
1.00-(0.50/0.20)*{ExposureVal-0.20),
0.50 )));

HoldingPeriodMult = IIf(HoldingPeriodval<3,
1.00-(0.50/3)*(3-HoldingPeriodval),
IIf((HoldingPeriodVal>=3 AND HoldingPeriodVal<=7),
1.00,
IIf((HoldingPeriodVal>7 AND HoldingPeriodVal<i14),
1.00-(0.50/7)*(HoldingPeriodval-7),
0.50 )));

PctWinnersMult = IIf(PctWinnersval<0.50,
0.50,
IIf((PctWinnersvVal>=0.50 AND PctWinnersVal<=0.65),
1.00-(0.50/0.15)*(0.65-PctWinnersval),
1.00 ));

RarMult = IIf(RarVal<0.10,
0.50,
IIf((Rarval>=0.10 AND Rarval<=0.20),
1.00-(0.50/0.10)*(0.20-Rarval),
1.00 ));

ObFn = KRatioVal * AvgPctGainMult * ExposureMult
* HoldingPeriodMult * PctWinnersMult * RarMult;

bo.addcustommetric(“ObjectiveFunction”, ObFn);

}

/{ The trading system starts here

fast Optimize(“fast”,16,1,20,1);
slow = Optimize(“slow”,8,1,20,1);
MAF = DEMA(C,fast);
MAS DEMA(C,slow);

HoldDays = Optimize(“HoldDays”,1,1,20,1);

Buy = Cross{MAF,MAS);

Sell = Cross(MAS,MAF) OR BarsSince(Buy)>=HoldDays;
Sell = ExRem(Sell,Buy);

e = Equity();

//Plot(C,”C”,colorBlack,styleCandle);

//shape = Buy * shapeUpArrow + Sell * shapeDownArrow;
//PlotShapes( shape, IIf( Buy, colorGreen, colorRed ),
1 0, IIf({ Buy, Low, High ) );
Plot(e,”Equity”,colorGreen,styleLine|styleOwnScale);
//GraphXSpace = 5;

Ficure A.7 Custom METRIC WITH PENALTY
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A trading system using this objective function was optimized using the
S&P 500 from 1/1/1995 to 1/1/2005. The trading system itself is not impor-
tant. The results were ranked in order using the objective function de-
scribed. The equity curve for each of the top seven parameter sets was
plotted. They are displayed in order of preference as measured by the
objective function.

St
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Ficure A.10 THIRD
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Ficure A.11 FourtH
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Ficure A.14 SEVENTH

If I have confidence that the objective function accurately reflects my
preferences, I should prefer each equity curve to the one below it. More
importantly, I should be willing to accept the parameter set that is high-
est ranked as the best and the one to walk-forward, validate, and po-
tentially trade.

EnaBLE CusToM BACKTEST PROCEDURE

Once you are satisfied with your custom metric, your can set an option
that instructs AmiBroker to always add your custom metric to all back-
tests and optimizations without need to paste the code into your sys-
tem, or even to #include it. On the Automatic Analysis menu, Settings
menu, Portfolio tab, check Enable custom backtest procedure. Then us-

ing the Pick button, browse to your custom metric AFL, Open it, and
Click OK.
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Backtester settings
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Ficure A.15 EnaBLe CustoM BACkTEST PROCEDURE

CREATE DLL PLUGIN MODULES

AmiBroker is easily extended by the end user through plugin modules
compiled into DLLs. The plugin DLL can be created using any C or C++
compiler, or other language capable of creating regular DLLs. DLLs have
several advantages over AFL program modules:

They run faster.

They can be called recursively.

The code they contain is hidden from view.

They can perform tasks that are difficult using only AFL.

Download the AmiBroker Application Development Kit (ADK) from the
AmiBroker website, www.amibroker.net. Adk.exe is about 200 KB and is
installed by double clicking it. The installation procedure creates a sub-
directory to the AmiBroker directory. Read the Plugin Interface docu-
ment that opens when you install the ADK.
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Ficure A.16 InstarLL ADK

Download the free Bloodshed C++ compiler from www.bloodshed.net.
The compiler comes as either a zip file or a self installing exe. Version
4.9 is stable and the exe file is about ¢ MB. Double clicking the exe in-
stalls the compiler into a directory of its own — not into Program Files
as is usual.

While you are at the Bloodshed site, check some of their excellent
documentation and tutorials for C++ in general and for Bloodshed C++
in particular.
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Figure A.17 InstaLL DEvVCrr

Use Windows Explorer to make a copy of the Sample subdirectory that
was installed with the ADK. It is easy to inadvertently change one of
the files, and having a backup of the files at they were distributed is
good insurance.
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Double click sample.dev to cause DevCpp to open the sample proj-
ect. The .dev extension is specific to the Bloodshed compiler.

