

        

            

                

            

        


    

  

    

        [image: manning]

    


    

    

    

    Investing for Programmers


    

    Stefan Papp




    

    

    

        To comment go to livebook.

    


    

    

        [image: manning]

    


    

    

        Manning


         Shelter Island


    




    

        For more information on this and other Manning titles go to manning.com.

    


  




              

                copyright


                 

 For online information and ordering of this and other Manning books, please visit www.manning.com. The publisher offers discounts on this book when ordered in quantity. For more information, please contact 
 


 

 

   Special Sales Department
 


 

 

   Manning Publications Co.
 


 

 

   20 Baldwin Road
 


 

 

   PO Box 761
 


 

 

   Shelter Island, NY 11964
 


 

 

   Email: orders@manning.com
 


 

 

 ©2026 by Manning Publications Co. All rights reserved.
 


 

 

 No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by means electronic, mechanical, photocopying, or otherwise, without prior written permission of the publisher.
 


 

 

 Many of the designations used by manufacturers and sellers to distinguish their products are claimed as trademarks. Where those designations appear in the book, and Manning Publications was aware of a trademark claim, the designations have been printed in initial caps or all caps.
 


 

 

 Recognizing the importance of preserving what has been written, it is Manning’s policy to have the books we publish printed on acid-free paper, and we exert our best efforts to that end. Recognizing also our responsibility to conserve the resources of our planet, Manning books are printed on paper that is at least 15 percent recycled and processed without the use of elemental chlorine. 
 


 

 

 The authors and publisher have made every effort to ensure that the information in this book was correct at press time. The authors and publisher do not assume and hereby disclaim any liability to any party for any loss, damage, or disruption caused by errors or omissions, whether such errors or omissions result from negligence, accident, or any other cause, or from any usage of the information herein.
 


 

 

  Manning Publications Co.
 20 Baldwin Road
 PO Box 761
 Shelter Island, NY 11964 
 
 


 

 

  Development editor: Connor O’Brien
 Technical editor: Anirudha Singh Bhadoriya
 Review editor: Angelina Lazukić
 Production editor: Kathy Rossland
 Copy editor: Julie McNamee
 Proofreader: Jason Everett
 Technical proofreader: Ignacio Beltran Torres
 Typesetter: Dennis Dalinnik
 Cover designer: Marija Tudor 
 


 

 

 ISBN: 9781633435803
 


 

 

 Printed in the United States of America
 




              


            

   

   dedication
 

  
 

   

   To all the entrepreneurs and innovators who dare to make a difference!
 

  


 

  

   contents


  


  

   preface


  


  

   acknowledgments


  


  

   about this book


  


  

   about the author


  


  

   about the cover illustration


  


  

   1 The analytical investor


  


  

   1.1 Your investment journey


  


  

   1.2 Assets


  


  

   1.2.1 Stocks


  


  

   1.2.2 Bonds


  


  

   1.2.3 Exchange-traded funds


  


  

   1.2.4 Other funds


  


  

   1.2.5 Foreign exchange market


  


  

   1.2.6 Crypto


  


  

   1.2.7 Derivatives


  


  

   1.2.8 Private equity


  


  

   1.2.9 Other assets


  


  

   1.2.10 Choosing assets


  


  

   1.3 Investment approaches


  


  

   1.3.1 Quantitative research


  


  

   1.3.2 Qualitative research


  


  

   1.3.3 Algorithmic trading and asset monitors


  


  

   1.3.4 Portfolios and investing strategies


  


  

   1.4 Risks and rewards


  


  

   1.5 A programmer’s unfair advantage


  


  

   1.5.1 You think in systems and data


  


  

   1.5.2 Your mindset is built for the market


  


  

   1.5.3 Define your parameters


  


  

   2 Investment essentials


  


  

   2.1 Accounting in a nutshell


  


  

   2.1.1 Income statement


  


  

   2.1.2 Balance sheet


  


  

   2.1.3 Free cash flow


  


  

   2.2 Industry classification


  


  

   2.2.1 Influences on GICS sectors


  


  

   2.2.2 Sectors and economic cycles


  


  

   2.3 Capitalization


  


  

   2.4 Metrics and ratios


  


  

   2.4.1 Liquidity


  


  

   2.4.2 Debt


  


  

   2.4.3 Earnings


  


  

   2.4.4 Valuation


  


  

   2.4.5 Profitability


  


  

   2.4.6 Dividends


  


  

   2.4.7 Ownership


  


  

   2.4.8 Sustainability


  


  

   2.5 External assessments


  


  

   2.5.1 Ratings


  


  

   2.5.2 Target prices


  


  

   3 Collecting data


  


  

   3.1 Financial data


  


  

   3.2 Financial analysis platforms


  


  

   3.3 Data science notebooks


  


  

   3.4 yfinance


  


  

   3.4.1 Fundamental analysis


  


  

   3.4.2 Technical analysis


  


  

   3.4.3 Limitations of yfinance


  


  

   3.5 Commercial libraries


  


  

   3.5.1 Finviz


  


  

   3.5.2 EODHD


  


  

   3.5.3 Alpha Vantage


  


  

   3.5.4 OpenBB


  


  

   3.6 Other libraries


  


  

   4 Growth portfolios


  


  

   4.1 Investment thesis


  


  

   4.1.1 Starting with an idea


  


  

   4.1.2 Challenging the idea


  


  

   4.1.3 Your investment thesis


  


  

   4.2 LiDAR market


  


  

   4.2.1 Picking candidates


  


  

   4.2.2 Price development


  


  

   4.2.3 Debt


  


  

   4.2.4 Management


  


  

   4.2.5 Technology and partnership


  


  

   4.2.6 Projected earnings


  


  

   4.3 Risks


  


  

   4.3.1 Falling into obsolescence


  


  

   4.3.2 Squashed by industry giants


  


  

   4.3.3 Globalization and conflicts


  


  

   4.4 Ongoing analysis


  


  

   4.4.1 Media


  


  

   4.4.2 Trend analysis


  


  

   4.4.3 News sentiment analysis


  


  

   4.4.4 Measuring success


  


  

   4.5 What is next


  


  

   5 Income portfolios


  


  

   5.1 Dividends


  


  

   5.2 Bonds


  


  

   5.3 Crypto staking


  


  

   5.3.1 Ledgers and exchanges


  


  

   5.3.2 Mining and staking


  


  

   5.3.3 Affordable staking options


  


  

   5.4 Early retirement


  


  

   6 Building an asset monitor


  


  

   6.1 Architecture


  


  

   6.2 The spreadsheet


  


  

   6.3 Extracting data


  


  

   6.3.1 Alpaca: A developer-first broker


  


  

   6.3.2 Interactive Brokers: A legacy powerhouse with a modern twist


  


  

   6.4 Enriching data


  


  

   6.5 Processing assets


  


  

   6.5.1 Stocks


  


  

   6.5.2 Exchange-traded funds


  


  

   6.5.3 Bonds


  


  

   6.5.4 Cryptocurrencies


  


  

   6.6 Outlook


  


  

   7 Risk management


  


  

   7.1 Ukemi


  


  

   7.1.1 Stop-loss


  


  

   7.1.2 Risk classification


  


  

   7.1.3 Risk measurement


  


  

   7.2 Generating risk profiles for individual stocks


  


  

   7.2.1 Value at risk (VaR)


  


  

   7.2.2 Correlation


  


  

   7.3 The human factor


  


  

   7.3.1 Negligence


  


  

   7.3.2 Risk avoidance


  


  

   7.3.3 Resilience


  


  

   7.4 Hedging


  


  

   7.4.1 Derivatives


  


  

   7.4.2 Diversification


  


  

   7.4.3 Pair trading


  


  

   7.4.4 Risk pairing


  


  

   7.5 Nonfinancial risk


  


  

   7.5.1 Markets


  


  

   7.5.2 Economic data


  


  

   7.5.3 Assessing nonfinancial risk


  


  

   7.6 Portfolio optimization


  


  

   7.6.1 Markowitz-efficient portfolio


  


  

   7.6.2 Shiller P/E ratio


  


  

   7.6.3 Rebalancing


  


  

   8 AI for financial research


  


  

   8.1 From code to machine learning


  


  

   8.1.1 Unsupervised learning example


  


  

   8.1.2 Supervised learning example


  


  

   8.1.3 Market challenges


  


  

   8.1.4 Technical challenges


  


  

   8.1.5 Narrowing the scope


  


  

   8.2 From machine learning to generative AI


  


  

   8.2.1 Comparing LLMs


  


  

   8.2.2 Complementing ML with GenAI


  


  

   8.2.3 Challenges


  


  

   8.2.4 Final judgement on ML and GenAI


  


  

   8.3 Practical use of GenAI


  


  

   8.3.1 Using LLMs as research assistants


  


  

   8.3.2 Integrating LLMs into code


  


  

   8.4 Prompt engineering


  


  

   8.4.1 An investor’s profile


  


  

   8.4.2 Using prompts to find companies to invest in


  


  

   9 AI agents


  


  

   9.1 Requirements


  


  

   9.1.1 Successful communication


  


  

