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Foreword

ince its initial publication in 2021, Dr. Ernest Chan’s book,

Quantitative Trading, has served as a crucial reference for

independent systematic researchers and traders. In my mind,
it has served two key purposes. First, and most obviously, it pro-
vides budding practitioners with information that is instrumental to
the successful development of trading strategies. The second reason
is subtler, but no less important: Chan explains why it’s a total myth
that only the largest, most well-resourced quant firms can succeed.

What'’s great about Chan is that he has modeled (forgive the
pun) these virtues himself: he has been building successful models
for many years, and he has been doing so without the enormous
resources of the firms that have hundreds of millions, if not billions,
of revenue per year to spend on their tooling and resources. This
makes him uniquely qualified to lead readers on this journey.

A key lesson in this book is one that is close to my own heart:
the simplest useful solution is probably the best solution. It echoes
Occam’s razor, which is directly translated as: “You should not mul-
tiply entities unnecessarily.” And Einstein reportedly said: “Every-
thing should be as simple as possible, but not simpler.” The even
more terse, “necessary and sufficient” bears here, too. All of this is to
say that, while this principle is easily enough understood, Chan does
the work to show the reader why this is true, and how to achieve this
level of parsimony in their own research.

He also outlines a number of other useful elements of developing
and implementing quant strategies: how to backtest while avoiding
the myriad pitfalls thereof, how to think about the capacity for a
strategy (and the related topic of transaction cost modeling), how to
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think about bet sizing, various prediction models (this is the bread
and butter for a soon-to-be practitioner, by the way), and even some
practical guidance on coding. These may seem mundane at first
glance, but please be on notice: the devil is very much in the details
in this world. The key strategy types are well known to pretty much
everyone: mean reversion, value, momentum, sentiment, technicals,
etc. The key to actually making profits is buried deep in detailed
decisions around how one implements these ideas.

The second vital purpose Quantitative Trading serves is to
highlight that smaller practitioners can not only survive, but actu-
ally thrive, even in today’s competitive landscape. I have personally
seen one-person quant shops put up statistically significant positive
results trading large capitalization tickers in the US market, with
data no more sophisticated than what is readily available to pretty
much anyone. My experience is both theoretical and anecdotal.

The idea that a firm with tens of billions under management is
playing the same game as a practitioner with maybe $500,000 or
$10,000,000 of positions is ridiculous at its face. Yes, these firms
have so much more to play with, as far as resources go. They have
all the data they can ingest, all the compute to process it, and all
the talent to make it happen. But in the end, their biggest challenge
is that they’re, well, big. It turns out that this is no small problem
(again, sorry for the pun). The markets don’t care how much edge
you have in your bet. The size of your trades (and the detectability
of the patterns through which you put these trades into the market),
in the context that you place them, is a huge determinant of the out-
come of these trades.

The raw truth is that much of the resource advantage that larger
firms have is spent on simply managing that larger size. The fee struc-
tures associated with these large businesses, with all their econ-
omies of scale in areas like operations, compliance, data, execution
and the like make it beneficial to get large. But the real reason is not
that they have a huge edge over smaller firms. It’s that the resources
(specifically, management fees) that come with their size allow them
to manage their size. Smaller traders don’t need as many resources
in part because they don’t need to put on so much size — they move
the markets less than larger players typically do.



Foreword xiii

Chan supplies readers with the ammunition to take this hopeful
idea and make it into something real. Is this book going to give you
a step-by-step recipe to generate profits? Please do not be so naive.
Do you need your own excellent ideas? Of course you do! You are
embarking on an endeavor to predict the future in a marketplace
that is much more noise than signal, which is constantly evolving,
and which is unbelievably competitive (with many of the brightest
minds in the world as your competitors). But will it arm you to com-
pete, if you heed its lessons and do a great deal of your own learning
and gaining hard-won experience? I believe it can.

—RisHI K. NARANG
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‘ N rhen I first started thinking about writing the 2" edition,
I had a measure of dread. What could I have added that
would be new and interesting? After writing the first draft,

Iwasrelieved, and incredibly excited, at the prospect of sharing with

you my latest knowledge, techniques, and insights, ranging from the

addition of some new functions that make our PCA example run
more than 10x faster, to a novel application of machine learning.