Click functions.cpp to open the functions module. With the excep-
tion of a two line modification to plugin.cpp to identify your project to
AmiBroker, all of the code you write will go into this module.

From the DevCpp menus, select Project, then Project Options.

* Dev-C++ 4.9.8.2 - [ Sample ] - Sample.dev

Fie Ed Seawrch View ESISSS
O& OHE Qe 8
TIELT T2 i &«1

Ficure A.18 Project OPTIONS

Select the Parameters tab. Select the entire string of command line op-
tions in the Compiler window, copy them, and paste them into the C++
window. Click OK. Select the File menu and click Save All.

Project Options

e 3 ‘ 5, AdfLixay of Obiec |

Lo ] Xowa | 7t |

Ficure A.19 Project OPTIONS

Click Plugin.cpp to open it up. The two lines that you will change de-
scribe the plugin to AmiBroker. Change them to reflect your project.
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Ficure A.20 Prucin Crr

Click functions.cpp to open it. Functions.cpp contains code for Exam-

pleMACD, ExampleMA, and ExampleEMA. It might be helpful to print
out a copy of Functions.cpp.

Without changing anything, select Execute, then Compile.

™ Dev-C-+ 4.9.8.2 - [ Sample ] - Sample.dev

04 0nee 25T
HORBY (PG My s |
Faramaters, . |

Ficure A.21 ExecuTe COMPILE

Select Compile Log and look at the notations made by the compiler. If
Total Errors is o, the compile was successful.

B8 Comples | By Fesouces tIEF—uML[QJN’ Debug | [B Fird Aiesuts | 8] Closs |
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Total Ei |0 Compier Delaul compde |
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ge+ exe < Funchions.cpp -6 Functions.a 4'C./Dev-
L Dev-Cpp/nchade/ce+/1 4 Ziminge32* 1T/

Ficure A.22 CompiLE Loc

Look in the ADK directory you are working with. The DLL that was just
created, sample.dl], is in that directory.
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Ficure A.23 FIND SampLE DLL

Copy sample.dll to the AmiBroker\Plugins directory.
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Ficure A.24 Cory DLL TO PLUGINS

Open AmiBroker, select tools, then plugins.

Auto-updste quotes (LIS & Canads)
Shawenet Downipadar

Export quotes to O3V file

Clearip database
e 53 -

FiGure A.25 TooLs PLuGINS
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The first time a previously unrecognized plugin is loaded, AmiBroker
asks for your permission. Click OK, then look at the list of plugins. The
one that you just compiled is listed.

The AmiBroker User Manual has the following to say about third-

party plugins:
Using third-party plugins:

To use third-party plugin DLL just copy the DLL file to
the Plugins folder in the AmiBroker directory. Then run
AmiBroker. Then choose Tools->Plugins menu. In the PI-
ugins window you should see the list of all loaded plugin
DLLs. If AmiBroker was running when you copied the
DLL you should click on “Unload” and then on “Load”
button. This will force rescanning the Plugins folder and
loading the DLLs.

When the plugin DLL is loaded the new functions ex-
posed by this DLL become available to all your AFL for-
mulas. For the list of functions exposed by plugin you
should consult the documentation of the plugin itself.

IMPORTANT NOTE: AmiBroker makes no representa-
tions on features and performance of non-certified third-
party plug-ins. Specifically certain plug-ins can cause
instabilities or even crashes. Entire use of non-certified
third-party plugins is at your own risk.

Be aware of potential for conflicts among the names of global variables
in the plugins. Some third-party plugins have exposed global variables
that they use to communicate between two or more of their modules. If
you name a variable in your DLL with the same name, there could be a
conflict. If that happens, change the name of the variable of yours that
is in conflict.
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FiGure A.26 PLuGIN LisT

The functions that are contained in that plugin are available to AFL rou-
tines, but the names of the functions do not appear in the list of AFL func-
tions — you have to know they are there. One of them is exampleMACD
— a function that accepts no arguments, but has the two values it uses
assigned within the DLL. Here is a simple AFL program that refers to
exampleMACD.

[ P ragram Flles\AmiBiroke (Formular\Custom\ TestingDil afl] - Formula ;
-z i ; R s i bl T

B [t Jooks Heb

D@ ki & W) Testing0d o ) - o
// TestingDll.afl ot ==
it

/ One of the fanccions in the

18 exempleBACh. It requires

/
dd = ExampleMACD():

PLat (€, "C7, colorBlack, styleCandle) ;
1o (dd, Teunmp LeNATD", oolorfed, slyleline|atyletwnSeale) ;

Ficure A.27 TesTiNG DLL

And here is how it looks in the AmiBroker window panes.

