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Preface



At their Worldwide Developer's conference (WWDC) in 2015, Apple announced Swift 2, a major update to the innovative programming language they first unveiled to the world the year before. Swift 2 features exciting enhancements to the original iteration of Swift, acting, as Apple put it themselves as "a successor to the C and Objective-C languages." Swift is a user-friendly language with a smooth learning curve; it is safe, robust, and really flexible. 
Swift 2 is more powerful than ever; it introduces new ways to solve old problems, more robust error handling, and a new programming paradigm that favours composition over inheritance.
What this learning path covers



Module 1, Learning Swift Second Edition, is a step-by-step introduction into programming with Swift for everyone. It begins by giving you an overview of the key features through practical examples and progresses to more advanced topics that help differentiate the proficient developers from the mediocre ones. It covers important concepts such as Variables, Optionals, Closures, Generics, and Memory Management. Mixed in with those concepts, it also helps you learn the art of programming such as maintainability, useful design patterns, and resources to further your knowledge. This all culminates in writing a basic iOS app that will get you well on your way to turning your own app ideas into reality.
Module 2, Swift 2 By Example, is a fast-paced, practical guide to help you learn how to develop iOS apps using Swift. Through the development of seven different iOS apps and one server app, you'll find out how to use either the right feature of the language or the right tool to solve a given problem.
We begin by introducing you to the latest features of Swift 2, further kick-starting your app development journey by building a guessing game app, followed by a memory game. It doesn't end there, with a few more apps in store for you: a to-do list, a beautiful weather app, two games: Flappy Swift and Cube Runner, and finally an ecommerce app to top everything off. 
Module 3, Mastering Swift 2, will teach you how to harness the newest features of Swift 2 todevelop advanced applications on a wide range of platforms with this cutting-edge development guide. Exploring and demonstrating how to tackle advanced topics such as Objective-C interoperability, ARC, closures, and concurrency, you'll develop your Swift expertise and become even more fluent in this vital and innovative language. With examples that demonstrate how to put the concepts into practice, and design patterns and best practices, you'll be writing better iOS and OSX applications in with a new level of sophistication and control..


What you need for this learning path



You'll need the following software for the X code 7 and OS X 10.10.4 or later

Who this learning path is for



This course would be for app developers who are new to developing for iOS or OSX and are trying to get grips with Swift for the first time.

Reader feedback



Feedback from our readers is always welcome. Let us know what you think about this course—what you liked or disliked. Reader feedback is important for us as it helps us develop titles that you will really get the most out of.
To send us general feedback, simply e-mail <feedback@packtpub.com>, and mention the course's title in the subject of your message.
If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, see our author guide at www.packtpub.com/authors.

Customer support



Now that you are the proud owner of a Packt course, we have a number of things to help you to get the most from your purchase.
Downloading the example code



You can download the example code files for this course from your account at http://www.packtpub.com. If you purchased this course elsewhere, you can visit http://www.packtpub.com/support and register to have the files e-mailed directly to you.
You can download the code files by following these steps:
	Log in or register to our website using your e-mail address and password.
	Hover the mouse pointer on the SUPPORT tab at the top.
	Click on Code Downloads & Errata.
	Enter the name of the course in the Search box.
	Select the course for which you're looking to download the code files.
	Choose from the drop-down menu where you purchased this course from.
	Click on Code Download.


You can also download the code files by clicking on the Code Files button on the course's webpage at the Packt Publishing website. This page can be accessed by entering the course's name in the Search box. Please note that you need to be logged in to your Packt account.
Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:
	WinRAR / 7-Zip for Windows
	Zipeg / iZip / UnRarX for Mac
	7-Zip / PeaZip for Linux


The code bundle for the course is also hosted on GitHub at https://github.com/PacktPublishing/Swift-Developing-iOS-Applications. We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

Errata



Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you find a mistake in one of our courses—maybe a mistake in the text or the code—we would be grateful if you could report this to us. By doing so, you can save other readers from frustration and help us improve subsequent versions of this course. If you find any errata, please report them by visiting http://www.packtpub.com/submit-errata, selecting your course, clicking on the Errata Submission Form link, and entering the details of your errata. Once your errata are verified, your submission will be accepted and the errata will be uploaded to our website or added to any list of existing errata under the Errata section of that title.
To view the previously submitted errata, go to https://www.packtpub.com/books/content/support and enter the name of the course in the search field. The required information will appear under the Errata section.

Piracy



Piracy of copyrighted material on the Internet is an ongoing problem across all media. At Packt, we take the protection of our copyright and licenses very seriously. If you come across any illegal copies of our works in any form on the Internet, please provide us with the location address or website name immediately so that we can pursue a remedy.
Please contact us at <copyright@packtpub.com> with a link to the suspected pirated material.
We appreciate your help in protecting our authors and our ability to bring you valuable content.

Questions



If you have a problem with any aspect of this course, you can contact us at <questions@packtpub.com>, and we will do our best to address the problem.


Part 1. Module 1




Learning Swift - Second Edition
Develop the skills required to create compelling, maintainable, and robust iOS and OS X apps with Swift




Chapter 1. Introducing Swift



What are you trying to achieve by reading this book? Learning Swift can be fun, but most of us are trying to achieve something bigger. There is something we want to create, a career we want to follow, or maybe something else entirely. Whatever that goal is, I encourage you to keep it in mind as you read this book. It will be much easier for you to learn, from this or any other resource, if you can always relate it to your goal.
With that in mind, before we dive into learning Swift, we have to understand what it really is and how it will help us in achieving our goals. We also need to move forward with an effective learning technique and get a taste of what is to come. To do all of that, we will cover the following topics in this chapter:
	Defining our goals for this book
	Setting up the development environment
	Running our first Swift code
	Understanding playgrounds
	Learning with this book


Defining our goals for this book



Swift is a programming language developed by Apple primarily to allow developers to continue to push their platforms forward. It is their attempt to make iOS, OS X, watchOS, and tvOS app development more modern, safe, and powerful.
However, Apple has also released Swift as Open Source and begun an effort to add support for Linux with the intent to make Swift even better and a general purpose programming language available everywhere. Some developers have already begun using it to create command-line scripts as a replacement/supplement of the existing scripting languages, such as Python or Ruby and many can't wait to be able to share some of their app code with Web backend code. Apple's priority, at least for now, is to make it the best language possible, to facilitate app development. However, the most important thing to remember is that modern app development almost always requires pulling together multiple platforms into a single-user experience. If a language could bridge those gaps and stay enjoyable to write, safe, and performant, we would have a much easier time making amazing products. Swift is well on its way to reach that goal.
Now, it is important to note that learning Swift is only the first step towards developing. To develop for a device, you must learn the programming language and the frameworks the device maker provides. Being skilled with a programming language is the foundation of getting better at using frameworks and ultimately building apps.
Developing software is like building a table. You can learn the basics of woodworking and nail a few pieces of wood together to make a functional table, but you are very limited in what you can do because you lack advanced woodworking skills. If you want to make a truly great table, you need to step away from the table and focus first on developing your skill set. The better you are at using the tools, the greater the number of possibilities that open up to you to create a more advanced and higher quality piece of furniture. Similarly, with a very limited knowledge of Swift, you can start to piece together a functional app from the code you find online. However, to really make something great, you have to put the time and effort into refining your skill set with the language. Every language feature or technique that you learn opens up more possibilities for your app.
That being said, most developers are driven by a passion to create things and solve problems. We learn best when we can channel our passions into truly improving ourselves and the world around us. We don't want to get stuck learning the minutia of a language with no practical purpose.
The goal of this book is to develop your skills and confidence to dive passionately into creating compelling, maintainable, and elegant apps in Swift. To do that, we will introduce the syntax and features of Swift in a practical way. You will build a rich toolset, while seeing that toolset put to real world usage. So, without further ado, let's jump right into setting up our development environment.


