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Preface


  When I first heard of Scala almost 10 years ago, I was immediately intrigued: a language that combines object-oriented programming (OOP) with functional programming (FP) sounded very interesting! And of course, at the time, I had no idea of what FP really meant or why I should care about it. When I decided to give this new language a try, I was lucky enough to work with great mentors who guided me in the learning process.


  As I was learning new features of the language, I decided to start writing down my discoveries to further cement my understanding of them. After one or two months, I started writing my blog. My original motivation was to force myself to keep studying and improving my skills, but I soon realized that other people were finding my blog posts useful. In particular, readers of my blog enjoyed my writings because they were tackling practical problems that were explained with simple terms and that avoided unnecessary complexity.


  Around the same time, I also started engaging with the Scala community by attending conferences and local meetups. By talking to fellow developers, I have recognized a similar pattern: folks were really intrigued by the language but surprised by a steep learning curve that was daunting for many newcomers due to the amount of complex and technical concepts that were assumed as common knowledge. Within six months, somebody nudged me into giving a presentation about a Scala library called Akka. When delivering the presentation, I decided that the best course of action was to offer my insights in a beginner-friendly fashion—helping several developers learn Scala one-on-one and sharing my knowledge of the Scala language and ecosystem in talks and workshops for beginners.


  This book distills what I have learned about Scala and FP over the years and applies the lessons learned while teaching it to newcomers, trying to present the topic in a simple and accessible way so that you can learn the basics in a quick and pragmatic manner.


  Learning new technologies can be overwhelming and intimidating, but it doesn’t have to be. I hope this book will make you fall in love with Scala, a powerful yet approachable language that can be fun and increase your productivity at the same time.
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About this book


  Object-oriented programming (OOP) has been the mainstream programming paradigm for the past couple of decades. More recently, the growing need for handling concurrency and multi-core processing has encouraged developers to explore functional programming (FP) thanks to its concepts of immutability and purity, which allow you to safely share data and design applications that are composable and easy to test. We are currently in a transition period where developers are familiar with the OOP paradigm but would like to learn more about FP.


  Scala is a beautiful and powerful language that combines the OOP and FP coding styles to offer the best of both worlds and hence appeal to a broad set of developers.


  Get Programming with Scala gives you an overview of its core features and guides you through several exercises to consolidate your understanding. It also teaches you how to develop more and more complex real-life Scala applications. It aims to make you productive in Scala as quickly and easily as possible, making it an ideal book when diving in for the first time.


  
Who should read this book


  This book is for anyone with some programming experience using any OOP language, who is looking for a practical introduction to the Scala language and FP. You do not need any experience developing on the Java Virtual Machine (although it will certainly not hurt you) or any prior FP knowledge; you’ll learn about these subjects in this book.


  
How this book is organized: A roadmap


  The structure of Get Programming with Scala is different from most of the programming books you may have read before. The book is divided into units, each containing bite-sized, easy-to-understand lessons. Each lesson has several quick check questions to help you verify your understanding (all of the answers are at the end of each lesson) and a final “Try This” exercise to help you consolidate the topic (solutions can be found on the book’s GitHub repository). At the end of each unit, its capstone project shows you how to apply what you have learned so far in a real-life application. The units cover the following content:


  
    	
      Unit 0 discusses why Scala is a great language to learn and the tools you need to install on your machine to start coding. You’ll learn about the Scala REPL, which helps you discover the language by evaluating Scala expressions, and sbt, the Scala Build Tool you’ll use for your Scala applications.

    


    	
      Unit 1 introduces you to the fundamental code components of the language. In particular, you’ll learn to define values and variables, conditional statements, functions, and classes.

    


    	
      Unit 2 shows you how to code in Scala using classic OOP concepts you have used in other languages. You’ll see how to create and import packages, use access modifiers that limit your code’s visibility, and define interfaces and singletons.

    


    	
      Unit 3 starts your FP journey by teaching you about pattern matching, one of the most powerful and versatile tools of the Scala language. You’ll learn about anonymous and particular functions and how the library http4s uses them to define an HTTP server.

    


    	
      Unit 4 discusses immutability by introducing you to case classes. It then introduces you to higher order functions and the concept of purity. Option is presented as a tool to indicate that a value may be missing and to avoid those annoying and unpredictable NullPointerExceptions.

    


    	
      Unit 5 introduces you to List collection as an ordered group of elements of the same kind. It shows you how to perform on it, such as picking, filtering, and sorting its items.

    


    	
      Unit 6 discusses some of the other collections in the Scala library. You’ll learn about Set as an unordered group of unique elements and Map for key-value structures. You’ll also see how to use Either for validation and Try for error handling.

    


    	
      Unit 7 shows you how to code using concurrent asynchronous computations. You’ll see how to use Future to represent an asynchronous operation that runs in the background and use the library Quill to connect and query to a Postgres database.

    


    	
      Finally, Unit 8 teaches you how to use the library circe for JSON serialization and ScalaTest to write tests. It also introduces you to the concept of laziness and IO from the cats-effect library as a tool to control side effects.

    

  


  Each unit builds on top of the concepts introduced by the previous one, so you should consider reading each of them in succession. Depending on your OOP experience, you may want to skim the first lessons of the book. I strongly recommend not to skip the “Quick Check” and “Try This” exercises, even if they may seem easy, because they are designed to consolidate your understanding and highlight unexpected behavior that newcomers to the language tend to struggle with.


  
About the code


  Throughout the book, you will see lots of code examples and quizzes to help you master the topics of each unit. The source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.


  In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.


  Source code, exercises, and solutions are available for download from the Manning website at https://www.manning.com/books/get-programming-with-scala and from GitHub at https://github.com/DanielaSfregola/get-programming-with-scala.


  
liveBook discussion forum


  Purchase of Get Progamming with Scala 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 author and from other users. To access the forum, go to https://livebook.manning.com/book/get-programming-with-scala/welcome/v-10/. 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 dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest her 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
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        Daniela Sfregola is a senior software engineer based in London (UK), and a Scala user since 2013. She is an active contributor to the Scala community, a public speaker at Scala conferences and meetups, and a maintainer of open source projects at github.com/DanielaSfregola. In her blog at danielasfregola.com, she discusses common challenges developers can encounter when coding in Scala. You can also find her on Twitter at twitter.com/DanielaSfregola.

      
    

  


  
    
Unit 0. Hello Scala!

  


  Welcome to Get Programming with Scala! In Unit 0, you’ll have an overview of Scala and everything you need to know to set up your development environment and start coding. In particular, you’ll see the following subjects:


  
    	
      Lesson 1 illustrates the key Scala features and why it is such a great programming language to learn. You’ll discover the typical execution flow of a Scala program, and you’ll get a glance at some Scala code.