WCF - C= 14.49, sxarnpieMACD = 0 34 —
T e
R mwlﬁﬁﬂy |
Ficure A.28 UsinGg DL

Z-SCORE EXAMPLE

The previous steps demonstrate that the ADK kit and Bloodshed C++
work together to create DLLs that AmiBroker can use. The steps that fol-
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low add a fourth function to Sample.cpp — one that computes the z-score
of whatever series it is given.

To begin with, we’ll write the z-score function in AFL, and apply
it. The code is written in AFL in the same steps that we will write it in

C++

// zscore.afl

// demonstration of z-score

//  z-score is a measure of the distance a single element
// of a data series is from the mean, measured in

// standard deviations.

function zscore(price,Length)

{
av = MA(price,Length);
st = StDev(price,Length);
zs = (price - av) / st;
return zs;

}

zz= zscore(C,20);
Plot(C,”C”,colorBlack,styleCandle);
Plot(zz,”z-score”,colorRed,stylelLine|styleOwnScale,-2,2);
Plot(0,”0”,colorRed,styleDots|styleOwnScale,-2,2);
Plot(1,”1”,colorPink,styleDots|styleOwnScale,-2,2);
Plot(-1,”-1”,colorPink,styleDots|styleOwnScale,-2,2);

FIGURE A.29 Z-SCORE

When writing in C+, we will be looping through the data under con-
trol of our own code. As an intermediate step, here is the same z-score
written in AFL, but using looping instead of the higher level functions.
The two versions of z-score are plotted together — one using just dots, the
other a dashed line - to demonstrate that they overlay exactly.

// demonstration of z-score

//  z-score is a measure of the distance a single element
// of a data series is from the mean, measured in
// standard deviations.

I

function zscore(price,Length)
{
av = MA(price,Length);
st = StDev(price,Length);
zs = (price - av) / st;
return zs;
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}
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LT T

function zsloop(price,Length)

{

// step through the data computing some
//  intermediate values

i = 0;

sm[i] = pricel[i];

sq[i] = price[i] * price[i];

Sumsq[i]l = sq[il;

for (i=1; i<Length; i++)

{
sm[i] = sm[i-1] + price[i];
sq[i] = price[i] * price[i];
Sumsq[i] = Sumsq[i-1] + sq[il];
}
for (i=Length; i<BarCount; it++)
{
sm[i] = sm[i-1] + price[i] - price[i-Length];
sq[i] = price[i] * price[i];
Sumsq[i] = Sumsq[i-1] + sq[i] - sq[i-Lengthl];
}

// step through the data again, this time
//  computing the mean and standard deviation
av[0] = price[0];

sd[0] 1.0;
for (i=1; i<Length; i++)
{
av[i] = sm[i] / i;
sd[i] = sqrt((Sumsq[il/i)-(av[i]*av([i]));
}
for (i=Length; i<BarCount; i++)
{
av[i] = sm[i] / Length;
sd[i] = sqrt((Sumsq[i] / Length) - (av[i]*av{i]));
¥

// step through the data a third time,
//  computing the z-score.

zs[0] = 0.0;
for (i=1; i<BarCount; i++)
{
zs[i] = (price[i] - av[i]) / sd[i);
}
return zs;
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T

zz= zscore(C,20);
z1 = zsloop(C,20);
zscpp = ExampleZScore(C,20);

Plot(C,”C”,colorBlack,styleCandle);
Plot(zz,”z-score”,colorRed,styleDots|styleNoLine
|styleOwnScale,-2,2);
//Plot(z1l,”z-score loop”,colorBlue,styleDashed
|styleOwnScale,-2,2);
Plot(zscpp,”z-score cpp”,colorGreen,styleDashed
IstyleOwnScale,-2,2);
Plot(0,”0”,colorRed,styleDots|styleOwnScale,-2,2);
Plot(1,”1”,colorPink,styleDots|styleOwnScale,-2,2);
Plot(-1,”-1”,colorPink,styleDots|styleOwnScale,-2,2);

Ficure A.30 Z-score Loor
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Ficure A.31 Z-scorr CHART

Here is the same algorithm, this time written in C++.