   9.1.2 Agentic design patterns


  


  

   9.2 Agentic workflows without frameworks


  


  

   9.2.1 Prompt repository


  


  

   9.2.2 Export results


  


  

   9.3 Framework for AI agents


  


  

   9.3.1 From one-shot prompting to agents


  


  

   9.3.2 Retrieval-augmented generation


  


  

   10 Charts and technical analysis


  


  

   10.1 Charts


  


  

   10.1.1 Reading charts


  


  

   10.1.2 Patterns


  


  

   10.1.3 Interpreting a chart


  


  

   10.1.4 Alternative chart types


  


  

   10.2 Using charts to interpret price changes


  


  

   10.2.1 Candlesticks


  


  

   10.2.2 Charts based on averages


  


  

   10.2.3 Ichimoku Cloud


  


  

   10.3 Visualization with Streamlit


  


  

   11 Algorithmic trading


  


  

   11.1 Nonfinancial data


  


  

   11.1.1 Big data by example


  


  

   11.2 Catalysts


  


  

   11.2.1 Mergers and acquisitions


  


  

   11.2.2 Companies in distress


  


  

   11.2.3 Earnings calls


  


  

   11.2.4 Disasters


  


  

   11.2.5 Interest rate changes


  


  

   11.3 Trading algorithms


  


  

   11.3.1 Backtesting


  


  

   11.3.2 Complex trading signals


  


  

   11.4 Orders


  


  

   11.4.1 Exchanges vs. brokers


  


  

   11.4.2 Order modifiers


  


  

   11.4.3 Executing orders


  


  

   12 Private equity: Investing in start-ups


  


  

   12.1 From idea to initial public offering


  


  

   12.1.1 The first minimum viable product (pre-seed)


  


  

   12.1.2 Validating the business model (seed)


  


  

   12.1.3 Scaling a start-up: The shift to institutional investment


  


  

   12.1.4 Exits: The final transition


  


  

   12.2 Investment vehicles


  


  

   12.2.1 Venture capital


  


  

   12.2.2 Angel networks


  


  

   12.2.3 Sovereign wealth funds


  


  

   12.3 Assessing start-ups


  


  

   12.3.1 Valuation


  


  

   12.3.2 Dilution


  


  

   12.3.3 Scoring


  


  

   13 The road goes ever on and on


  


  

   13.1 Getting advice


  


  

   13.2 Stay curious


  


  

   13.3 Alpha hunter


  


  

   13.4 Nomadism


  


  

   13.5 Activist investing


  


  

   13.6 Measures of control


  


  

   13.6.1 Checks and balances


  


  

   13.6.2 Gain distance


  


  

   13.6.3 Programmer’s journey


  


  

   13.6.4 Playing it safe


  


  

   Appendix. Setting up the environment


  


  

   A.1 Python


  


  

   A.2 Secrets manager


  


  

   A.3 Source code repository


  


  

   A.4 Development environment


  


  

   A.4.1 Anaconda


  


  

   A.4.2 Visual Studio Code


  


  

   A.4.3 PyCharm


  


  

   A.5 Cloud


  


  

   A.5.1 Database


  


  

   A.5.2 Cloud secrets managers


  


  

   A.6 Export and documentation


  


  

   A.7 LLMs


  


  

   A.8 Brokers and exchanges


  


  

   index


  


 

   

   preface
 

  
 

   

   Imagine this: a 50-year-old is approached by a genie with an intriguing offer. They can receive staggering wealth to never work again or be rejuvenated to age 20. The allure of reliving life with youth and wisdom is strong. But from a purely financial standpoint, which is the wiser choice?
 

  
 

   

   I grew up believing everyone must work until their mid-60s to retire. Stopping work at 50 seemed like pure luck. Over time, investing became my passion. I’ve learned that starting early and making informed investment decisions can make financial independence by 50 achievable, especially if you know how to code. Programming sharpens the skills needed for better investment choices.
 

  
 

   

   I’ve always believed that work should serve a higher purpose, but meaningful work is often not the highest-paid. I wrote the book I wish I had at 20—to accelerate my path to financial freedom and independence from a paycheck. After reading it, all you’ll need is to find a genie who could send you back to age 20—armed with the knowledge to retire early. But even without the genie, what you learn here can transform how you invest, helping you move toward financial freedom with purpose and precision.
 

  
 

   

   I also want to convince you that investing can be fun. I love using programming to analyze companies and form data-backed investment theses. There’s nothing quite like seeing a company you believed in multiply in value fivefold or more.
 

  
 

   

   Of course, no path to wealth is guaranteed. You can pick the wrong horse. Picture the late 1990s: a friend tells you about a failing tech company whose ousted founder just returned and about a thriving American energy company riding the wave of deregulation. If you chose the second, you picked Enron over Apple, and lost your investment. Diversification helps mitigate such risks, but the larger lesson is this: hubris and impatience are dangerous. Mindset matters most.
 

  
 

   

   In the early 2010s, I pivoted to big data. It wasn’t just about using more data but transforming entire businesses. I noticed some companies outsmarted others. If I invested in the smarter ones, I could ride their success. It was a natural progression: from using data to understand customer behavior to using data to predict which companies would thrive.
 

  
 

   

   Through this journey, I’ve found four key traits for investment success: critical thinking, patience, dedication, and curiosity. Programmers excel at these, and I believe they can shine as investors.
 

  
 

   

   Happy reading and coding! I wish you sharp insights and smarter investing.
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   about this book
 

  
 

   

   Investing for Programmers introduces tools and techniques for analyzing investment opportunities using Python and modern analytical methods. This book does not offer financial advice but shows you how to explore financial assets and make more informed investment decisions.
 

  
 

   

   After reading this book, you’ll be able to analyze financial assets with Python, build AI agents, and use LLMs to gain deeper insights into your investment options. Keep in mind that there are no guaranteed paths to wealth. This book may help you improve your odds of long-term financial success and increase your skills to gain insights for better decision-making. Be skeptical of anyone claiming risk-free riches.
 

  
 

   

   Who should read this book
 

  
 

   

   You should have basic programming skills. However, if you have only minimal experience, you can still benefit from using large language models (LLMs) to help set up the environment and fill in any gaps in your Python knowledge.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   This book has 13 chapters. The book begins by teaching the basics, including interpreting financial ratios and collecting data. As you progress, the topics become increasingly complex. You can always jump to later chapters if you’re experienced with the basics.
 

  
 

   

   	 Chapter 1 introduces you to the investment domain and how programmers can excel. 
 

   	 Chapter 2 teaches financial basics and introduces you to key metrics for exploration. 
 

   	 Chapter 3 demonstrates collecting financial data using Python libraries, including Yahoo Finance and alternative libraries. 
 

   	 Chapter 4 teaches you how to create an investment thesis to look for growth portfolios. 
 

   	 Chapter 5 explains how to look for portfolios to create passive income. 
 

   	 Chapter 6 demonstrates how to collect data from brokers and exchanges, centralize all holdings in one place, and facilitate their analysis. 
 

   	 Chapter 7 explains how to investigate risks and learn ways to hedge them. We look at Sharpe ratios and other methods. 
 

   	 Chapter 8 introduces AI for investment analysis. We introduce machine learning use cases and explore the application of generative AI in investment research. 
 

   	 Chapter 9 demonstrates how to use AI agents for more advanced use cases, enabling data exploration and the integration of additional data sources. 
 

   	 Chapter 10 shows how to display charts and technical analysis. You learn how to create charts using Bollinger Bands and other frameworks. 
 

   	 Chapter 11 explores algorithmic trading and the application of nonfinancial data in financial analysis. 
 

   	 Chapter 12 explores private equity as a form of ownership in startups and how to make informed investment decisions. 
 

   	 Chapter 13 summarizes what you learned and provides some final thoughts for the path ahead. 
 

  
 

   

   About the code
 

  
 

   

   This book heavily uses source code, primarily in numbered listings throughout the chapters. The source code is formatted in a fixed-width font like this to distinguish it from ordinary text. Sometimes, code is also bold to highlight changes from previous steps in the chapter, such as when a new feature is added to an existing line of code. 
 

  
 

   

   In many cases, the source code has been reformatted, with line breaks and reworked indentation added to accommodate the available page space in the book. Additionally, comments in the source code have often been removed from the listing when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   You can get executable code snippets from this book’s liveBook (online) version at https://livebook.manning.com/book/investing-for-programmers. The source code for the examples in this book is available for download on the publisher’s website at www.manning.com/books/investing-for-programmers. The code is also available on GitHub at https://github.com/StefanPapp/investing-for-programmers. 
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Investing for Programmers includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach global comments to the book or specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/investing-for-programmers/discussion. 
 

  
 

   

   Manning’s commitment to our readers is to provide a venue for meaningful dialogue between individual readers and between readers and the author. It isn’t a commitment to a specific amount of participation by the author, whose contributions to the forum remain voluntary and unpaid. We suggest you ask the author some challenging questions lest his interest stray! The forum and archives of previous discussions will be accessible on the publisher’s website as long as the book remains in print.
 