    


    	
      Lesson 2 shows you how to install and run the Scala REPL, a crucial tool to play and experiment with. You’ll write code snippets and see how the compiler interprets them.

    


    	
      Lesson 3 introduces you to sbt—the Scala Build Tool. You’ll install it and write your first Scala program by organizing your folders and source files according to the sbt standard.

    

  


  After setting your environment up, you’ll continue with unit 1, where you’ll review the basics of object-oriented programming in Scala.


    


  
    
1 Why Scala?

  


  After reading this lesson, you’ll be able to


  
    	
Discuss the advantages of adopting Scala


    	
Describe the execution flow of a typical Scala program


    	
Define the key features of the Scala language

  


  In this lesson, you’ll discover why Scala is an excellent language to learn and why its adoption is increasing so rapidly. You’ll see how Scala relates to the JVM and the key features that make it unique. You’ll also start looking at snippets of Scala code to get an idea of its appearance. After giving you an overview of the Scala language, you’ll continue with the next lesson, in which you’ll install the Scala REPL and use it to interpret snippets of code.


  
[image: ] 1.1 Why Scala?


  Why should you spend time and effort in learning Scala? Why is it becoming so popular? What are the advantages of adopting it? Let’s discuss its main selling points.


  The JVM The JVM is the standard platform for running Scala programs. Sun Microsystems introduced it in 1994—more than 25 years ago. Since then, the industry has been extensively relying on it. The Java community has also been extremely active, and it has produced an impressive amount of libraries. Thanks to its integration with Java, you can use all these libraries in your Scala programs; this is also true for any Java legacy code you or your company may have.


  A Hybrid Language Scala manages to combine two programming techniques that are considerably different: the object-oriented style with the functional one. When executing code on the JVM, the object-oriented approach can be more performant but prone to errors. When using mutable state, your program will re-allocate its memory: every time a change occurs, it will change the data in place. However, sharing state can cause your application to suffer from data inconsistency issues due to multiple processes accessing and modifying the same portion of data.


  A functional approach can be more readable and reusable but not as performant. Thanks to immutable data and structures, you can guarantee your program’s correctness when dealing with concurrency: your data never changes, so it is safe to share it. Your code will also be easier to understand and reuse because all its components will be independent of external factors outside its control. But recreating data rather than updating could be a memory-expensive operation, even though it has massively improved thanks to numerous optimizations and efficient garbage collection strategies in recent years.


  In Scala, you do not have to stick to a particular style, but you can take advantage of one or the other paradigm depending on the specific task you are solving. Look at figure 1.1 for a comparison of how the two approaches tackle different programming tasks.


  [image: ]


  Figure 1.1 Comparison of the object-oriented and functional programming styles and how they handle different programming tasks


  Concise Syntax Scala’s programming style is relatively concise, particularly when compared to other languages like Java. Having a compact syntax can increase both the productivity and readability of your program. At the beginning of your journey with Scala, you may find it quite overwhelming. In this book, syntax diagrams will help you master new topics and make your learning path smoother.


  Flexibility Scala is extremely flexible: you can achieve the same goal in more than one way, making the language extremely fun and exciting to use. The opportunity to choose between different programming paradigms allows you to gradually shift your mindset from one approach to another without committing to a specific style since day one. For example, you can dip your toe in the functional programming world without any long-term commitment. In this book, you’ll start writing Scala code using an object-oriented style and then gradually move to a more functional one.


  Concurrency Thanks to its use of immutable data structures and expressive type system, dealing with concurrency is less prone to errors than in other languages. As a result, Scala programs tend to utilize resources more efficiently, and they usually perform better under pressure.


  Big Data and Spark Thanks to Scala’s features and optimizations at its compile level, the community has developed new performant tools for big data processing. Apache Spark is the most popular of these tools. Thanks to Scala’s lazy evaluation, which is a topic you are going to discover in unit 8, Spark can perform optimizations at compile time that have huge impacts on its runtime performance:


  “Run programs up to 100× faster than Hadoop MapReduce in memory, or 10× faster on disk.&#8221.


  Source: https://spark.apache.org


  
[image: ] 1.2 Scala and the JVM


  Scala takes its name from the word scalable. Martin Odersky and his team designed it in 2004 with the intent of creating a language for the Java Virtual Machine (JVM) that can easily handle high volumes of requests.


  To understand the execution of a Scala program, let’s compare it with the typical execution flow of a Java program; figure 1.2 provides a visual representation of the two processes. The JVM is a machine to perform tasks by executing a well-defined set of operations, called bytecode. A JVM language aims to translate its code into executable JVM bytecode, usually formed by multiple files with extension *.class. When coding in Java, you save your source files with extension *.java and use the compiler javac to produce a jar file containing the generated bytecode. When writing Scala code, your source files have extension *.scala. The Scala compiler called scalac is in charge of translating the code into bytecode. You can seamlessly add Java sources and depend on Java libraries in your Scala codebase. The Scala compiler fully integrates with the bytecode that the Java compiler produces, making the integration between the two languages straightforward.
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  Figure 1.2 Comparison between the execution of a Java program with a Scala one. The Java source code has extension *.java, and javac translates it into bytecode files with extension *.class. You save Scala code in files with extension *.scala, and scalac is the compiler responsible for converting them into bytecode. The JVM is now ready to run the bytecode, usually conveniently grouped in a *.jar file.


  
    Scala as a multiplatform language


    Odersky and his team designed Scala for the JVM. A few open source projects (some more experimental than others) are trying to develop new compilers so that you can use the language in other platforms too.


    scala-js is a well-established open source project that allows you to compile Scala code to JavaScript. It is a framework to build applications that run in your browser. It enables you to share code between the front and the backend of your application. Visit https://www.scala-js.org for more information.


    scala-native (see http://www.scala-native.org) is another project targeting Scala for the Low-Level Virtual Machine (LLVM) compiler. Its development is in progress but looks promising; running Scala programs on the LLVM would optimize their speed and memory.


    Finally, if you are looking for an alternative (more fun?) way of writing CSS code, look at scalacss (see https://github.com/japgolly/scalacss) for a “super type-safe CSS” in Scala.
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  Since 2004, Scala has evolved a lot, but its fundamental features have not changed. In this section, you’ll glance at a few fragments of Scala code, and you’ll learn about each of these topics in this book.


  Scala is Object-Oriented An object-oriented programming language has a structure based on classes and subclasses. They have well-defined behaviors, and they exchange information through methods.


  Listing 1.1 MyClass example

  // our first Scala example               ❶
class MyClass(name: String) {            ❷
  def sayHello(otherName: String) = 
    s"Hi $otherName, my name is $name!"  ❸
}


  ❶ This is a comment.


  ❷ This is a class with a parameter “name” and a method “sayHello.”