/! ExampleZScore

/1

// usage: zz = exampleZScore(price,length);

/1

Amivar VExampleZScore( int NumArgs, AmiVar *ArgsTable)
{

Amivar zs;

= gSite.AllocArrayResult();
int nSize = gSite.GetArraySize();
float *price = ArgsTable[0].array;
int length = (int) ArgsTable[1].val;

int i;
int j;

// allocate temporary storage
double* sm = new double[nSize];
double* sgq = new double[nSize];
double* sumsg = new double[nSize];
double* av = new double{nSize];
double* sd = new double[nSize];

j = SkipEmptyValues( nSize, price, zs.array);
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// step through the data computing some
//  intermediate values

i=17;

sm[i] = price[i];

sq[i] = price[i] * price[i];

sumsqfi] = sqlil;

for (i=j+1; i<j+length; i++)

{
smf{i] = sm[i-1] + price[i];
sq[i] = price[i] * price[i];
sumsq[i] = sumsq[i-1] + sq[i];
}
for (i=j+length; i<nSize; i++)
{
sm[i] = sm(i-1] + price[i] - price{i-length];
sq[i] = price[i] * price[i];
sumsq(i] = sumsq[i-1] + sq[i] - sq[i-length];
}

/!l step through the data again, this time
/!l computing the mean and standard deviation

1=17
av[i] = price[i];
sd[i] = 1.0;
for (i=j+1; i<j+length; i++)
{
av[i] = sm[i] / (float)i;
sd[i] = sqgrt((sumsq[i] / (float)i) - (av[i] * av[il]));
}
for (i=j+length; i<nSize; i++)
{
av[i] = sm[i] / (float)length;
sd[1] = sqrt((sumsqg[i] / (float)length) - (av[i] * av[i]));
}

//  step through the data a third time,
// computing the z-score.

zs.array[j] = 0.0;
for (i=j+1; i<nSize; 1i++)
{

zs.array[i] = (price[i] - av[i])} [/ sd[i];

}

delete[] sm;
delete[] sq;
delete[] sumsq;
delete[] av;
delete[] sd;

return zs;

Ficure A.32 Z-score Crr
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The code uses the sqrt function. To instruct the compiler to have that
function available, add the line #include “math.h” near the beginning
of functions.cpp.

(] Furctions cop
| Pugen cop |
1 Phogn b
| Sample cpp ‘
| Sample h
Ll Si1datx cpp

Bl swich /7 Daat 31 2002-08-24 13 i

=

FIGURE A.33 MATH.H

To make the new function visible to AmiBroker, include an entry for it
in the gFunctionTable near the end of functions.cpp.

FunctionTay gFfunctionTable[] = |

{ VBxmmplezScore, 1, ©, 1, U, WULL },
{ VExempleMacp, 0, 0O, 0, 0O, BULL ),
{ VExerspleMa, 1, 0, 1, @, NULL },
| | VExampleMa, 1, O, 1, O, NULL )
I
|
lint gFunctionTableSive = sizeof ( gFunctionTable ) /sizeof( FuncticnTag );

Ficure A.34 FuncTion TABLE

And here is the AFL code that calls the z-score function written
in C++.

/! ZScoreCpp.afl
// demonstration of z-score
/{ z-score is a measure of the distance a single element

// of a data series is from the mean, measured in
//  standard deviations.
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zscpp = ExampleZScore(C,20);

Plot(C,”C”,colorBlack,styleCandle);

Plot(zscpp,”z-score cpp”,colorGreen,styleLine|styleOwnScale,-
2,2);

Plot(0,”0”,colorRed,styleDots|styleOwnScale,-2,2);
Plot(1,”1”,colorPink,styleDots|styleOwnScale,-2,2);
Plot(-1,”-1”,colorPink,styleDots|styleOwnScale,-2,2);

Ficure A.35 Z-score Crp
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And the results in the AmiBroker Window.
FIGURE A.36 Z-scorE IN Crp RESULTS

ExampleZScore is now available as a function whenever it is needed.
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Glossary

alpha The rate of return of an asset, relative to the market. The inter-
cept of the regression line describing the relative rates of return of the
asset and the market.

argument In more formal terms, a procedure has formal parameters
that describe the process being programmed, and actual arguments that
are used to evaluate the procedure for a specific case. Most of us are rath-
er informal about the distinction between parameters and arguments.
When the distinction is unimportant, either term may be used.

asset A resource having economic value. A resource that is bought or
sold.

bad tick An erroneous tick that does not represent a trade.

backtest Testing the profitability of a trading strategy on prior peri-
ods of time.

bar A consolidation of all ticks received over a given period of time
into a single graphic element with values for the open, high, low, and
closing values during that period.

beta The volatility of an asset, relative to the market. The slope of the
regression line describing the relative rates of return of the asset and

the market.
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breakout A trade at a price higher than the highest high over a given
period, or lower than the lowest low over a given period.

close The price of the final tick or transaction in a bar.

commodity A basic economic good that is traded as a futures con-
tract.

constant expiration A method of computing the prices of a synthetic
futures contract based on an average of all active contracts.

continuous contract A synthetic futures contract constructed by splic-
ing together individual contracts as they roll over.

contract A single unit of a commodity or future, such as 42000 gallons
of crude oil, traded on one of the futures exchanges.

correlation A statistical measurement of the similarity of two data se-
ries, measured over a selected period of time.

