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Preface
      

      
      
      This book shows you how to apply machine learning in your company to make your business processes faster and more resilient
         to change. This book is for people beginning their journey in machine learning or for those who are more experienced with
         machine learning but want to see how it can be applied in practice.
      

      
      Based on our experiences with automating business processes and implementing machine learning applications, we wanted to write
         a book that would allow anyone to start using machine learning in their company. The caveat to anyone isn’t that you need to have a certain technical background, it’s that you’re willing to put in the time when you run the
         code to understand what’s happening and why.
      

      
      We look at a variety of different functions within various companies ranging across accounts payable (supplier invoices),
         facilities management (power consumption forecasting), customer support (support tickets), and sales (customer retention).
         The intent is that this will give you some insight into the range and scale of potential applications of machine learning
         and encourage you to discover new business applications on your own.
      

      
      A secondary focus of this book is to demonstrate how you can use the Amazon SageMaker cloud service to rapidly and cost effectively
         bring your business ideas to life. Most of the ideas we present can be implemented using other services (such as Google Cloud
         or Microsoft Azure); however, the differences are significant enough that to cover multiple providers would be beyond the
         scope of this book.
      

      
      We hope you enjoy our book and that you’re able to dramatically improve the productivity of your company by applying the techniques
         inside. Please hit us up in liveBook if you have questions, comments, suggestions, or examples of how you’ve tackled certain
         problems. See page xxi for access to the liveBook site. We’d love to hear from you.
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About this book
      

      
      
      Companies are on the cusp of a massive leap in productivity. Today, thousands of people are involved in process work, where
         they take information from one source and put it into another place. For example, take procurement and accounts payable:
      

      
      

      
         
         	Procurement staff help a customer create a purchase order, and then send it to a supplier.

         
         	The supplier’s order-processing staff then take the purchase order and enter it into the order-processing system, where it’s
            fulfilled and shipped to the customer that placed the order.
         

         
         	Staff on the customer’s loading dock receive the goods, and the finance staff enters the invoice into the customer’s finance
            system.
         

      

      
      Over the next decade, all of these processes will be completely automated in almost every company, and machine learning will
         play a big part in automating the decision points at each stage of the process. It will help businesses make the following
         decisions:
      

      
      

      
         
         	Does the person approving the order have the authority to do so?

         
         	Is it OK to substitute a product for an out-of-stock item?

         
         	If a supplier has substituted a product, will the receiver accept it?

         
         	Is the invoice OK to pay as is or should it be queried?

      

      
      The real benefit of machine learning for business is that it allows you to build decision-making applications that are resilient
         to change. Instead of programming dozens or hundreds of rules into your systems, you feed in past examples of good and bad
         decisions, and then let the machine make a determination based on how similar the current scenario is to past examples.
      

      
      The benefit of this is that the system doesn’t break when it comes across novel input. The challenge is that it takes a different
         mindset and approach to deliver a machine learning project than it does to deliver a normal IT project.
      

      
      In a normal IT project, you can test each of the rules to ensure they work. In a machine learning project, you can only test
         to see whether the algorithm has responded appropriately to the test scenarios. And you don’t know how it will react to novel
         input. Trusting in safeguards that catch it when it’s not reacting appropriately requires you and your stakeholders to be
         comfortable with this uncertainty.
      

      
      
      
Who should read this book
      

      
      This book is targeted at people who may be more comfortable using Excel than using a programming language such as Python.
         Each chapter contains a fully working Jupyter notebook that creates the machine learning model, deploys it, and runs it against
         a dataset prepared for the chapter. You don’t need to do any coding to see the code in action.
      

      
      Each chapter then takes you through the code step by step so that you understand how it works. With minor modifications, you
         can apply the code directly to your own data. By the end of the book, you should be able to tackle a wide range of machine
         learning projects within your company.
      

      
      
      
      
How this book is organized: A roadmap
      

      
      This book has three parts:

      
      Part 1 starts with a description of why businesses need to become a lot more productive to remain competitive, and it explains how
         effective decision-making plays a role in this. You’ll then move on to why machine learning is a good way to make business
         decisions, and how, using open source tools and tools from AWS, you can start applying machine learning to making decisions
         in your business.
      

      
      In part 2, you’ll then work through six scenarios (one scenario per chapter) that show how machine learning can be used to make decisions
         in your business. The scenarios focus on how an ordinary company can use machine learning, rather than on how Facebook or
         Google or Amazon use machine learning.
      