  ❸ Example of string interpolation: s"..." is the operator for string interpolation; it replaces $otherName and $name with their value.


  In unit 1, you’ll learn how to define classes and subclasses. In unit 4, you’ll also discover case classes to present data in an immutable manner.


  Singleton instances are instances that you should initialize at most once. Scala offers a dedicated syntax for them: you usually refer to them as objects. Do not be confused by the term object, as it can refer to an instance rather than a singleton in other languages. In unit 2, you’ll learn about singleton objects in Scala and how not to be confused by the terminology.


  Listing 1.2 MySingleton example

  object MyObject {                  ❶
  val a = new MyClass("Scala")     ❷
  println(a.sayHello("Martin"))
}


  ❶ This is a singleton.


  ❷ This is an instance of the class MyClass.


  Exceptions are another typical feature of an object-oriented language. They represent code anomalies: you can throw and catch them to control your program’s execution flow. In Scala, exceptions are similar to those in languages such as Java, Python, and C++.


  Listing 1.3 Example of throwing and catching exceptions

  try {
  throw new IllegalStateException("ERROR!")    ❶
} catch {
  case ex: RuntimeException =>                 ❷
    println("Something went bad...")
}


  ❶ Example of throwing a java.lang.IllegalStateException


  ❷ Example of catching and handling any RuntimeException. Note that an IllegalStateException is a subclass of RuntimeException.


  You’ll learn about try-catch expressions in detail in unit 3, in which you are also going to discover partial functions. In unit 6, you’ll master how to handle errors without throwing exceptions using a more functional and safe approach that uses types.


  Mutable data structures and assignments are also part of the language. The language’s design discourages their use, but you can still take advantage of them when needed. In lesson 4, you’ll learn about the difference between a value and a variable. In units 5 and 6, you’ll also discover what the Scala Collections have to offer.


  Listing 1.4 Example of mutable assignments

  var a = "hello"
println(a)          ❶
a = "Scala"
println(a)          ❷


  ❶ Prints hello


  ❷ Prints Scala


  Scala is Functional FP languages base their entire structure on functions. Functions play a big part in Scala as its first-class citizens. In lesson 6, you’ll learn their basics and how to define them. In unit 4, you’ll discover functional purity and its several advantages and how you can use functions as parameters or return values: you refer to them as higher order functions. They allow you to create powerful abstractions that simplify and remove code duplication in a way that is usually not so easily achievable in an object-oriented approach.


  Listing 1.5 Example of Higher Order Function

  def divideByTwo(n: Int): Int = n / 2             ❶
 
def addOne(f: Int => Int): Int => Int =          ❷
  f andThen(_ + 1)
 
def divideByTwoAndAddOne = addOne(divideByTwo)   ❸


  ❶ A function that takes an Int and returns an Int


  ❷ A function that takes a function from Int to Int as a parameter and that returns a new function from Int to Int


  ❸ A function defined by compositing two existing functions


  Scala has a Robust Type System Scala is a statically typed language. Types define the acceptable range of values for your computation. Thanks to them, the compiler can check at compile time that your code doesn’t violate any constraints, which makes your code more reliable and less prone to errors at runtime. Scala has a type inference system, so you do not have to specify the intended type for every expression of your program, making your code less verbose. Languages that do not have a type inference system require you to provide types explicitly and tend to be more verbose. Scala’s type system is also quite flexible: you can reuse existing or create custom types to ensure business requirements at the type level. Starting from unit 4, you’ll discover the most common types the language has to offer. In unit 7, you’ll see how to use type classes and define custom types to enforce requirements at compile time.


  Scala’s Integration with Java Scala is a JVM language that you can easily integrate Java code into your Scala programs. Most IDEs that provide Scala support, such as IntelliJ IDEA, can even rewrite Java code into Scala code automatically.


  Listing 1.6 Java to Scala code example

  // file Snippet.java
String dateAsString = "22.11.2017";
SimpleDateFormat format = new SimpleDateFormat( "dd.MM.yyyy" );
Date date = format.parse(dateAsString);
 
 
// file Snippet.scala
import java.text.SimpleDateFormat
import java.util.Date
 
val dateAsString = "22.11.2017"
val format = new SimpleDateFormat("dd.MM.yyyy")
val date: Date = format.parse(dateAsString)


  Alternatively, you can also add files with extension *.java directly into your Scala project; Scalac will recognize them as Java and compile them accordingly.


  
[image: ] Summary


  In this lesson, my objective was to give you an overview of the Scala language.


  
    	
      You learned about its unique features and why it is a great language to learn.

    


    	
      You discovered the typical execution flow of a Scala program and looked at Scala code snippets.

    

  


  
    
2 The Scala environment

  


  After reading this lesson, you’ll be able to


  
    	
Execute commands on the Scala REPL


    	
Use the REPL to evaluate expressions


    	
Install the git and docker development tools

  


  The Scala REPL (Read-Eval-Print-Loop) is a development tool to interpret Scala code snippets. It will be a crucial tool in learning Scala, and it doesn’t require too much setup or infrastructure: you’ll be able to play and experiment with the language by typing and evaluating fragments of code. You’ll also install the git and docker development tools on your machine, which are not specific to Scala but used in some of the more advanced capstones. In the next lesson, you’ll complete your machine’s setup by installing sbt—a tool to build and run structured Scala programs.
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  In this section, you’ll learn how to install the Scala REPL on Linux, macOS, and Windows using a package manager. Alternatively, you can also download Scala binaries from its official website (visit https://scala-lang.org/download and its “Download the Scala binaries” section for instructions on how to do this).


  First, you need to check that you have installed Java 8+ JDK. Open the terminal and type the command java -version to check your java version. You should see a message similar to the following:

  $ java –version
openjdk version "15.0.1" 2020-10-20
OpenJDK Runtime Environment (build 15.0.1+9-18)
OpenJDK 64-Bit Server VM (build 15.0.1+9-18, mixed mode, sharing) 


  If you need to install or upgrade your JDK, you can find instructions on how to do so on the OpenJDK’s website (https://openjdk.java.net/install).


  You are now ready to download and install the Scala REPL; depending on your operating system, you will have different instructions to follow.


  LINUX On Ubuntu and other Debian-based distribution, type the following command in the terminal:

  $ sudo apt-get install scala


  If you are using an RPM-based distribution, such as Red Hat Enterprise, type the following instruction:

  $ sudo yum install scala


  Use emerge package manager if you are on Gentoo:

  $ emerge dev-lang/scala


  macOS On macOS, you can install Scala using Homebrew by executing the following command in your terminal:

  $ brew install scala 


  If you prefer, you can also use MacPorts as follows:

  $ port install scala 


  Windows Visit https://scala-lang.org/download to download the MSI installer for Scala and open the file to complete the installation.