curve-fit The term applied to a model that fits the data points too well,
probably modeling the noise rather than the signal, and unlikely to rep-
resent the general patterns in the data.

data mining Searching data series for patterns. Sometimes a derisive
term implying a search for correlated data without regard for probable
underlying association.

day trading Buying and selling within a single trading day based on
signals taken from analysis of intraday data.

degrees of freedom A statistical measurement based on the relation-
ship between the number of independent observations in a data series
and the number of parameters that are estimated using that data. The
number of data points minus the number of estimates is called the re-
sidual degrees of freedom. The lower the residual degrees of freedom,
the less likely that the model has learned a general pattern.

delayed real-time Real-time data that has been delayed, usually by
about 20 minutes, before being broadcast.



Glossary 341

diffusion index An index formed by comparing the number or total
amount of increases with the number or total amount of decreases over
a group of tradable issues.

Donchian A trading system method that buys on a breakout to new
highs and sells on a breakout to new lows. Based on work done by Rich-
ard Donchian in the 1970s and 80s.

drawdown The peak to trough decline in the value of a position or an
account, usually measured as a percentage.

efficient The central point of several theories of market prices and move-
ments. Proponents of the strong form of efficiency believe that all infor-
mation, whether public or private, is represented in the price of the asset
at all times, and that there is no profit to be made by analyzing prices,
earnings, estimates, or anything else. Quantitative analysis and techni-
cal analysis are based on the belief that the markets are sufficiently inef-
ficient that analysis of price patterns will lead to profitable trades.

end-of-day Data reported after the market has closed, and represent-
ing one day’s activity. End-of-day data for stocks and futures is usually
reported as a set of four data points, the opening trade, the high, the
low, and the closing trade. Mutual fund data is usually only the clos-
ing price.

equity curve The value of the trading account over time, often pre-
sented as a graph.

evolutionary operation A search technique that fixes the values of all
variables except one, and searches for the best model by varying that
one. Then repeats for all other variables, and continues to cycle through
until an optimum solution has been found. This method works well in
industrial processes, but not for financial data.

exchange The organization responsible for regulating the trading of
stocks, futures, or options.

exhaustive search A search technique that examines every possible
data point.
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expectancy The average amount or percentage won or lost on an av-
erage trade by a trading system. The expectancy must be positive for a
system to be profitable.

expiration The time at which an individual futures contract or option
ceases to exist.

exploration The AmiBroker term for the analysis of a group of issues,
resulting in a report listing information about each item. The report can
contain anything that AmiBroker has access to or can compute, includ-
ing indicators and buy and sell signals.

exposure The percentage of time a given trading system is in a position.
Whenever it is not exposed, the system has no position and is flat.

fast market Market conditions characterized by heavy trading, mar-
ket imbalances, and high volatility.

firstnotice The date when holders of futures contracts are notified that
the specific contract they hold will be expiring shortly, and they need to
either exit their position or prepare for delivery of the commodity which
that contract represents.

fold A method used to develop out-of-sample periods from a set of
data. The data is divided into several periods, each in turn reserved as
out-of-sample data while the remaining data is in-sample. This method
is not appropriate for modeling financial trading systems.

forex Short for Foreign Exchange. Trading of currencies, usually as
pairs with a transaction being the purchase of one currency and the si-
multaneous sale of the other.

friction The costs of trading — primarily slippage and commission.

front month The futures contract that is most active and closest to ex-
piration.

function In AmiBroker, a method of encapsulating a calculation into
a single segment of code that can be called using its name. An example
is the square root function.
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future A tradable asset that represents the future delivery of some
physical commodity or financial asset.

future leak A future leak occurs when a trading system looks ahead
to data that will not be available in real-time to make its buy and sell
decisions.

high The highest price traded for the period defined.

historical data The data series comprised of the historical records of
all the individual reports for trades for an asset.

holding period The amount of time a position is held from buy to
sell.

indicator In AmiBroker, a representation of some characteristic of a
tradable issue. Indicators are often mathematical in nature, such as a
moving average, and are displayed graphically. The states or values of
indicators are key components of trading systems.

in-sample During the model development process, data is divided into
two sections. The in-sample data is used to develop the model, the out-
of-sample data is used to verify that the model has detected patterns in
the data that are predictable and profitable.

intraday When referring to data bars, data that is shorter than a full
day. When referring to trading, trades that are made during the trading
day rather than at the open or close of trading.

jackknife Same as fold.