  
 

 

   

   about the author
 

  
 

   

   [image: figure] 

  
 

   

   Stefan Papp is a trailblazer at the intersection of AI and investment strategy. With a career that spans decades as a data engineer, architect, and consultant for top-tier clients, Stefan has mastered the art of using data to solve complex problems. His thought leadership is reflected in his published technical books and his role as a university educator, where he inspires the next generation of tech innovators.
 

  
 

   

   As a seasoned investor with more than 20 years of experience in stocks, cryptocurrency, and bonds, Stefan brings a data-driven approach to portfolio optimization that few can replicate. By combining cutting-edge AI techniques, including generative AI, with deep market insights, he has consistently outperformed traditional investment strategies.
 

  
 

   

   In this book, Stefan demystifies the application of programming skills to financial analysis, sharing practical tools and real-world examples from his journey. Readers will learn how to harness data, adapt evolving best practices, and use AI to uncover opportunities, optimize research, and gain a decisive edge in the market.
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of Investing for Programmers, titled “Arméniennes à Erzeroum,” or “Armenian Girls from Erzurum,” is taken from The Nations. Album of Costumes From All Countries by Alexandre Lacauchie, published in 1847. Each illustration is finely drawn and colored by hand.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
1 The analytical investor

 

  
 

   

   This chapter covers
 

    

    	An overview of securities and the market
 

    	Investment strategies for managing risk and maximizing gains
 

    	Tools and techniques for the data-driven investor
 

    	Programmers’ traits that can be an advantage
 

   
 

  
 

   

   A tough work environment often marks the beginning of the journey to financial independence. Formal education rarely prepares people for the sometimes harsh realities of the workplace: the micromanaging boss, a difficult coworker, a cutthroat culture, or the client who secretly rewrites your code and blames you if things go wrong. At some point, many programmers dream of escaping—maybe as a sheep herder in a remote forest or the captain of a starship in galaxies far, far away.
 

  
 

   

   Finding a new job often proves to be a temporary fix. Starting your own company usually means trading a 40-hour week for an 80-hour one, with less pay and only a slim chance of long-term success. If the start-up fails, you can land right back where you started, only to find that the toxic former colleague who had teased you got promoted and is now your boss.
 

  
 

   

   But what if the solution isn’t another job, but greater independence from any job through gradually building passive income? The timeline to financial freedom varies depending on your circumstances—a family, a mortgage, or even just residing with Her Majesty, the cat—creating a different scenario for everyone. Freedom can begin with the first realization that some of your essential expenses are covered by passive income . . . forever. And if you keep going, the number of things you don’t have to work for to pay for increases. Knowing that you can leave a high-paying, soul-crushing job for a more fulfilling one, even if it pays less, is a powerful relief for a developer who has endured hell on earth.
 

  
 

   

   This book serves as a step-by-step guide to achieving greater independence. It emphasizes rational thinking and patience; no miracles are guaranteed. Be wary of anyone claiming you can get rich in 24 hours. Following such advice often depends on luck, a good lawyer, or both.
 

  
 

   

   
1.1 Your investment journey
 

  
 

   

   Diving into the financial world can feel like stepping onto the road, and if you don’t keep your feet, there’s no knowing where you might be swept off to. To avoid straying off the beaten track, we need to understand the essentials of what we want to explore.
 

  
 

   

   Sooner or later, financial planning becomes a necessity. Perhaps we saw our dream house, met the person we want to start a family with, heard the demands for more comfort from Her Majesty the cat, or wanted to achieve financial independence. Every journey begins the same way. You assess what you already have and explore and optimize your expenses to determine how much surplus money you can accumulate on average each month.
 

  
 

   

   With your carefully estimated monthly surplus, friends might approach you with ideas on how to invest it. Some of your “expert advisors” may try to charm you with stocks and their alleged high returns. The conservative camp prefers bonds instead, reasoning that they offer lower risk. A third group of finance aficionados may suggest that you put everything into an index fund and refrain from thinking about your investments until you need the money.
 

  
 

   

   Risk and return are the pillars of any investment strategy. However, simply estimating potential outcomes under normal market conditions isn’t enough. Without a fundamental understanding of what you’re investing in, it’s unwise to risk your capital based on a casual tip from a friend.
 

  
 

   

   This book aims to guide you toward becoming a data-driven investor. You’ll learn both the basics of investing and, in parallel, how to make smarter decisions based on data, research, rational thinking, and analysis. 
 

  
 

   

   
1.2 Assets
 

  
 

   

   To get started with investing, we must understand the basics of assets. In its simplest form, an asset is something we can purchase to monetize. We use the term securities to refer to a group of assets in the financial domain, such as stocks and bonds. In general, assets are monetized in two ways:
 

  
 

   

   	 Capital appreciation —For example, buy low and sell high. 
 

   	 Passive income —For example, getting regular payments (interest payments on savings accounts or receiving rent from a tenant). 
 

  
 

   

   Investors should begin by understanding their risk tolerance—the amount of potential loss they can handle without stress—and their financial goals, which outline how much they hope to earn within a specific time frame. A third critical factor, often overlooked in books for professional investors but vital for individuals, is the time required to manage an investment strategy. If monitoring your portfolio consumes time you’d rather spend on other activities, it’s a clear signal that you need to rethink your approach. The more aware you are of your risk appetite, desired returns, and maximum time commitment, the better prepared you are to develop an investment strategy that helps you meet your life goals.
 

  
 

   

   
1.2.1 Stocks
 

  
 

   

   Stock represents ownership, also known as equity. When you buy stocks, you acquire a small part of a company. As of June 2025, Apple has 15,509,763,000 shares outstanding. Purchasing one share of Apple means you own 0.000000006447552% of the company.
 

  
 

   

   Supply and demand affect stock prices. Investors typically buy more shares of successful companies, which causes their share prices to rise. However, a stock’s value depends on more than just its company’s performance. The entire market is also significantly influenced by larger factors, including global politics and economic news.
 

  
 

   

    

    Terminology
 

   
 

    

    Through a brokerage account, investors buy shares (referring to a countable amount) of the company’s stock (representing the total assets of a company. A portfolio is a collection of securities (stocks, bonds, options, etc.) that you own. If a position in your portfolio is higher than its purchase price, you have an unrealized gain until you sell it to realize the gain. The same logic applies to unrealized and realized losses.
 

   
 

  
 

   

   Some stocks offer income to investors through a small payment per share, known as a dividend. As of June 2025, Apple trades at about $213.55 per share, and the company pays a quarterly dividend of roughly $0.26 per share. These payments result in a dividend yield of approximately 0.49%, representing the return before taxes that an investor gains from dividends relative to the share’s price.
 

  
 

   

   To put this into perspective, we can compare a company’s dividend yield to the yield on a 10-year US Treasury bond, which is often used as a benchmark for a “risk-free” return. As of June 2025, these bonds offer a yield of around 4.3%—considerably higher than Apple’s current dividend payout.
 

  
 

   

   Considering the treasury yield, investing in Apple solely for its dividend income is a poor choice. Because inflation usually exceeds its ~0.5% yield, an investor would lose buying power if they don’t account for potential capital gains from the stock’s growth.
 

  
 

   

   If you’re passionate about identifying companies that can outperform the market, chapter 4 provides all the details you need to build an investment thesis and develop a growth portfolio in a structured way.
 

  
 

   

   
1.2.2 Bonds
 

  
 

   

   A bond is an IOU. When you buy a bond, you lend money (the principal) to an entity, such as a government or a company. In return, you receive periodic interest payments, known as coupons. With few exceptions, bonds have a maturity date—a specific date in the future when the issuer repays your original principal in full.
 

  
 

   

   All bonds are equal, but some are more equal than others. Because many issuers exist, each bond has a different level of risk:
 

  
 

   

   	 Credit risk —Some issuers are more likely to default on their debt obligations. To help investors evaluate this risk for other issuers, credit rating agencies such as Moody’s and Standard & Poor’s (S&P’s) provide independent assessments. 
 

   	 Yield —Typically, the more risk you accept, the greater your potential return or yield. 
 

  
 

   

   When holding a bond, you can either wait until maturity to receive its full face value or sell it on the open market earlier. Choosing to sell before maturity means the price you receive will be determined by the market, which could result in a gain or a loss on your initial investment.
 

  
 

   

   Note  The basic assumption behind considering US government bonds risk-free is the belief that the US government will always honor its debt obligations and won’t default. This convention has become standard practice in finance. However, describing such assets as extremely low risk would be more accurate because, theoretically, even the US government could default.
 

  
 

   

   Chapter 5 discusses how to build dependable passive income, offering a way to cover everyday expenses and boost your financial independence. It emphasizes practical methods, including a detailed comparison of bonds and dividend stocks as primary sources of income.
 

  
 

   

   
1.2.3 Exchange-traded funds
 

  
 

   

   Savvy investors diversify their risk by not putting all their eggs in one basket. Investment companies help with this by bundling multiple securities into a single fund. Exchange-traded funds (ETFs) are a popular type of investment that trades on an exchange, making them easily accessible for purchase and sale through any online broker.
 

