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I N T R O D U C T I O N

■ The CMT Association

he CMT Association, founded in the 1960s, is a not-for-profit professional as-
sociation dedicated to advancing the discipline of technical analysis and the work

of technical analysts worldwide. The Association pursues this mission through cre-
T

ix

■ Credentialing: The CMT Charter is the globally respected credential granted to
Association members in good standing who complete the examination process.
Charterholders have demonstrated mastery of a core body of knowledge in both
the history and current practice of technical analysis.Their ongoing membership
in the CMT Association is evidence of their commitment to the professional and
ethical practice of the craft.

■ Ethics:The CMT Association and its members are committed to maintaining the
highest ethical standards in all their professional activities.The Association has ad-
opted the CFA Institute Code of Ethics and Standards of Professional Conduct for
its membership. In fact, questions on ethics appear on all three levels of the CMT
exams. Furthermore, members risk disciplinary sanctions by the CMTAssociation
including revocation of membership and the right to use the CMT designation for
violating the Code and Standards.

■ Education:The Association’s dedication to education extends beyond the curricu-
lum it maintains for candidates in the CMT Program. Through webcasts, local
chapter meetings and an Annual Symposium, the Association promotes ongoing
learning and intellectual synergies among all those interested in technical analysis.

■ Advocacy: The Association represents the technical analysis community to the
public, to academia, and to regulatory bodies worldwide. This work is intended

WhatWe Do

dentialing, ethics, education, and advocacy.



to secure the place of technical analysis as a recognized discipline alongside other
modes of financial market analysis, and to make the public aware of its strengths
and limitations.

The membership of the CMT Association includes technical analysts, portfolio manag-
ers, investment advisors, market-letter writers, journalists, and academics.With CMT
charterholders in more than 50 countries, members are involved in global markets
from currencies to commodities, equities to ETPs, and futures to fixed income.

The membership honors the long history of technical analysis of financial markets
while generating new methods that incorporate the latest concepts in behavioral
finance, quantitative analysis, and algorithmic applications.

Governance and Operation

The CMT Association is overseen by a Board of Directors elected from and by the
membership.Additional work on behalf of the Board and the membership is carried
out by committees composed of members who volunteer their time and expertise.
Dozens of local chapters, found in many countries, offer opportunities to hear from
renowned technicians and network with others who share a passion for technical
analysis. New members as well as veterans are encouraged to become involved in
chapters and on committees.

x

the membership in carrying out the mission of the Association. Members should
feel free to contact staff for information related to the activities and workings of the
CMT Association, volunteer opportunities, and the credentialing program.

■ The CMT Program

Purpose

The CMT Association initiated a professional credentialing program in technical

advancing the practice of technical analysis and maintaining the highest possible pro-
fessional standards for practitioners. By designing the curriculum and setting stan-
dards for examinations, ethics, and professional experience, the Association assures

CMT Association.The Committee is composed of volunteer charterholders who are
distinguished by their dedication to technical analysis and their willingness to con-
tribute to its advancement.The Committee approves the curriculum and monitors
the exam content and administration.

WhoWe Are

The staff of the Association, headquartered in NewYork, supports the Board and

analysis in the 1980s.This program is an essential part of the Association’s work in

that candidates satisfy the stated requirements to be awarded the CMT Charter.
The CMT Program is overseen by the Curriculum and Test Committee of the



Curriculum

The CMT Program curriculum is published in three volumes—one for each level of
the exam series.The readings are drawn primarily from published texts written by
recognized experts with additional content commissioned by the CMT Association.

The three levels of the curriculum are described as follows:

■

and analytical tools used in technical analysis.

■

■

application.

The specific topics covered in each level of the curriculum have been determined
by a job-analysis survey of technical analysis practitioners.The information from the

mains, and weightings for each level of the curriculum and exam. In addition, each
of the three exams includes “ethics” as a knowledge domain.

Exams

All three levels of the CMTAssociation exams are administered during semiannual test
windows in June and December.The exact dates for each test window are announced
well ahead of time. Candidates complete the exams on computer terminals at Pro-

xi

CMT Exams

Level Format Duration Content

I Multiple choice 2 hours
4 hours
4 hours

132 questions: 120 scored, 12 trial
170 questions: 150 scored, 20 trialII

III
Multiple choice
Multiple choice and short answer Approximately 50, but varies at each

administration

Receiving the CMT Charter

■ Successfully complete all three exams. (CFA charterholders may request a waiver
from Level I of the CMT exams.)

■ Attain professional membership in the CMT Association, which requires:

■ Sponsorship by three members in good standing, and

Satisfying the stipulation for professional experience.■

Level I: Introduction to Technical Analysis: Basic knowledge of the terminology

Level II:Theory and Analysis:Application of concepts, theory, and techniques.

Level III: Integration of Technical Analysis: Integration of concepts with practical

survey, updated periodically, is used to create a list of knowledge domains, subdo-

metricTest Centers located worldwide. Candidates may sit for only one exam during
each test window. Furthermore, candidates should be aware that the CMT Association
exams are offered only in English, regardless of the location of the test center.

To be awarded the CMT charter, candidates must:



■

■

Remain current on dues.

Complete and maintain an accurate Personal Conduct Statement.

■ The Level III Textbook

As noted above, the CMT Level III exam is a 4-hour multiple-choice and short-answer
exam focused on the integration of concepts with practical application.The knowledge

and reflected on the exam. Although this may be a useful checklist for some readers,
candidates may be best served by focusing on the Learning Objective Statements that

Domain

Risk Management
Asset Relationships
Portfolio Management
Behavioral Finance

Classical Methods
Ethics

21%
18%
18%
10%

7%xii
21%

5%

The number of questions on the exam drawn from each knowledge domain
approximates the percentages in the table above.

Ethics

The CMT Association has adopted the CFA Institute Code of Ethics and Standards of
Professional Conduct (“Code and Standards”) as its ethics guide. All three levels
of the CMT exams include questions pertaining to ethics. All references to “CFA

dards should be read to apply to CMT Association and its members, candidates,
programs, and so on.

When preparing for the CMT exams, candidates are encouraged to review the
Standards of Practice Handbook (“Handbook”). According to the CFA Institute,
“The Standards of Practice Handbook grounds the concepts covered in the Code

navigate ethical dilemmas you might face in your daily professional life.” Reviewing

domains listed in the table below, and their weightings, are covered in the Level III text

appear at the start of each chapter.These are described in another section below.

Level III: Knowledge Domains andWeightings

Weight

Volatility Analysis

Institute,” “members,” “candidates,” “CFA Program,” and so on in the Code and Stan-

and Standards for practical use.You can use this handbook for guidance on how to



the Handbook provides a more comprehensive study process and preparation for
professional practice.

Study material regarding ethics is not in this text. Both the Code and Standards
and the Handbook are available for download from the CMT Association website:
https://cmtassociation.org/association/cmt-code-of-ethics/.

Learning Objective Statements

fective study method is to read the Learning Objectives as an introduction to a chap-
ter before beginning study of the chapter. After completing the chapter, review the
Learning Objectives again and write a few sentences that demonstrate competence
on that topic.

Candidates should also be aware that the specific points mentioned in the Learn-
ing Objectives are prime material for the exams, but there may also be questions
drawn from any part of the text.

xiii

A list of Learning Objectives appears at the beginning of each chapter. These are
intended as a guide to the most important concepts discussed in the chapter. An ef-





T H E O R I G I N S O F T H E T E R M
“ T E C H N I C A L A N A L Y S I S ”

By GeorgeA. Schade, Jr., CMT

The technical position of the market may warrant a continued reaction,
but actual business conditions do not warrant lower prices. New-York1 

did the term ‘technical analysis’ originate?” This commentary aims to trace the
roots of the name of our craft.

ential Dow Theory book The Stock Market Barometer published. In downplaying the2 

importance of stock manipulators, he cited Edwin Lefèvre’s description of a

April 1901:

A xv

The art [of manipulation] is most difficult, for stocks should be manipu-
lated in such wise that they will not look manipulated. … It requires
boldness and consummate judgment, knowledge of technical stock-market

The reference to technical stock market conditions shows that the term
“technical” was associated with stock market commentary as early as the dawn of the

■ I. The Dictionaries

Our starting point is the definition of “technical.” In 1828, lexicographer Noah

He worked on it from 1807 until 1824–25. The dictionary stated that the terms

DailyTribune, June 21, 1897.

discussion among technical analysis professionals prompted the query, “Where

In 1922, William Peter Hamilton, editor of the Wall Street Journal, had his influ-

manipulator featured in Lefevre’s fictional story The Break in Turpentine, published in

conditions, infinite ingenuity and mental agility, … (emphasis added).3

20 century.th 

Webster published his two-volume An American Dictionary of its English Language.



Pertaining to art or the arts. A technical word is a word that belongs
properly or exclusively to an art; as the verb to smelt, belongs to metal-

his technical terms.4

The dictionary stated that the term “analysis” was of Greek derivation, “a loosing,

1. The separation of a compound body into its constituent parts; a resolving; as, an
analysis of water, air or oil, to discover its elements.

2. A consideration of any thing in its separate parts; an examination of the different
parts of a subject, each separately; as the words which compose a sentence, the
notes of a tune, or the simple propositions which enter into an argument. It is
opposed to synthesis.5

evant part as follows:

xvi Specifically appropriate to any art, science, or business; as, the words of
an indictment must be technical. Blackstone .… .6

The 1865 edition defined “analysis” as:

A resolution of any thing, whether an object of the senses or of the
intellect, into its constituent or original elements; an examination of

compose a sentence, the tones of a tune, or the simple propositions
which enter into an argument. It is opposed to synthesis.

same definition of “technical.”The term pertains “to the mechanical arts: relating to

The most frequently used legal dictionary in the United States, Black’s Law Dic-

These influential early dictionaries show that “technical” was a term applicable
to an art, science, business, or profession and “analysis” involved the separation and
examination of the components or elements of a matter being studied.

