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Introduction

This book will cover the broad topic of automated trading, starting with mathematics and moving
to computation and execution. You will gain unique insight into the mechanics and computational
considerations taken in building a backtester, strategy optimizer, and fully functional trading platform.

The code examples in this text are derived from deliverables of real consulting and software
development contracts. At the end of the book, we will bring the concepts together and build an automated
trading platform from scratch. This book will give a prospective algorithm trader everything he needs except
a trading account, including full source code.

Definitions

Trading strategies are predetermined sets of rules a trader uses to make trading decisions. Trading strategies
use the following tools and techniques:

Manual execution involves the trader placing his trades manually. This can be

e  (alling the brokerage

e  Placing an order through E*Trade, Tradestation, or other brokerage platforms
e Pittrading

Computer automation involves the trader authorizing a computer to place trades on
his behalf. Many retail brokerage platforms and trading software have incorporated
this functionality into their platforms, but they are typically very limited. Most
brokerages have an API for more customized implementation through the trader’s
programming language of choice.

e  Tradestation Easy Language, Metatrader
e  Charles Schwab API
e  Black-box algorithms

Indicators are functions of relevant data that inform the trader by interacting with
rule sets.

e MSI
e  Moving averages

° Custom indicators
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e Rule sets are logical filters of the indicator that trigger trading decisions. The indicator
combined with the rule set comprises the trading strategy.

e  “Buyif the indicator rises above 80.”
e  “Short if the indicator crosses two standard deviations below its mean.”
e  “Cover short if the indicator crosses zero and the position is net short.”

Strategy development is the art of building, testing, optimizing, and maintaining trading strategies.
Major topics in strategy development include the following:

e  Backtesting involves simulating past performance of a given strategy, often with
specific parameters of interest. A backtest will yield the performance metric the
developer aims to maximize. Backtests may be performed thousands or millions of
times in order to optimize parameters in the strategy.

e  Strategy optimization attempts to determine a strategy in the present that will
maximize a performance metric in the future. Optimization methods make trade-
offs between computation speed and search completeness.

e  Exhaustive search
e  Gradient methods
e  Genetic search

e  Performance metrics can be any function of a return series or equity curve that the
developer attempts to maximize.

e  Total return
e  Sharpe Ratio
° Total Return to Max Drawdown Ratio

e Parameter updating is part of maintaining a strategy that utilizes real-time
performance data to optimize performance. Traders use faster optimization
methods and more local searches at this stage.

Scope of This Book

There are a lot of steps in turning a trading idea into a fully automated trading strategy. This book will
discuss, from start to finish, the development process through R. With this discussion, this book will cover a
broad range of topics in programming, high-performance computing, numerical optimization, finance, and
networking.

There will be examples at every step, including full source code in Appendix A. This source code
represents the total work product of the topics discussed in the book.

If you have brokerage accounts with the API clients covered in this text, you can plug in your username
and password and start trading right away. Obviously, it is important that traders understand what is
happening inside their scripts before they begin trading.
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Programming in R

Ris a language of choice for many data scientists and statisticians at every level. It has a large and rapidly
growing community and more than 7,000 contributed packages as of the time of writing. Packages include
software suites for data management, machine learning, graphics and plotting, and much more. Installing a
new package takes a few seconds and opens up a ton of capabilities within R. If a trader wants to experiment
with Lasso regression as an indicator, he can install the glmnet package and run Lasso regression with one
line of code.

You are not required to have prior experience with R but will benefit from it. Most concepts will be
discussed with complementary mathematics, so they can be read and learned without necessarily executing
the code. Please see the book’s website, r.chrisconlan.com, for instructions on downloading and installing
R and RStudio.

High-Performance Computing

Any program that works can probably work even faster. In high-performance computing, we aim to
minimize computation time by taking full advantage of a computer’s resources in an organized fashion.

Most programs we run utilize only one core in our computers. Unless they are doing some very heavy
lifting, this is probably best. When we write programs that do a lot of number crunching, we may benefit
from distributing the load over multiple cores, known as parallelizing. We will see that some jobs are easy
to parallelize, and some are not. We will also see that some jobs make huge speed improvements with
parallelization, and others are made slower.

Sometimes programs might run very slowly because our computers run out of memory (RAM) and
need to access memory on our hard drives (disk space). Storing and fetching information from the disk is a
very slow process. We will see how memory management can lead to speed improvements by preventing our
data from spilling out of RAM into disk.

Numerical Optimization

Some readers may recall finding the minimum or maximum of a function using basic calculus. This is
known as analytical optimization. In analytical optimization, we analyze the mathematics to find a solution
on paper.

Numerical optimization, on the other hand, involves using high-performance computing and search
algorithms to estimate minima or maxima. Some of these algorithms will draw on calculus by estimating
high-dimensional derivatives (or gradients), and others will search in an unguided grid-like fashion. We use
these algorithms as opposed to calculus because we do not know the form of the performance function or its
derivatives.

We will make our biggest speed improvements here by reducing the number of parameters in our
trading strategy and selecting the best-suited algorithm to find the maximum of the performance function.