  
 

   

   Buying an ETF is a simple way to diversify your investments. Instead of analyzing and purchasing hundreds of individual stocks, you can hold a small stake in carefully chosen assets with just one transaction. Most ETFs are passively managed, meaning they track a market index automatically, such as the S&P 500. Algorithms are used to rebalance the fund’s holdings, keeping it aligned with its index. In actively managed ETFs, a portfolio manager selects specific investments to buy.
 

  
 

   

   ETFs aren’t free, and ETF issuers charge a small annual management fee (expense ratio). Still, they are highly cost-effective. For an individual, buying all the underlying stocks directly in separate transactions would cost more due to transaction fees. Because ETFs are collections of assets, all sections that discuss the underlying assets also include ETFs.
 

  
 

   

   
1.2.4 Other funds
 

  
 

   

   Other common pooled funds are mutual funds and hedge funds. These funds are described here:
 

  
 

   

   	 Mutual funds —These funds are similar to ETFs in that they provide diversification and are highly regulated. The primary operational difference is that mutual funds only trade once a day at a price determined after the market closes, known as the net asset value (NAV). 
 

   	 Hedge funds —These funds are typically less regulated, require a substantial minimum investment, and are generally accessible only to wealthy investors. 
 

  
 

   

   While ETFs and mutual funds target retail investors, hedge funds operate at a different level. They use more aggressive and complex strategies and are only available to accredited investors, which include high-net-worth individuals and institutions that meet specific wealth requirements.
 

  
 

   

   Other funds are outside the scope of this book; however, we explore hedging techniques used by professional hedge funds in chapter 7. Investors can use these techniques to optimize their portfolios.
 

  
 

   

   
1.2.5 Foreign exchange market
 

  
 

   

   Beyond owning equity or lending money, investors can also speculate on currency exchange rates in the foreign exchange (forex) market. Every country has its currency, and the value of these currencies fluctuates against each other in pairs (e.g., the EUR/USD). For example, one day, the euro might strengthen against the US dollar, and the next day it might weaken. Forex traders analyze economic indicators and market trends to predict these movements, aiming to make a profit by buying a currency before it appreciates or selling it before it depreciates.
 

  
 

   

   Currency risk is discussed in chapter 7. Additionally, all aspects of technical analysis, as outlined in chapter 10, apply to all assets, including forex.
 

  
 

   

   
1.2.6 Crypto
 

  
 

   

   For many, cryptocurrency is a complex asset class that can be hard to understand. To clarify, it’s essential first to separate the underlying technology from its most well-known application:
 

  
 

   

   	 Blockchain —This is the core technology. Think of it as a secure, decentralized digital ledger—a growing list of records (blocks) linked and protected by cryptography. Although it’s best known for digital currency, blockchain technology has uses in many other areas. 
 

   	 Cryptocurrency —This refers to a digital asset built on blockchain technology. 
 

  
 

   

   The primary value of cryptocurrency lies in its ability to facilitate peer-to-peer transactions without requiring a trusted third party. Unlike traditional financial systems, which rely on intermediaries such as banks, cryptocurrency networks enable direct transfers between individuals.
 

  
 

   

   The technology that secures these networks also presents unique investment opportunities. Chapter 5 explores one such method—staking —which allows you to earn rewards by helping validate transactions. It also offers a vital overview of the common risks and criticisms associated with this volatile asset class.
 

  
 

   

   
1.2.7 Derivatives
 

  
 

   

   Think of a derivative as a contract whose value is derived from an underlying asset, such as a stock or a commodity. It establishes rules for future transactions, helping you manage risk or speculate on price movements.
 

  
 

   

   For most investors, options are the most useful derivatives. An option grants you the right, but not the obligation, to buy or sell an asset at a set price before a certain expiration date.
 

  
 

   

   Think of it this way: you pay a small fee (the premium) to get an API key. This key grants you access to a function—either buy() or sell()—that you can execute under specific conditions. If the conditions aren’t met, you let the key expire. Your only loss is the premium you paid.
 

  
 

   

   	 A put option gives the buyer the right, but not the obligation, to sell an asset at a set price (the strike price). It’s a type of insurance. 
 

   	 A call option gives the buyer the right, but not the obligation, to buy an asset at a specified strike price. It’s a way to bet on a price increase with limited risk. 
 

  
 

   

   You can also be on the other side of the transaction and sell (or, as it’s also called, write) options. You receive the premium as income, but you assume an obligation.
 

  
 

   

   Selling a put option means you’re obligated to buy the stock at the strike price if the buyer chooses to exercise it. If the stock drops to zero, you’re still required to buy it at the high strike price, which could lead to a potentially disastrous outcome.
 

  
 

   

   Options are powerful tools, but they’re complex instruments with significant risk. That’s why they are covered in chapter 7, which focuses on risk.
 

  
 

   

   
1.2.8 Private equity
 

  
 

   

   After purchasing shares on an exchange, you become a shareholder of a publicly traded company. One advantage of being publicly traded is that it makes buying shares easy. Investors worldwide can become shareholders within seconds if they are logged in to their brokerage account and decide to buy shares.
 

  
 

   

   Start-ups present the most significant profit potential. They are ideal for investors willing to accept more risk in exchange for the opportunity to achieve wealth more quickly. Because private companies aren’t traded on public stock exchanges, you need to take a different approach:
 

  
 

   

   	 Direct investment —You can invest directly in companies. Start-ups that seek single private investors are usually in their earliest stages, typically pre-seed or seed stage. 
 

   	 Angel or venture capital investments —These involve funds created to invest in start-ups. As a private investor, you can become a limited partner in such a fund. If the start-up achieves a successful exit, you can expect high multiple returns on your investment. 
 

  
 

   

   Chapter 12 examines opportunities to invest in private equity and highlights the main differences between this type of investment and investing in stocks.
 

  
 

   

   
1.2.9 Other assets
 

  
 

   

   Investing involves acquiring assets and monetizing them, either through capital gains or passive income. We might not always recognize every asset as such. For example, a patent can be valued and licensed for royalties, but not everyone considers it part of their assets.
 

  
 

   

   Commodities are raw materials, such as gold, oil, and wheat, that investors can trade. Because their value is linked to real-world supply and demand, their prices often move independently of the stock and bond markets. While investors can gain exposure through futures contracts or ETFs, they should be aware that these markets can be very volatile. This volatility is caused by a variety of complex factors, including geopolitical events, weather conditions, and global economic growth.
 

  
 

   

   Some investors view real estate as a safe investment, but it comes with challenges. For one, it’s a highly illiquid asset, meaning that selling a property can be a slow and tedious process. Additionally, landlords face the risk of difficult tenants who might damage the property or fail to pay rent.
 

  
 

   

   An asset is considered non-fungible if it’s unique and can’t be easily replaced by another identical item. In contrast, fungible assets are interchangeable, which makes them a good starting point for new investors. This interchangeability allows them to be traded easily and efficiently. While you can still make a good living from non-fungible assets, investing in securities simplifies your life for several reasons:
 

  
 

   

   	 Lower capital requirements —You can buy shares for just a few dollars, whereas non-fungible assets such as real estate or art may cost millions. 
 

   	 Lower maintenance —Physical objects require secure storage, insurance, and preservation, resulting in significant overhead and maintenance costs. Securities don’t have these drawbacks. 
 

   	 Liquidity —Shares can be sold at any time, while owners of non-fungible items must find a buyer. Converting them into cash at a fair price can take months or even years. 
 

   	 Scalability —Investors who find a well-performing company can keep purchasing shares, whereas investors of non-fungible assets can’t buy assets twice. 
 

  
 

   

   For these reasons, this book concentrates on securities and other assets not included here.
 

  
 

   

   
1.2.10 Choosing assets
 

  
 

   

   Before you begin exploring which assets to purchase, consider these four questions about your investment goals, and answer them as honestly as possible:
 

  
 

   

   	 How much money do I need to live a happy life? 
 

   	 How much money do I have that I don’t need right now and can use for investments? 
 

   	 How much risk am I willing to take for possible bigger gains? 
 

   	 How much time am I willing to dedicate to the investment process itself, such as researching potential investments and monitoring my portfolios? 
 

  
 

   

   Besides some universal principles of investing, such as investing only in businesses you understand, there is no one-size-fits-all strategy. Still, every investor can find an approach that best suits their expectations and goals. Now that we know the asset types, we can explore further and examine investment strategies that align with our needs.
 

  
 

   

   
1.3 Investment approaches
 

  
 

   

   Having covered the fundamentals of financial assets, we’ll now focus on how to create value from them. We can classify methods of monetizing assets into three main categories:
 

  
 

   

   	 Gambling —A surprising number of people rely on gut feelings or perceived signs from the universe when deciding to buy or sell. Even experienced investors can fall victim to cognitive biases, such as noticing patterns in random events and believing “no coincidence” has led them to a life-changing investment. 
 

   	 Investing —We’ll avoid gambling-like speculation to focus on more structured ways to build wealth. Disciplined investing views building wealth as a long-term goal. It depends on careful analysis and critical thinking, aiming to reduce impulsive decisions. 
 

   	 Trading —While investing focuses on long-term success, trading centers on capitalizing on short-term price fluctuations. Due to its higher frequency and shorter time horizons, trading carries more risk than long-term investing. 
 