By the mid-1890s, the term “technical” took on a unique meaning when it came to
the stock market.The term was associated with a description of the condition or posi-

“Technic,Technical” were Greek derivations “from art, artifice … to fabricate, make
or prepare,”

lurgy. So we say, technical phrases, technical language. Every artificer has

or resolving … to loosen,”

An 1865 revised edition of Webster’s 1828 dictionary defined “technical,” in rel-

the component parts of a subject, each separately, as the words which

Up through 1916, dictionaries derived from Webster’s lexicography retained the

art, science, or to a particular profession.”7

tionary, was first published in 1891.The 1910 edition defined the term “technical” as,
“Belonging or peculiar to an art or profession.Technical terms are frequently called
in the books ‘words of art.’”8

tion of the stock market, particularly, to refer to an oversold or overbought market.



Although he did not use the term “technical,” Charles H. Dow editorialized in July
1902, “The outsider who will wisely study values and market conditions and then

March 7, 1902 editorial, he wrote,“Intelligent trading begins with study of conditions,

In 1903, Smith’s Financial Dictionary was published. Smith did not define “analysis”
or “technical analysis” but defined “technical conditions or a technical market” as
follows:

manipulation—by force of buying orders given and executed for
the purpose; or such conditions exist when the price is lowered by
manipulation—by force of selling orders given and executed for the
purpose.Also, technical conditions exist in a stock when the price rises
in consequence of enforced covering of short contracts (enforced buy-
ing by speculators who had sold stock which they did not possess) or
such conditions exist when the price falls in consequence of enforced
selling of long stock (stock which had been purchased with the inten-
tion of selling at an advanced figure.)

A technical market exists when prices as a whole are raised or low-
ered, as the case may be, by manipulation; also a technical market exists
when an oversold condition compels covering of short contracts with
a consequent rise in prices or when an overbought condition compels
liquidation or sale of long stocks with a consequent fall in prices.10

xvii

defined “technical conditions” in relevant part as follows:

When prices in a stock market as a whole are advanced or depressed by
manipulation.The technical conditions in an oversold market cause an
advance which forces short covering, and the technical condition in an
overbought market result[s] in liquidation of long stock in consequence
of a fall in prices.11

In 1918, the Investment Bankers Association of America and the Association of

The course defined the “technical condition of the market” in relevant part as follows:

Reference is constantly made in the press to the “over-bought” or “over-
sold” condition of the market. By these terms it is meant that there has

an unusually large amount of buying on margin or an unusually large

discovered, the opposing interest in the market may seek to compel a

exercise patience enough for six men will be likely to make money in stocks.” In his9 

and a justified opinion that the general situation is either growing better or worse.”

Technical conditions exist in a stock when the price is raised by

Another financial dictionary, published in 1906, did not define “analysis,” but

Stock Exchange Firms published a study course of the “stock exchange business.”

been, in view of the normal supply and demand of a given security,

amount of short selling. If this over-bought or over-sold condition is

decline, or to compel the short interest to cover.12



Sereno S. Pratt was a career journalist from 1882 until he became editor of the
Wall Street Journal in 1905. Hailed as one of the brightest financial writers among

stock market and its trading practices. The following definition of “technical posi-
tion” appeared in the 1912 edition:

[T]he stock speculator must study the stock-market itself so as to inform
himself as fully as he can as to its condition: whether there is an over-
supply of stocks on hand ready to be sold, or a big short interest; what
certain influential “interests” or heavy operators are doing; whether the
supply of money for speculative purpose is, or is not, to be ample; in
other words the whole technical position of the market.13

attributed to stock manipulation raising the question whether the term “technical”
was used to describe an artificial condition due to manipulation.

■ II. The Newspapers
xviii

By 1897, the term “technical” was being used in newspaper columns reporting on
the stock market. Newspapers formalized the use of the term to describe daily stock
trading activities.Their reports strongly influenced the acceptance of the term “tech-

of general circulation:14

June 21, 1897—“The technical position of the market may warrant
a continued reaction, but actual business conditions do not warrant

November 5, 1897—“Outside buying on a small scale was noticed
on all declines, but it was not effective in preventing substantial net

November 8, 1897—“The market will soon be oversold—just as
it was overbought last summer—and when that condition appears
advances will be made, despite any adverse factors which may then
exist. The weakness last week materially strengthened the market. Its
technical position was improved by the passing of stocks from weak

December 4, 1899—“The greater part of the supply of stock avail-
able for speculative purposes is strongly held, and there is no disposition

New York City’s journalists, he wrote a comprehensive book that described the

The word “technical” became part ofWall Street’s language to describe the condi-
tion of the stock market as overbought or oversold. Initially, these conditions were

nical” into the vernacular ofWall Street.
Following are some of the earliest references found in NewYork City newspapers

lower prices.” New-York DailyTribune.

losses, although it strengthened the technical position of the market.”
New-York DailyTribune.

to strong hands and by the creation of a large short interest.” New-York
DailyTribune.



among such holders to sell at ruling prices. Back of the strong technical
position is the business situation, which is constantly adding increased

December 31, 1899—“Prosperity has placed a healthful check upon
rash speculative ventures, and the new year therefore opens with the
speculative situation clear of weak material, with the banks and stock
market in a strong technical position backed by active and sound busi-

January 14, 1900—“The technical position of the market is strong,
and in the current week the force of this strength ought to be felt by the

July 7, 1900—“Traders are, for the time, bullish but they will begin
to bear stocks again just as soon as technical conditions place stocks

May 4, 1901—“They represent the operations of oversanguine
traders who can see but one side of affairs—who overlook the always
potent ‘technical position’ and who imagine that a rise can be unbro-

favorable…. An important phase of the technical situation is the pau- xix

May 5, 1905—“Nor could cause for the fall in prices be ascertained

in the final hour shows that it was a mere bear raid and was not backed

May 10, 1918—“With no more news than has been known for some
time past to explain the sharp advance of security prices yesterday
traders turned to the technical conditions within the market itself for
enlightenment. … And yet an analysis of the market’s technical situa-
tion, referring mainly to money and the short interest, do not greatly

■ III. Charles H. Dow’s Editorials

Charles H. Dow’s principles set forth in his Wall Street Journal editorials were seminal
contributions to the discipline of technical analysis. He wrote eight editorials, out of
some 255, entitled The Position of the Market.These editorials were written between
March 19, 1901 and April 22, 1902. He wrote his last editorial that April.Although
the eight editorials did not use the terms “technical” or “technical analysis,” as noted
above, Dow knew the importance of assessing market conditions.

value to the intrinsic worth of securities.” New-York DailyTribune.

ness conditions.” New-York DailyTribune.

operators who are short of stocks.” New-York DailyTribune.

in a position where they may be successfully attacked.” New-York Daily
Tribune.

kenly continuous.” NewYorkTimes.
July 27, 1902—“Technical conditions moneywise have been and are

city of holdings ‘on margin.’” NewYorkTimes.

from any analysis of the technical speculative position in Wall Street at
the present time.” The Sun.

August 10, 1917—“A technical analysis of the decline onWednesday

up by any genuine liquidation.” The Sun.

illuminate the onlooker.” The Sun.
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xx

The period from 1870 to 1914 is called the Second Industrial Revolution or the

inventions brought accuracy with speed to financial markets: the telegraph, cable,
the telephone, and the “stock indicator” later called the ticker. Stock quotations and
market information sped worldwide. Even the nascent Dow Jones & Company News
Service was distributed via telegraph.

In 1866, a reliable telegraph cable line crossed the Atlantic from the United States
to Europe connecting the two largest financial markets in the world, London and

underwrite foreign bonds and trade securities worldwide.

In 1905, some 23,000 offices in the United States subscribed to ticker services. By
1912, the NYSE was using 1,150 tickers to supply quotations to its 1,100 members

■ IV. Technological Advancements

Technological Revolution because of the transformative inventions of the time. Four

New York. Cable expanded the reach of Wall Street’s institutions which began to

By 1912, there were 408,769 telephones in NewYork City; it was estimated that
“there are probably a greater number in the Wall Street district than in any other
equal territory in the world.” About 500 members of the NewYork Stock Exchange16 

(NYSE) had private connections to the exchange’s trading floor.
In 1867, telegrapher Edward A. Callahan introduced the stock ticker.The ticker

printed quotations on a narrow ribbon of paper that became known as the “tape.”

in 583 firms. “No better proof is needed of the universality of speculation.”17 18



The introduction of the ticker “revolutionized market communications by mak-
ing it possible to quickly transmit market information across the United States, sig-

were installed at the NYSE in 1878, the market became even more efficient, and
on December 15, 1886, trading volume topped 1 million shares for the first

These tools resulted in faster distribution of accurate market data and increased

different issues. In 1839, it listed 144 stocks.The “number and variety of securities

issued bonds to finance the construction of turnpikes, canals, and bridges. Banks,
insurance companies and railroads issued stock to raise the necessary capital to de-

The listings of stocks and bonds grew through the 1880s as the economy expanded.
Between 1875 and 1885, the number of shares traded on the NYSE doubled. In
1882, over 116 million shares traded.

xxi

Increased trading produced large quantities of information which, in turn, stimu-
lated a desire for a new form of investment analysis.