Setting up the development environment



In order to use Swift, you will need to run OS X, the operating system that comes with all Macs. The only piece of software that you will need is called 
Xcode (version 7 and higher). This is the environment that Apple provides, which facilitates development for its platforms. You can download Xcode for free from the Mac App Store at www.appstore.com/mac/Xcode.
Once downloaded and installed, you can open the app and it will install the rest of Apple's developer tool components. It is as simple as that! We are now ready to run our first piece of Swift code.

Running our first swift code



We will start by creating a new Swift playground. As the name suggests, a playground is a place where you can play around with code. With Xcode open, navigate to File | New | Playground… from the menu bar, as shown in the following screenshot:
[image: Running our first swift code]
Name it MyFirstPlayground, leave the platform as iOS, and save it wherever you wish.
Once created, a playground window will appear with some code already populated inside it for you:
[image: Running our first swift code]
You have already run your first Swift code. A playground in Xcode runs your code every time you make a change and shows you the code results in the sidebar, on the right-hand side of the screen.
Let's break down what this code is doing. The first line is a comment that is ignored while being run. It can be really useful in adding extra information about your code inline with it. In Swift, there are two types of comments: single-line and multi-line. Single-line comments, such as the preceding one, always start with a //. You can also write comments that span multiple lines by surrounding them with /* and */. For example:
/*
   This is a multi-line comment
   that takes up more than one line
   of code
*/

As you can see in the preceding screenshot, the second line, import UIKit, imports a framework called UIKit. UIKit is the name of Apple's framework for iOS development. For this example, we are not actually making use of the UIKit framework so it is safe to completely remove that line of code.
Finally, on the last line, the code defines a variable called str that is being assigned to the text "Hello, playground". In the results sidebar, next to that line, you can see that "Hello, playground" was indeed stored in the variable. As your code becomes more complex, this will become incredibly useful to help you track and watch the state of your code, as it is run. Every time you make a change to the code, the results will update, showing you the consequences of the change.
If you are familiar with other programming languages, many of them require some sort of line terminator. In Swift, you do not need anything like that.
The other great thing about Xcode playgrounds is that they will show you errors as you type them in. Let's add a third line to the playground:
  var str = "Something Else"

On its own, this is completely valid Swift code. It stores the text "Something Else" into a new variable called str. However, when we add this to the playground, we are shown an error in the form of a red exclamation mark next to the line number. If you click on the exclamation mark, you will be shown the full error:
[image: Running our first swift code]
This line is highlighted in red and we are shown the Invalid redeclaration of 'str' error. This is because you cannot declare two different variables with the exact same name. Also, notice that the results along the right turned gray instead of black. This indicates that the result being shown is not from the latest code, but the last successful run of the code. The code cannot be successfully run to create a new result because of the error. If we change the second variable to strTwo, the error goes away:
Tip
Downloading the example code
You can download the example code files for this book from your account at http://www.packtpub.com. If you purchased this book elsewhere, you can visit http://www.packtpub.com/support and register to have the files e-mailed directly to you.
You can download the code files by following these steps:
	Log in or register to our website using your e-mail address and password.
	Hover the mouse pointer on the SUPPORT tab at the top.
	Click on Code Downloads & Errata.
	Enter the name of the book in the Search box.
	Select the book for which you're looking to download the code files.
	Choose from the drop-down menu where you purchased this book from.
	Click on Code Download.


Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:
	WinRAR/7-Zip for Windows
	Zipeg/iZip/UnRarX for Mac
	7-Zip/PeaZip for Linux




[image: Running our first swift code]
Now the results are shown in black again, and we can see that they have been updated according to the latest code. Especially if you have experience with other programming environments, the reactiveness of the playground may be surprising to you. Let's take a peek under the hood to get a better understanding of what is happening and how Swift works.

Understanding playgrounds



A playground is not truly a program. While it does execute code like a program, it is not really useful outside of the development environment. Before we can understand what the playground is doing for us, we must first understand how Swift works.
Swift is a compiled language, which means that for Swift code to be run, it must first be converted into a form that the computer can actually execute. The tool that does this conversion is called a 
compiler. A compiler is actually a program and it is also a way to define a programming language.
The Swift compiler takes the Swift code as input and, if it can properly parse and understand the code, outputs machine code. Apple developed the Swift compiler to understand the code according to a series of rules. Those rules are what define the Swift programming language and those rules are what we are trying to learn, when we say we are learning Swift.
Once the machine code is generated, Xcode can wrap the machine code up inside an app that users can run. However, we are running Swift code inside our playground, so clearly building an app is not the only way to run code; something else is going on here.
Every time you make a change to a playground, it automatically tries to compile your code. If it is successful, instead of wrapping up the machine code in an app to be run later, it runs the code immediately and shows you the results. If you had to do this process yourself, you would first have to consciously make the decision to build the code into an app and then run it when you wanted to test something. This would be a huge waste of time; especially, if you write an error that you don't catch until the moment you decide to actually run it. The quicker you can see the result of a code change, the faster you will be at developing the code and the fewer mistakes you will make.
For now, we will be developing all of our code inside a playground because it is a fantastic learning environment. Playgrounds are even more powerful than what we have seen so far and we will see that as we explore deeper into the Swift language.
We are just about ready to get to the meat of learning Swift, but first let's take a moment to make sure that you can get the most out of this book.

Learning with this book



The learning process of this book follows very closely to the philosophy behind playgrounds. You will get the most out of this book if you play around with the code and ideas that we discuss. Instead of just passively reading through this, glancing at the code, put the code into a playground, and observe how it really works. Make changes to the code, try to break it, try to extend it, and you will learn far more. If you have a question, don't default to looking up the answer, try it out.
At its core, programming is a creative exercise. Yes, it requires the ability to think logically through a problem, but nine times out of ten there is no right way there is no correct answer. Technology is pushed by those of us who won't settle for the accepted solution, who aren't OK with following a fixed set of instructions, who want to push the boundaries. As we move forward in learning Swift, make this book and Swift work for you by not taking everything at face value.

Summary



We're off to a good start. We've gone over how Swift is a language designed primarily for app development, which often includes multiple different platforms. We already ran our first code and learned a little bit about how a computer runs it indirectly by first compiling it into a form it understands how to run. Most importantly, we've learned that you will learn best from this book by having a goal to work towards and by playing around with the concepts as you read along. So let's get started!
Next, we will start breaking down the basics of Swift and then put them together to make our first program.

Chapter 2. Building Blocks – Variables, Collections, and Flow Control



One of the coolest things about programming is the way that concepts build on each other. If you've never programmed anything before, even the most basic app can seem very complex. The reality is that, if you analyze everything going on in an app down to the ones and zeros flowing through the processor, it is incredibly complex. However, every aspect of using a computer is an abstraction. When you use an app, the complexity of the programming is being abstracted away for you. Learning to program is just going one level deeper in making a computer work for you.
As you learn the basic concepts behind programming, they will become second nature and this will free your mind to grasp even more complex concepts. When you first learn to read, sounding out each word is challenging. However, eventually, you reach a level where you glance at a word and you know the meaning instantaneously. This frees you up to start looking for deeper meaning from the text.
In this chapter, we will build up your knowledge of the building blocks of programming in Swift. Each of these building blocks is exciting on its own and they will become even more exciting as we start to see the possibilities they open up. No matter how complex programming might seem to you now, I guarantee that one day you will look back and marvel at how all of these concepts have become second nature.
In this chapter, we will cover:
	Core Swift types
	Swift's type system
	Printing to the console
	Controlling the flow of your program
	A comprehensive example of all concepts covered


Core Swift types



Every programming language needs to name a piece of information so that it can be referenced later. This is the fundamental way in which code remains readable after it is written. Swift provides a number of core types that help you represent your information in a very comprehensible way.
Constants and variables



Swift provides two types of information: a constant and a variable:
// Constant
let pi = 3.14

// Variable
var name = "Sarah"

All constants are defined using the let keyword followed by a name, and all variables are defined using the var keyword. Both constants and variables in Swift must contain a value before they are used. This means that, when you define a new one, you will most likely give it an initial value. You do so by using the assignment operator (=) followed by a value.
The only difference between the two is that a constant can never be changed, whereas a variable can be. In the preceding example, the code defines a constant called pi that stores the information 3.14 and a variable called name that stores the information "Sarah". It makes sense to make pi a constant because pi will always be 3.14. However, we need to change the value of name in the future so we defined it as a variable.
One of the hardest parts of managing a program is the state of all the variables. As a programmer, it is often impossible to calculate all the different possible values a variable might have, even in relatively small programs. Since variables can often be changed by distant, seemingly unrelated code, more states will cause more bugs that are harder to track down. It is always best to default to using constants until you run into a practical scenario in which you need to modify the value of the information.