  
 

   

   Let’s explore some strategies that can help us become better traders or investors and, in turn, help us avoid gambling. Figure 1.1 illustrates the entire investment process and highlights all chapters where relevant topics are discussed in detail.
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Figure 1.1 A survey of the tools and techniques covered in this book, including pointers to the chapters that focus on the relevant domains


  
 

   

   We use financial platforms and publicly available information to collect data on securities. We can generate more insights about the securities using various analytical methods, including machine learning and AI. We can then apply these new insights to our decision-making processes.
 

  
 

   

   
1.3.1 Quantitative research
 

  
 

   

   Quantitative refers to numbers, counts, and averages that provide information about what is happening. The goal is to gather as much financial data as possible across many companies and compare these “factors” that may influence the future development of share prices. You can analyze a company’s performance from multiple angles. Historical data shows how performance has changed over time. You can compare the current performance of numerous companies.
 

  
 

   

   Thanks to accounting standards, financial data is highly standardized. As we’ll see in this book, nonfinancial data can also be quantifiable and incorporated into investment research.
 

  
 

   

   In chapter 2, we highlight the financial data that could be especially relevant for quantitative analysis, such as revenues, profit margins, and price-to-earnings (P/E) ratios. Quantitative research begins with data collection and aggregation.
 

  
 

   

   In chapter 3, we show how to gather data relevant to investment analysis. We can use Python libraries designed to provide financial data in a structured format. Alternatively, we can also scrape data from websites.
 

  
 

   

   Having quantitative data allows us to use a machine learning algorithm to forecast future price movements based on historical data. Chapter 8 offers a detailed overview of how machine learning models are generated.
 

  
 

   

   Technical analysis involves assessing assets by examining statistical trends from trading activity, such as price changes and volume. Technical analysts use historical price charts and various indicators to identify patterns and forecast potential future price movements. For example, figure 1.2 shows a price chart for NVIDIA, which a technical analyst would analyze to make informed trading decisions.
 

  
 

    

   [image: figure] 

   Figure 1.2 The price development of NVIDIA from 2016 to 2025. Notice the sharp rise in recent years; this is a typical example of the growth that attracts many traders and investors. Keep in mind that such growth rates are rare.


  
 

   

   While a line chart of share price development is one of the easier charts to create, we also have charts that calculate indicators to help with deciding when to buy or sell. In figure 1.3, we present a candlestick chart for NVIDIA for July 2025, which we created using the code introduced in chapter 10.
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Figure 1.3 Candlestick charts help us evaluate stock performance over multiple days. Black (or red) shows that a stock’s price decreased, while white (or green) shows that it increased during the day.


  
 

   

   
1.3.2 Qualitative research
 

  
 

   

   Qualitative data includes user feedback from a bug report—the context, feelings, and reasons that explain why the issue is happening. The financial aspects involve the strength of that company’s brand, the quality of its management, and the risk of a new competitor disrupting its market.
 

  
 

   

   Some of the qualitative data can also be converted into quantitative data. Think of scraping data from earnings reports, conducting sentiment analysis on the transcripts, and comparing the scores of all earnings calls. A key part of analyzing qualitative data is the use of GenAI and AI agents, as summarized here:
 

  
 

   

   	 Generative AI (GenAI) —This is a newer type of AI that can produce new content and insights. In finance, GenAI is used to summarize large datasets (e.g., earnings reports and news articles), analyze market sentiment from social media, and even simulate market scenarios to stress-test investment strategies. We discuss GenAI in chapter 8. 
 

   	 AI agents —These are advanced AI systems designed to perform complex, multistep tasks independently. An AI agent can be tasked with conducting thorough research on an asset by collecting data from the web, analyzing financial statements, assessing recent news, and generating a comprehensive report. This process automates the entire analytical workflow. We dedicate chapter 9 to AI agents. 
 

  
 

   

   To illustrate these concepts, chapter 4 will examine companies in the autonomous driving field as a case study for growth investing, while chapter 5 will focus on income investment strategies. Both chapters will highlight opportunities for programmers to gather data about various opportunities more efficiently and to develop better methods for creating scorecards for investability.
 

  
 

   

   
1.3.3 Algorithmic trading and asset monitors
 

  
 

   

   While an investor focuses on a company’s long-term health and intrinsic value, a trader mainly cares about an asset’s price movement and market conditions. This focus enables traders to employ strategies that are uncommon in traditional investment portfolios. We can divide trading approaches into two main categories:
 

  
 

   

   	 Going long (long position) —This is a common strategy that involves buying an asset with the expectation that its price will rise. This method follows the traditional “buy low, sell high” principle. 
 

   	 Going short (short selling) —This strategy aims to profit from a decline in an asset’s price. A trader borrows an asset (e.g., shares of stock), sells it on the open market at the current price, and plans to repurchase it later at a lower cost. 
 

  
 

   

   With this understanding, let’s examine several key categories of trading. These styles are characterized by their time frames, methods, and dependence on technology:
 

  
 

   

   	 Short-term trading —This is a broad category of trading that involves buying and selling assets over a short period, from minutes to weeks. A trader typically executes these trades manually, based on a predetermined strategy. The specific time frame often determines the name of the trading style: 

     

     	 Day trading —This style involves opening and closing all trading positions within the same trading day. A day trader seeks to profit from intraday price movements and avoids holding any positions overnight. 
 

     	 Swing trading —This strategy involves holding positions for more than a day but usually no longer than a few weeks. A swing trader aims to capture larger price swings or short-term trends that develop over several days. 
 

    


 

   	 Automated trading (algorithmic trading) —Traders use algorithms to execute buy and sell orders based on predefined indicators such as price changes or trading volatility. Automation enforces disciplined execution of a strategy, removing emotion from the decision-making process. For example, a day trader could automate their specific plan. Chapter 11 explains how to identify potential alpha factors. 
 

   	 High-frequency trading (HFT) —This is an advanced form of automated trading that operates at breakneck speeds with large volumes of orders. HFT firms use powerful computers and sophisticated algorithms to capitalize on minute, fleeting price differences or arbitrage opportunities, frequently executing trades in microseconds. Being faster than competitors is the primary focus of HFT, a field led by specialized quantitative firms. 
 

  
 

   

   Effective asset management starts with a unified view of all holdings. Chapter 6 lays the groundwork for this by showing how to gather data from multiple brokers and exchanges into a single Google Sheet. We’ll use Python to connect to two global brokers, Interactive Brokers and Alpaca. If you aren’t comfortable connecting directly to brokers, you can use database tables to store their holdings instead.
 

  
 

   

   Building on that, chapters 8 and 9 explore how to use AI-driven algorithms to analyze stock performance and identify market trends. This then leads to chapter 11, which explains the principles of algorithmic trading—techniques that automatically execute trades when specific parameters or factors are met.
 

  
 

   

   A key part of any such strategy is backtesting. Like unit testing in software development, backtesting assesses an algorithm by testing it against historical market data. This process illustrates how the strategy would have performed in the past, offering essential insights into its potential effectiveness before any capital is risked.
 

  
 

   

   
1.3.4 Portfolios and investing strategies
 

  
 

   

   We can classify investment styles into three main categories: value, growth, and income investing. These categories sometimes overlap. One approach is called Growth at a Reasonable Price (GARP), which combines value and growth investing. Let’s look at these three types of investing next.
 

  
 

   

   Value investing
 

  
 

   

   A value investor seeks to identify companies trading below their intrinsic value. These opportunities often arise when the market overreacts to temporary setbacks, negative news, or poor earnings reports, overlooking a company’s long-term potential. To spot these deals, the investor carefully examines financial data, comparing key metrics and ratios to identify genuine undervaluation. Chapter 2 covers the basics of applying value investing.
 

  
 

   

   Growth investing
 

  
 

   

   A growth investor focuses on companies with the potential for rapid expansion, often innovators in emerging sectors such as quantum computing and autonomous driving. Success in these complex fields relies on a key principle popularized by legendary investor Peter Lynch: your personal or professional knowledge of a domain can give you a strong investment advantage.
 

  
 

   

   He famously argued that an amateur with specialized insight can often outperform a professional without it. Chapter 4 is dedicated to this very idea, guiding you on how to use your unique expertise to identify and analyze growth opportunities.
 

  
 

   

   Income investing
 

  
 

   

   An income investor focuses on assets that provide a consistent stream of passive income. An income portfolio usually includes dividend-paying stocks, bonds that offer regular interest payments, or real estate investment trusts (REITs). Chapter 5 centers on income investments.
 

  
 

   

   Table 1.1 compares these three strategies, enabling readers to identify the approach that best aligns with their risk profile, return goals, and time investment.
 