      
      Finally, in part 3, you’ll learn how to set up and share your machine learning models on the web so your company can make decisions using machine
         learning. You’ll then go through some case studies that show how companies manage the change that comes along with using machine
         learning to make decisions.
      

      
      
      
      
About the code
      

      
      In each chapter in part 2, we provide you a Jupyter notebook and one or more sample datasets that you can upload to AWS SageMaker and run. In part 3, we provide the code to set up a serverless API to serve your predictions to users across the web.
      

      
      You run and write the code used in part 2 of the book on AWS SageMaker. You don’t need to install anything locally. You can use any type of computer with internet
         access for this code—even a Google Chromebook. To set up the serverless API in part 3 of the book, you need to install Python on a laptop running macOS, Windows, or Linux operating systems.
      

      
      This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source
         code is formatted in a fixed-width font like this to separate it from ordinary text.
      

      
      In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate
         the available page width in the book. Code annotations (comments) accompany many of the listings, highlighting important concepts.
         Additionally, comments in the source code have often been removed from the listings when the code is described in the text.
      

      
      The code for the examples in this book is available for download from the Manning website at https://www.manning.com/books/machine-learning-for-business?query=hudgeon and from GitHub at https://git.manning.com/agileauthor/hudgeon/tree/master/manuscript.
      

      
      
      
      
liveBook discussion forum
      

      
      The purchase of Machine Learning for Business includes free access to a private web forum run by Manning Publications, where you can make comments about the book, ask
         technical questions, and receive help from the authors and from other users. To access the forum, go to https://livebook.manning.com/book/machine-learning-for-business/welcome/v-6/. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/#!/discussion.
      

      
      Manning’s commitment to our readers is to provide a venue where a meaningful dialog between individual readers and between
         readers and authors can take place. It is not a commitment to any specific amount of participation on the part of the authors,
         whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking them some challenging questions
         lest their interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website
         as long as the book is in print.
      

      
      
      

About the Author
      

      
      
      Richard (Richie) and Doug worked together at a procurement software company. Doug became CEO not long after Richie was hired
         as a data engineer to help the company categorize millions of products.
      

      
      After leaving the company, Doug built Managed Functions (https://managedfunctions.com), an integration/machine learning platform that uses Python and Jupyter notebooks to automate business processes. Richie
         went on to complete a Master of Data Science at the University of Sydney, Australia, and is now working as Senior Data Scientist
         for Faethm (http://www.faethm.ai).
      

      
      

About the cover illustration
      

      
      
      The figure on the cover of Machine Learning for Business is captioned “Costumes civils actuels de tous les peuples connus,” meaning “current civilian costumes of all known peoples.” The illustration is taken from a collection of dress costumes
         from various countries by Jacques Grasset de Saint-Sauveur (1757-1810), titled Costumes de Différents Pays, published in France in 1797.
      

      
      Each illustration is finely drawn and colored by hand. The rich variety of Grasset de Saint-Sauveur’s collection reminds us
         vividly of how culturally apart the world’s towns and regions were just 200 years ago. Isolated from each other, people spoke
         different dialects and languages. In the streets or in the countryside, it was easy to identify where they lived and what
         their trade or station in life was just by their dress.
      

      
      The way we dress has changed since then, and the diversity by region, so rich at the time, has faded away. It is now hard
         to tell apart the inhabitants of different continents, let alone different towns, regions, or countries. Perhaps we have traded
         cultural diversity for a more varied personal life—certainly for a more varied and fast-paced technological life.
      

      
      At a time when it is hard to tell one computer book from another, Manning celebrates the inventiveness and initiative of the
         computer business with book covers based on the rich diversity of regional life of two centuries ago, brought back to life
         by Grasset de Saint-Sauveur’s pictures.
      

      
      
      


Part 1. Machine learning for business
      

      
      
      The coming decade will see a massive surge in business productivity as companies automate tasks that are important but time
         consuming for people to do. Examples of such tasks include approving purchase orders, evaluating which customers are at risk
         of churning, identifying support requests that should be escalated immediately, auditing invoices from suppliers, and forecasting
         operational trends, such as power consumption.
      

      
      Part one looks at why this trend is occurring and the role of machine learning in creating the surge. Companies that are not
         able to accelerate to catch this surge will quickly find themselves outdistanced by their competitors.
      