Containers



It is often helpful to give a name to more complex information. We often have to deal with a collection of related information or a series of similar information like lists. Swift provides three main collection types called tuples, arrays, and dictionaries.
Tuples



A tuple is a fixed sized collection of two or more pieces of information. For example, a card in a deck of playing cards has three properties: color, suit, and value. We could use three separate variables to fully describe a card, but it would be better to express it in one:
var card = (color: "Red", suit: "Hearts", value: 7)

Each piece of information consists of a name and a value separated by a colon (:) and each is separated by a comma (,). Finally, the whole thing is surrounded by parentheses (()).
Each part of a tuple can be accessed separately by name using a period (.), otherwise referred to as a dot:
card.color // "Red"
card.suit // "Hearts"
card.value // 7

You are also able to create a tuple with no names for each part of it. You can then access them based on where they are in the list, starting with zero as the first element:
var diceRoll = (4, 6)
diceRoll.0 // 4
diceRoll.1 // 6

Another way to access specific values in a tuple is to capture each of them in a separate variable:
let (first, second) = diceRoll
first // 4
second // 6

If you want to change a value in a tuple, you can assign every value at once or you can update a single value, using the same reference as in the preceding code:
diceRoll = (4, 5)
diceRoll.0 = 2


Arrays



An array is essentially a list of information of variable length. For example, we could create a list of people we want to invite to a party, as follows:
var invitees = ["Sarah", "Jamison", "Marcos", "Roana"]

An array always starts and ends with a square bracket and each element is separated by a comma. You can even declare an empty array with open and closing brackets: [].
You can then add values to an array by adding another array to it, like this:
invitees += ["Kai", "Naya"]

Note that += is the shorthand for the following:
invitees = invitees + ["Kai", "Naya"]

You can access values in an array based on their position, usually referred to as their index, as shown:
invitees[2] // Marcos

The index is specified using square brackets ([]) immediately after the name of the array. Indexes start at 0 and go up from there like tuples. So, in the preceding example, index 2 returned the third element in the array, Marcos. There is additional information you can retrieve about an array, like the number of elements that you can see as we move forward.

Dictionaries



A dictionary is a collection of 
keys and values. Keys are used to store and look up specific values in the container. This container type is named after a word dictionary in which you can look up the definition of a word. In that real life example, the word would be the key and the definition would be the value. As an example, we can define a dictionary of television shows organized by their genre:
var showsByGenre = [
   "Comedy": "Modern Family",
   "Drama": "Breaking Bad",
]

A dictionary looks similar to an array but each key and value is separated by a colon (:). Note that Swift is pretty forgiving with how whitespace is used. The array could be defined with each element on its own line and the dictionary could be defined with every element on a single line. It is up to you to use whitespace to make your code as readable as possible.
With the dictionary defined as shown above, you would get the value Modern Family if you looked up the key Comedy. You access a value in code similar to how you would in an array but, instead of providing an index in the square brackets, you provide the key:
showsByGenre["Comedy"] // Modern Family

You can define an empty dictionary in a similar way to an empty array but with a dictionary you must also include a colon between the brackets: [:].
Adding a value to a dictionary is similar to retrieving a value but you use the assignment operator (=):
showsByGenre["Variety"] = "The Colbert Report"

As a bonus, this can also be used to change the value for an existing key.
You might have noticed that all of my variable and constant names begin with a lower case letter and each subsequent word starts with a capital letter. This is called camel case and it is the widely accepted way of writing variable and constant names. Following this convention makes it easier for other programmers to understand your code.
Now that we know about Swift's basic containers, let's explore what they are in a little more detail.




Swift's type system



Swift is a strongly typed language, which means that every constant and variable is defined with a specific type. Only values of matching types can be assigned to them. So far, we have taken advantage of a feature of Swift called Type Inference. This means that the code does not have to explicitly declare a type if it can be inferred from the value being assigned to it during the declaration.
Without Type Inference, the name variable declaration from before would be written as follows:
var name: String = "Sarah"

This code is explicitly declaring name as the type String with the value Sarah. A constant or variable's type can be specified by adding a colon (:) and a type after its name.
A string is defined by a series of characters. This is perfect for storing text, as in our name example. The reason that we don't need to specify the type is that Sarah is a 
string literal. Text surrounded by quotation marks is a string literal and can be inferred to be of the type String. That means that name must be of the type String if you make its initial value Sarah.
Similarly, if we had not used type inference for our other variable declarations, they would look like this:
let pi: Double = 3.14

var invitees: [String] = ["Sarah", "Jamison", "Roana"]

let showsByGenre: [String:String] = [
    "Comedy": "Modern Family",
    "Drama": "Breaking Bad",
]

Double is a numeric type that can store decimal numbers. An array's type is declared by putting the type of element it stores in square brackets. Finally, a dictionary's type is defined in the form [KeyType:ValueType]. All of these types can be inferred because each of them is assigned to a value that has an inferable type.
The code is much cleaner and easier to understand if we leave the types out as the original examples showed. Just keep in mind that these types are always implied to be there, even if they are not written explicitly. If we tried to assign a number to the name variable, we would get an error, as shown:
[image: Swift's type system]
Here, we are trying to assign a number, specifically an Int, to a variable that was inferred to be a String. Swift does not allow that.
When dealing with inferred types, it is extremely useful to ask Xcode what type a variable is inferred to be. You can do this by holding down the Option key on your keyboard and clicking on the variable name. This will display a pop-up that looks like this:
[image: Swift's type system]
As was expected, the variable was indeed inferred to be of the type String.
Types are an integral part of Swift. They are one of the major reasons that Swift is so safe as a programming language. They help the compiler learn more about your code and, because of that, the compiler can warn you about bugs automatically without even running your code.

Printing to the console



It is very useful to write output to a log so that you can trace the behavior of code. As a codebase grows in complexity, it gets hard to follow the order in which things happen and exactly what the data looks like as it flows through the code. Playgrounds help a lot with this but it is not always enough.
In Swift, this process is called printing to the console. To do this, you use something called print. It is used by writing print followed by text surrounded by parentheses. For example, to print Hello World! to the console, the code would look like this:
print("Hello World!")

If you put that code in a playground, you would see Hello World! written in the results pane. However, this is not truly the console. To view the console, you can go to View | Debug Area | Show Debug Area. A new view will appear at the bottom of the window and it will contain all text the code has printed to the console:
[image: Printing to the console]
Not only can you print static text to the console, you can also print out any variable. For example, if you wanted to print out the name variable, you would write:
print(name)

You can even use a feature of Swift called 
string interpolation to insert variables into a string, like this:
print("Hello \(name)!")

At any point in a string literal, even when not printing, you can insert the results of the code by surrounding the code with \( and ). Normally this would be the name of a variable but it could be any code that returns a value.
Printing to the console is even more useful when we start using more complex code.