Finance

When building a backtesting algorithm, we must estimate the impact of many real-world financial
phenomena to make sure we produce accurate estimates of strategy performance. We will discuss
various estimation methods for commissions, margin, slippage, and others in order to produce accurate
performance projections in backtesting.

We will address questions like the best time of day to trade, how to find the optimal trading frequency
given account constraints, and which risk model validation metrics to use.
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Networking

Data providers supply data to all sorts of players in the financial world in real time. Brokerages take messages
from clients and execute orders on their behalf. How do traders get their data? And how do brokers get their
messages?

To get the data, we will send computer-generated messages to data providers, and they will respond
with the data we request. These computer-generated messages work with the providers through an
application programming interface (API). With an API, our computers can talk to their computers in a
predefined language they understand. It may be through a very long URL or a form of formatted message.

To give brokerages our orders, we will do the same. Most platform-based brokerages have APIs by which
traders can program computers to trade on their behalf. Brokerages sometimes require different request and
message formats to add security. We will discuss various file transfer and message transfer formats and why
certain services use them.

Material Overview

This book will be broken into three major parts. Part I will further clarify the objectives and goals of the

book and discuss some interesting analytic problems in strategy trading. Part IT will focus on developing the
core functionality of the platform. This is where the majority of R programming happens. Part III brings the
platform into a production environment by extending and scheduling the platform built in Part II. It will also
discuss how our platform measures up to the competition and where to go next to further your education
and/or career in strategy development.

Part I: Problem Scope

e Chapter 1, “Fundamentals of Automated Trading”: We will continue defining the
problem scope of automated trading by mathematically defining the equity curve
and return series. We will introduce some popular risk-return metrics and explore
their characteristics on simulated equity curves and the S&P 500.

Part II: Building the Platform

e Chapter 2, “Networking Part I”: We begin by fetching, storing, and loading the data
we will use for analysis and trading throughout the book. We will use URL-based
APIs and MySQL-style APIs to build an ASCII database of .csv files of stock data. We
will discuss efficient updating, storage, and loading into memory for analysis.

e  Chapter 3, “Data Preparation” Here we take the dataloaded in Chapter 2 and apply
a handful of use-specific cleaning methods. We discuss these methods and generate
additional data for use in analysis in later chapters.

e Chapter 4, “Indicators”: We discuss the theory and usage of indicators in trading
strategies. We introduce the concept of information latency and compute a handful
of indicators as examples. You will grow very comfortable with apply-style functions
that are the cornerstone of time-series computations in R.

e Chapter 5, “Rule Sets”: We discuss the theory and usage of rule sets in trading
strategies. We introduce and standardize important terminology for discussing and
programming rule sets. We give a lot of attention to which types of indicators work
well with which types of rule sets.
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e Chapter 6, “High-Performance Computing”: This chapter serves as a broad
introduction to high-performance computing and a specific guide on high-
performance computing in R. This will extend your familiarity with apply-style
functions to multicore computing.

e Chapter 7, “Simulation and Backtesting”: We will use our combined knowledge thus
far to generate simulated trade results from our data, indicators, and rule sets with
high-performance methods from Chapter 6.

e Chapter 8, “Optimization”: This chapter places Chapter 7 inside a for loop to discover
optimal parameters for trading strategies. We spend a lot of time discussing optimal
methods for parameter discovery.

e Chapter 9, “Networking Part II": This chapter covers a handful of popular brokerages
and how to send orders to them through API calls.

Part III: Production Trading

e Chapter 10, “Organizing and Automating Scripts” : We establish CRON jobs in both
UNIX and Windows to run your trading strategies automatically on a schedule.

e Chapter 11, “Looking Forward”: We discuss the challenges that large-scale funds and
high-frequency funds face, what program languages they may use, and generally
how to advance a career in automated trading.

Learning Resources

e  Setting up R and RStudio: ¥ .chrisconlan.com

e Community discussion: ¥.chrisconlan.com

Risk Disclosure

Apress Media LLC and the author warn there is a high level of risk associated with automated trading in any
asset class, and it may not be suitable for all investors. Automation can work against you, as well as to your
advantage. Before deciding to invest in automated trading, you should carefully consider your investment
objectives, level of experience, and risk appetite. The possibility exists that you could sustain a loss of some
or all of your initial investment, and therefore you should not invest money that you cannot afford to lose.
There are risks associated with the use of online deal execution and trading systems including but not limited
to software and hardware failure and Internet disconnection. You should be aware of all the risks associated
with automated trading and consult with an independent financial advisor if you have any doubts.

Apress Media LLC and the author shall not be responsible for any loss arising from any investment
based on any recommendation, forecast, or other information provided. Apress Media LLC and the author
will not accept liability for any loss or damage, including without limitation to any loss of profit that may
arise directly or indirectly from use of or reliance on such information.

The materials printed in this book are solely for informational purposes. No offer or solicitation to
buy or sell financial assets, trading advice, or strategy is made, given, or in any manner endorsed by Apress
Media LLC and the author. You are fully responsible for any investment or trading decisions you make, and
such decisions should be based solely on your evaluation of your financial circumstances, investment/
trading objectives, risk tolerance, and liquidity needs.
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