In the 1% edition of this book, published more than a decade
ago, I maintained that independent quantitative traders can beat
institutional managers at their own game. Many of you have taken
that advice to heart, and many retail quantitative trading commu-
nities and platforms have been built to serve just such an ambition.
But does the premise still hold?

Over the years, many readers reached out and told me how
successful they have been in improving and trading the strategies
I discussed in my books, and others told me how they have simply
been inspired by my books to become successful traders. Our fund
is invested in some of these readers, some of whom have been
managing many millions more dollars than we are. So, the answer to
the above question is a resounding “YES!”

I also exhorted retail traders new to quantitative trading to start
with the simplest strategies (examples of which are described in this
and my previous books). Do simple strategies still work? Or do we
all have to become mathematicians or machine learning experts?

My colleagues and I traded some of the strategies described in
this book live since it was first published in 2009, and ran true out-of-
sample backtests on others, and I was as surprised as they are that
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many still work after all these years. But the issues of “alpha decay,”
and the even-more-dreaded “regime change,” are ever threatening. I
will talk more about that below.

Speaking of machine learning and artificial intelligence, I didn’t
really think much of those techniques in my first book. In fact, the
only artificial intelligence platform that I described there has gone
out of business. But you may hear that Al is everywhere nowadays,
and many fundamental advances in Al have been made since then.
For example, the dropout technique that gave birth to deep learning
achieved fame in 2012 (Gershgorn, 2017). Should retail traders still
avoid AI/ML?

It is as difficult to apply AI/ML to finance in 2021 as it was in 2009,
but you may be surprised to hear that we have finally succeeded
(Chan, 2020). We have benefited from other giants in the industry
who graciously share their insights and knowledge with everyone
(L6pez de Prado, 2018). We, in turn, tried to make it easier for every
retail trader (even those who are not programmers) to benefit from
this technology by launching predictnow.ai. Here is the spoiler:
The key to successfully apply AI/ML to finance is to focus on
metalabeling — i.e., finding the probability of profit of your own
simple basic trading strategy, and not to use it to predict the market
directly. Why? Your own trading strategy’s past track record is
private; no one else is trying to predict its success. Meanwhile,
millions of people around the world are watching the same public
market, and everyone is trying to predict where it will go. Competition
and arbitrage naturally mean that signal-to-noise ratio is very low
and predictive successes are few and far in between.

But that’s not all. There is another novel use of machine learning
that I will discuss in a completely revised Example 7.1 of this book.

Despite our luck with the longevity of some of the strategies
I described, most arbitrage opportunities eventually fade away—
the notorious alpha decay that professionals like to lament. Alpha
decay can be due to competition—too many people trading the same
strategy, but equally often it is due to regime shift caused by market
structure or macroeconomic changes. Adapt and evolve your strat-
egies, or watch them die (Lo, 2019). The market is not stationary; why
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should your strategies be? The most agonizing decision a quantitative
trader needs to make is to decide when to abandon a strategy dur-
ing a prolonged drawdown, despite repeated efforts to evolve it.
It is ultimately a discretionary decision—you have to judge based
on your market knowledge whether there is a fundamental reason
your strategy stopped working. To gain this market knowledge, you
have to constantly absorb public knowledge disseminated on social
media. That is the reason I set aside an hour each day to go through
my Twitter feed (@chanep). I have highlighted some of the Twitter-
ers I follow in Chapter 2. More so than providing specific strategy
examples, I hope my books will also improve your market intuition
in making these discretionary decisions.

One major addition to this edition is the inclusion of Python and
R codes to every example. Even though MATLAB is still my favorite
backtesting language, there is no reason to exclude the other two
most popular languages. Other things that I added and changed in
the 2" edition:

Chapter 1: A bit more about fully automated trading and marketing
your strategies to investors. Also, a scare episode during Covid-19.

Chapter 2: Updated the educational and trading resources for bud-
ding quant traders, including the new URL for my own blog.
Also, a good word for Millennium Partners’ founder (not that he
needs it).