K-ratio A metric used to measure the goodness or fitness of a trading
system developed by Lars Kestner. K-ratio is essentially the slope of the
equity line divided by the standard error of the equity line.

leverage The relationship between the value of the asset being traded
and the amount of money the trader has put up for that trade. Unless
margin is used, stock trades are unleveraged. Futures trades are lever-
aged.
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limit-if-touched order An order placed with a broker that becomes a
limit order when a trade occurs at the price specified.

limit-on-close order An order placed with a broker that becomes a
market-on-close order if the closing price is within the limit specified.

limit-on-open order An order placed with a broker that becomes a mar-
ket-on-open order if the opening price is within the limit specified.

limit order An order that is placed with a broker to buy at a price be-
low the lowest offer, or to sell at a price above the highest bid.

long A long position has purchased the asset, but not yet sold it.

low The lowest price traded for the period defined.

market When referring to orders to buy or sell, a market order is exe-
cuted at the current bid or offer. When referring to tradable assets in gen-

eral, the market is the broad category to which the tradable belongs.

market order An order placed with a broker to buy or sell at the cur-
rent offer or bid price.

market-if-touched order An order placed with a broker that becomes
a market order when a trade occurs at the price specified.

market-on-close order An order placed with a broker to buy or sell at
the closing price.

market-on-open order An order placed with a broker to buy or sell at
the opening price.

mean The arithmetic average.
mean reversion A trading system method based on an expectation
that prices return to a mean level. Mean reversion systems buy weak-

ness and sell strength.

metric A measure. The term is often used when discussing the fitness
of a trading system.
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model The idea or method that becomes the computer code portion
of a trading system.

Monte Carlo A technique used in system validation that makes re-
peated selections from random data to test the stability and sensitivity
of trading systems.

objective function A single-valued measurement of the fitness of a
trading system. Optimization techniques are guided by maximizing
the value of the objective function.

one-cancels-all order A set of orders placed with a broker. When any
one of the orders is executed, all of the others are canceled.

ohlc The four data points associated with a bar of data — open, high,
low, and close.

open The first price traded for the period specified.

open interest For futures contracts, the number of contracts that ex-
ist.

optimal f A position sizing technique based on methods developed
by Ralph Vince that computed the optimal number of contracts to hold
for any given trade in order to maximize future account equity.

optimization The organized search of alternative values of variables
in a trading system.

outlier A legitimate data point that is outside the normal range of data
points.

out-of-sample During the model development process, data is divided
into two sections. The in-sample data is used to develop the model, the
out-of-sample data is used to verify that the model has detected patterns
in the data that are predictable and profitable.

parameter In more formal terms, a procedure has formal parameters
that describe the process being programmed, and actual arguments that
are used to evaluate the procedure for a specific case. Most of us are rath-
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er informal about the distinction between parameters and arguments.
When the distinction is unimportant, either term may be used.

pattern system A trading system based on the assumption that recog-
nizable price patterns precede opportunities to make profitable trades.

perpetual contract The same as continuous contract.

pessimistic return ratio A metric designed by Ralph Vince that at-
tempts to estimate the out-of-sample performance of a trading systems
by adjusting statistics measured from in-sample performance.

phantom signal A phenomenon of walk-forward testing (or trading
systems that have future leaks) where a signal or position changes with-
out warning,.

real-time When referring to price quotations, data that is reported and
broadcast as soon after the transactions take place as is possible.

regression A modeling technique that computes the best fit of a line
or curve to the data.

rollover Rollover takes place when one futures contract expires, or
drops off significantly in volume, and the next in time sequence becomes
the front month.

scan In AmiBroker, running a program that checks the group of tick-
ers for signals.

seasonality system A trading system based on the premise that prices
move up or down at predictable times of the day, month, year, or other
time period.

sensitivity A technique used in modeling to test the ability of the mod-
el to detect general patterns. Values of parameters are changed by small
amounts to see if the fitness values remain at or near optimum.

Sharpe ratio A measure of performance based on the ratio of the re-
turn of the portfolio to the standard deviation of the return. The return
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is adjusted to be the excess return minus a risk-free rate, such as short
term treasury bills.

short A short position has sold the asset, and will need to purchase it
back later to close out the trade.

signals A trading system analyzes the data according to its rules and
issues buy and sell signals.

snapshot data Snapshot data is real-time, or delayed real-time, data
that is checked periodically intraday, but does not contribute toward
building a real-time intraday database.