Control flow



A program wouldn't be very useful if it were a single fixed list of commands that always did the same thing. With a single code path, a calculator app would only be able to perform one operation. There are a number of things we can do to make an app more powerful and collect the data to make decisions as to what to do next.
Conditionals



The most basic way to control the flow of a program is to specify code that should only be executed if a certain condition is met. In Swift, we do that with an if statement. Let's look at an example:
if invitees.count > 20 {
   print("Too many people invited")
}

Semantically, the preceding code reads; if the number of invitees is greater then 20, print 'Too many people invited". This example only executes one line of code if the condition is true, but you can put as much code as you like inside the curly brackets ({}).
Anything that can be evaluated as either true or false can be used in an if statement. You can then chain multiple conditions together using an else if and/or an else:
if invitees.count > 20 {
    print("Too many people invited")
}
else if invitees.count <= 3 {
    print("Not really a party")
}
else {
    print("Just right")
}

Each condition is checked from top to bottom until a condition is satisfied. At that point, the code block is executed and the remaining conditions are skipped, including the final else block.
As an exercise, I recommend adding an additional scenario to the preceding code in which, if there were exactly zero invitees, it would print "One is the loneliest number". You can test out your code by adjusting how many invitees you add to the invitees declaration. Remember that the order of the conditions is very important.
As useful as conditionals are, they can become very verbose if you have a lot of them chained together. To solve this type of problem, there is another control structure called a switch.

Switches



A switch is a more expressive way of writing a series of if statements. A direct translation of the example from the conditionals section would look like this:
switch invitees.count {
    case let x where x > 20:
        print("Too many people invited")
    case let x where x <= 3:
        print("Not really a party")
    default:
        print("Just right")
}

A switch consists of a value and a list of conditions for that value with the code to execute if the condition is true. The value to be tested is written immediately after the switch command and all of the conditions are contained in curly brackets ({}). Each condition is called a 
case. Using that terminology, the semantics of the preceding code is "Considering the number of invitees, in the case that it is greater than 20, print "Too many people invited", otherwise, in the case that it is less than or equal to three, print "Too many people invited", otherwise, by default print "Just right".
This works by creating a temporary constant x that is given the value that the switch is testing. It then performs a test on x. If the condition passes, it executes the code for that case and then exits the switch.
Just like in conditionals, each case is only considered if all of the previous cases are not satisfied. Unlike conditionals, all the cases need to be exhaustive. That means that you need to have a case for every possible value that the variable being passed in could be. For example, invitees.count is an integer, so it could theoretically be any value from negative infinity to positive infinity.
The most common way to handle that is by using a default case as designated by the default keyword. Sometimes, you don't actually want to do anything in the default case, or possibly even in a specific case. For that, you can use the break keyword, as shown here:
switch invitees.count {
    case let x where x > 20:
        print("Too many people invited")
    case let x where x <= 3:
        print("Not really a party")
    default:
        break
}

Note that the default case must always be the last one.
We have seen so far that switches are nice because they enforce the condition of  being exhaustive. This is great for letting the compiler catch bugs for you. However, switches can also be much more concise. We can rewrite the preceding code like this:
switch invitees.count {
    case 0...3:
        print("Not really a party")
    case 4...20:
        print("Just right")
    default:
        print("Too many people invited")
}

Here, we have described each case as a range of possible values. The first case includes all of the values between and including 0 and 3. This is way more expressive than using a where clause. This example also shows a rethinking of the logic. Instead of having a case specific for values over 20, we have cases for the closed ranges that we know and then capture everything for the case above 20 in the default case. Note that this version of the code does not properly handle the situation in which the count might be negative, whereas the original version did. In this version, if the count were -1, it would fall all the way through to the default case and print out "Too many people invited". For this use case, it is fine because the count of an array can never be negative.
Switches don't only work with numbers. They are great for performing any type of test:
switch name {
    case "Marcos", "Amy":
       print("\(name) is an honored guest")
    case let x where x.hasPrefix("A"):
        print("\(name) will be invited first")
        fallthrough
    default:
        print("\(name) is someone else")
}

This code shows some other interesting features of switches. The first case is actually made up of two separate conditions. Each case can have any number of conditions separated by commas (,). This is useful when you have multiple cases that you want to use the same code for.
The second case uses a custom test on the name to see if it starts with the letter A. This is great for demonstrating the way in which switches are executed. Even though the string Amy would satisfy the second condition, this code would only print, Amy is an honored guest because the other cases are not evaluated once the first case is satisfied. For now, don't worry if you don't understand completely how hasPrefix works.
Lastly, the second case uses the fallthrough keyword. This tells the program to execute the code in the following case. Importantly, this bypasses the next case's condition; it does not matter if the value passes the condition, the code is still executed.
To make sure that you understand how a switch is executed, put the following code into a playground and try to predict what will be printed out with various names:
let testName = "Andrew"
switch testName {
    case "Marcos", "Amy":
        print("\(testName) is an honored guest")
    case let x where x.hasPrefix("A"):
        print("\(testName) will be invited first")
        fallthrough
    case "Jamison":
        print("\(testName) will help arrange food")
    default:
        print("\(testName) is someone else")
}

Some good names to try are Andrew, Amy, and Jamison.
Now we have full control over which code we want executed in which circumstances. However, a program often requires that we execute the same code more than once. For example, if we want to perform an operation on every element in an array, it would not be viable to copy and paste a bunch of code. Instead, we can use control structures called loops.

Loops



There are many different types of loops but all of them execute the same code repeatedly until a condition is no longer true. The most basic type of loop is called a while loop:
var index = 0
while index < invitees.count {
    print("\(invitees[index]) is invited")

    index+=1
}

A while loop consists of a condition to test and code to be run until that condition fails. In the preceding example, we have looped through every element in the invitees array. We used the variable index to track which invitee we were currently on. To move to the next index, we used a new operator += which added one to the existing value. This is the same as writing index = index + 1.
There are two important things to note about this loop. Firstly, our index starts at 0, not 1, and it goes on until it is less than the number of invitees, not less than or equal to them. This is because, if you remember, array indexes start at 0. If we started at 1 we would miss the first element and, if we included invitees.count, the code would crash because it would try to access an element beyond the end of the array. Always remember: the last element of an array is at the index one less than the count.
The other thing to note is that, if we were to forget to include index+=1 in the loop, we would have an infinite loop. The loop would continue to run forever because index would never go beyond invitees.count.
This pattern of wanting to loop through a list is so common that there is a more concise and safe loop called a for-in loop:
for invitee in invitees {
    print("\(invitee) is invited")
}

Now this is getting pretty cool. We no longer have to worry about indexes. There is no risk of accidentally starting at 1 or going past the end. Also, we get to give our own name to the specific element as we go through the array. One thing to note is that we did not declare the invitee variable with let or var. This is particular to a for-in loop because the constant used there is newly declared each time through the loop.
for-in loops are great for looping through different types of containers. They can also be used to loop through a dictionary, as shown:
for (genre, show) in showsByGenre {
    print("\(show) is a great \(genre) series")
}

In this case, we get access to both the key and the value of the dictionary. This should look familiar because (genre, show) is actually a tuple used for each iteration through the loop. It may be confusing to determine whether or not you have a single value from a for-in loop like arrays or a tuple like dictionaries. At this point, it would be best for you to remember just these two common cases. The underlying reasons will become clear when we start talking about 
sequences in Chapter 6, Make Swift Work For You – Protocols and Generics.
Another feature of for-in loops is the ability to only loop through elements that pass a given test. You could achieve this with an if statement but Swift provides a more concise way of writing it using the where keyword:
for invitee in invitees where invitee.hasPrefix("A") {
    print("\(invitee) is invited")
}