NYSETrading Floor, 1903.21

nificantly narrowing the gap betweenWall Street and Main Street.When telephones

time.”19

securities trading.Technical studies had a bright future.

■ V. The Growth of Stock Trading in the United States

In 1818, the newly formed NewYork Stock and Exchange Board listed less than fifty

traded at the NYSE steadily increased as America grew. States and municipalities

velop and expand. By the end of the Civil War, more than 300 different stocks and
bonds were traded at the NYSE.” In 1869, the NYSE had 1,060 members.20 



■ VI. Creation of the Dow Jones Industrial
and Railroad Averages

On July 3, 1884, Charles H. Dow published his first stock price average when he
was working for the Customer’s Afternoon Letter, a financial news bulletin.The average
consisted of the closing prices of 11 companies, of which 9 were railroads. It was the
forerunner of the Dow Jones Railroad Average.

From 1884 to 1896, Dow made changes to the index, mostly switching from rail-
road to industrial stocks. On May 26, 1896, he introduced the price-weighted Dow
Jones Industrial Average, consisting of twelve industrial stocks. In 1916, the average
was expanded to 16 stocks, and in 1928, to 30.The average was proof that industrial
stocks were overtaking the railroads as the leading stocks in the NYSE.

On October 7, 1896, Dow introduced the Railroad Average. He replaced the two
non-rail stocks in his list of 20 “active stocks” with rail stocks, and the Dow Jones
Railroad Average was created. In 1970, its name was changed to the Dow Jones
Transportation Average.

Charts of the averages showed price trends and facilitated analysis of market con-
ditions.These averages, as well as the numerous other indexes that came after, added
an important dimension to the analysis of price, volume, and performance, the core
of technical analysis.

xxii

■ VII. The Twenties

The concept of the technical condition or position of the stock market as being
overbought or oversold remained into the 1920s, a significant formative period for
technical analysis. Professors Solomon S. Huebner and Charles A. Dice each wrote
influential books about the stock market, both entitled The Stock Market.They defined
“technical position of the market” as describing an overbought or oversold market.22

Schabacker wrote about the two kinds of analysis, fundamental and technical. The

A Course in Forecasting.24

described the principal “factors of deduction,” which when combined with techni-

Position, andTime. Analyst Harold M. Gartley shortened the list to price, volume,25 

and time.26

Dice wrote a chapter entitled TheTechnical Position of the Market.
By the late 1920s, the term “technical analysis” was used frequently. Richard W.

“technical considerations are those arising out of the stock market itself.” He wrote23 

about the “technical approach,” “technical theory,” “technical science,” and “technical
action.” His 1932 investment course was entitled Technical Analysis and Market Profits:

The elements of the discipline were being set. In 1931, Joseph H. Kerr, Jr.

cal conditions, could forecast the action of the market: Price,Volume, News, Price



Twelve years earlier, a statistician wrote with great concision:

When demand and supply are fairly even, the market moves in a rut.
How secure a clear-cut idea of demand and supply? By constructing a
graph which shows:

1. Price.This measures the extent of the move.
2. Time.This shows rapidity of action.

This statistician drew the following graph:

xxiii

Making the Market Price

By 1930, the study of stock market trends, prices, volume, and performance had
received a great amount of attention.The foundations of technical analysis had been
built.

■ Conclusion

The lexicography of the term “technical” relates it to an art, science, business, or
profession.The term “analysis” refers to the separation of a whole into its constituent
elements so they can be studied.The stock market can be overbought or oversold. In
the late 1890s, the term “technical” was used to describe this condition.

3. Volume.This indicates bulk, or the amount of turnover. (emphasis in original)”27



that brought accuracy and speed to the process, significant amounts of information
were collected and distributed. Price, volume, performance, highs, and lows were
immediately available. This information was analyzed in order to uncover values.
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S E C T I O N I

Risk Management
—George S. Patton

hꢀrꢀ ꢁꢂ ꢃuch ꢄo bꢀ ꢂꢅꢁd for ꢄhꢀ prꢁꢆcꢁplꢀ ꢄhꢅꢄ ꢂuccꢀꢂꢂ ꢁꢆ fiꢆꢅꢆcꢁꢅl ꢃꢅrꢇꢀꢄꢂ dꢀ-Tpꢀꢆdꢂ lꢅrꢈꢀly oꢆ ꢄhꢀ ꢅbꢁlꢁꢄy ꢄo ꢃꢅꢆꢅꢈꢀ rꢁꢂꢇꢂ: ꢄo ꢂurvꢁvꢀ ꢂꢀꢄbꢅcꢇꢂ ꢅꢆd ꢄurꢃoꢁl
wꢁꢄh ꢄrꢅdꢁꢆꢈ cꢅpꢁꢄꢅl ꢁꢆꢄꢅcꢄ. Pꢀrꢂꢀvꢀrꢅꢆcꢀ ꢁ ꢂ rꢀwꢅrdꢀd. Rꢁꢂꢇ ꢃꢅꢆꢅꢈꢀꢃꢀꢆꢄ covꢀrꢂ ꢅ
vꢅꢂꢄ ꢄꢀrrꢁꢄory of ꢃꢀꢅꢂurꢀꢂ ꢅꢆd ꢃꢀꢄhodꢂ. Froꢃ plꢅcꢁꢆꢈ ꢂꢄopꢂ ꢄo ꢂꢀꢄꢄꢁꢆꢈ ꢁꢆvꢀꢂꢄꢃꢀꢆꢄ
ꢂꢁzꢀ ꢄo ꢀvꢅluꢅꢄꢁꢆꢈ ꢄrꢅdꢁꢆꢈ ꢂyꢂꢄꢀꢃꢂ, ꢃꢅꢆꢅꢈꢁꢆꢈ ꢄhꢀ ꢀxpoꢂurꢀ of cꢅpꢁꢄꢅl ꢄo ꢅdvꢀrꢂꢀ prꢁcꢀ
ꢅcꢄꢁoꢆ ꢁꢂ pꢅrꢅꢃouꢆꢄ.Aꢄ firꢂꢄ ꢈlꢅꢆcꢀ, ꢂoꢃꢀ of ꢄhꢀ chꢅpꢄꢀrꢂ ꢁꢆ ꢄhꢁꢂ ꢂꢀcꢄꢁoꢆ ꢃꢅy ꢆoꢄ ꢅp-
pꢀꢅr ꢄo cꢀꢆꢄꢀr oꢆ rꢁꢂꢇ ꢃꢅꢆꢅꢈꢀꢃꢀꢆꢄ. Buꢄ ꢀꢅch of ꢄhꢀꢃ ꢃꢅꢇꢀꢂ ꢁꢃporꢄꢅꢆꢄ coꢆꢆꢀcꢄꢁoꢆꢂ
bꢀꢄwꢀꢀꢆ ꢅꢂpꢀcꢄꢂ of ꢄꢀchꢆꢁcꢅl ꢅꢆꢅlyꢂꢁꢂ ꢅꢆd ꢄhꢀ ꢅꢂꢂꢀꢂꢂꢃꢀꢆꢄ ꢅꢆd ꢃꢁꢄꢁꢈꢅꢄꢁoꢆ of rꢁꢂꢇ.

Thꢀ opꢀꢆꢁꢆꢈ chꢅpꢄꢀrꢂ ꢁꢆ ꢄhꢁꢂ ꢂꢀcꢄꢁoꢆ ꢅpproꢅch rꢁꢂꢇ froꢃ ꢄhꢀ pꢀrꢂpꢀcꢄꢁvꢀꢂ of ꢄrꢅdꢁꢆꢈ
ꢂyꢂꢄꢀꢃꢂ ꢅꢆd porꢄfolꢁoꢂ. Iꢄ ꢁꢂ ꢁꢃporꢄꢅꢆꢄ for ꢄhꢀ ꢄꢀchꢆꢁcꢁꢅꢆ ꢄo uꢆdꢀrꢂꢄꢅꢆd ꢄhꢀ ꢃꢀꢂꢂꢅꢈꢀꢂ

Morꢀovꢀr, ꢄhꢀ ꢂyꢂꢄꢀꢃ dꢀvꢀlopꢀr or ꢃoꢆꢀy ꢃꢅꢆꢅꢈꢀr ꢃuꢂꢄ rꢀꢅd ꢄhoꢂꢀ ꢃꢀꢄrꢁcꢂ ꢁꢆ ꢄhꢀ
coꢆꢄꢀxꢄ of ꢄhꢀ ꢂꢄylꢀ of ꢄrꢅdꢁꢆꢈ ꢅꢆd ꢄhꢀ chꢅrꢅcꢄꢀr of ꢄhꢀ ꢃꢅrꢇꢀꢄꢂ ꢁꢆ quꢀꢂꢄꢁoꢆ.

Thꢁꢂ ꢁꢂ followꢀd by ꢅꢆ ꢁꢆ-dꢀpꢄh dꢁꢂcuꢂꢂꢁoꢆ of ꢅ hoꢂꢄ of rꢁꢂꢇ coꢆcꢀpꢄꢂ ꢅꢆd ꢃꢀꢅꢂurꢀ-
ꢃꢀꢆꢄꢂ ꢁꢆcludꢁꢆꢈ vꢅluꢀ ꢅꢄ rꢁꢂꢇ, rꢁꢂꢇ rꢅꢄꢁoꢂ, ꢅꢆd rꢁꢂꢇ of ruꢁꢆ. Thꢁꢂ ꢂꢀcꢄꢁoꢆ ꢅlꢂo rꢀvꢁꢂꢁꢄꢂ

ꢄhꢀ ꢆull hypoꢄhꢀꢂꢁꢂ.