  
 

   

   
Table 1.1 Comparing growth, value, and income investing
 

    

     

      

      	 

       

         Attribute 

       

 

      	 

       

         Growth investing 

       

 

      	 

       

         Value investing 

       

 

      	 

       

         Income investing 

       

 

     
 

     

     

      

      	  Primary goal 

 

      	  Capital appreciation 

 

      	  Capital appreciation 

 

      	  Regular income 

 

     
 

      

      	  Investor focus 

 

      	  Future potential, innovation 

 

      	  Undervalued “bargains” 

 

      	  Consistent cash payouts 

 

     
 

      

      	  Typical company 

 

      	  Young, innovative, rapidly expanding 

 

      	  Mature, stable, temporarily unpopular 

 

      	  Established, predictable, high cash flow 

 

     
 

      

      	  Dividends 

 

      	  Low or none (profits are reinvested) 

 

      	  Often pays dividends 

 

      	  High and stable dividends key 

 

     
 

      

      	  Key metrics 

 

      	  High revenue growth, High P/E 

 

      	  Low P/E, Low P/B* 

 

      	  High dividend yield, stable cash flow 

 

     
 

      

      	  Risk profile 

 

      	  High 

 

      	  Low to moderate 

 

      	  Low 

 

     
 

      

      	  Time horizon 

 

      	  Long-term 

 

      	  Medium to long term 

 

      	  Any, but often for immediate needs 

 

     
 

      

      	  * P/E = price-to-earnings; P/B = price-to-booking. 

 

      	 

      	 

      	 

     
 

     

   
 

  
 

   

   Many individuals employ a hybrid approach, carefully combining various methods to achieve multiple financial goals. This approach may also include trading strategies in conjunction with the investment strategies mentioned earlier. Often, this blended method takes the form of a “core and satellite” portfolio:
 

  
 

   

   	 The core —This is the foundation of the portfolio, focused on long-term investing. These assets are held with patience, allowing wealth to grow through compounding and enabling primary growth goals to develop over time. 
 

   	 The satellites —Surrounding the core are more minor, more tactical divisions. Investors can design these satellites for various purposes: 

     

     	 A portion of the capital may be allocated for short-term trading to capitalize on market fluctuations actively. 
 

     	 Another portion can be invested in income-producing assets to generate a steady stream of passive income, adding stability and cash flow to the overall financial picture. 
 

     	 This balanced structure enables individuals to maintain a disciplined, long-term plan while also capitalizing on short-term opportunities and securing a steady income. 
 

    


 

  
 

   

   
1.4 Risks and rewards
 

  
 

   

   This book will also examine strategies that support investment and trading decisions. Hedging is a risk management tactic used to offset potential losses in an investment. By taking an opposing position in a related asset, an investor can safeguard their portfolio from adverse price movements. Essentially, hedging is akin to buying insurance; it involves a tradeoff where you may sacrifice some potential gains to mitigate the risk of a significant loss. Chapter 7 covers risk management, including hedging strategies.
 

  
 

   

   Figure 1.4 shows the returns of different assets. Should we simply choose the top performers and move forward?
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Figure 1.4 Comparison of returns of stocks, bonds, and cryptocurrency (generated by ChatGPT)


  
 

   

   Past results don’t guarantee future outcomes. The market is unpredictable, and no set of tools, techniques, or strategies guarantees success. As explained in chapter 12, start-ups can return much more than other assets, but they are also the riskiest. As of June 2025, Bitcoin is valued at around $118,000. While an investor buying now might benefit if the price increases from this point, they also face a realistic risk that it could drop sharply and lose a significant portion of its value.
 

  
 

   

   Especially in recent years, it has become increasingly clear how fragile the stock market is and how social media can sometimes have a more significant effect on share prices than earnings reports. We’ve often seen the unpredictable actions of public figures causing overnight gains to disappear, only to rebound later.
 

  
 

   

   Warren Buffett once said, “Be fearful when others are greedy, and greedy when others are fearful.” This principle advises caution during a rising bull market, especially when experienced investors begin to warn of underlying risks, such as high federal debt or economic instability. In such times, it’s wise to resist the temptation to invest aggressively.
 

  
 

   

   
1.5 A programmer’s unfair advantage
 

  
 

   

   Forget stereotypes from pop culture and movies. Slick traders don’t run the modern market in boardrooms; it’s a complex system of data, logic, and algorithms. It’s an environment where you, as a programmer, have a natural and powerful advantage. The skills you use every day to build software are the same skills that can create wealth.
 

  
 

   

   
1.5.1 You think in systems and data
 

  
 

   

   Your job is to turn raw data into logical decisions. Whether you’re debugging from a log file or analyzing performance metrics, you follow evidence, not emotion. Investing is the same. A company’s financial statements are just datasets waiting for analysis. Stock charts are patterns waiting to be recognized. While others rely on gut feelings, you can do the following:
 

  
 

   

   	 Perform fundamental analysis. Similar to debugging a program by inspecting its core components, you can assess a company’s financial health (income, balance sheets) to determine its intrinsic value. 
 

   	 Use quantitative tools. The skills needed to analyze data or run scripts are directly applicable to backtesting trading strategies and automating your research. 
 

   	 Build a system. Programming involves developing rule-based systems. This skill is essential for crafting a disciplined investment plan that steers clear of common biases, such as panic selling or chasing hype. 
 

  
 

   

   
1.5.2 Your mindset is built for the market
 

  
 

   

   Beyond technical skills, your mindset has been prepared for the realities of investing. Here are some mindset traits you can use to your advantage:
 

  
 

   

   	 Patience and discipline —You understand the frustration of a tough bug and the satisfaction that comes with finally fixing it. Successful investing is the highest form of delayed gratification, requiring the same resilience to see a strategy through to its conclusion. 
 

   	 Abstract thinking —You’re comfortable with abstractions, from APIs to complex data structures. This helps in understanding intangible assets, such as stocks, bonds, and derivatives, more easily. You can see the system, not just its parts. 
 

   	 Visionary thinking —You operate at the forefront of technology. You’re not just a user of emerging trends in AI, virtual reality (VR), or biotech—you’re often a creator. This domain knowledge provides you with a unique perspective on which companies are set to shape the future. 
 

  
 

   

   
1.5.3 Define your parameters
 

  
 

   

   As a programmer, you can align your investment strategy with your life choices. Some programmers choose a career that offers a high income, allowing them to retire early with a solid financial plan.
 

  
 

   

   Other programmers might choose workplace flexibility over a fixed location and become part of the growing community of digital nomads. Sometimes, the benefit isn’t more money but lower expenses and taxes.
 

  
 

   

   The key to investment success is understanding your environment and goals. You shape your investment philosophy, just as you would define the specs for a project: How much risk can you handle? How much time will you dedicate? What are your ethical boundaries?
 

  
 

   

   Answering these questions will help you develop a strong, personal strategy you can follow, turning your natural advantages as a programmer into real-world results. Note that this book doesn’t provide financial advice or recommend the purchase of specific assets. It guides you in using your existing analytical skills to analyze securities, ultimately supporting your decision-making process.
 

  
 

   

   Summary
 

  
 

   

   	 An investment is an asset or item acquired to generate income or appreciation. 
 

   	 Assets aren’t restricted to financial products. Each asset follows different rules and principles to generate value. Nonfinancial assets can be complex for new investors to trade as they are non-fungible (not interchangeable). 
 

   	 Unlike most other assets, financial assets are fungible, a feature that makes them significantly easier to trade. 
 

   	 A share is a partial ownership of a publicly listed company. Therefore, every investor could purchase a majority in publicly traded companies. Stocks are usually purchased through stockbrokers. 
 

   	 Private equity is ownership in privately held companies that aren’t available on a public stock exchange. 
 

   	 Derivatives are investments that are created from an underlying asset. A stock option offers an investor the right to buy or sell a stock under predefined conditions. You can also trade options, which means you can acquire or sell the right to trade. 
 

   	 Selling stock options can provide you with a small income, but you might face significant risks in some scenarios. 
 

   	 Dividends are payments made by a company to its shareholders in proportion to the number of shares they hold. Not every company pays dividends. Coupon payments, in contrast, are payments received for bonds. 
 

   	 Unlike stocks, bonds are associated with debt. Bondholders don’t own parts of the organization to which they lend money; instead, they receive interest payments as compensation for their investment. 
 

   	 ETFs are pooled investments that are mostly passively managed and contain multiple assets. Holding ETFs is generally considered less risky for investors than holding stocks. 
 

   	 A hedge fund is a riskier investment vehicle that employs more advanced investment strategies, typically sold to a limited number of accredited investors and institutions. 
 

   	 Cryptocurrency is an asset that enables people to transfer value without requiring third-party involvement in transactions. 
 

   	 Although some assets are called risk-free, no asset is entirely without risk. 
 

   	 Programmers may possess a range of skills that enable them to make data-driven investment decisions. 
 

   	 New investors benefit from defining investment goals before exploring investment strategies, as each strategy requires a different level of investment, risk tolerance, and time commitment. 
 

   	 This book doesn’t give financial advice. It aims to teach best practices for using programming skills and AI to gain deeper insights and make more informed investment decisions. 
 