Now, the loop will only be run for each of the invitees that start with the letter A.
These loops are great but sometimes we need access to the index we are currently on and, at other times, we may want to loop through a set of numbers without an array. To do this, we can use a range similar to a Switch, as shown:
for index in 0 ..< invitees.count {
    print("\(index): \(invitees[index])")
}

This code runs the loop using the variable index from the value 0 up to but not including invitees.count. There are actually two types of ranges. This one is called a half open range because it does not include the last value. The other type of range, which we saw with switches, is called a 
closed range:
print("Counting to 10:")
for number in 1 ... 10 {
    print(number)
}

The closed range includes the last value so that the loop will print out every number starting with 1 and ending with 10.
All loops have two special keywords that let you modify their behavior, which are called continue and break. continue is used to skip the rest of the loop and move back to the condition to see whether or not the loop should be run again. For example, if we didn't want to print out invitees whose name began with A, we would use the following:
for invitee in invitees {
    if invitee.hasPrefix("A") {
        continue
    }
    print("\(invitee) is invited")
}

If the condition invitee.hasPrefix("A") were satisfied, the continue command would be run and it would skip the rest of the loop, moving onto the next invitee. Because of this, only invitees not starting with A would be printed.
The break keyword is used to immediately exit a loop:
for invitee in invitees {
   print("\(invitee) is invited")

   if invitee == "Tim" {
       print("Oh wait, Tim can't come")
       break
   }
}
print("Jumps here")

As soon as a break is encountered, the execution jumps to after the loop. In this case, it jumps to the final line.
Loops are great for dealing with variable amounts of data, like our list of invitees. When writing your code, you probably won't know how many people will be in that list. Using a loop gives you the flexibility to handle a list of any length.
As an exercise, I recommend you try writing a loop to find the sum of all the multiples of 3 under 10,000. You should get 16,668,333.
Loops are also a great way of reusing code without duplicating it but they are just the first step towards quality code reuse. Next, we will talk about functions, which opens up a whole new world of writing understandable and reusable code.


Functions



All of the code we have explored so far is very linear down the file. Each line is processed one at a time and then the program moves onto the next. This is one of the great things about programming: everything the program does can be predicted by stepping through the program yourself mentally, one line at a time.
However, as your program gets larger, you will notice that there are places that reuse very similar or identical code that you cannot reuse by using loops. Moreover, the more code you write, the harder it becomes to know exactly what it is doing. Code comments can help with that but there is an even better solution to both of these problems and they're called functions. A function is essentially a named collection of code that can be executed and reused by using that name.
There are various different types of functions but each builds on the previous type.
Basic functions



The most basic type of function simply has a name with some static code to be executed later. Let's look at a simple example. The following code defines a function named sayHello:
func sayHello() {
    print("Hello World!")
}

Functions are defined using the keyword func followed by a name and parentheses (()). The code to be run in the function is surrounded by curly brackets ({}). Just like in loops, a function can consist of any number of lines of code.
From our knowledge of printing, we know that this function will print out the text Hello World!. However, when will it do that? The terminology used for telling a function to execute is "calling a function." You call a function by using its name followed by parentheses (()):
sayHello() // Prints "Hello World!"

This is a very simple function that is not that useful but we can already see some pretty great benefits of functions. In reality, what happens when you call this function is that the execution moves into the function and, when it has finished executing every line of the function, it exits out and continues on from where the function was called. However, as programmers, we are often not concerned with what is happening inside a function unless something has gone wrong. If functions are named well, they tell you what they will do and that is all you need to know to follow the rest of the code. In fact, well-named functions can almost always take the place of comments in your code. This really reduces clutter without harming the legibility of your code.
The other advantage this function has over using print directly is that the code becomes more maintainable. If you use print in multiple places in your code and then change your mind about how you want to say Hello, you have to change a lot of code. However, if you use a function like the one above, you can easily change how it says Hello by changing the function and it will then be changed in each place you use that function.
You may have noticed some similarity in how we have named our sayHello function and how we used print. This is because print is a function that is built into Swift itself. There is complex code in the print function that makes printing to the console possible and accessible to all programmers. But hey, print is able to take in a value and do something with it, how do we write a function like that? The answer is: parameters.

Parameterized functions



A function can take zero or more parameters, which are input values. Let's modify our sayHello function to be able to say Hello to an arbitrary name using string interpolation:
func sayHelloToName(name: String) {
    print("Hello \(name)!")
}

Now our function takes in an arbitrary parameter called name of the type String and prints hello to it. The name of this function is now sayHelloToName:. We didn't include the parameter name because, when you call the method, you don't use the first parameter's name by default:
sayHelloToName("World") // Prints "Hello World!"

We included a colon (:) at the end of the name to indicate that it takes a parameter there. This makes it different from a function named sayHelloToName that does not take a parameter. The naming may seem unimportant and arbitrary but it is very important that we are all able to communicate about our code using common and precise terminology, so that we can more effectively learn from and collaborate with each other.
As mentioned before, a function can take more than one parameter. A parameter list looks a lot like a tuple. Each parameter is given a name and a type separated by a colon (:), and these are then separated by commas (,). On top of that, functions can not only take in values but can also return values to the calling code.

Functions that return values



The type of value to be returned from a function is defined after the end of all of the parameters separated by an arrow ->. Let's write a function that takes a list of invitees and one other person to add to the list. If there are spots available, the function adds the person to the list and returns the new version. If there are no spots available, it just returns the original list, as shown here:
func addInviteeToListIfSpotAvailable
    (
    invitees: [String],
    newInvitee: String
    )
    -> [String]
{
    if invitees.count >= 20 {
        return invitees
    }
    return invitees + [newInvitee]
}

In this function, we tested the number of names on the invitee list and, if it was greater than 20, we returned the same list as was passed in to the invitees parameter. Note that return is used in a function in a similar way to break in a loop. As soon as the program executes a line that returns, it exits the function and provides that value to the calling code. So, the final return line is only run if the if statement does not pass. It then adds the newinvitee parameter to the list and returns that to the calling code.
You would call this function like so:
var list = ["Sarah", "Jamison", "Marcos"]
var newInvite = "Roana"
list = addInviteeToListIfSpotAvailable(list, newInvite: newInvitee)

It is important to note that we must assign list to the value returned from our function because it is possible that the new value will be changed by the function. If we did not do this, nothing would happen to the list.
If you try typing this code into a playground, you will notice something very cool. As you begin typing the name of the function, you will see a small pop-up that suggests the name of the function you might want to type, as shown:
[image: Functions that return values]
You can use the arrow keys to move up and down the list to select the function you want to type and then press the Tab key to make Xcode finish typing the function for you. Not only that, but it highlights the first parameter so that you can immediately start typing what you want to pass in. When you are done defining the first parameter, you can press Tab again to move on to the next parameter. This greatly increases the speed with which you can write your code.
This is a pretty well-named function because it is clear what it does. However, we can give it a more natural and expressive name by making it read more like a sentence:
func addInvitee
    (
    invitee: String,
    ifPossibleToList invitees: [String]
    )
    -> [String]
{
    if invitees.count >= 20 {
        return invitees
    }
    return invitees + [invitee]
}
list = addInvitee(newInvite, ifPossibleToList: list)

This is a great feature of Swift that allows you to have a function called with 
named parameters. We can do this by giving the second parameter two names, separated by a space. The first name is the one to be used when calling the function, otherwise referred to as the 
external name. The second name is the one to be used when referring to the constant being passed in from within the function, otherwise referred to as the 
internal name. As an exercise, try to change the function so that it uses the same external and internal names and see what Xcode suggests. For more of a challenge, write a function that takes a list of invitees and an index for a specific invitee to write a message to ask them to just bring themselves. For example, it would print Sarah, just bring yourself for the index 0 in the preceding list.