Take calculated risks.That is quite different from being rash.

ꢄo bꢀ ꢈlꢀꢅꢆꢀd froꢃ pꢀrforꢃꢅꢆcꢀ ꢃꢀꢄrꢁcꢂ ꢅꢆd how ꢄo ꢁꢆꢄꢀrprꢀꢄ ꢄhꢀꢃ rꢀꢅlꢁꢂꢄꢁcꢅlly.

ꢄopꢁcꢂ rꢅꢁꢂꢀd ꢀlꢂꢀwhꢀrꢀ ꢁꢆ ꢄhꢀ rꢀꢅdꢁꢆꢈꢂ ꢂuch ꢅꢂ probꢅbꢁlꢁꢄy, ꢄhꢀ Thꢀory of Ruꢆꢂ, ꢅꢆd





C H A P T E R 1

System Design

From Charles D. Kirkpatrick II and Julie R.

2016), Chapter 22.

3Learning Objective Statements
■ Assess the value and challenges of using a system for trading or investing

Compare and analyze differences between discretionary and nondiscretionary
systems

■

■

■

■

■

■

■

■

Evaluate the mind-set and discipline required to develop and trade with a system
Organize the basic procedures for designing a system
Inventory types of technical trading systems
Defend the necessity of risk management protocols in a trading system
Examine critical aspects of performing system tests
Compare and evaluate standard measures of system profitability and risk
Differentiate between various methods of optimization

e have covered most of the methods used by technical analysts to analyze theW
to produce profits and reduce risk. Any constant and consistent management of as-
sets requires money management and some type of system. Haphazardly investing or

A fundamental investor may use price-to-earnings, debt ratios, and so forth,
whereas a technical investor will likely use relative strength, price trend, or volatil-

In both cases, the methods may be correct, but making money requires a tested
system. There are many myths in investing, and most investors succumb to them

trading markets.We now enter into the field of how to utilize this knowledge

trading on intuition, rumor, or untested theories is a road to disaster. It is why most
amateur traders and investors lose money.

ity, and both investors will believe they are doing the correct analysis.They are not.

and Testing
Dahlquist, Technical Analysis:The Complete Resource
for Financial MarketTechnicians, 3rd Edition (Old
Tappan, New Jersey: Pearson Education, Inc.,



how profitable a method has been, but also what the risks of capital loss were. Not
having an understanding of tested methods is flying blind in the financial markets.

only the method for profit but also the means of controlling risk of loss. Both aspects
of investing are extremely important. Some would argue that controlling loss is even
more important than the profit method, that by buying and selling at the flip of a
coin, one could make a decent return just by controlling risk of loss.

Let us begin this chapter by looking a little more closely at what a system is.Then
we focus on what risk is and how to control losses. Once we have these foundations, we
can focus on the mechanics of developing a system and testing investment strategies.

■ Why Are Systems Necessary?

No stock market goes up forever. Indeed, most world stock markets have declined

have not completely disappeared at some time (Burnham, 2005).This has caused a
misleading assumption that U.S. stocks and stocks in general will necessarily con-
tinue to rise. “It would be naïve to expect the future of U.S. stocks to be as bright as
the past” (Burnham, 2005, p. 175).

4

in 1910, or canals in 1830, or bowling in 1950, or junk bonds and REITs in 1980, or
more recently the autos and the banks?Thus, a long-term plan that excludes a means
of controlling risk is eventually doomed.

On the other hand, most technical and fundamental methods, by themselves, are
not profitable over time either. Some of the exceptions have been covered earlier in
this book, but these methods primarily depend upon the market circumstances at
the time, on the method used, and on controlling risk.Traders’ and investors’ great-
est misconception is that the market has order and that by finding and acting on that
order, profits will be consistent and large. It presumes that a magic formula exists
somewhere that can predict markets.This belief is not true. In looking at the previ-
ous studies in this book, there is no magic order to the markets beyond the fact that
they sometimes trend and, more often, remain in trading ranges.The money made is
based on the use of well-controlled entries and exits, especially those that limit the
amount of loss that can occur and that will react to changing conditions in the mar-
ket.A system will aid the investor or trader in timing these market entries and exits.

Systems are the next step in the development of an investment plan after under-
standing the methods of either technical or fundamental investing. Systems can be

without further analysis. To trade or invest successfully, we need to know not only

How do we test these methods? We create a system. The system must include not

to zero at one time or another.The buy-and-hold strategy so popular in the United
States today is based on a statistical anomaly. It is a strategy based on a survival bias
in the U.S. and the U.K. markets, the only countries in history, so far, whose markets

We certainly know that individual stocks can go to zero. How about buggy whips

DiscretionaryVersus Nondiscretionary Systems



entries and exits are determined by intuition; in other words, the trader or investor
exercises some discretion in making trades. Nondiscretionary systems are those in

Think for a minute of the stereotypical discretionary trader. Imagine the ultimate
discretionary trader behaving like the man in the antacid advertisement with two or
three phones yelling, “Buy” in one, “Sell” in another, with computer screens showing
prices and charts of securities all over the world, with ringing phones, with news
broadcasts from financialTV stations, and with a large contact list of people in differ-
ent specialties.This type of trader is generally looking for the home run. It is a great
image, one that has in it a bit of the swashbuckler, the gunslinger, and so on. In fact,
many truly exceptional traders are like this.They have the gifted intuition to be able

Most people, however, do not have the time, the knowledge, the contacts, the
equipment, the quickness of thought, or the stomach to do this. In fact, most people
who attempt to trade like this either burn out or go broke. They have no way of
evaluating what they are doing except from the equity in their account at the end of
the day. It is as if the excitement is more important than making profits.

The nondiscretionary trader, on the other hand, is usually calm, calculating, and
likely bored. The majority of successful traders and investors use nondiscretionary
systems (Etzkorn interview of Babcock, 1996). Some have been engineers; others
have that type of mind, familiar with statistics and systems. They have studied the
markets, the methods of profit-making—both fundamental and technical—and have
tested the techniques using modern statistical methods.They understand that noth-
ing is perfect and that markets change character over time. However, by testing their
methods and strategies, they have derived a mechanical system that minimizes risk
of loss and maximizes return.

5

Rules are the structure of a system.An example of a rule would be “buy when one
moving average A crosses above another moving average B.”Variables are the numeri-
cal inputs required in the rules (length of moving average A and length of moving
average B). Parameters are the actual values used in the variables (two days and seven
days).A system will include all these factors; their usefulness is determined by testing
different rules, variables, and parameters over varied markets and market conditions.

A purely nondiscretionary system is one that runs by itself on market data that
is continually fed into it. If our rule is to buy when the two-day moving average
crosses above the seven-day moving average, for example, a buy order automatically

system is on autopilot and the trader does not make decisions.
A trader or investor can also choose to use a partial discretionary system.The par-

tial discretionary system is one that generates signals that then are acted upon by the
investor based on personal confidence in them and experience with them. By having
some discretion, however, the system cannot be tested accurately because emotion
can enter into the trading decisions and cause unquantifiable errors.

discretionary, nondiscretionary, or a combination of both. In discretionary systems,

which entries and exits are determined mechanically by a computer.

to do this consistently and profitably.

is placed when this occurs. Once the trader has determined the rule to follow, the



tionary one? Let us look at some of the advantages and disadvantages of this approach.

chanical system provides a mathematical edge as determined by testing and adjust-

profit from many small profitable trades and occasional losses.
Using a nondiscretionary system avoids emotion. This is an advantage because

traders often lose money due to emotional decisions. The nondiscretionary system
also reduces other trading pitfalls—overtrading, premature action, no action, and

prevents large losses and risk of ruin, which most traders have never quantified or
understood. In fact, risk control can be one of the most important advantages of a
mechanical system.

though a nondiscretionary system cannot predict the future, it can structure how to
react to possible outcomes. It gives a list of responses to events beyond one’s control.

Pitfalls to a Nondiscretionary, Mechanical System Although there are many

The more a system is optimized or curve-fitted, the less reliable it will be in the

suggest that you should generally expect half the profits and twice the drawdowns as
shown in tests of past data. Having been tested, the system designer expects results
that are often unrealistic.The designer must be careful not to lose confidence when
unrealistic expectations are not achieved.

6

Nondiscretionary systems often will make profits in clumps, especially if it is a
trend-following system. The trader then loses small amounts waiting for the next
clump and protecting from large losses. In other words, great creativity may have
gone into inventing the system, but its operation is boring. In addition, some system
designs allow large drawdowns but still eventually produce profits. The emotional
problem for the user is the wait for the drawdown to be recovered and meanwhile
the possible loss of confidence in the system. A loss of confidence results in fiddling
with the rules or giving up just as the system is about to kick in.

Although a good system adjusts to a changing market, it does require periodic
updates.This can often be a source of confusion for the designer. Is it time to update

lackluster performance period a time for the trader to sit by patiently waiting for the
system to kick in?The answers to these questions are not always obvious.

the testing was for, and violations of the rules established from the testing negate the
value of the system.This requires considerable discipline.