  


 

   

   
2 Investment essentials

 

  
 

   

   This chapter covers
 

    

    	Core understanding of the investment domain
 

    	Metrics that help us find profitable investments
 

    	What to look for in financial reports
 

   
 

  
 

   

   In chapter 1, we claimed that programmers’ traits can often make these wizards of bits and bytes into outstanding investors. But traits (and brains) alone won’t do. Take the following statement that you might find in any financial analysis of a share price: “With a P/E ratio of over 25, this stock seems overvalued.” For someone new to investing, sentences like that or dialogs between investors in movies such as Wall Street or The Big Short might sound like a foreign language. In 2003, Eric Evans published his book, Domain-Driven Design, which contains principles for creating software in unfamiliar domains for software engineers. One cornerstone of these principles is the use of ubiquitous language. This principle asserts that each domain has developed its specialized language using terminology exclusive to domain experts. An essential part of software engineering is learning to understand and communicate effectively in this language. So, let’s start the next part of our journey by getting deeper into the domain language of investment.
 

  
 

   

   Once we understand the domain language, we can easily interpret the previous P/E ratio statement. A share is a share of ownership in a company. As a tradable asset, a share may trade at a price below or above its intrinsic value. To assess a stock’s valuation, we may investigate multiple metrics or ratios related to a company’s performance. The price-to-earnings (P/E) ratio is a key financial metric related to a company’s earnings.
 

  
 

   

   Finance is a complex domain; if one universal strategy led to guaranteed incredible riches in a short time, hedge funds wouldn’t compete for the best performance. However, intelligent value investors have demonstrated that finding undervalued stocks, when studying fundamentals, is possible. If you’re solely interested in the code, feel free to proceed to the next chapter, where we demonstrate how to collect the ratios and metrics introduced in this chapter using Python.
 

  
 

   

   
2.1 Accounting in a nutshell
 

  
 

   

   Think of financial statements as a company’s source code. While they may seem cryptic at first, once you learn to read them, they reveal precisely how a business is performing. In this section, we explore the basics of reading the financial code because investing without understanding at least the basics of accounting is like trying to create a software application with zero programming skills.
 

  
 

   

   Companies follow global accounting standards. If one company reports numbers in one way and another company in a different way, we would end up in chaos. One powerful entity can compel companies to report data in a standardized manner: the government, which requires these reports as a basis for taxation.
 

  
 

   

   Note  Just as programmers can misjudge a colleague’s source code at a glance, investors can misinterpret financial statements. In both cases, context is crucial, and a seemingly simple number may be misleading without it. Admitting you were wrong is difficult, but making the initial mistake of judging code or numbers too quickly is a costly one.
 

  
 

   

   Accounting standards haven’t existed since the beginning of stock exchanges. The prevailing economic philosophy of laissez-faire capitalism in the roaring twenties extended to corporate reporting. There were no federal laws compelling companies to disclose financial information to the public. While the New York Stock Exchange had some listing requirements, they weren’t rigorously enforced, and there was no uniform standard for the information that needed to be provided. The stock market crash of 1929, which led to the Great Depression and caused widespread pain, had multiple root causes. Missing accounting standards exacerbated the problem, and, not surprisingly, the Generally Accepted Accounting Principles (GAAP) were established in response to the crash.
 

  
 

   

   These accounting standards establish a stable baseline by mandating a consistent method for companies to report their financial information. Violating them can be costly, sometimes even threatening a company’s existence. In addition to GAAP, there’s a second standard, the International Financial Reporting Standards (IFRS), which is used in the international market. These standards differ in detail, but these differences are irrelevant to a programmer’s book on investments. What counts is that all companies are required to report their findings in three documents that are the basis for all key financial metrics that investors discuss:
 

  
 

   

   	 Income statement —How much revenue a business makes and how much it spends 
 

   	 Balance sheet —What assets a business owns and what it owes 
 

   	 Cashflow statement —How much cash the business generates 
 

  
 

   

   We can safely assume that every public company provides these three documents. Whether it’s Apple, Walmart, Coca-Cola, or a non-US company such as Rolls-Royce or Deutsche Bank, they similarly calculate revenue and expenses, although the numbers in the sheets might differ according to the business model. Every company reports all three statements quarterly.
 

  
 

   

   Note  As this is a book for programmers, we keep the description of accounting statements to a minimum; however, some basic knowledge is necessary to perform a financial analysis. Sites such as Investopedia (www.investopedia.com/) can provide you with more detailed information on monetary terms.
 

  
 

   

   
2.1.1 Income statement
 

  
 

   

   An income statement shows the company’s performance over a year or a quarter. Figure 2.1 also shows the relationship of the income statement to other statements. Investors typically compare a given quarter with the same quarter from previous years, as many business conditions fluctuate on an annual cycle. Consider how much retail companies are affected by Christmas sales or the holiday season. Therefore, for some companies, Q4—the quarter of the Christmas season—might be decisive for their overall success.
 

  
 

    

   [image: figure] 

   
Figure 2.1 This illustrates a simplified relationship between the accounting statement and its interconnection.


  
 

   

   The main components of an income statement are as follows:
 

  
 

   

   	 Revenue —Total income from sales or services 
 

   	 Expenses —Costs incurred to generate revenues 
 

   	 Net income —Revenue minus expenses, indicating profit or loss 
 

  
 

   

   If I receive $1 today, it’s worth more than $1 I receive in a year. This concept is called the time value of money. I can invest this dollar today and earn interest on it. At a 5% annual interest rate, $1 becomes $1.05 in one year. Inflation also affects the time value of money, meaning I can buy less with one uninvested dollar in a year than I can today, as consumer prices tend to rise on average.
 

  
 

   

   Imagine a company that consistently generates the same net income over 10 years. Over this period, the real value generated decreases each year. Investors typically expect a successful company to increase both revenue and net income over time.
 

  
 

   

   Analyzing a company’s accounting statements over time helps in formulating hypotheses about its performance and operations. Let’s explore this using a simplified financial model of a fictional consulting firm, which is based on aggregated accounting data. This model has the following characteristics, as shown in figure 2.2:
 

  
 

   

   	 Revenue is generated by selling services. 
 

   	 Research and development (R&D) investments encompass training, personnel certification, and new skill development. 
 

   	 Service costs are primarily the salaries of employees performing billable work. 
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Figure 2.2 A simplified model of a consulting company that makes its money on selling services and spends most of it on employee salaries


  
 

   

   We continue to monitor the company’s financial statements over time and are interested in seeing if these numbers change significantly. Let’s imagine after studying their latest income statement, we discover that R&D expenses increased enormously. The company finances this increase in research with foreign capital, as shown in figure 2.3.
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Figure 2.3 Here, the R&D expenses have increased, and the additional expenses are covered with foreign capital.


  
 

   

   Just by looking at the increased R&D expenses without any further details, we can take a guess at what’s going on here to come up with theories and create a bullish (optimistic) and a bearish (pessimistic) hypothesis:
 

  
 

   

   	 Bullish hypothesis —They must have acquired new projects that will start soon for which they train new consultants, or they are preparing to sell new services to existing customers. The company will see a significant increase in its earnings soon. If investors panic due to additional foreign capital acquired by the company to finance further research, causing the share price to drop, this company is a perfect buying opportunity. 
 

   	 Bearish hypothesis —The company had to attract foreign capital to continue operating. Maybe they are in trouble. If their business goes bad, we might not see the effect right away on their accounting sheets. We need to monitor the next income statements to see if their income goes down and if they start cutting expenses. If they plan to roll out new services and fail, they will incur additional debt and may run into liquidity problems. It may be better not to invest in that company. 
 

  
 

   

   Consider an alternative scenario in which the company reduces its spending on services and R&D, while the revenue is unaffected. Figure 2.4 outlines this scenario.
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Figure 2.4 Here, the company reduces spending on research and services.


  
 

   

   This scenario suggests that the company may see little room for growth. Instead of trying to increase profits by selling more, they monetize existing revenues. Financial experts may examine the interest rate set by the Federal Reserve or the central bank to determine whether that company’s strategy is tied to an economic cycle. Many companies prefer to invest less when interest rates are high and the economy is in a recession. But still, all we can do is create hypotheses about what’s happening:
 

  
 

   

   	 Bullish hypothesis —The company still provides the same number of services for existing clients for less expense costs, which indicates they do more work for the same money. Maybe the company became more efficient thanks to AI and automated its processes. As it creates a surplus, the company might become a dividend-paying stock. This is an opportunity to generate passive income. 
 

   	 Bearish hypothesis —A company’s value increases if it grows. If the company cuts down on research, it will likely not grow. Having a surplus is fine, but if we don’t know what the company is planning to do, it’s better not to invest. 
 

  
 

   

   This was a simplified model, used for demonstration purposes, for a type of company that is relatively easy to model. Consulting companies can be relatively straightforward, as expenses are often linked to income. Consultants work on client projects. The company makes a profit by selling consultancy services at a higher price than their salary expenses. Other companies are far more challenging to model. For example, think of a conglomerate such as Alphabet, for which you need to consider subsidiaries (e.g., Waymo) that operate in multiple domains from advertising to cloud computing.
 

  
 

   

   Another challenge is that we reduced our model to a minimum of parameters for demonstration purposes. The reality is more complex. At the same time, if you analyze concrete companies, you have more resources, such as media reports on the company and interviews with analysts who know the company well. Data-driven investors can build models of companies and create their own priorities regarding what they consider to be essential for a company’s value. The essentials might vary from business to business as well.
 