Functions with default arguments



Sometimes we write functions where there is a parameter that commonly has the same value. It would be great if we could provide a value for a parameter to be used if the caller did not override that value. Swift has a feature for this called default arguments. To define a default value for an argument, you simply add an equal sign after the argument, followed by the value. We can add a default argument to the sayHelloToName: function, as follows:
func sayHelloToName(name: String = "World") {
    print("Hello \(name)!")
}

This means that we can now call this function with or without specifying a name:
sayHelloToName("World") // Prints "Hello World!"
sayHelloToName() // Also Print "Hello World!"

When using default arguments, the order of the arguments becomes unimportant. We can add default arguments to our addInvitee:ifPossibleToList: function and then call it with any combination or order of arguments:
func addInvitee
    (
    invitee: String = "Default Invitee",
    ifPossibleToList invitees: [String] = []
    )
    -> [String]
{
    // ...
}
list = addInvitee(ifPossibleToList: list, newInvite)
list = addInvitee(newInvite, ifPossibleToList: list)
list = addInvitee(ifPossibleToList: list)
list = addInvitee(newInvite)
list = addInvitee()

Clearly, the call still reads much better when it is written in the same order but not all functions are designed in that way. The most important part of this feature is that you can specify only the arguments that you want to be different from the defaults.

Guard statement



The last feature of functions that we are going to discuss is another type of conditional called a 
guard statement. We have not discussed it until now because it doesn't make much sense unless it is used in a function or loop. A guard statement acts in a similar way to an if statement but the compiler forces you to provide an else condition that must exit from the function, loop, or switch case. Let's rework our addInvitee:ifPossibleToList: function to see what it looks like:
func addInvitee
    (
    invitee: String,
    ifPossibleToList invitees: [String]
    )
    -> [String]
{
    guard invitees.count < 20 else {
        return invitees
    }
    return invitees + [newInvitee]
}

Semantically, the guard statement instructs us to ensure that the number of invitees is less than 20 or else return the original list. This is a reversal of the logic we used before, when we returned the original list if there were 20 or more invitees. This logic actually makes more sense because we are stipulating a prerequisite and providing a failure path. The other nice thing about using the guard statement is that we can't forget to return out of the else condition. If we do, the compiler will give us an error.
It is important to note that guard statements do not have a block of code that is executed if it passes. Only an else condition can be specified with the assumption that any code you want to run for the passing condition will simply come after the statement. This is safe only because the compiler forces the else condition to exit the function and, in turn, ensures that the code after the statement will not run.
Overall, guard statements are a great way of defining preconditions to a function or loop without having to indent your code for the passing case. This is not a big deal for us yet but, if you have lots of preconditions, it often becomes cumbersome to indent the code far enough to handle them.


Bringing it all together



At this point, we have learned a lot about the basic workings of Swift. Let's take a moment to bring many of these concepts together in a single program. We will also see some new variations on what we have learned.
The goal of the program is to take a list of invitees and a list of television shows and ask random people to bring a show from each genre. It should also ask the rest to just bring themselves.
Before we look at the code, I will mention the three small new features that I will use:
	Generating a random number
	Using a variable to store only true or false
	Repeat-while loops


The most important feature is the ability to generate a random number. To do this, we have to import the Foundation framework. This is the most basic framework made available by Apple. As the name suggests, it forms the basis of the framework for both OS X and iOS.
Foundation includes a function called rand that returns a random number. Computers are actually not capable of generating truly random numbers and, by default, rand always returns the same values in the same order. To make it return different values each time the program is run, we use a function called srand that stands for seed random. Seeding random means that we provide a value for rand on which to base its first value. A common way of seeding the random number is using the current time. We will use a method called clock that is also from Foundation.
Lastly, rand returns a number anywhere from 0 to a very large number but, as you will see, we want to restrict the random number to between 0 and the number of invitees. To do this, we use the remainder operator (%). This operator gives you the remainder after dividing the first number by the second number. For example, 14 % 4 returns 2 because 4 goes into 14, 3 times with 2 left over. The great feature of this operator is that it forces a number of any size to always be between 0 and 1 less than the number you are dividing by. This is perfect for changing all of the possible random values.
The full code for generating a random number looks like this:
// Import Foundation so that "rand" can be used
import Foundation

// Seed the random number generator
srand(UInt32(clock()))

// Random number between 0 and 9
var randomNumber = Int(rand()) % 10

You may notice one other thing about this code. We are using new syntax UInt32() and Int(). This is a way of changing one type into another. For example, the clock function returns a value of the type clock_t but srand takes a parameter of the type UInt32. Remember, just like with variables, you can hold the option key and click on a function to see what types it takes and returns.
The second feature we will use a variable that can store only true or false. This is called a Bool, which is short for Boolean. We have used this type many times before as it is used in all conditionals and loops but this is the first time that we will store a Bool directly in a variable. At its most basic level, a Boolean variable is defined and used like this:
var someBool = false
if someBool {
    print("Do This")
}

Note that we can use the Boolean directly in a conditional. This is because a Boolean is the exact type a conditional is expecting. All of our other tests like <= actually result in a Bool.
Lastly, the third feature we will use is a variation of the while loop called a repeat-while loop. The only difference with a repeat-while loop is that the condition is checked at the end of the loop instead of at the beginning. This is significant because, unlike with a while loop, a repeat-while loop will always be executed at least once, as shown:
var inviteeIndex: Int
repeat {
    inviteeIndex = Int(rand()) % 5
} while inviteeIndex != 3

With this loop, we will continue to generate a random number between 0 and 4 until we get a number that does not equal 3.
Everything else in the code builds off the concepts we already know. I recommend that you read through the code and try to understand it. Try to not only understand it from the perspective of how it works but why I wrote it in that way. I included comments to help explain both what the code is doing and why it is written in that way:
// Import Foundation so that "rand" can be used
import Foundation

// Seed the random number generator
srand(UInt32(clock()))

// -----------------------------
// Input Data
// -----------------------------

// invitees
//
// Each element is a tuple which contains a name
// that is a String and a Bool for if they have been
// invited yet. It is a variable because we will be
// tracking if each invitee has been invited yet. 
var invitees = [
    (name: "Sarah", alreadyInvited: false),
    (name: "Jamison", alreadyInvited: false),
    (name: "Marcos", alreadyInvited: false),
    (name: "Roana", alreadyInvited: false),
    (name: "Neena", alreadyInvited: false),
]

// showsByGenre
//
// Constant because we will not need to modify
// the show list at all
let showsByGenre = [
    "Comedy": "Modern Family",
    "Drama": "Breaking Bad",
    "Variety": "The Colbert Report",
]

This first section of code gives us a localized place in which to put all of our data. We can easily come back to the program and change the data if we want and we don't have to go searching through the rest of the program to update it:
// -----------------------------
// Helper functions
// -----------------------------

// inviteAtIndex:toBringShow:
//
// Another function to help make future code
// more comprehensible and maintainable
func inviteAtIndex
    (
    index: Int,
    toBringShow show: (genre: String, name: String)
    )
{
    let name = invitees[index].name
    print("\(name), bring a \(show.genre) show")
    print("\(show.name) is a great \(show.genre)")

    invitees[index].alreadyInvited = true
 }

// inviteToBringThemselvesAtIndex:
//
// Similar to the previous function but this time for
// the remaining invitees
func inviteToBringThemselvesAtIndex(index: Int) {
    let invitee = invitees[index]
    print("\(invitee.name), just bring yourself")

    invitees[index].alreadyInvited = true
 }

Here, I have provided a number of functions that simplify more complex code later on in the program. Each one is given a meaningful name so that, when they are used, we do not have to go and look at their code to understand what they are doing:
// -----------------------------
// Now the core logic
// -----------------------------