Is it always better to choose a nondiscretionary, mechanical system over a discre-

Benefits of a Nondiscretionary, Mechanical System A nondiscretionary, me-

ing.This is the principle behind the casino and an insurance business, both of which

constant decision making.Trading with a properly designed mechanical system also

Trading with a nondiscretionary system also provides certainty, develops confi-
dence, and produces less stress. Anxiety comes from uncertainty and ambiguity. Al-

benefits to a nondiscretionary, mechanical system, pitfalls also exist. For one, extrap-
olating will not have the same results as tests; history does not repeat itself precisely.

future. In fact, in their book The Ultimate Trading Guide, Hill, Pruitt, and Hill (2000)

an underperforming system because of a changing marketplace? Alternatively, is the

Remember that the system falls apart if it is not followed precisely.This is what



would do it.There is a lot of work in coming up with a system, testing it, adjusting

it” and see if it works.That method leaves the trader nowhere.

■ A Complete Trading System

Faith (bigpicture.typepad.com/comments/files/turtlerules.pdf):
Decisions required for successful trading:

■

■

■

■

■

■

Markets—What to buy or sell

Position Sizing—How much to buy or sell

Entries—When to buy or sell

Stops—When to get out of a losing position

Exits—When to get out of a winning position

7■ How Do I Design a System?

Now you are convinced that you need to design a system for trading. However, how
do you do that? Let us look at some of the requirements and steps involved in creat-
ing an effective system.

Requirements for Designing a System

What is needed to design a successful system? Before even considering the com-
ponents of a system, we must begin with something even more basic—designing a
workable, profitable system begins with some basic personal attitudes. Some of the
characteristics of the necessary mind-set include the following:

■ Understand what a discretionary or nondiscretionary system will do—be realisti-

can be quantified precisely and for which rules are explicit and constant.

■ Do not have an opinion of the market. Profits are made from reacting to the
market, not by anticipating it.Without a known structure, the markets cannot be
predicted.A mechanical system will react, not predict.

■

■

■

Realize that losses will occur—keep them small and infrequent.

Realize that your emotions will tug at your mind and encourage changing or fid-
dling with the system. Such emotions must be controlled.

Using a nondiscretionary, mechanical system is not easy—otherwise, everyone

it, and trying it correctly and convincingly.The tendency for many people is to “wing

The following is from The Original Turtle Trading Rules by Turtle member Curtis

Tactics—How to buy or sell

cally knowledgeable, and lean toward a nondiscretionary, mechanical system that

Realize that profits will not necessarily occur constantly or consistently.



■

■

Be organized—winging it will not work.

Develop a plan consistent with one’s time available and investment horizon—

■

■

have not been tested or have been overfitted.

Follow the final tested plan without exception—discipline, discipline, discipline.

Initial Decisions

Once you are committed to the mind-set and discipline of creating a system, you must
make certain decisions about the characteristics of your system. The actual funda-
mental or technical method used as the basis for the system is relatively unimportant.

and technical methods, by themselves, have a sketchy record of performance. Perfor-
mance in the system will depend more on filters, adjustments, and the entry and exit
strategies than the method itself.This does not mean that any old method will work.
Pick a model (entry and exit method that has some statistical probability of success)
that is familiar, sensible, comfortable, and has a decent record. Be sure it is based on
facts, not opinion, and then concentrate on the process of developing a system.

Most systems designers argue that the simpler the system, the better. A system
can become bogged down with large numbers of conditions and statistically will lose
degrees of freedom, requiring more data and more signals to establish its signifi-
cance. The market has entropy, an inherent disorder that changes periodically in
unexpected ways.A system with few variables will reflect the patterns in the market

the nonpattern variables to increasingly influence the results, causing the system
to eventually decrease profitability because it can account only for the patterns but
not the internal market changes. Indeed, when testing a system, the added variables
should be tested for their effect on the system results, and if the performance de-
clines, those variables should be eliminated even if they appear logical. Some design-
ers such as Richard Dennis argue against simplicity (Collins, 2005), but they have
enormous computer power and knowledge behind them. Hill and others argue that
even with modern technology and mathematics, the success of systems now is no

8

First, you must decide what kind of input and tested model is to be used to gen-
erate signals. Some investors depend on fundamental information; most traders de-
pend on technical methods. Others use a combination. The important aspect is to
have a clear understanding of the system’s premises and to know that the rules will
be easily quantifiable and precise. Specificity is much easier to use and to test than

daily, weekly, monthly, and yearly.

Test, test, and test again, without curve-fitting. Most systems fail because they

No one is smarter than the computer, regardless of how painful losses may be and
how wide spreads between price and stops may affect one’s staying power.

What is important is that whatever is used can be defined precisely. Most fundamental

with a certain accuracy. As more variables are added to the system, entropy causes

greater than the classic systems designed with a hand or crank calculator.

generality.You must also understand the logic of the system and be sure that it suits
your style of trading or investing.



Second, you must decide on which markets to focus. Is the market suitable for
the intended system? Are there opportunities for diversification between markets or
instruments? How much volatility and liquidity is required, and what specific instru-
ments will be traded?

Third, you must establish the time horizon for the system. For example, most
trend-following systems work better over longer periods, but most pattern systems
work in hours and days. Does the system intend to scalp trades, swing trade, or
long-term invest? In addition, what is the psychologically best-suited time not only
for system logic but also for ease of use? Do you have time to spend all day with the

Fourth, you must have a risk control plan; otherwise, you will not know what to
do when markets change. Understand that losses are inevitable, but be sure to keep

Rationalizing or excusing losses never helps.The market is never wrong—get out,

the market might be in.Another option is to have a filter that shuts down the system
when the market enters a trading range or has other characteristics that detract from
the model’s performance. Otherwise, the account may suffer a larger loss. Emo-
tions and judgment become adversely affected, causing missed opportunities, selling
profitable positions to get even, and other mistakes. Stop-losses free up nonproduc-
tive capital and cause less stress once accepted. In addition to risk control, you must
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Fifth, establish a time routine, which should include when to update the system
and necessary charts, plan new trades, and update exit points for existing trades. As

and a daily equity chart. Maintain a daily trading sheet (similar to an accounting led-
ger) and a position sheet.

are numerous systems, they can be divided into four main categories: trend follow-
ing, pattern recognition, range trading, and exogenous signals systems.

markets trend at times and trade in a range at other times. The most profitable
background is a trending background because the moves are larger and generate
fewer transaction costs. While periodically trend trading becomes difficult and
many traders begin to believe it is dead, it is not.As Bill Eckhardt, partner of Rich-

death of trend-following a half dozen times, and, like Mark Twain’s death, it was
highly exaggerated” (Collins, 2005). Most large-scale mechanical system hedge

system, or can you monitor the system only daily, weekly, or monthly?

them under control. Admitting losses separates the professional from the amateur.

the quicker the better. To do this, devise a stop-loss strategy—“no clinging to the
mast of the sinking ship.”This strategy should include protective and trailing stops,
price targets, and adjustments for volatility, type of market, and any other state that

decide whether you should use leverage or pyramiding.

part of your system administration, maintain a trader’s notebook, a trader’s diary,

Types of Technical Systems

Technical analysts use a number of types of technical trading systems.Although there

Trend Following From our knowledge of technical systems, we understand that

ard Dennis and originator of theTurtles, has been quoted, “I have lived through the



funds and commodity trading advisors use trend-following systems. Rather than
attempting to catch the peaks and valleys, the trend-following system acts in the di-
rection of the trend as soon after it has begun as can be reliably detected. Contrary

and sell higher. Schwager believes that slower, longer trend systems work better
because the gains are larger, although less frequent, and the whipsaws are minimal.
Most trend-following systems add a trend indicator such as the ADX to their set
of rules to be sure that a trend is in existence. As we know from earlier studies on
trends, the performance of a trend-following system can suffer during a trading
range market.

Moving Average Systems The classic trend-following system is composed of two
moving averages that generate signals when they cross over each other. In his book

1940s, Donchian demonstrated the validity of this method and showed that it was
more successful than the older system of using price versus a single moving average.

If two moving averages are better than one, would three be even better? No, stud-
ies have shown that adding more moving averages weakens performance because of
the increased number of rules required.Although practitioners frequently report suc-
cess using moving averages, we must mention that academic studies have shown that
moving average crossover systems, even with simple filters, are generally unprofit-
able. However, academics have not used any kind of risk control in their experiments.
Without the use of these important risk-control strategies, the academic studies are
not a true measure of the profitability of using a moving average crossover system.
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Breakout Systems A variation of the trend-following system is the breakout sys-
tem.These systems generate buy and sell signals when price moves out of a channel
or band.The most popular of these systems is based on a variation of the Donchian
channel breakout system or some kind of volatility breakout system using Bollinger

and use weekly figures, or short term, such as the open range breakout systems used

average and breakout strategies are popular. Because many of these trend-following
systems are being traded, many others will receive the same signal at roughly the
same time and price you will. Liquidity can become strained, and slippage costs from
wider spreads and incomplete fills will increase the transaction costs over what may
have been anticipated.The solution to this problem is to devise an original system or
to spread out or scale entry orders.

Another problem with trend-following systems is that whipsaws are common, es-
pecially during a trading range market, as the system attempts to identify the trend.
In fact, trend-following systems often produce less than 50% wins because of the
many whipsaws during ranging markets.This problem can be reduced with the use

to the buy low and sell high philosophy, the trend-following system will buy high

The Definitive Guide to Futures Trading, Larry Williams discusses how, as early as the

Bands or other measures of range volatility.The breakout system can be long term

intraday.

Problems with Trend-Following Systems Given their profitability, the moving



of confirmations, such as special price requirements (penetration requirement, time

into uncorrelated markets.

cost of a trend-following system. If an attempt is made to clip more profit at each end
of the trend, the number of losses will increase from the ranging nature of the trend
at its terminal points. On the exit side of a trend, specific trailing stops or such can
be used to receive better prices, but again there is the risk of missing another leg in

Losses occur primarily in the trading range preceding the establishment of a trend,
as the system tries to identify the next trend as closely as possible. One strategy to
combat this is to use a countertrend system at the same time, even if it is not as prof-
itable as the trend-following system. The gains from the countertrend system will
offset some of the losses of the trend-following system, and the overall performance
results will improve over the trend-following system alone.