Sortino ratio A measure of market risk similar to the Sharpe ratio, but
using only the downside volatility in the denominator rather than the
standard deviation.

standard deviation A statistical measure of the variability or volatil-
ity of a set of data. The square root of the variance.

standard error A statistical measure of variability somewhat similar
to the standard deviation, but based on repeated measurements. The
standard error can be thought of as the standard deviation of the means
of repeated samples.

stationary The statistical concept that the characteristics of the data
being modeling change very little over time. Financial time series are
notoriously non-stationary.

stop and reverse A trading method where the exit from a long trade
signals the entry to a short trade, and the exit from a short trade signals
the entry to a long trade. The system is always in a position.

stop order An order placed with a broker to buy or sell at the market
when a trade occurs at the price specified.

stop limit order An order placed with a broker to trade, but only at a
limit price, when the market trades at the price specified.
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symbol space Just as the range of values for any variable being opti-
mized can be thought of as a numeric space, the range of tickers avail-
able for testing can be thought of as the ticker space or symbol space.

system A trading system, in the context of this book, is a combination
of a model and a data stream.

tick The report of a single transaction. The minimum upward or down-
ward movement in the price of a security.

tradable Any asset that can be bought and sold, and modeled as a com-
ponent of a trading system.

trading frequency The number of times per day, month, or year that
a trading system issues buy or sell signals.

trading range Every market can be characterized as being in either
trending mode, where prices predominantly move in one direction, or
a trading range mode, where prices return to the recent average.

trailing stop For a long position, the trailing stop rises as the price
and the trade’s profit rises, but never drops back when the price falls.
If the price drops to the level of the trailing stop, a market order to exit
the position is issued.

trend Every market can be characterized as being in either a trending
mode, where prices predominantly move in one direction, or a trading
range mode, where prices return to the recent average.

trend following A trading system method that recognizes that the
market is in a trending mode and takes a position in the direction of that
trend. Trend following systems buy strength and sell weakness.

Treynor ratio A risk adjusted measure of return for a trading system
similar to the Sharpe ratio, but using beta as the measure of volatility
instead of standard deviation.

ulcer index A metric that uses the depth and length of drawdowns as
a measure of the performance of a trading system.
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validation Validation is the process of applying statistical tests to data
from the out-of-sample trading to estimate the likelihood that a trading
system will be profitable in the future.

VAMI Value Added Monthly Index — a measure of portfolio perfor-
mance based on monthly changes in the portfolio equity.

variance A statistical measure of variability or volatility of a set of
data. The sum of the squared deviations of the individual data points
from their mean.

volume The number of shares or contracts traded over a given peri-
od.

walk forward The technique of repeatedly optimizing over an in-sam-
ple period, testing over an out-of-sample period, and moving both pe-
riods forward in time. The concatenated results from the out-of-sample
periods are used to estimate the likelihood of future profitability.
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Appendix C

Resources

BOOKS, JOURNALS, AND MAGAZINES

Active Trader Magazine, (800) 341-9384, www.activetradermag.com.
Aronson, David, Evidence-Based Technical Analysis, Wiley, 2007.
Bernstein, Peter, Against the Gods, Wiley, 1996.

Ehlers, John, Rocket Science for Traders, Wiley, 2001.

Ehlers, John, Cybernetic Analysis for Stocks and Futures, Wiley, 2004.

Formula Research, Nelson Freeburg, 800-720-1080, www.formularesearch.
com.

Futures Magazine, (800) 458-1734, www.futuresmag.com.

Hulbert Financial Digest, (866) 428-6568, www.marketwatch.com.
Jones, Ryan, The Trading Game, Wiley, 1999.

Taleb, Nassim, Fooled by Randomness, Norton, 2001.

Technical Analysis of Stocks and Commodities, (800) 832-4642, www.traders.
com
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Tharp, Van, Trade Your Way to Financial Freedom, McGraw-Hill, 1999.
Vince, Ralph, Portfolio Management Formulas, Wiley, 1990.

Vince, Ralph, The Mathematics of Money Management, Wiley, 1992.

Vince, Ralph, The New Money Management, Wiley, 1995.

PROGRAMS, DATA

AmiBroker, www.amibroker.net. Publisher of AmiBroker.

BioComp Systems, Inc. www.biocompsystems.com. Publisher of Dakota.
Bloodshed, www.bloodshed.net. Publisher of Bloodshed C++ compiler.

CNN Money. money.cnn.com. Free delayed real-time quotations and
fundamental data.

Commodity Systems, Inc (CSI). www.csidata.com. Subscription end-
of-day data for stocks, indices, futures, and mutual funds. Covers all
world markets. The data files are easily accessed by AmiBroker.

eSignal. www.esignal.com. Subscription real-time streaming quotes for
stocks and futures. Covers US and major European markets.

FastTrack. wwuw.fasttrack.net. Subscription end-of-day data for stocks,
indices, and mutuals funds. The data files are easily accessed by Ami-
Broker.

Fund Estimate. www.fundestimate.com. Free estimates of the closing
prices of mutual funds.

Google. finance.google.com. Free delayed real-time quotations and fun-
damental data.

Interactive Brokers. www.interactivebrokers.com. 100 symbol streaming
real-time quotes for IB customers.