// First, we want to make sure each genre is assigned
// to an invitee
for show in showsByGenre {
    // We need to pick a random invitee that has not
    // already been invited. With the following loop
    // we will continue to pick an invitee until we
    // find one that has not already been invited
    var inviteeIndex: Int
    repeat {
        inviteeIndex = Int(rand()) % invitees.count
    } while invitees[inviteeIndex].alreadyInvited

    // Now that we have found an invitee that has not
    // been invited, we will invite them
    inviteAtIndex(inviteeIndex, toBringShow: (show))
}

// Now that we have assigned each genre, we
// will ask the remaining people to just bring
// themselves
for index in 0 ..< invitees.count {
    let invitee = invitees[index]
    if !invitee.alreadyInvited {
        inviteToBringThemselvesAtIndex(index)
    }
}

This last section contains the real logic of the program, which is commonly referred to as the business logic. The functions from the previous section are just details and the final section is the logic that really defines what the program does.
This is far from the only way to organize a program. This will become even clearer as we learn more advanced organization techniques. However, this breakdown shows you the general philosophy behind how you should organize your code. You should strive to write every piece of code as if it were going to be published in a book. Many of the comments in this example will become excessive as you get better with Swift but, when in doubt, explain what you are doing using either a comment or a well-named function. Not only will it help others understand your code, it will also help you understand it when you come back to it in six months and you are a stranger to the code again. Not only that, if you force yourself to formalize your thoughts as you write the code, you will find yourself creating a lot less bugs.
Let's also look at an interesting limitation of this implementation. This program is going to run into a major problem if the number of invitees is less than the number of shows. The repeat-while loop will continue forever, never finding an invitee that was not invited. Your program doesn't have to handle every possible input but you should at least be aware of its limitations.

Summary



In this chapter, we have developed a great basis for Swift knowledge. We have learned about the various built-in mechanisms Swift has for representing complex information in expressive and accessible ways. We know that, by default, we should declare information as a constant until we find a practical need to change it, and then we should make it a variable. We have explored how every piece of information in Swift has a type associated with it by the compiler, whether it is through type inference or declared explicitly. We are familiar with many of the built-in types, including simple types like String, Int, and Bool as well as containers like tuples, arrays, and dictionaries. We can use the console output to better investigate our programs, especially by using string interpolation for dynamic output. We recognize the power of controlling the flow of our programs with if statements, conditionals, switches, and loops. We have functions in our skill set to write more legible, maintainable, and reusable code. Finally, we have seen an example of how all of these concepts can be combined to write a full program.
As a challenge to you, I suggest you fix the final program so that it stops trying to assign shows if there are not enough invitees. When you can do that, you are more than ready to move on to the next topic, which is types, scopes, and projects.
These are all tools that we can use to write even more organized code and they will become more critical as we write larger and larger projects.

Chapter 3. One Piece at a Time – Types, Scopes, and Projects



In Chapter 2, Building Blocks – Variables, Collections, and Flow Control, we developed a very simple program that helped organize a party. Even though we separated parts of the code in a logical way, everything was written in a single file and our functions were all lumped together. As projects grow in complexity, this way of organizing code is not sustainable. In the same way we use functions to separate out logical components in our code at scale, we also need to be able to separate out the logical components of our functions and data. To do this, we can define code in different files and we can also create our own types that contain custom data and functionality. These types are commonly referred to as 
objects, as a part of the programming technique called 
object-oriented programming. In this chapter we will cover the following:
	Structs
	Classes and inheritance
	Enumerations
	Projects
	Extensions
	Scope
	Access control


Structs



The most basic way that we can group together data and functionality into a logical unit or object is to define something called a 
structure. Essentially, a structure is a named collection of data and functions. Actually, we have already seen several different structures because all of the types such as string, array, and dictionary that we have seen so far are structures. Now we will learn how to create our own.
Types versus instances



Let's jump straight into defining our first structure to represent a contact:
struct Contact {
    var firstName: String = "First"
    var lastName: String = "Last"
}

Here we have created a structure by using the struct keyword followed by a name and curly brackets ({}) with code inside them. Just like with a function, everything about a structure is defined inside its curly brackets. However, code in a structure is not run directly, it is all part of defining what the structure is. Think of a structure as a specification for future behavior instead of code to be run, in the same way that blueprints are the specification for building a house.
Here, we have defined two variables for the first and last name. This code does not create any actual variables nor does it remember any data. As with a function, this code is not truly used until another piece of code uses it. Just like with a string, we have to define a new variable or constant of this type. However, in the past we have always used literals like Sarah or 10. With our own structures, we will have to initialize our own instances, which is just like building a house based on the specifications.
An instance is a specific incarnation of a type. This could be when we create a String variable and assign it the value Sarah. We have created an instance of a String variable that has the value Sarah. The string itself is not a piece of data; it simply defines the nature of instances of String that actually contain data.
Initializing is the formal name for creating a new instance. We initialize a new Contact like this:
let someone = Contact()

You may have noticed that this looks a lot like calling a function and that is because it is very similar. Every type must have at least one special function called an 
initializer. As the name implies, this is a function that initializes a new instance of the type. All initializers are named after their type and they may or may not have parameters, just like a function. In our case, we have not provided any parameters so the first and last names will be left with the default values that we provided in our specification: First and Last.
You can see this in a playground by clicking on the plus sign next to Contact to the right of that line. This inserts a result pane after the line where it displays the value of firstName and lastName. We have just initialized our first custom type!
If we define a second contact structure that does not provide default values, it changes how we call the initializer. Since there are no default values, we must provide the values when initializing it:
struct Contact2 {
    var firstName: String
    var lastName: String
}

let someone2 = Contact2(firstName: "Sarah", lastName: "Smith")

Again, this looks just like calling a function that happens to be named after the type that we defined. Now, someone2 is an instance of Contact2 with firstName equal to Sarah and lastName equal to Smith.

Properties



The two variables, firstName and lastName, are called 
member variables and, if we change them to be constants, they are then called 
member constants. This is because they are pieces of information associated with a specific instance of the type. You can access member constants and variables on any instance of a structure:
print("\(someone.firstName) \(someone.lastName)")

This is in contrast to a 
static constant. We could add a static constant to our type by adding the following line to its definition:
struct Contact {
    static let UnitedStatesPhonePrefix = "+1" // "First Last"
}

Note the static keyword before the constant declaration. A static constant is accessed directly from the type and is independent of any instance:
print(Contact.UnitedStatesPhonePrefix) // "+1"

Note that we will be adding code to existing code every so often like this. If you are following along in a playground, you should have added the static let line to the existing Contact structure.
Member and static constants and variables all fall under the category of 
properties. A property is simply a piece of information associated with an instance or a type. This helps reinforce the idea that every type is an object. A ball, for example, is an object that has many properties including its radius, color, and elasticity. We can represent a ball in code in an object-oriented way by creating a ball structure that has each of those properties:
struct Ball {
    var radius: Double
    var color: String
    var elasticity: Double
}

Note that this Ball type does not define default values for its properties. If default values are not provided in the declaration, they are required when initializing an instance of the type. This means that an empty initializer is not available for that type. If you try to use one, you will get an error:
Ball() // Missing argument for parameter 'radius' in call

Just like with normal variables and constants, all properties must have a value once initialized.