Moving-average and breakout systems are usually limited to a one-directional sig-

following system, other indicators must be used, thus increasing the complexity and
decreasing the adaptability of the system. 11

The greatest fault with trend-following systems is the large percentage of con-
secutive small losses that produce significant drawdowns. For example, let us say that
the system suffers ten small losses in a row while in a trading range.The drawdown
to the equity of the account accumulates during this period from the peak of the eq-
uity to the subsequent cumulative loss.A series of losses that cause a large drawdown
affect not only the pocketbook but also the confidence in the system and often lead
to further complications. One strategy to lessen a sequence of losses is the strategy
mentioned previously of using a countertrend system. Another is to initiate only

another trend-following system parallel that has a longer or shorter period.
Because a trend-following system often is characterized by clumps of large profits

from the trend and many small losses from the trading range, extreme volatility oc-

the most-often-used countermeasure is to diversify into other markets or systems.
As with most mechanical systems, a trend-following system can work well during

testing and then bomb in practice. In most cases, this is due to improper testing and
adjusting. Some-times the improper testing is due to unrealistic assumption about
transactions costs. Unrealistic assumptions including spreads during fast markets,
limit days in the futures market, and other possible anomalies may have given false
results during the testing stage of the system under consideration. Remember that
the popularity of trend-following systems can affect slippage; this fact often is erro-
neously ignored in the testing phase.

delay, and so on), once a signal has been given, or through filters and diversification

Inevitably, to avoid whipsaws, a trend-following system will be late in the trend
and will thus miss profit potential at both ends of the trend. Unfortunately, this is the

the trend by exiting prematurely.

nal only. Part of the advantage in following a trend is to pyramid in the direction of
the trend as evidence of its viability becomes stronger.To accomplish this in a trend-

small positions on a signal until the trend is well established.Yet another is to run

curs in equity.We will look at this later when we study equity curve smoothness, but



not be able to recognize and accommodate. Again, by diversifying by using more

can be reduced.

Pattern Recognition Systems

“Every ship at the bottom of the sea had plenty of charts” is attributed to noted sys-
tems trader Jon Najarian (Patel, 1997). Using patterns requires considerable testing
and overcoming the problem of defining patterns. Larger patterns do not succumb
to easy computer recognition because of their variable nature. System traders such

limit their exposure with specific position stops and price or time targets. Gener-

Reversion to the Mean

Reversion to the mean systems are based on the buy-low-sell-high philosophy within
a trading range and are also called trading range systems. This type of system
requires a certain amount of volatility between the peaks and valleys of ranges; oth-
erwise, transaction costs, missing limits, and being stopped out on false moves chew

fading small counter-trend moves or moves within a flat trend and using oscillators
such as the stochastic, relative strength index (RSI), the Moving-Average Conver-
gence/Divergence (MACD), or cycles.The largest potential problem in trading with
one of these systems is the possibility of a trend developing that creates the risk of
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able tests—for example, of buying and selling within Bollinger Bands—have been
conducted, and invariably the best performance comes from buying and selling on
breakouts from the bands rather than trading within them.The major use of coun-
tertrend systems is to run coincident with trend-following systems to dampen the
series of losses in the trend-following system during a trading range.

Exogenous Signal Systems

Some systems generate signals from outside the market being traded. Intermarket
systems, such as gold prices for the bond market, would be an example of an exog-
enous signal system. Other examples are sentiment such as theVIX for S&P futures,
volume, or open interest warnings of activity that trigger price systems or act as
confirmation of price systems, or fundamental signals such as monetary policy or
consumer prices.

Occasionally, substantial parameter shifts will occur that the adaptive system will

than one system or using market character adjustments to volatility, such problems

as Larry Williams, Larry Connor, and Linda Raschke use short-term patterns and

ally, such systems are partially discretionary because they require some interpreta-
tion during the trade entry.

up any potential profits. Generally, these systems are discretionary.They profit from

unlimited losses. Protective stops are a necessity.
Generally, this type of system does not perform well.A number of publicly avail-



Which System Is Best?

Which type of system is the best? John R. Hill and George Pruitt, whose business

best and most reliable systems are trend-following systems.Within trend-following
systems, the breakout systems have the best characteristics—specifically the Bol-
linger Band breakout systems, and the Don–chian, or channel, breakout systems.
Closely behind are the moving-average crossover systems.

■ How Do I Test a System?

tedious because so many ideas of how to trade turn out to be unsuccessful. This is

time-consuming and discouraging, many analysts take short-cuts, such as not per-
forming out-of-sample tests, and end up with a system that eventually blows up on
them.The process begins with being sure the data being used in the testing is clean
and the same as the data that will be used later when the system goes live.The next
is to establish the rules for the model being chosen as the basis for the system and
optimize the variables chosen. These rules include entry and exit signals at first
and will have other filters added later depending on the results of the first series of
tests. If a walk-forward program is not available, a large portion of the data, called
out-of-sample data, must be kept aside to use later when testing the system for
robustness. Once a viable system has been adequately optimized, the resulting
parameters are then tested against the out-of-sample data to see if the system works
with unknown data and was not the result of curve-fitting or data mining.This
is the disheartening part of system design because invariably the out-of-sample test
will fail, and the development must return to the beginning. It is at this point that
most amateurs give up.
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Clean Data

Without the correct data, the system tests are useless. Data should always be the same
as what will be used when the system is running in real time. Not only the data but also
the data vendor should be the same source as what will be used in practice. Different
vendors receive different data feeds.This is especially a problem in short-term systems,
where the sequence of trades is important for execution and for pattern analysis.

The amount of data required depends on the period of the system.A general rule
of thumb is that the data must be sufficient to provide at least 30 to 50 trades (entry
and exit) and cover periods where the market traveled up, down, and sideways.This
will ensure that the test has enough history behind it and enough exposure to differ-
ent market circumstances.

is to test all manner of trading systems (www.futurestruth.com), maintain that the

Testing a hypothetical system is absolutely necessary, and the testing process can be

the most difficult aspect of designing a system, and unfortunately, because it is so

Not surprisingly, for an accurate evaluation of any system, the data must be impeccable.



The real-time trader has enough difficulty with “dirty” data on a live feed, and
this becomes just as crucial when testing back data. Cleanliness of data is a necessary
requirement. Any anomalies or mispriced quotes will have an effect on the system
test and will skew the results in an unrealistic manner. Cleaning of data is not an easy
task and often must be relegated to the professional data providers.

Special Data Problems for Futures Systems

Although stock data has a few historical adjustments such as dividend payments,
splits, offerings, and so on, the futures market has another more serious problem:
which contract to test. Most futures contracts have a limited life span that is short
enough not to be useful in testing most systems.The difficulty comes from the differ-
ence in price between the price at expiration and the price of the nearest contract on
that date into which the position would be rolled.Those prices are rarely the same
and are difficult to splice into something realistic that can be used for longer-term

is required at the very least, but no contract exists that runs back for two years. Of
course, testing can be done on nearest contract series, but it is limited to the con-
tract length. This is satisfactory if the system trades minute by minute but not for
daily signals in a longer-term system.

ferent expirations together in a continuous stream have been used. These methods
are known as perpetual contracts and continuous contracts. Neither is perfect, but
these methods are the ones most commonly used in longer-term price studies.

Perpetual contracts, also called constant forward contracts, are interpola-
tions of the prices of the nearest two contracts. Each is weighted based on the prox-

days. As an example, assume that today is early December, only a few days from
expiration of the December contract of a commodity future and a little over three
months from the expiration of the March contract, the next nearest. The 90-day
perpetual would be calculated by proportioning each contract’s current price by the

cember favors the March contract price, and each day as we approach the December
expiration, the December contract receives less weight until expiration when the

contract price begins to lose weighting as the June contract price begins to increase

it eliminates the problem of huge price gaps at rollover points, but you cannot liter-
ally trade a constant forward series. As Schwager points out, “the price pattern of a
constant-forward series can easily deviate substantially from the pattern exhibited by
the actual traded contracts—a highly undesirable feature” (1996, p. 664).
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The continuous, or spread-adjusted, contract is more realistic, but it suffers
from the fact that at no time is the price of the continuous contract identical to
the actual price because it has been adjusted at each expiration or each rollover

price analysis. To test a daily system, for example, two years or more of daily data

To rectify this problem, two principal methods of splicing contract prices of dif-

imity to expiration of the nearest contract to the forward date—say, a constant 90

distance each is in time from the date 90 days from now.This weighting in early De-

perpetual is just the March contract price. The following day, however, the March

its weighting.This process gives a smooth but somewhat unrealistic contract price;



date. The continuous contract begins at some time in the past with prices of a
nearby contract. A rollover date is determined based on the trader’s usual rollover

determined.As time goes on and different contracts roll over to the next contract,
this spread between contracts is accumulated and the continuous contract price

would have been the cost to the trader had the system signals been followed when
they occurred.There is no distortion of prices. Price trends and formations occur
just as they would have at the time.The only difference is that the actual prices are
not those in the continuous contract. Percentage changes, for example, are not ac-
curate. Nevertheless, the method demonstrates exactly what would have happened
to a system during the period of the continuous contract, which is precisely what

As Schwager points out, “a linked futures price series can only accurately reflect
either price levels, as does the nearest futures, or price moves as does continuous
futures, but not both…” (1996, p. 669). Students interested in trading futures can

techniques.