Resources 353

Interest rate historical data. www.federalreserve.gov/releases/ Government
data

Investopedia. www.investopedia.com. Terms and definitions.

Market Watch. www.marketwatch.com. Free real-time quotations and
fundamental data.

msn Money. moneycentral.msn.com. Free real-time quotations and fun-
damental information. Free end-of-day data for indices, stocks, and
mutual funds. Automatic downloading through AmiQuote.

Premium Data. www.premiumdata.net. Subscription end-of-day data for
stocks, funds, and futures. Covers major world markets.

Quotes Plus. www.qp2.com. Subscription end-of-day data for stocks, in-
dices, futures, and mutual funds. The data files are easily accessed by
AmiBroker.

Reuters. today.reuters.com. Free delayed real-time quotations and fun-
damental data.

Reuters Datalink. www.equis.com. Subscription real-time and end-of-
day data for equities, indices, mutual finds, and futures. Covers all
world markets.

TC2007. www.tc2000.com. Subscription end-of-day data for stocks, indi-
ces, and mutuals funds. The data files are easily accessed by AmiBro-
ker.

Yahoo. finance.yahoo.com. Free delayed real-time quotations and fun-
damental data. Free end-of-day data for indices, stocks, and mutual
funds. Automatic downloading through AmiQuote.

Yahoo Groups. Groups.yahoo.com. Discussion groups covering many
topics, including AmiBroker.
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Index

#include, 120, 325

Adaptive Price Zone, 59, 141-143
Adding noise to data, 302-305
Advisory services, 243
AmiBroker, 23, 55-70
Add an indicator, 62, 123-125
AddColumn, 107
AddToComposite (ATC), 230-239
Application Development Kit (ADK), 326-328
Automatic analysis, 71-83, 88-109, 131-133
Built-in exits, 94
BuyPrice, 88, 205
Commentary window, 63
Context-sensitive help, 59
Create DLL, 326-338
Custom backtest, 325
Custom metric, 317-326
Data services, 60
Display a chart, 61
Display a price series, 61
Entries in AmiBroker, 88-94
Exits in AmiBroker, 94-102
Exploration, 57, 71, 342
Extending AmiBroker, 317-338
Formula Language (AFL), 57
Functions, built-in, 111-119
Functions, custom, 119-121
Categories, 113
Composite, 112
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Custom, 119
Date/Time, 112
Exploration, 118
File Input/Output, 119
Indicator, 112, 118
Information, 113
Lowest/Highest, 114
Math, 114
Miscellaneous, 115
Moving average, 116
Pattern, 111
Referencing other symbol, 119
Statistical, 116
String, 117
Summation, 116
Time Frame, 119
Trading system, 117
Indicators, built-in, 121-122
Indicators, custom, 123-125
Looping, coding method, 57, 95-101, 333
Multiple time frames, 224-230
Optimize a trading system, 67-69
Resources, 69
SellPrice, 88, 205
SetTradeDelays, 88
Setup, 59
Test a trading system, 64-67
TimeFrameExpand, 226
Video tutorials, 60
Watch list, 75-79
AmiQuote, 28-29, 56, 60
Anticipating Signals, 36, 175-186
Artificial data, 248
Artificial intelligence, 44-45
ASCII, 60,274
Asset, 13,339
Automated order entry systems, 59
Automated trading interface, 56
Average True Range (ATR), 101

Backfilling, 60

Backtest, 23, 55-57, 79-83, 107-108, 148, 215, 339
Bar, 25,339

Barclay Trading Group, 244

Beta, 200, 339

Betting sequence, 54

Bias, 16
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Binary search, 182-185
BioComp Dakota, 45, 262, 273-284, 352
Bloodshed, 327-338, 352
Bollinger, 135, 141-143, 228
Bot, 274

Brains, 244

Breakout, 34, 48, 127, 133, 340
Broad market timing, 230-239
Buffett, Warren, 20

Bull market, 37,244

Buy and hold, 103

C++, 327-338, 335

Capital appreciation, 21

Capital asset pricing model (CAPM), 19
Central Limit Theorem, 307

Chance process, 295

Chandelier Stop, 101

Chart analysis, 13-18, 18, 56-57
Chi-square test, 257-259, 306

CNN Money, 28, 352

Commissions, 32, 40, 47, 149

Commodity, 13, 21, 25, 30, 147, 340
Commodity Systems, Inc (CSI), 28, 60, 352
Commodity Trading Advisors (CTA), 244
Comparison of Two Means, 251-260
Compounded Annual Return (CAR), 51
Computer simulation, 19

Conference Board, 17

Consistency, 29

Conspiracy theory, 16

Constant expiration, 31, 340

Continuous contract, 30, 340

Controlled experiments, 19

Correlation, 22, 340

Cumulative Distribution Function (CDF), 297-311
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