  Once you have completed the installation, you should be able to execute the command scala and receive a message similar to the following:

  $ scala
Welcome to Scala 2.13.6 (OpenJDK 64-Bit Server VM, Java 15.0.1).
Type in expressions for evaluation. Or try :help.
 
scala> 


  The symbol scala> indicates that the Scala REPL is running and ready to receive your commands.


  
[image: ] 2.2 The REPL commands


  A REPL tool can receive instructions and interpret snippets of code. Let’s see what the Scala REPL’s main commands.


  The Scala REPL identifies commands by the prefix “:”; it considers any other instruction as Scala code snippets to compile and evaluate. Lots of commands are available, but you usually remember just a few of them. Here’s a list of the most useful commands:


  
    	
      :quit gracefully exits the interpreter:

      scala> :quit

    


    	
      :help lists all the commands available with a brief description. Use it to discover new commands or to check the syntax of an existing one:

      scala> :help
All commands can be abbreviated, e.g., :he instead of :help.
:help [command]          print this summary or command-specific help
:completions <string>    output completions for the given string
// truncated as the list is quite long!

    


    	
      :reset forgets any snippet evaluated so far. In other words, it restores the REPL to its initial state:

      scala> :reset
Resetting interpreter state.
Forgetting this session history:
 
val a = "hello world"
 
Forgetting all expression results and named terms: a

    


    	
      :replay resets the REPL and executes all the commands in the session history:

      scala> :replay
Replaying: val a = "hello world"
val a: String = hello world

    


    	
      :load <path> interprets snippets of code from a file. Suppose you have started the REPL from a directory containing a file called Test.scala and with text println(1 + 2). You can interpret the instructions in the Test.scala file as follows:

      scala> :load Test.scala
Loading Test.scala...
3


      Include the relative and absolute path of your file to load documents from other folders of your machine.

    

  


  After reviewing the main REPL commands, let’s see how you can use it to interpret code fragments.
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  You are now ready to interpret Scala expressions in the REPL. Let’s start by evaluating the arithmetic expression 1 + 2:

  scala> 1 + 2
val res0: Int = 3


  Figure 2.1 analyzes the structure of your expression and its interpretation. It sums the integers 1 and 2 using the operator +, resulting in the value 3 of type Int. The REPL automatically saves the result as a value with a name having prefix res followed by an incremental number; in this case, it’s res0.
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  Figure 2.1 Analysis of the REPL’s evaluation of an arithmetic expression. The interpretation of the sum of two integers produces a constant of type Int. The REPL saves the result in a value called res0.


  You can use the result value res0 in your computations. For example, you can do the following:

  scala> res0 + 39
val res1: Int = 42


  You can also request the result to be saved with a specific name:

  scala> val x = 1 + 2
val x: Int = 3
 
scala> x
val x: Int = 3


  Note that you have not specified any type explicitly in all the examples you have seen so far. Thanks to its type inference, the Scala compiler infers that summing two integers returns an integer. When needed, you can provide an explicit return type; if not compatible with the expression provided, the compiler will display an error.

  scala> val x: Int = 1 + 2
val x: Int = 3
 
scala> val y: Double = x         
val y: Double = 3.0
// the compiler knows how to automatically convert Int to Double!
 
scala> val z: String = x
                       ^
       error: type mismatch;
        found   : Int
        required: String


  The compiler knows how to convert an Int into a Double, but it cannot do the same when transforming an Int into a String.


  You can define and call functions using the REPL. For example, you can implement a function sayHello that takes one parameter n of type String, and it returns a String. Look at figure 2.2 for a diagram of how the REPL interprets a function.

  scala> def sayHello(n: String) = s"Hi $n!"
def sayHello: (n: String)String
 
scala> sayHello("Scala")
val res1: String = Hi Scala!
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  Figure 2.2 Analysis of the REPL’s interpretation of a function definition. The REPL identifies the function by its name, parameter, and return type.


  In the previous example, you didn’t have to specify the return type for the sayHello function; the compiler can correctly infer its type is String. When needed, you can specify the desired return type of a function, and the compiler will see if this is compatible with its implementation:

  scala> def sayHello(n: String): String = s"Hi $n!"
def sayHello: (n: String)String
 
scala> def sayHello(n: String): Int = s"Hi $n!"
                                      ^
       error: type mismatch;
        found   : String
        required: Int


  Let’s see how you can define a class and create an instance using the REPL:

  scala> class MyClass(n: String)
class MyClass
 
scala> new MyClass("Martin")
val res2: MyClass = MyClass@32cf48b7


  Finally, you can implement and use singletons or objects as follows:

  scala> object MyObject
object MyObject
 
scala> MyObject
val res3: MyObject.type = MyObject$@176d53b2


  
    Scala Worksheet


    Most IDEs with dedicated support for Scala, such as IntelliJ IDEA, often also support Scala Worksheets. These are files with extension sc that can contain snippets of Scala code. Your IDE will start a REPL session to evaluate each snippet of code within the file and display its results within the text editor itself. Scala Worksheets are a valid alternative to manually starting a Scala REPL session from the command line.
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  To complete the environment setup, you’ll also need to install other development tools: sbt, Git, and Docker. The next lesson will go into the details of how to install and use sbt. Let’s see how to set Git and Docker up in this section.


  
2.4.1 Git installation


  Git is a commonly used open source version control system and is often preinstalled in Unix machines. You’ll use it to download existing code and give you a head start in the more advanced lessons. Run the following command in the terminal to check if Git is already installed on your machine:

  $ git --version
git version 2.21.1


  If you need to install git, please follow the instructions for your operating system at https://github.com/git-guides/install-git.


  
2.4.2 Docker installation


  Docker is a platform that helps you manage the complexity of your infrastructure using virtual machines. You’ll use Docker to run a temporary PostgreSQL database instance to use in your Scala applications. Follow the instructions on how to install Docker at https://docs.docker.com/get-docker. After its installation, you should be able to execute the docker --version command in your terminal and get an output similar to the following:

  $ docker --version
Docker version 20.10.0, build 7287ab3
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  In this lesson, my objective was to show you how to use the Scala REPL.


  
    	
      You learned its most common commands.

    


    	
      You wrote your first snippets of Scala code, and you have seen their evaluated values in the REPL.

    


    	
      You installed the git and docker development tools on your machine; you’ll use these tools in the more advanced lessons in the book.

    

  


  Let’s see if you got this!


  Try This Perform the following operations in the REPL:


  
    	
      Start the REPL and evaluate the following expression: "na" * 3 + 42.

    


    	
      Restore the REPL to its initial state using the appropriate REPL command.

    


    	
      Quit the REPL gracefully with the :quit command.