Testing Methods andTools 15

Many trading software products include a testing section. Some are reliable; how-
ever, some are not. Before purchasing any such software, you should understand
the testing methods and resulting reports of the software.Almost all such programs
leave out crucial analysis data and may often define terms and formulas differently
from others. For example, the term drawdown has different meanings, depending

the meaning of all terms in any software program to correctly interpret tests per-
formed by it.With this in mind, the systems analyst must establish exactly what in-
formation is desired, what evaluation criteria would be useful, and how the results
should be presented.

Test Parameter Ranges

The initial test of a system is run to see if the system has any value and, if so, where
the problem areas might lie.When the testing program is run, the parameters select-
ed initially should be tested to see if they fall in a range or are independent spikes that
might or might not occur in the future. A parameter range, called the parameter
set, which gives roughly the same results, bolsters confidence in the appropriateness

is said to be stable—obviously a desirable characteristic.

date—say, ten days before expiration. Finally, a cumulative adjustment factor is

adjusted accordingly. With this method, the continuous prices are exactly what

the systems designer wants to know.

refer to the book Schwager on Futures:Technical Analysis, to learn more about these

Fortunately, the wheel need not be reinvented when it comes to testing software.

on intraday data, closing data, trade close data, and so forth.You must understand

of the parameter value. If, when the parameter value is changed slightly, the perfor-
mance results deteriorate rapidly, the parameter will not likely work in the future. It
is just an aberration.When the results remain the same or similar, the parameter set



BOX 1.1 DESIGNING A SYSTEM: “HAL” (NAME OF THE COMPUTER IN
2001: A SPACE ODYSSEY)
Let us look at a simple case study of how to develop a trading system. Suppose we decide
that we will trade International Business Machines (IBM), traditionally a less volatile blue
chip. We also decide that we will start with an oscillator called the Commodity Channel
Index (CCI). The CCI is an oscillator similar to the Stochastic only it includes a volatility
component and thus makes it a more realistic indicator of overbought or oversold. The
signals will come from the CCI crossing levels determined by the optimization.

Looking at the monthly chart of IBM (see Figure 1.1) from 2005 through mid-2015, we
see several periods of upward and downward trends and trading ranges. This is an ideal
history to analyze and test because it includes the three possible trends in any market: up,
down, and sideways. It also covers a period of more than nine years, roughly 2250 days,
enough to give us plenty of signals.

Normally the CCI is contained with +300 and –300 but is not explicitly bounded. The only
variables are the length of the moving averages used in its construction and the level of the
two signal lines.

The account will assume a capitalization of $30,000, and commissions and slip-page will
be 10 cents per share for each entry and exit or 20 cents per share total. The entries will be
limited to 100 shares per trade and only one 100-share position allowed. The reason for
this model in our exercise is that we know it has worked well over the past two years, and
we want to see if changing the parameters can improve its performance.
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FIGURE 1.1 International Business Machines Corporation Common
Stock Price (Monthly: January 2005–June 2015).

Created usingTradeStation
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FIGURE 1.2 Equity Curve forTrading IBM Using a Bollinger Band
Reversion to the Mean Model (IBM weekly: January 2, 2004–June 29, 2015).

The equity curve for this system with the default length parameter of 14 and signal levels
as +100 and –100 is shown in Figure 1.2. An equity curve is a chart of the equity in the
account (vertical axis) versus time measured either by trade number or by time (horizontal
axis). In Figure 1.2, time is along the horizontal axis. Looking at the chart, we can see
that the system had a mixed performance and could easily be discarded as just another

testing, perhaps we can find a more reliable formula that worked in the past for the entire
period and will have a good chance of working in the future.

Band parameters.

TABLE 1.1 HAL InitialTest Statistics
Trades All Long Short
Net profit
Gross profit
Gross loss
Profit factor

($2,153)
$32,773
($34,926)
0.94

$2,991
$17,229
($14,238)
1.21

$(5,144)
$15,544
($20,688)
0.75

Number of trades
Percent profitable
Average trade net profit
Largest winner as a % of gross profit
Largest loser as a % of gross loss

139
57.55
($15.49)
5.92%
7.76%

69 70
50.00
($73.49)
12.47%
9.60%

65.22
43.35
6.32%
19.04%

(continued)

oscillator. However, if we change the parameters through optimization and walk-forward

The tabulated data in Table 1.1 is from this one run using the standard Bollinger



TABLE 1.1 (Continued)
Trades All Long

3
Short
5Maximum consecutive losing trades

Average days in winning position
Average days in losing position
Buy-and-hold return

4
14.41 15.2

26.13
13.5
31.8329.51

80.7%
(40.41 %)
($31.63)
$887.80
(0.01)

Return on account
Monthly average return
Standard deviation of monthly return
Sharpe ratio
System MAR (intraday)
Trade MAR

(negative)
(negative)

0.666
0.883

(negative)
(negative)

Source:TradeStation.

so far:

■ Net profit is the difference between gross profit and gross loss. It is negative for this
system as a whole but positive for long positions. This problem can be attacked in one
of two ways: using different parameters for selling short or just using it for long signals.

past but not very well. We decide we will adjust both long and short signals with an
optimization and walk-forward test.
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■ Gross profit and gross loss are the totals under each category for each trade. Gross
profit is the total profit from profitable trades; gross loss is the total from all losing trades.

■ The profit factor is the absolute value of the ratio of gross profit to gross loss. It shows
the profitability of the system. In this case, for every dollar of loss, 0.94 dollars of profit
are generated; in other words, it is a losing system. The long side only was favorable at
1.29. The better systems are above 2.00.

■ Looking at the number of trades, this system generated 139 trades: 69 long trades
and 70 short trades. This is a large enough number of trades for reliable statistics.

■ Percent profitable is the percent of all trades that were profitable. In our example,

losing more than the winners.
■ Average trade net profit is the average profit received per trade. This is negative and

suggests that the system is vulnerable to transaction costs.
■ The largest winner or loser versus gross profit or gross loss figure gives a hint

as to whether the gain or loss was accounted for by only one trade. In this case, the
largest winning trade accounted for 5.92% of the total gross profit. This is a reasonable
size when considering that the total number of trades was greater than 139.

■ The maximum consecutive losing trades is important because a long string of
consecutive losses invariably causes a large drawdown and, thus, a high potential risk
for the system. In this case, the number of successive losses is four trades in a row.

Let’s look at some of these statistics and learn what they tell us about the HAL system

If we use long signals only, we already have a viable system that has worked in the

Generally, at least 30–50 trades are required to test a system.

57.55% of the trades were profitable, yet the system lost money. This suggests that
there is something wrong with the losing trades; although fewer in number, they are



It suggests that two whipsaws took place during the test period. Whipsaws can be
controlled with stops.

■ Considering the average weeks in winning and losing positions, there is not much
question that the HAL has a problem with losing trades. There should be considerably
less time in losing trades. The rule of thumb is that one-quarter of the time can be
spent on losing trades versus winning trades, but with a long holding period, the
system isn’t kicking the losers out soon enough.

■ Buy-and-hold return (80.7%) is the return gained if the investor bought the IBM on
the first day and held it for the entire time period through all its gyrations. This is the
number to beat.

■ Return on account (–40.41%) is the total return on the minimum account size as
determined by the maximum drawdown. It should be compared to the buy-and-
hold return to see if the system outperforms a do-nothing approach. In this case, the
system failed to exceed the do-nothing approach. Of course, such comparisons are
not as easy as they look because the concept of risk has not been introduced to either
method. The buy-and-hold method has infinite risk because the drawdown can be
100%. The risk of the system has been limited to a much smaller percentage, but we
are still observing losses.

■ Average monthly return and standard deviation of the monthly return are used
to determine the volatility of returns. The average monthly return for this system is

should have a standard deviation less than five times the monthly return. In this case, it
is 31.5 times, far above the limit, and likely due to the large number of losses. 19

■ The Sharpe ratio is a common measure of the return versus risk of a portfolio or

drawdown and fails to account for skewed deviations of return. An investment that
deviates more to the upside, for example, will not be fairly represented by the Sharpe
ratio, which assumes a normal distribution. These problems are why system designers
shy away from the Sharpe ratio and have designed other ratios of return to risk that
are more realistic. In this system, the Sharpe ratio is close to zero, suggesting that the

■ System MAR is the ratio of annual percentage net gain for the system to the maximum
percentage drawdown (MDD). The maximum percentage draw-down is the maximum
percent that the equity curve corrected from a peak. The ratio measures the greatest
decline that occurred during the system run and thus the potential loss in the future for
the system. A ratio of greater than 1.0 is preferred.

that has profits considerably higher than any drawdown potential. A large drawdown lowers
trust in the system and may cause a premature close of the system before it has a chance
to perform. The HAL has a negative gain versus a maximum drawdown. The favored
standard is anything above 1.00. The ratio is, thus, a gauge for comparing systems.

drawdown in a trade, sometimes called the Maximum Adverse Excursion. Where
maximum system drawdown may include many trades, the individual trade risk is also
needed to gauge the systems performance and isolate where losses are occurring.

–$31.63, but it is highly volatile with a standard deviation of $887.80. Ideally, a system

system. As we saw in “Selection of Markets and Issues: Trading and Investing,”
it is a ratio of return—in this case, adjusted for the risk-free return of T-bills, to the
standard deviation of return, a proxy for risk. As we stated earlier, however, risk is not
just volatility, but is also the risk of capital loss. The Sharpe ratio fails to account for

return does not exceed the risk-free return of T-bills.