Chapter 3: Extensive changes on MATLAB code that remove a major
bug, and new commentary and codes for Python and R. Descrip-
tion of some new quant trading platforms. One item of particular
interest: I discuss a mathematically rigorous way to decide how
much backtest data and how long a paper trading period is
needed. Another mathematical technique was referenced that
determines how data snooping will affect your live Sharpe ratio.

Chapter 4: Much has changed in the world of brokers and infrastruc-
ture providers for algorithmic traders since the first edition.
Even the name of the US regulator for brokers has changed. You
will find them all updated.
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Chapter 5: It is now much easier than before to build a fully automated
trading system. The new ways are described in this chapter.

Chapter 6: New insights on the Kelly formula and its practical impact.
Python and R codes for demonstrating capital allocation using
the Kelly formula are added. Also included is a discussion on why
loss aversion is not a behavioral bias, which is opposite to what
I previously believed. It stems from a profound mathematical
insight that threatens to upend the economics profession.

Chapter 7: This chapter is extensively updated. I describe a novel
machine learning technique we invented called Conditional
Parameter Optimization that can be used to optimize the trading
parameters of a strategy based on market regimes. Also added
are new high-performance MATLAB/Python/R codes on using
PCA, new Python/R codes on checking for stationarity and coin-
tegration, and some surprising out-of-sample results on seasonal
trading strategies. I also clarified the difference between time-
series and cross-sectional factors.

Chapter 8: Conclusions remain largely the same. Yes, a retail trader
can beat the professionals. But a retail trader can also hire a
professional to help generate alpha and diversify.
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Preface

accounts for over 80 percent of the equity trading volume

(Economist, 2019). There are, of course, innumerable books
on the advanced mathematics and strategies utilized by institutional
traders in this arena. However, can an independent, retail trader ben-
efit from these algorithms? Can an individual with limited resources
and computing power backtest and execute strategies over thou-
sands of stocks, and come to challenge the powerful industry par-
ticipants at their own game?

I will show you how this can, in fact, be achieved.

By some estimates, quantitative or algorithmic trading now

WHO IS THIS BOOK FOR?

I wrote this book with two types of readers in mind:

1. Aspiring independent (“retail”) traders who are looking to start
a quantitative trading business.

2. Students of finance or other technical disciplines (at the under-
graduate or MBA level) who aspire to become quantitative trad-
ers and portfolio managers at major institutions.

Can these two very different groups of readers benefit from
the same set of knowledge and skills? Is there anything common
between managing a $100 million portfolio and managing a $100,000
portfolio? My contention is that it is much more logical and sensible

Xxix
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for someone to become a profitable $100,000 trader before becoming
a profitable $100 million trader. This can be shown to be true on
many fronts.

Many legendary quantitative hedge fund managers such as
Dr. Edward Thorp of the former Princeton-Newport Partners (Pound-
stone, 2005) and Dr. Jim Simons of Renaissance Technologies Corp.
(Lux, 2000) started their careers trading their own money. They did
not begin as portfolio managers for investment banks and hedge
funds before starting their own fund management business. Of
course, there are also plenty of counterexamples, but clearly this
is a possible route to riches as well as intellectual accomplishment,
and for someone with an entrepreneurial bent, a preferred route.

Even if your goal is to become an institutional trader, it is still
worthwhile to start your own trading business as a first step. Physi-
cists and mathematicians are now swarming Wall Street. Few people
on the Street are impressed by a mere PhD from a prestigious uni-
versity anymore. What is the surest way to get through the door of
the top banks and funds? To show that you have a systematic way to
profits—in other words, a track record. Quite apart from serving as
a stepping stone to a lucrative career in big institutions, having a
profitable track record as an independent trader is an invaluable
experience in itself. The experience forces you to focus on simple but
profitable strategies, and not get sidetracked by overly theoretical or
sophisticated theories. It also forces you to focus on the nitty-gritty
of quantitative trading that you won’t learn from most books: things
such as how to build an order entry system that doesn’t cost $10,000
of programming resources. Most importantly, it forces you to focus
on risk management—after all, your own personal bankruptcy is
a possibility here. Finally, having been an institutional as well as a
retail quantitative trader and strategist at different times, I only wish
that I had read a similar book before I started my career at a bank—I
would have achieved profitability many years sooner.