    

  


  
    
3 Scala Build Tool (sbt)

  


  After reading this lesson, you’ll be able to


  
    	
Run commands in sbt


    	
Create an sbt project


    	
Describe the structure of the files of a Scala project built with sbt

  


  In the previous lesson, you learned how to evaluate snippets of code using the Scala REPL. Programs have several components: they depend on other modules and libraries, and they are structured in multiple files and folders. In this lesson, you’ll discover the basics of the Scala Build Tool, sbt. You’ll compile and run your first Scala program on the JVM using sbt. In this book, you’ll use sbt to manage dependencies, compile your code, and run your Scala programs.
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  You can build Scala projects using several build tools such as Maven, Ant, and Gradle, but sbt is the most common build tool in the community. It is a complex but powerful tool that manages your dependencies, and it defines the build cycle of your code. sbt has its syntax and predefined instructions. You can also load plugins, which are programs written using the sbt syntax, to add new commands or modify the build process’s existing behaviors. Throughout this book, you are going to write Scala programs that use the default sbt configuration. You are not going to learn about its advance uses and functionalities in this book, but you can look at its documentation at www.scala-sbt.org if you’d like to learn more about it.


  
    Alternatives to sbt


    The Scala community has a particular love-hate relationship with sbt: while some people think it is a great tool to work with, others dislike it for its complexity. Although extremely powerful, sbt can become complicated to understand and maintain.


    sbt is undoubtedly the most popular choice for Scala projects but not the only one. For example, you could use any build tool with JVM support, such as Maven or Gradle.


    Scala also has another community-driven build tool, called Mill. It takes most of its design choices from another build tool called Bazel, and it aims at a syntax that is simple to use and a fast and predictable build. For more information, look at https://github.com/lihaoyi/mill.
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  In this section, you’ll discover how to install sbt using a package manager on Linux, macOS, and Windows. You can also install it from its binaries; look at www.scala-sbt.org/download for instructions on how to do so.


  Before installing sbt, make sure you have Java 8+ JDK installed on your machine. Execute the command java –version to check which Java version your machine is running. You should see a message similar to the following:

  $ java –version
openjdk version "15.0.1" 2020-10-20
OpenJDK Runtime Environment (build 15.0.1+9-18)
OpenJDK 64-Bit Server VM (build 15.0.1+9-18, mixed mode, sharing) 


  If missing, look at the previous lesson instructions on installing or upgrading your Java JDK.


  Depending on your operating system, you’ll need to use a different package manager to install sbt.


  LINUX On Ubuntu and other Debian-based distributions, you can execute the following command in the terminal:

  $ sudo apt-get install sbt


  If you are using an RPM-based distribution, such as Red Hat Enterprise, you can use yum:

  $ sudo yum install sbt


  If you are on Gentoo, type the following command on the terminal:

  $ emerge dev-java/sbt


  macOS You can use Homebrew to install sbt by running the following command in your terminal:

  $ brew install sbt


  If you prefer, you can also use MacPorts:

  $ port install sbt 


  Windows Download the MSI installer for sbt at www.scala-sbt.org/1.x/docs/ Installing-sbt-on-Windows. Open the file and follow the instruction on the UI to complete the installation.


  After completing the installation, you should be able to open the terminal and execute the command sbt. When running sbt for the first time, it will download some dependencies; this could take a while and display lots of text in the console. It will happen only the first time, as it then saves them in its local cache; the next time you start sbt, it will be a lot faster. Eventually, sbt will be up and ready to receive commands. Your terminal should look similar to the following:

  $ sbt
[info] Loading project definition from /my/path
// ... 
// Lots of output omitted here!
// ...
[info] sbt server started at local://some/other/path
sbt>


  Congratulations! sbt is now running and ready to accept commands.
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  sbt operates in the folder in which you typed the command. On startup, sbt looks for a specific folder structure (more on this in section 3.5) to tentatively load your project and start its server. Once done, it will wait for commands to execute. The most common and useful ones are the following:


  
    	
      exit gracefully terminates your session.

    


    	
      about provides general information on the sbt version that you are running.

    


    	
      compile triggers the compilation of your code.

    


    	
      run compiles and runs your program on the JVM.

    


    	
      help lists each sbt command followed by a brief description of their usage.

    


    	
      clean deletes any file produced during the compilation.

    


    	
      reload re-evaluates the configurations provided in the project.

    


    	
      new creates an sbt project using a Giter8 template (you’ll see it in action in the next section).

    


    	
      console starts the REPL within a sbt project; all your code and dependencies are now accessible from the REPL for you to experiment with them.

    

  


  Now that you have installed sbt, you are ready to build your first sbt project.
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  sbt has dedicated support to Giter8 templates; you can use them to create a skeleton for your Scala project.


  
    What is Giter8?


    Giter8 is a project by Foundweekends (see http://www.foundweekends.org) that allows you to host templates on GitHub and apply them to generate skeleton projects: sbt is one of the supported ones. It is becoming more and more popular in the community as one of the quickest ways to get started with many popular Scala libraries.


    Visit https://github.com/foundweekends/giter8/wiki/giter8-templates for a list of some of the templates available. Spark, Spark Job Server, Akka, Akka-HTTP, Play, Lagoom, Scala Native, and http4s are just a few projects that have published an official Giter8 template. See http://www.foundweekends.org/giter8 for more information.

  


  Your first application prints “Hello, World!” in the console. Let’s create it by applying a Giter8 template called scala/hello-world.g8, using the following sbt command:

  $ sbt
sbt> new scala/hello-world.g8
 
A template to demonstrate a minimal Scala application 
name [Hello World template]: //press enter to use the default name
 
Template applied in ./hello-world-template
 
[info] shutting down server 


  This command has created a new directory, called hello-world-template, containing the code generated by the template. You can access, compile, and run the code as follows:

  $ cd hello-world-template
$ sbt
sbt:hello-world> compile
// ...
// output omitted here!
// ...
[info]   Compilation completed in 13.992s.
[success] Total time: 16 s, completed 8 Jan 2021, 18:27:20 
 
sbt:hello-world> run
[info] running Main 
Hello, World!
[success] Total time: 1 s, completed 8 Jan 2021, 18:34:20 
 
sbt:hello-world>


  Eureka! Congratulations on compiling and running your first Scala program using sbt.


  
    How to change your Scala version using sbt


    sbt allows you to change the Scala version of your project on the fly. Imagine you want to change your Scala version from 2.13.6 to 3.0.0; you can achieve this using the following command:

      sbt> ++3.0.0!


    You can also use sbt to access the Scala REPL of a specific Scala version by combining its ++..! command with console. For example, if you want to start the REPL for scala 3.0.0, you can execute sbt ++3.0.0! console.Which IDE to use?


    Having the right tool to write code can make you extremely productive. The choice of using or not using an IDE is pretty subjective and often dictated by personal preferences. This book doesn’t require you to use an IDE, but it recommends you pick one of the following two options as they make the language easier to learn and use.