      
      
      
      
      


Chapter 1. How machine learning applies to your business
      

      
      This chapter covers

      
      

      
         
         	Why our business systems are so terrible

         
         	What machine learning is

         
         	Machine learning as a key to productivity

         
         	Fitting machine learning with business automation

         
         	Setting up machine learning within your company

         
      

      
      Technologists have been predicting for decades that companies are on the cusp of a surge in productivity, but so far, this
         has not happened. Most companies still use people to perform repetitive tasks in accounts payable, billing, payroll, claims
         management, customer support, facilities management, and more. For example, all of the following small decisions create delays
         that make you (and your colleagues) less responsive than you want to be and less effective than your company needs you to
         be:
      

      
      

      
         
         	To submit a leave request, you have to click through a dozen steps, each one requiring you to enter information that the system
            should already know or to make a decision that the system should be able to figure out from your objective.
         

         
         	To determine why your budget took a hit this month, you have to scroll through a hundred rows in a spreadsheet that you’ve
            manually extracted from your finance system. Your systems should be able to determine which rows are anomalous and present
            them to you.
         

         
         	When you submit a purchase order for a new chair, you know that Bob in procurement has to manually make a bunch of small decisions
            to process the form, such as whether your order needs to be sent to HR for ergonomics approval or whether it can be sent straight
            to the financial approver.
         

         
      

      
      We believe that you will soon have much better systems at work—machine learning applications will automate all of the small
         decisions that currently hold up processes. It is an important topic because, over the coming decade, companies that are able
         to become more automated and more productive will overtake those that cannot. And machine learning will be one of the key
         enablers of this transition.
      

      
      This book shows you how to implement machine learning, decision-making systems in your company to speed up your business processes.
         “But how can I do that?” you say. “I’m technically minded and I’m pretty comfortable using Excel, and I’ve never done any
         programming.” Fortunately for you, we are at a point in time where any technically minded person can learn how to help their
         company become dramatically more productive. This book takes you on that journey. On that journey, you’ll learn
      

      
      

      
         
         	How to identify where machine learning will create the greatest benefits within your company in areas such as
            
            

            
               
               	Back-office financials (accounts payable and billing)

               
               	Customer support and retention

               
               	Sales and marketing

               
               	Payroll and human resources

               
            

         

         
         	How to build machine learning applications that you can implement in your company

         
      

      
      
      
1.1. Why are our business systems so terrible?
      

      
      
         
         “The man who goes alone can start today; but he who travels with another must wait till that other is ready.”

         
         
         Henry David Thoreau

      

      
      Before we get into how machine learning can make your company more productive, let’s look at why implementing systems in your
         company is more difficult than adopting systems in your personal life. Take your personal finances as an example. You might
         use a money management app to track your spending. The app tells you how much you spend and what you spend it on, and it makes
         recommendations on how you could increase your savings. It even automatically rounds up purchases to the nearest dollar and puts the spare change into
         your savings account. At work, expense management is a very different experience. To see how your team is tracking against
         their budget, you send a request to the finance team, and they get back to you the following week. If you want to drill down
         into particular line items in your budget, you’re out of luck.
      

      
      There are two reasons why our business systems are so terrible. First, although changing our own behavior is not easy, changing
         the behavior of a group of people is really hard. In your personal life, if you want to use a new money management app, you
         just start using it. It’s a bit painful because you need to learn how the new app works and get your profile configured, but
         still, it can be done without too much effort. However, when your company wants to start using an expense management system,
         everyone in the company needs to make the shift to the new way of doing things. This is a much bigger challenge. Second, managing
         multiple business systems is really hard. In your personal life, you might use a few dozen systems, such as a banking system,
         email, calendar, maps, and others. Your company, however, uses hundreds or even thousands of systems. Although managing the
         interactions between all these systems is hard for your IT department, they encourage you to use their end-to-end enterprise software system for as many tasks as possible.
      

      
      The end-to-end enterprise software systems from software companies like SAP and Oracle are designed to run your entire company.
         These end-to-end systems handle your inventory, pay staff, manage the finance department, and handle most other aspects of
         your business. The advantage of an end-to-end system is that everything is integrated. When you buy something from your company’s
         IT catalog, the catalog uses your employee record to identify you. This is the same employee record that HR uses to store
         your leave request and send you paychecks. The problem with end-to-end systems is that, because they do everything, there
         are better systems available for each thing that they do. Those systems are called best-of-breed systems.
      