Given these preambles, I won’t make any further apologies in
the rest of the book in focusing on the entrepreneurial, independent
traders and how they can build a quantitative trading business on
their own, while hoping that many of the lessons would be useful on
their way to institutional money management as well.
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WHAT KIND OF BACKGROUND DO YOU NEED?

Despite the scary-sounding title, you don’t need to be a math or
computer whiz in order to use this book as a guide to start trading
quantitatively. Yes, you do need to possess some basic knowledge of
statistics, such as how to calculate averages, standard deviations, or
how to fit a straight line through a set of data points. Yes, you also
need to have some basic familiarity with Excel. But what you don’t
need is any advanced knowledge of stochastic calculus, neural net-
works, or other impressive-sounding techniques.

Though it is true that you can make millions with nothing more
than Excel, it is also true that there are tools that, if you are profi-
cient with them, will enable you to backtest trading strategies much
more efficiently, and may also allow you to retrieve and process
data much more easily than you otherwise can. Best among these
tools are MATLAB, Python, and R, and they are the most common
research platforms that many institutional quantitative strategists
and portfolio managers use. Therefore, I will demonstrate how
to backtest the majority of strategies using all three languages. In
fact, I have included a brief tutorial in the appendix on how to do
some basic programming in MATLAB, which is my favorite among
the three. For a tutorial on how to use R for finance, I recommend
Regenstein (2018). For Python, I like the book by the inventor of
its Pandas package, McKinney (2017). MATLAB for home use costs
about as much as Microsoft Office, while Python and R are free.

WHAT WILL YOU FIND IN THIS BOOK?

This book is definitely not designed as an encyclopedia of quantitative
trading techniques or terminologies. It will not even be about specific
profitable strategies (although you can refine the few example strat-
egies embedded here to make them quite profitable). Instead, this is
a book that teaches you how to find a profitable strategy yourself. It
teaches you the characteristics of a good strategy, how to refine and
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backtest a strategy to ensure that it has good historical performance,
and, more importantly, to ensure that it will remain profitable in the
future. It teaches you a systematic way to scale up or wind down
your strategies depending on their real-life profitability. It teaches
you some of the nuts and bolts of implementing an automated exe-
cution system in your own home. Finally, it teaches you some basics
of risk management, which is critical if you want to survive over the
long term, and also some psychological pitfalls to avoid if you want
an enjoyable (and not just profitable) life as a trader.

Even though the basic techniques for finding a good strategy
should work for any tradable securities, I have focused my exam-
ples on an area of trading I personally know best: statistical arbi-
trage trading in stocks. While I discuss sources of historical data on
stocks, futures, and foreign currencies in the chapter on backtest-
ing, I did not include options because those are quite complicated
to backtest for someone new to algorithmic trading. If you are really
keen on learning that, please read Chan (2017).

The book is organized roughly in the order of the steps that traders
need to undertake to set up their quantitative trading business. These
steps begin at finding a viable trading strategy (Chapter 2), then
backtesting the strategy to ensure that it at least has good historical
performance (Chapter 3), setting up the business and technological
infrastructure (Chapter 4), building an automated trading system
to execute your strategy (Chapter 5), and managing the money
and risks involved in holding positions generated by this strategy
(Chapter 6). I will then describe in Chapter 7 a number of impor-
tant advanced concepts with which most professional quantitative
traders are familiar, and finally conclude in Chapter 8 with reflec-
tions on how independent traders can find their niche and how they
can grow their business. I have also included an appendix that con-
tains a tutorial on using MATLAB.

You'll see two different types of boxed material in this book:

e Sidebars containing an elaboration or illustration of a concept
e Examples, accompanied by Excel (for some), MATLAB, Python,
and R codes (for all)
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Readers who want to learn more and keep up to date with the
latest news, ideas, and trends in quantitative trading are welcome to
visit my blog predictnow.ai/blog, where I will do my best to answer
their questions. You will find that the website contains articles and
presentations of many aspects of quantitative trading. Readers of
this book will have free access to the software codes contained in
this book located at epchan.com/book and will find the password in
a later chapter to enter that website.

—ERNEST P. CHAN
October 2020
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