    Most people in the community use IntelliJ IDEA (see https://www.jetbrains.com/idea). It has dedicated support for Scala: it offers syntax highlighting, code completion, integrated REPL, jump to the source code, debugger, worksheet support, and more. It also has a sbt integration to help you build projects that respect the standard sbt project structure.


    IntelliJ IDEA is full of useful features, but it can be demanding on the CPU and slow at times. If you prefer to use a text editor, Metals (https://scalameta.org/metals/) is an excellent alternative. It adds IDE-like features to text editors such as Visual Studio Code, Atom, Vim, Emacs, and Sublime. It has many of the functionalities of an IDE, but it is faster and lighter to run.
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  sbt Scala projects have a standard structure. Let’s see how you should organize your program by looking at the skeleton project you have created using the hello-world giter8 template in the previous section.


  the hello-world-template folder By applying the template, you have created a new folder called hello-world-template; figure 3.1 shows its content. The build.sbt contains everything that sbt needs to know to compile and run your code: its Scala version, your application name, organization and version, and external libraries.


  Listing 3.1 build.sbt file

  // Lots of comments to give you an overview
// of the most common configurations
// sbt has to offer: have a look at them!
 
scalaVersion := "2.13.3"       ❶
 
name := "hello-world"
organization := "ch.epfl.scala"
version := "1.0"


  ❶ Mandatory settings


  [image: ]


  Figure 3.1 Files and directories in the hello-world-template folder. The build.sbt file contains the instructions on how to build your Scala program. The project folder contains sbt configurations and settings, while src contains all your source code. sbt creates the target folder after you compile your code; it includes the JVM bytecode of your application.


  In this file, you can add external library dependencies you’d like to use in your code. For example, you can add a dependency to cats, a popular library for functional programming, by adding the following line to your build.sbt file:

  libraryDependencies += "org.typelevel" %% "cats" % "2.2.0"


  sbt identifies external dependencies by their organization (i.e., “org.typelevel”), their name (i.e., “cats”), and version (i.e., “2.2.0”).


  The project directory contains everything that sbt needs to run: its configurations and code (more on this later in this section).


  The src folder contains the source code for your project; you’ll see how production and test code are separated.


  Finally, sbt generates the target folder after compiling your code: it contains its bytecode together with external dependencies and resources so that you can run it on the JVM.


  The Project folder Look at figure 3.2 for the content of the project folder in the root directory; it contains everything that sbt needs to run.
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  Figure 3.2 The project folder contains the sbt version to use (see build.properties file), the source code for sbt in the target folder, and any sbt plugin that needs to be imported.


  The build.properties file specifies the desired sbt version.


  Listing 3.2 project/build.properties file

  sbt.version=1.5.2


  The hello-world Giter8 template doesn’t use any sbt plugin, but if you wish to do so, you can add custom functionalities to sbt by creating a file plugins.sbt in the project directory. Listing 3.3 demonstrates how to enable the sbt plugin sbt-scoverage: it measures and produces reports on your test coverage by running a custom command called coverage.


  Listing 3.3 Example of plugins.sbt file

  addSbtPlugin("org.scoverage" % "sbt-scoverage" % "1.6.1")


  The project/target folder contains all the information that sbt needs to run. sbt parses it, download its source code of the expected version (see build.properties) and plugins (see plugins.sbt). The first time you launch sbt, it is going to take a few minutes to start up. After that, sbt reuses the already downloaded sources, and it will be much faster.


  the src directory Figure 3.3 shows the src directory’s content in the root folder; it contains all the source code for your project.
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  Figure 3.3 The src folder’s content: the main directory contains all your production code, while the test folder contains all your tests to verify your application’s correctness. The main and test folders have the same structure: the scala and java folders include all the Scala and Java code, respectively. The resources folder contains all the static files needed, such as logging and application configurations.


  While the src/test folder contains code to prove your program’s correctness, the src/main folder includes your actual application. Note that the hello-world Giter8 template doesn’t have tests, the reason sbt will not create the test folder. Both main and test have three optional folders: scala to store all your *.scala files, java for any Java source code, and resources for any static ones. In src/main/resources you usually collect application and logging configurations files, while src/test/resources is generally reserved for test data, such as JSON and XML files, to load and parse in your tests.


  Let’s look at the only *.scala the hello-world Giter8 template has produced: the Main.scala file in the src/main/scala directory.


  Listing 3.4 Main.scala

  object Main extends App {      ❶
  println("Hello, World!")     ❷
}


  ❶ Main is a singleton object; you can instantiate it only once. It is also an app; the JVM executes it as the first instruction when your program starts.


  ❷ It prints “Hello, World!” to the console.


  Some code elements will be new to you, but do not worry; you’ll learn about each component of this program later on in the book.


  Figure 3.4 shows a summary of the entire structure of a sbt project.
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  Figure 3.4 The structure of a typical Scala application built with sbt. While the build.sbt file and the project directory are specific to sbt, the src and target folders contain your application source code and bytecode, respectively.
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  In this lesson, my objective was to introduce you to sbt, the Scala Build Tool.


  
    	
      You installed sbt and discovered its main features.

    


    	
      You created, compiled, and run your first sbt projects.

    


    	
      You also learned about how sbt expects you to organize your files and folders.

    

  


  Let’s see if you got this!


  Try this


  
    	
      Modify Main.scala in the hello-world-template project by removing the following instruction: “extends App.” What is going to happen? Validate your assumptions by running the modified code. HINT: You can use your IDE’s ”jump to source” functionality to peek at the source code for the app.

    


    	
      Change your hello-world-template to print your name in the console; compile and run it using sbt.

    

  


  
    
Unit 1. The Basics

  


  In Unit 0, you installed everything you need to start coding in Scala. In this unit, you’ll begin writing Scala code. You’ll learn how to program a vending machine in Scala using the same OOP principles already familiar to you. In particular, we will discuss the following subjects:


  
    	
      Lesson 4 illustrates the difference between values and variables and the clear separation between mutable and immutable assignments.

    


    	
      Lesson 5 introduces conditional constructs to control the execution flow of our program. You’ll learn about loops to repeat the same operation multiple times.

    


    	
      Lesson 6 shows you how to define functions in Scala.

    


    	
      Lesson 7 demonstrates how to use classes to represent interactions between elements. You’ll learn about abstract classes and how to express a class-subclass relation.

    


    	
      Finally, you’ll apply all the principles learned so far to code a vending machine that sells chocolate and granola bars to your customers in lesson 8.

    

  


  Once comfortable with the basics, you’ll continue with unit 2, where you’ll learn more about object-oriented fundamentals.