Naturally, one wants a system that has no drawdown, but barring that, one wants a system

■ Trade MAR is the ratio of the net annual gain percentage to the largest trade



HAL may have promise if we can fix the problem with lengthy losing trades and
the short selling losses. The long only section is satisfactory and will improve with
improvement in the losses, but the entire system is bogged down by poor perfor-
mance in the short side.This is not surprising in a market that has a generally upward

optimized parameters and changes in the model logic.

■ Optimization

Once you determine that the parameters in your system are valid, you may optimize
the system. Optimizing is simply changing the parameters of a system to achieve
the best results.The most important benefit of optimization is that the designer may
find parameters that do not work under any circumstances. If parameters do not
work with the past data, it is highly likely they will not work in the future. Thus,
optimizing can eliminate useless rules and parameters.

Optimizing is also useful in determining whether certain types of stops are useful.
Often the designer finds that there is a limit—for example, to a protective stop—
beyond which the stop does not add to the system performance. Often, the distance
of trailing stops is too close to the last price, causing premature exits.These deter-
minations can be analyzed more closely with optimization.20

Although it can be beneficial, optimization does come with major hazards.With
modern computers and sophisticated software, we can take any series of prices and
find the best parameters for any predefined system. The problem is that by doing
such an optimization, we are just fitting the data to a curve of results and have no
idea whether the parameters we have derived will perform in the future. Because the
future is what we are attempting to control, most optimization is useless and even
dangerous because it gives us a false sense of confidence.

The principal concern with optimization is the tendency to curve-fit. Curve-
fitting occurs when the optimization program finds the absolute best set of parameters.
What the program is really doing is fitting the parameters to the data that is being
tested.Thus, it is forming a mathematical model of that data and fitting parameters

future is if the future exactly duplicates the history that was optimized. Of course,
we know this will never happen and, thus, the parameters determined by optimiza-
tion likely will be useless in the future.Any system could be made to look profitable
if optimized; this is a problem that buyers of systems must face when considering
purchasing an existing system for investing or trading.The trick is to optimize over
a certain period and then test the parameters derived through optimization on a
period in which no optimization has been conducted.This is called out-of-sample
(OOS) testing. Invariably we will find that the results in the optimization will over-
state the results in the out-of-sample period and, thus, the optimized parameters
should never be used to evaluate the system’s usefulness. Optimization should be

trend, but it still is disappointing.We look next at ways to improve this system with

to that particular time in history.The only way that the parameters will work in the



kept simple. Fine-tuning the system just increases the level of false confidence that
eventually will be dashed in real time when the system fails.

There is, thus, some controversy about the use of optimization in arriving at
workable mechanical systems. The basic principles of realistic optimization are to
keep it simple, test out-of-sample data against in-sample optimization results, pref-
erably use baskets of securities, determine parameter sets instead of single param-
eters, understand that the best results are high profits with minimal risk, and avoid
expecting to find the Holy Grail. Next, we discuss some optimization methods and
some tests for statistical significance to perform after the most realistic parameter
sets have been determined.

Before optimizing, the analyst must decide what the optimization is looking for in
the data. Is it looking for net profit, maximum drawdown, Sharpe ratio, percentage
of winning trades, or any other objective function? This objective function is an
important aspect of the investigation for the best system.What is best? Many analysts
use as their objective function a ratio of net profit to maximum drawdown, called
the MAR ratio, to account not only for profits but also for risk of loss. Others use a
regression line fit to the resulting profits.A tight fit suggests less volatility and thus
less drawdown. A variation is called the perfect profit correlation. It assumes
that the perfect system would buy every trough and sell every peak and thus generate
a certain “perfect” profit.The tested system results are then compared to the perfect
system to see how well it correlated. 21

Methods of Optimizing

As a general rule, an optimization should be done over a considerable period of price
data and include those periods when the prices are in trends and in trading ranges.

that there will be trends and trading ranges. Any system must be able to deal with
both of these situations and have developed adjustable parameter sets or rules that
will account for them. Parameters determined in this manner should be suitable for
future conditions.

Whole Sample One method of optimizing is to take the entire price sample and
run an optimization of the parameters.This is usually frowned upon because it is the

portion of the data, called in-sample (IS) data, and test the resulting parameters
on another portion of the data, called out-of-sample (OOS) data, to see if positive
results continue in data not seen before by the optimization process. The selection
of data can be a basket of stocks or futures rather than a single market average or
issue and should have sufficient data to produce over 30 trades. The diversification
of securities reduces the likelihood that any results are solely the result of peculiari-

significance of the results.After determining the optimal parameter sets—those that

We do not know ahead of time whether the future will be similar, but we do know

closest to curve-fitting. To avoid curve-fitting, optimization should optimize only a

ties in a particular security, and the large number of signals increases the statistical



are consistent and give decent results (but not necessarily the best results)—the
next step is to divide the optimization period into segments and run a test on each
using the derived parameter sets.The results from these different periods then can
be analyzed for consistency to see if the system generated similar results under all
conditions.Things to look for are the amount of drawdowns, the number of signals,
the number of consecutive losses, the net profit as a percentage of maximum draw-
down, and so on.The actual amount of net profit is less important for each stage than
are the determinants of risk and the consistency of results (Ruggiero, 2005). If the
results are not consistent, the system has a major problem and should be optimized
using other means or discarded.

Out-of-Sample Optimization (OOS) This is a method most often used in neural

cause they are more useful with other data series.They can be used in market analy-

successfully been able to correlate different markets using neural network patterns.
However, for purposes of this study of optimization, we ignore neural networks,
multiple regressions, and others such as expert systems and artificial intelligence.
Instead, we focus on the most common and productive methods—those used by the
majority of systems designers.

One variation of OOS that is commonly used is to take the entire price data se-
ries to be optimized and divide it into sections, one of 70%–80% being the IS data
and the remaining 20% to 30% being the OOS data. The out-of-sample data can
include the first small portion of the total period and the last, or just the last, most
recent data. As with all other test methods, the sample must include bull, bear, and
consolidation periods. The total amount of data necessary is large in all optimiza-
tion processes to account for periods of upward, downward, and sideways trends.
All must be included so that the system can learn to adjust to any future change in
direction or habit.
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This method optimizes the in-sample data and then tests it on the out-of-sample
data. The out-of-sample results are theoretically what the system should expect in

the performance generated in the optimization. If the out-of-sample results are un-

the out-of-sample results are used as the determinant of parameter sets, the more
that the objectivity of the optimization is compromised and the closer to curve-fitting

becomes the same as the sample data, and the optimization is just curve-fitting. One
other method of reducing the effect of curve-fitting is to use more than one market
as the out-of-sample test. It is difficult to have the same parameter set in different
markets and at the same time curve-fit.This appears counterintuitive because most

quires different parameters. Indeed, when looking at publicly available systems for

network and regression studies. We do not cover these particular methods be-

sis, and some people, such as Lou Mendleson (www.profittaker.com), claim to have

real time. Invariably, the out-of-sample performance will be considerably less than

satisfactory, the method can be repeated with different parameters, but the more that

the process becomes. Eventually, if continued in this manner, the out-of-sample data

analysts would think that each market is different, has its own personality, and re-



sale, one method of eliminating a system from consideration is if it has different pa-
rameters for different markets.This usually indicates that the results are from curve-
fitting, not real-time performance.A reliable system should work in most markets.

there are many variations of this method, the most common procedure is to optimize
a small portion of the data and then test it on a small period of subsequent data—for
example, daily data over a year is optimized and then tested on the following six

data is optimized—this time, the in-sample data used includes the earlier OOS data
plus six months of the earlier IS data. Again, the results are recorded, and the win-
dow is moved forward another six months until the test reaches the most recent
data. Each optimization, thus, has an out-of-sample test. The results from all the

during the walk forward process suddenly changes, the system is unlikely to work
in the future.The final decision about parameter sets is determined from the list of
test results.

summaries and ratios that a system designer considers in measuring robustness
(the ability of the system to adjust to changing circumstances), but first we must
mention those that are used to screen out the better systems during optimization.

When optimization is conducted on a price series, the results will show a number

can look at the net profit, the maximum drawdown, and any of the other statistics
shown in Box 1.1. Many analysts screen for net profit, return on account, or profit

tem generates trades that will not be adversely affected by transaction costs. Most
important, they look at the net profit as a percentage of the maximum drawdown.
The means of profiting from a system—any system of investing—are determined by
the amount of risk involved. Remember the law of percentages. Risk of capital loss is

drawdown describes quickly the bottom-line performance of the system. Unfor-

factor, and it must be calculated from other reported statistics.
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Measuring System Results for Robustness

When analyzing a system, we look at the system components, the profit, the risk,

are. Robustness simply means how strong and healthy our results are; it refers to
how well our results will hold up to changing market conditions. It is important that
our system continues to perform well when the market changes because, although

Walk Forward Optimization Walk forward optimization is also an OOS method
that uses roughly the same price data series as the one described previously.Although

months’ data.The resulting parameters of this test are recorded, and another year’s

recordings are then analyzed for consistency, profit, and risk. If some parameter set

Optimization and Screening for Parameters We look next at all the different

of different parameter sets and a number of results from each parameter set. We

factor as a beginning.They look at the average net profit per trade to see if the sys-

the most important determinant in profiting.The net profit percentage of maximum

tunately, the optimizing software of some commercial systems fails to include this

and the smoothness of the equity curve. We want to know how robust our results
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