  
 

   

   Note  Companies in different industries operate on vastly different business models. A tech firm such as Apple spends enormous sums on R&D to create a few high-revenue products. In contrast, supermarket chain Walmart focuses on selling a high volume of products from many suppliers. For Walmart, innovation isn’t about creating new products, but about optimizing storage and supply chains while maintaining quality service. Therefore, comparing metrics such as R&D spending between Apple and Walmart would be misleading—it’s like comparing apples and oranges. An investor can achieve a far more insightful analysis by comparing companies within the same industry, such as evaluating Walmart against direct competitor Costco.
 

  
 

   

   The income statement reveals how much a company earns and how it allocates its expenses, which helps us evaluate a company’s strategy. To complete our tour of financial statements and gain a comprehensive picture, we must now determine what the company already owns. We get this information from the balance sheet.
 

  
 

   

   
2.1.2 Balance sheet
 

  
 

   

   The income sheet tells us what a company made in a period by listing the revenue generated and the expenses. The information that a company already owns or owes still needs to be added. The essence of a balance sheet can be reduced to this simple formula:
 

  
 

   

   Assets = Liabilities + Shareholders’ equity
 

  
 

   

   Assets are what a company owns, liabilities are what it owes, and shareholder equity is the amount shareholders would get paid if all assets were liquidated and the debts were paid. A company may be in serious trouble when its liabilities exceed its assets.
 

  
 

   

   Liquidity is a metric that tells how easily an asset can be converted to cash. Imagine a manufacturing company that puts one of its factories, along with all of its machinery, up for sale. It may take some time to find a potential buyer. Other assets, such as inventory goods, may have better liquidity.
 

  
 

   

   Note  Do you think like an economist? Consider everything you own—computers, cars, or clothing—would you list these items as nonliquid assets? Or do you count only your financial assets as part of your net value? Thinking as an economist, you might list all of your belongings as part of your wealth.
 

  
 

   

   Programmers often work on projects to reduce capital expenses (CapEx) for their clients or employers. Cloud migration may be the best reference for such projects, as companies decide that they prefer renting over owning hardware with such a move. Some investors also claim that software companies are popular investments because they aren’t capital-intensive. Low CapEx is often considered low risk, as it requires less initial investment, even though operating expenses (OpEx) may be higher.
 

  
 

   

   Note  Engineers sometimes perceive economic soundness differently than business administrators. Think of an on-premise platform that solves business problems with minimal OpEx. While engineers might view the investment as sound, if costs are reduced permanently and a return on investment is achieved over time, business administrators may be more cautious. Among other things, they might argue that higher up-front CapEx may lead to lower liquidity, and he raises the question of opportunity costs and the real total cost of ownership.
 

  
 

   

   The balance sheet might differ significantly between industries. Software companies may have almost no assets listed as inventory, whereas supermarket chains must maintain a large inventory to quickly supply customers with goods. Additionally, you’ll find inventory listed under current assets in companies such as NVIDIA, which sell hardware.
 

  
 

   

   The balance sheet already indicated that having more liabilities than assets is an alarm signal. However, there’s another detail to analyze after we understand that the accounts payable and accounts receivable entries on a balance sheet indicate that we might have some incoming or outgoing money in our books, but not yet in our possession. It’s possible that a company can’t pay its bills, even if its books show a positive balance. A third financial statement—the cash flow statement—can give us more details on a company’s solvency.
 

  
 

   

   
2.1.3 Free cash flow
 

  
 

   

   Obviously, we can’t pay bills with all forms of assets. Free cash flow (FCF) is the amount of cash remaining after a company has covered its operational costs and CapEx. Here’s the simplified formula of FCF:
 

  
 

   

   Free cash flow = Operating cash flow – Capital expenditures
 

  
 

   

   Operating cash flow refers to the cash a company generates through its normal business operations. More than any other document, this statement reveals whether the company is financially stable, can afford new investments, and can pay its bills without incurring additional debt.
 

  
 

   

    

    Why cash flow matters
 

   
 

    

    Imagine Eugene owns a prestigious antique car business that purchases, renovates, and sells these vintage beauties to car enthusiasts. He has invested a lot of money in a garage and a small factory hall, where he also stores a vast inventory of rare replacement parts. You’re transported to a different era in the garage when you see all the Studebakers, Packards, and classic Chevy Impalas. 
 

   
 

    

    One day, Eugene looks at his books and realizes he has run out of cash. He had previously found a treasure trove. A wealthy collector of old cars had passed away, and Eugene acquired a vast collection of rare old vehicles from the heirs at a significantly reduced price. Eugene knows that he can sell all those cars with a huge profit margin, but buying all these cars required him to use all of his cash reserves, and he must even take a loan from his local bank.
 

   
 

    

    Some salary and other payments are due soon, so he can only keep his business in operation by borrowing more money. His local bank, which had already given him the first loan, is hesitant to give him a second one and is inquiring about securities.
 

   
 

    

    Eugene’s cars and equipment might be worth millions; some clients might even owe him money. However, he can’t pay the plumber who fixes his restrooms in the shop by giving away a car or a client’s debt. Therefore, a vehicle in Eugene’s inventory isn’t a liquid asset.
 

   
 

    

    If Eugene proves that his business outlook is good, he’ll most likely get a loan from the bank. Still, this example suggests one idea we can explore with algorithms: the risk that a company may be insolvent.
 

   
 

  
 

   

   Each accounting statement will still contain many unfamiliar terms if you don’t have a degree in business administration. Explaining each term in this book isn’t possible, so be sure to look up and research terms as you run across any you’re unsure of.
 

  
 

   

   As a programmer, you’ve seen code written for web applications, data processing, or embedded systems, and each domain requires different best practices, depending on the resources available. This same principle applies to companies. Only some of the best practices are effective for certain companies. Companies are distinct, and understanding this difference is crucial if you want to invest in them.
 

  
 

   

   
2.2 Industry classification
 

  
 

   

   Before discussing financial metrics and ratios, let’s examine the possible sectors and industries to understand potential differences in how companies generate revenues and allocate their expenditures. Figure 2.5 outlines a categorization of sectors according to the Global Industry Classification Standard (GICS) of S&P (www.spglobal.com/spdji/en/landing/topic/gics/), a standard used to categorize companies based on their business models.
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Figure 2.5 All sectors with icons based on the GICS standard used in many financial platforms (Source: www.msci.com/our-solutions/indexes/gics)


  
 

   

   Note  GICS is one standard among multiple official industry classification standards. Investors, such as Peter Lynch, have created their own unofficial systems. Be sure to explore these standards independently, as they offer different perspectives on companies that can help you better understand them. We use GICS in this book due to its widespread global use and recognition.
 

  
 

   

   GICS groups companies on four levels. The sector (e.g., Utilities) represents the highest level, and subindustries are at the most detailed level. Different categorizations of businesses help to separate them by business models. Each business model may affect the financial metrics and ratios to watch. Governments regulate specific sectors more heavily, and changes in law have a greater effect on companies in these sectors than on others. Other sectors might be more affected by increased interest rates or economic cycles than others. 
 

  
 

   

   
2.2.1 Influences on GICS sectors
 

  
 

   

   In this chapter, we aim to identify factors that can influence a company, enabling us to build models later. If we know, for instance, that a sector is influenced by interest rates, economic cycles, and raw material costs, we can try to build a machine learning (ML) model that predicts stock prices based on these input factors as features of the ML model. In table 2.1, we introduce the GICS sectors and the key factors that may influence the price of an asset in each sector.
 

  
 

   

   
Table 2.1 GICS sectors and their influences
 

    

     

      

      	 

       

         Sector 

       

 

      	 

       

         What it does 

       

 

      	 

       

         Influenced by 

       

 

     
 

     

     

      

      	  Utilities 

 

      	  Companies that provide essential services such as electricity, water, and natural gas 

 

      	  Interest rates, energy prices, regulation, and bond yields 

 

     
 

      

      	  Consumer Staples 

 

      	  Companies that produce essential products such as food, beverages, and household items 

 

      	  Interest rates, inflation, consumer confidence, and raw material costs 

 

     
 

      

      	  Consumer Discretionary 

 

      	  Companies that produce nonessential goods and services, including automobiles, apparel, and leisure 

 

      	  Consumer spending, unemployment rates, and disposable income 

 

     
 

      

      	  Communication Services 

 

      	  Companies that provide communication services, including telecom and media 

 

      	  Government regulation, intense competition, technology changes, general economic conditions, consumer and business confidence, spending, and changes in consumer and business preferences 

 

     
 

      

      	  Real Estate 

 

      	  Companies involved in the development, management, and operation of real properties 

 

      	  Demographic changes, interest rates, economic cycle, government policies, housing demand, and economic growth 

 

     
 

      

      	  Information Technology 

 

      	  Companies that produce software, hardware, or semiconductor equipment, and companies that provide internet or related services 

 

      	  Innovation, cybersecurity threats, and regulatory changes 

 

     
 

      

      	  Energy 

 

      	  Companies that play a role in extracting, refining, or supplying consumable fuels 
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