    


  
    
4 Values and variables

  


  After reading this lesson, you’ll be able to


  
    	
Write code that uses values to save and reuse computational results


    	
Implement programs that carefully take advantage of variables

  


  Scala has a clear separation between mutable and immutable assignments. In Scala, values are immutable: you cannot modify them after creating them. Variables are mutable: they can refer to different instances over time. Deciding when to declare a value rather than a variable is essential for your code to be fast and bug-free. Variables are more straightforward to use in your code because you can modify them. However, they can make your program extremely difficult to maintain and lead to errors when different processes try to do so simultaneously. Values can be challenging to use because you cannot modify them once created. But they can make your program easier to understand: their assignments never change, so you can easily predict and test their evaluation. They also guarantee that your code will not be affected by concurrency issues, such as data inconsistencies, resources starvation, and deadlocks, when accessed by several threads. A fragment of code that multiple processes can access without causing concurrency issues is thread-safe. In the capstone for this unit, you’ll define both values and variables to name fragments of code and make your program more readable.


  
    Consider this


    Consider the other languages you have encountered so far in your career. Do they make a clear distinction between mutable and immutable assignments? If so, how? If not, can you think of the advantages and disadvantages of not having a clear separation between the two?

  


  
[image: ] 4.1 Values


  Assignments improve your code’s readability by breaking down the computation and assigning meaningful names to it. They can also increase your program’s performance by saving intermediate results that you can reuse and share between processes. Values are the most commonly used type of assignments in Scala.


  In the next example, you’ll see how values can improve your code’s readability, particularly when dealing with complex scenarios. Suppose you are performing some calculation to mark exams with the following requirements: each exam has three questions, each with a possible score of 3 points, and its final mark must be between 1 and 10. Several solutions are possible; let’s pick one of them. You could calculate the average score for all the questions and then convert it to a number from 1 to 10. For example, you should follow these steps for three questions scoring 1.5, 2, and 2.5:


  
    	
      You compute the average score for all the questions: (1.5 + 2 + 2.5) / 3 is 2.

    


    	
      You scale the average score from 1 to 10. Considering that the maximum score possible for each question is 3, then you can rescale it as follows: 2 * 10 / 3 is about 6.6.

    


    	
      You round 6.6 up to the closest integer and obtain 7.

    

  


  Let’s translate this procedure into code.


  Listing 4.1 Marking an exam

  def markExam(q1: Double, q2: Double, q3: Double) = 
  Math.round(((q1 + q2 + q3) / 3) * 10 / 3)


  The function markExam replicates the calculations described, but it is difficult to identify its objective and computation steps. You can improve the readability of the markExam function by using values with descriptive names.


  Listing 4.2 Marking an exam—a more readable version

  def markExam(q1: Double, q2: Double, q3: Double) = {
  val avgScore = (q1 + q2 + q3) / 3
  val scaledScore = avgScore * 10 / 3
  Math.round(scaledScore)               ❶
}


  ❶ No need for the return keyword; the last expression is the one returned.


  Values are a fundamental component of your code. In Scala, you declare them by using the keyword val. You can only initialize them once because they are immutable; if you try to reassign them, the code will not compile. Consider the following example:

  scala> val a = 1
val a: Int = 1
 
scala> a
val res0: Int = 1
 
scala> a = 2
<console>:11: error: reassignment to val     ❶


  ❶ You cannot reassign a value, which is an immutable assignment.


    


  
    Quick Check 4.1 Can you use the += operator with a value of type Int? What about the operator -=?

  


  When declaring a value, its type is optional; the compiler tries to infer it for you. If the compiler infers an unexpected type, you can provide it explicitly; the compiler will check if the type you specified is compatible with the assignment of your value and eventually return a compilation error:

  scala> val b: Int = 1
val b: Int = 1
 
scala> val c: Double = 1               ❶
val c: Double = 1.0
 
scala> val d: Int = "not-an-int"       ❷
       error: type mismatch;
        found   : String("not-an-int")
        required: Int
 
scala> val d: Any = "not-an-int"     ❸
val d: Any = not-an-int


  ❶ The compiler knows how to fit an Int into a Double.


  ❷ You cannot assign a String to an Int.


  ❸ Any is the root of the class hierarchy: you can assign any value to it.


  Look at figure 4.1 for a syntax diagram on values in Scala.


  [image: ]


  Figure 4.1 Syntax diagram of how to define a value in Scala. A value is immutable, so you can assign it only once.


  
    Quick Check 4.2 Which of these expressions are valid? Use the REPL to validate your hypotheses.


    
      	
        val test: Double = 2.0

      


      	
        val test: Int = 2.0

      


      	
        val test: Any = 2.0
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  In the previous section, you wrote a function to mark an exam. Let’s expand it so that you can compute the average score of all exams you marked so far. Values are immutable, so you cannot use them to keep track of how your stats evolve, which is the mutable state of your program. In these cases, you can use variables.


  Listing 4.3 Keeping track of the mark statistics

  var marksSum = 0                             ❶
var marksCount = 0                           ❶
 
def averageMark: Double = 
  marksSum.toDouble / marksCount             ❷
 
def markExam(q1: Double, q2: Double, q3: Double): Int = {
  val avgScore = (q1 + q2 + q3) / 3
  val scaledScore = avgScore * 10 / 3
  val mark = Math.round(scaledScore).toInt   ❸
 
  marksSum += mark
  marksCount += 1
  mark                                       ❹
}


  ❶ Example of a variable


  ❷ When converting marksSum to Double, the result of your division must be a Double. An integer divided by another integer produces an Int while diving a double by an integer returns a double.


  ❸ Math.round results in a constant of type Long, so you need to convert it to Int.


  ❹ There’s no need for the return keyword; the last expression is the one returned.


  In Scala, variables are very similar to values: while you can assign values only once, you can reassign variables multiple times. Consider the following example:

  scala> var a = 1
var a: Int = 1
 
scala> a
val res1: Int = 1
 
scala> a = 2
// mutated a


  You do not need to provide a type for your variable; the compiler will infer it for you. When doing so, the compiler makes sure that the assignment is compatible with it. Look at figure 4.2 for a summary of how to define variables in Scala.


  [image: ]


  Figure 4.2 Syntax diagram of how to define a variable in Scala. A variable is a mutable assignment: you can reassign it more than once.


  
    Quick Check 4.3 Can you use the += operator with a var of type String? What about the operator -=?

  


    


  
    Think in Scala: val or var?


    When in doubt, you should always try to use val instead of var.


    Having immutable values makes your programs safe from concurrency inconsistency in exchange for some additional memory allocation; most of the time, you will not notice this extra memory usage thanks to the JVM’s garbage collection.


    Using mutable structures makes your programs challenging to test and reason about; you need to pay attention to how processes share data and how they evolve. Mutable structures may be more performant, but they also expose your code to complex concurrency issues such as data inconsistency, deadlocks, and resource starvation.