      
      Best-of-breed systems do one task particularly well. For example, your company might use an expense management system that
         rivals your personal money management application for ease of use. The problem is that this expense management system doesn’t
         fit neatly with the other systems your company uses. Some functions duplicate existing functions in other systems (figure 1.1). For example, the expense management system has a built-in approval process. This approval process duplicates the approval
         process you use in other aspects of your work, such as approving employee leave. When your company implements the best-of-breed
         expense management system, it has to make a choice: does it use the expense management approval workflow and train you to
         use two different approval processes? Or does it integrate the expense management system with the end-to-end system so you
         can approve expenses in the end-to-end system and then pass the approval back into the expense management system?
      

      
      
      
      Figure 1.1. Best-of-breed approval function overlaps the end-to-end system approval function.
      

      
      [image: ]

      
      
      To get a feel for the pros and cons of going with an end-to-end versus a best-of-breed system, imagine you’re a driver in
         a car rally that starts on paved roads, then goes through desert, and finally goes through mud. You have to choose between
         putting all-terrain tires on your car or changing your tires when you move from pavement to sand and from sand to mud. If
         you choose to change your tires, you can go faster through each of the sections, but you lose time when you stop and change
         the tires with each change of terrain. Which would you choose? If you could change tires quickly, and it helped you go much
         faster through each section, you’d change tires with each change of terrain.
      

      
      Now imagine that, instead of being the driver, your job is to support the drivers by providing them with tires during the
         race. You’re the Chief Tire Officer (CTO). And imagine that instead of three different types of terrain, you have hundreds,
         and instead of a few drivers in the race, you have thousands. As CTO, the decision is easy: you’ll choose the all-terrain
         tires for all but the most specialized terrains, where you’ll reluctantly concede that you need to provide specialty tires.
         As a driver, the CTO’s decision sometimes leaves you dissatisfied because you end up with a system that is clunkier than the
         systems you use in your personal life.
      

      
      We believe that over the coming decade, machine learning will solve these types of problems. Going back to our metaphor about
         the race, a machine learning application would automatically change the characteristics of your tires as you travel through
         different terrains. It would give you the best of both worlds by rivaling best-of-breed performance while utilizing the functionality
         in your company’s end-to-end solution.
      

      
      As another example, instead of implementing a best-of-breed expense management system, your company could implement a machine
         learning application to
      

      
      

      
         
         	Identify information about the expense, such as the amount spent and the vendor name

         
         	Decide which employee the expense belongs to

         
         	Decide which approver to submit the expense claim to

         
      

      
      Returning to the example of overlapping approval functions, by using machine learning in conjunction with your end-to-end
         systems, you can automate and improve your company’s processes without implementing a patchwork of best-of-breed systems (figure 1.2).
      

      
      
      
      Figure 1.2. Machine learning enhances the functionality of end-to-end systems.
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         Is there no role for best-of-breed systems in the enterprise?
         
         There is a role for best-of-breed systems in the enterprise, but it is probably different than the role these systems have
            filled over the past 20 years or so. As you’ll see in the next section, the computer era (1970 to the present) has been unsuccessful
            in improving the productivity of businesses. If best-of-breed systems were successful at improving business productivity,
            we should have seen some impact on the performance of businesses that use best-of-breed systems. But we haven’t.
         

         
         So what will happen to the best-of-breed systems? In our view, the best-of-breed systems will become

         
         

         
            
            	More integrated into a company’s end-to-end system

            
            	More modular so that a company can adopt some of the functions, but not others

            
         

         
         Vendors of these best-of-breed systems will base their business cases on the use of problem-specific machine learning applications
            to differentiate their offerings from those of their competitors or on solutions built in-house by their customers. Conversely,
            their profit margins will get squeezed as more companies develop the skills to build machine learning applications themselves
            rather than buying a best-of-breed solution.
         

         
      

      
         
            
         
         
            
               	
            

         
      

      
      
      
      
      
1.2. Why is automation important now?
      

      
      We are on the cusp of a dramatic improvement in business productivity. Since 1970, business productivity in mature economies
         such as the US and Europe has barely moved, compared to the change in the processing power of computers, and this trend has
         been clearly visible for decades now. Over that period of time, business productivity has merely doubled, whereas the processing
         power of computers is 20 million times greater!
      

      
      If computers were really helping us become more productive, why is it that much faster computers don’t lead to much greater
         productivity? This is one of mysteries of modern economics. Economists call this mystery the Solow Paradox. In 1987, Robert Solow, an American economist, quipped:
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