    Before choosing to stick with a var, you should make sure you have tried everything else in your book of tricks; variables should be your last and least desirable option.


    At this point in your Scala journey, you may think that using mutability is often the only option. But this is not the case: in future units and lessons, you’ll discover many tools and techniques, such as case classes, that will allow you to get rid of var from your code.

  


  
[image: ] Summary


  In this lesson, my objective was to teach about the different types of assignments in Scala.


  
    	
      You have learned how to declare values and that you can only assign them once.

    


    	
      You have seen how to define variables and how you can reassign them multiple times.

    

  


  Let’s see if you got this!


  Try This Modify your markExam function to keep track of both the lowest and the highest mark computed so far.


  
[image: ] Answers to quick checks


    


  
    Quick Check 4.1 The operators += and -= cannot be used with val: a value is immutable and once assigned you cannot reassign it.

  


    


  
    Quick Check 4.2 The first and third expressions are valid, while the second one is invalid:


    
      	
        Valid: an expression of type Double is compatible with Double.

      


      	
        Invalid: the compiler doesn’t know how to fit an expression of type Double into an Int. Even if the quantity 2.0 is equal to 2 from a mathematical perspective, the compiler doesn’t automatically convert a Double to Int to avoid precision loss; 2.5 is not equivalent to neither 2 or 3. Note that the opposite (i.e., assigning an Int expression to a Double) is valid.

      


      	
        Valid: Any is compatible with any type because it is at the root of Scala’s class hierarchy.

      

    

  


    


  
    Quick Check 4.3 You can use the operator += together with a var of type String; you can reassign a variable, and the class String has an implementation for the function +. You cannot use the operator -= with a var of type String because the class String doesn’t have a method called “-”.

  


  
    
5 Conditional constructs and loops

  


  After reading this lesson, you’ll be able to


  
    	
Control the execution of your code using an if-else construct


    	
Iterate through instructions using while and for loops

  


  In lesson 4, you learned how to define values and variables to store computation results. But life is not always so linear; when performing a task, you may also need to make informed decisions by selecting one approach rather than the other. In this lesson, you’ll discover how to combine different executions of your code through given conditions. You’ll learn how to use the most common conditional constructs and loops in Scala. You’ll use if-else constructs to check if the system should allow a requested operation in the capstone.


  
    Consider this


    In the previous lesson, you wrote a program to mark exams from 1 to 10. Suppose you need to label a mark as follows: “failed” if the score is lower than 4, “satisfactory” if between 4 and 6 excluded, “good” if between 6 and 9 excluded, “excellent” otherwise. How would you implement this new functionality?

  


  
[image: ] 5.1 If-else construct


  Suppose you have a list of events; each one has a number representing the day of the week it occurs, starting with 1 for Sunday and ending with 7 for Saturday. You want to write a function that takes an integer representing a day of the week and returns either weekday or weekend accordingly.


  Listing 5.1 Categorizing the day of the week

  def categorizeDayOfWeek(n: Int) = {
  if (n == 1 || n == 7) {
    "weekend"
  } else if (n > 1 && n < 7 ) {
    "weekday"
  } else {
    "unknown"
  }
}


  Listing 5.2 shows you another example of using the if-else construct with a function that returns a string to label an integer as positive, negative, or neutral.


  Listing 5.2 Labeling a number

  def label(n: Int) = 
  if (n == 0) "neutral"
  else if (n < 0) "negative"
  else "positive"


  The structure of the if-else construct is similar to other languages; figure 5.1 summarizes its Scala syntax. The keyword if is the only one that is mandatory, and it identifies the first condition. You can add more predicates by using the keywords else if. Finally, the keyword else defines the behavior for the values that don’t satisfy any previous criteria.


  [image: ]


  Figure 5.1 Syntax diagram of how to define an if-else construct in Scala. The if component is mandatory, while the else if and else ones are optional.


  
    Expressions and curly braces: Omit or not to omit?


    Expressions are everywhere in Scala; they are in values, variables, conditional constructs, functions, and more!


    Scala uses curly braces to identify expressions; one or more instructions make an expression. When an expression contains only one instruction, you can omit its curly braces. For example, the expressions val a = 42 and val a = { 42 } are equivalent because they both assign the expression 42 to the value a.


    Let’s look at listing 5.2 again. You could have implemented the label function as follows:

    def label(n: Int) = {
  if (n == 0) { "neutral" }
  else if (n < 0) { "negative" }
  else { "positive" }
}


    You can omit the curly braces for the expressions associated to each if-condition because they consist of a single expression:

    def label(n: Int) = {
  if (n == 0) "neutral" 
  else if (n < 0) "negative"
  else "positive"
}


    You can also eliminate the curly braces at the function level: the if-else construct is a single expression that identifies the body of the function label:

    def label(n: Int) = 
  if (n == 0) "neutral" 
  else if (n < 0) "negative" 
  else "positive" 


    You should omit curly braces where possible but without compromising the readability of your code.

  


    


  
    Quick Check 5.1 Write a function called evenOrOdd that takes an integer and prints a message to the console to tell if a number is even or odd. HINT: Use the modulo operator % for the remainder of a division (e.g., 5 % 2 returns 1).

    def evenOrOdd(n: Int)

  


  
[image: ] 5.2 While loop


  Imagine you’d like to write a function called echo5 to print a given message on the console five times. You could write a function that has five print instructions:

    def echo5(msg: String) = {
    println(msg)
    println(msg)
    println(msg)
    println(msg)
    println(msg)
  }


  Your implementation of the function echo5 doesn’t scale: what if you need to print 50 messages rather than just 5? What if their number changes according to the parameters passed to the function?


  When you need to repeat an instruction until a particular condition is satisfied, you can use a while loop.


  Listing 5.3 Repeating using a while loop

    def echo5(msg: String) = {
    var i = 1
    while(i <= 5) {
      println(msg)
      i += 1
    }
  }


  Look at figure 5.2 for a syntax diagram of while loops in Scala: in a while loop, you repeat its instructions until its condition is no longer valid.


  
    Quick Check 5.2 Write a function, called count, to print all the numbers from 1 to 10 using a while loop.

  


  [image: ]


  Figure 5.2 Syntax diagram of while loops in Scala; you evaluate the expression until the condition is valid.


  
    Think in Scala: while loops as antipatterns


    while loops are part of the Scala language, but they are rarely used and often considered antipatterns.


    while loops operate on mutable state: they keep track of how it evolves, and they stop once a predicate is respected. Scala discourages the use of mutability, so while loops are relatively rare in the code. In unit 5, you’ll learn about how the Standard Scala Collections provides powerful alternatives to while loops through dedicated functions, such as foreach and map, to iterate in a functional and thread-safe way.
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