Member and static methods



Just as you can define constants and variables within a structure, you can also define 
member and static functions. These functions are referred to as methods to distinguish them from global functions that are not associated with any type. You declare member methods in a similar way to functions but you do so inside the type declaration, as shown:
struct Contact {
    var firstName: String = "First"
    var lastName: String = "Last"

    func printFullName() {
        print("\(self.firstName) \(self.lastName)")
    }
}

Member methods always act on a specific instance of the type they are defined in. To access that instance within the method, you use the self keyword. Self acts in a similar way to any other variable in that you can access properties and methods on it. The preceding code prints out the firstName and lastName properties. You call this method in the same way we called methods on any other type:
someone.printFullName()

Within a normal structure method, self is constant, which means you can't modify any of its properties. If you tried, you would get an error like this:
struct Ball {
    var radius: Double
    var color: String
    var elasticity: Double

    func growByAmount(amount: Double) {
        // Error: Left side of mutating operator
        // isn't mutable: 'self' is immutable
        self.radius += amount
    }
}

In order for a method to modify self, it must be declared as a 
mutating method using the mutating keyword:
mutating func growByAmount(amount: Double) {
    self.radius += amount
}

We can define static properties that apply to the type itself but we can also define 
static methods that operate on the type by using the static keyword. We can add a static method to our Contact structure that prints the available phone prefixes, as shown here:
struct Contact {
    static let UnitedStatesPhonePrefix = "+1"

    static func printAvailablePhonePrefixes() {
        print(self.UnitedStatesPhonePrefix)
    }
}

Contact.printAvailablePhonePrefixes() // "+1"

In a static method, self refers to the type instead of an instance of the type. In the preceding code, we have used the UnitedStatesPhonePrefix static property through self instead of writing out the type name.
In both static and instance methods, Swift allows you to access properties without using self, for brevity. self is simply implied:
func printFullName() {
    print("\(firstName) \(lastName)")
}

static func printAvailablePhonePrefixes() {
    print(UnitedStatesPhonePrefix)
}

However, if you create a variable in the method with the same name, you will have to use self to distinguish which one you want:
func printFirstName() {
    let firstName = "Fake"
    print("\(self.firstName) \(firstName)") // "First Fake"
}

I recommend avoiding this feature of Swift. I want to make you aware of it so you are not confused when looking at other people's code but I feel that always using self greatly increases the readability of your code. self makes it instantly clear that the variable is attached to the instance instead of only defined in the function. You could also create bugs if you add code that creates a variable that hides a member variable. For example, you would create a bug if you introduced the firstName variable to the printFullName method in the preceding code without realizing you were using firstName to access the member variable later in the code. Instead of accessing the member variable, the later code would start to only access the local variable.

Computed properties



So far, it seems that properties are used to store information and methods are used to perform calculations. While this is generally true, Swift has a feature called 
computed properties. These are properties that are calculated every time they are accessed. To do this, you define a property and then provide a method called a 
getter that returns the calculated value, as shown:
struct Ball {
    var radius: Double
    var diameter: Double {
        get {
            return self.radius * 2
        }
    }
}

var ball = Ball(radius: 2)
print(ball.diameter) // 4.0

This is a great way to avoid storing data that could potentially conflict with other data. If, instead, diameter were just another property, it would be possible for it to be different to the radius. Every time you changed the radius you would have to remember to change the diameter. Using a computed property eliminates this concern.
You can even provide a second function called a 
setter that allows you to assign a value to this property like normal properties:
var diameter: Double {
    get {
        return self.radius * 2
    }
    set {
        self.radius = diameter / 2
    }
}

var ball = Ball(radius: 2)
ball.diameter = 16
print(ball.radius) // 8.0

If you provide a setter then you must also explicitly provide a getter. If you don't, Swift allows you to leave out the get syntax:
var volume: Double {
    return self.radius * self.radius * self.radius * 4/3 * 4.13
}

This provides a nice concise way of defining read-only computed properties.

Reacting to property changes



It is pretty common to need to perform an action whenever a property is changed. One way to achieve this is to define a computed property with a setter that performs the necessary action. However, Swift provides a better way of doing this. You can define a willSet function or a didSet function on any stored property. WillSet is called just before the property is changed and it is provided with a variable newValue. didSet is called just after the property is changed and it is provided with a variable oldValue, as you can see here:
var radius: Double {
    willSet {
        print("changing from \(self.radius) to \(newValue)")
    }
    didSet {
        print("changed from \(oldValue) to \(self.radius)")
    }
}

Be careful to avoid creating an infinite loop when using didSet and willSet with multiple properties. For example, if you tried to use this technique to keep diameter and radius synchronized instead of using a computed property, it would look like this:
struct Ball {
    var radius: Double {
        didSet {
            self.diameter = self.radius * 2
        }
    }
    var diameter: Double {
        didSet {
            self.radius = self.diameter /  2
        }
    }
}

In this scenario, if you set the radius, it triggers a change on the diameter which triggers another change on the radius and that then continues on forever.

Subscripts



You may also have realized that there is another way that we have interacted with a structure in the past. We have used square brackets ([]) with both arrays and dictionaries to access elements. These are called 
subscripts and we can use them on our custom types as well. The syntax for them is similar to the computed properties that we saw before except that you define it more like a method with parameters and a return type, as you can see here:
struct MovieAssignment {
    var movies: [String:String]

    subscript(invitee: String) -> String? {
        get {
            return self.movies[invitee]
        }

        set {
            self.movies[invitee] = newValue
        }
    }
}

You declare the arguments you want to use as the parameters to the subscript method in the square brackets. The return type for the subscript function is the type that will be returned when used to access a value. It is also the type for any value you assign to the subscript:
var assignment = MovieAssignment(movies: [:])
assignment["Sarah"] = "Modern Family"
print(assignment["Sarah"]) // "Modern Family"

You may have noticed a question mark (?) in the return type. This is called an 
optional and we will discuss this more in the next chapter. For now, you only need to know that this is the type that is returned when accessing a dictionary by key because a value does not exist for every possible key.
Just like with computed properties, you can define a subscript as read-only without using the get syntax:
struct MovieAssignment {
    var movies: [String:String]

    subscript(invitee: String) -> String? {
        return self.movies[invitee]
    }
}

subscript can have as many arguments as you want if you add additional parameters to the subscript declaration. You would then separate each parameter with a comma in the square brackets when using the subscript, as shown:
struct MovieAssignment {
    subscript(param1: String, param2: Int) -> Int {
        return 0
    }
}

print(assignment["Sarah", 2])

Subscripts are a good way to shorten your code but you should always be careful to avoid sacrificing clarity for brevity. Writing clear code is a balance between being too wordy and not wordy enough. If your code is too short, it will be hard to understand because meanings will become ambiguous. It is much better to have a method called movieForInvitee: rather than using a subscript. However, if all of your code is too long, there will be too much noise around and you will lose clarity in that way. Use subscripts sparingly and only when they would appear intuitive to another programmer based on the type of structure you are creating.

Custom initialization



If you are not satisfied with the default initializers provided to you, you can define your own. This is done using the init keyword, as shown:
init(contact: Contact) {
    self.firstName = contact.firstName
    self.lastName = contact.lastName
}

Just like with a method, an initializer can take any number of parameters including none at all. However, initializers have other restrictions. One rule is that every member variable and constant must have a value by the end of the initializer. If we were to omit a value for lastName in our initializer, we would get an error like this:
struct Contact4 {
    var firstName: String
    var lastName: String

    init(contact: Contact4) {
        self.firstName = contact.firstName
    }// Error: Return from initializer without
     // initializing all stored properties
}

Note that this code did not provide default values for firstName and lastName. If we add that back, we no longer get an error because a value is then provided:
struct Contact4 {
    var firstName: String
    var lastName: String = "Last"

    init(contact: Contact4) {
        self.firstName = contact.firstName
    }
}

Once you provide your own initializer, Swift no longer provides any default initializers. In the preceding example, Contact can no longer be initialized with the firstName and lastName parameters. If we want both, we have to add our own version of that initializer, as shown:
struct Contact3 {
    var firstName: String
    var lastName: String

    init(contact: Contact3) {
        self.firstName = contact.firstName
        self.lastName = contact.lastName
    }

    init(firstName: String, lastName: String) {
        self.firstName = firstName
        self.lastName = lastName
    }
}
var sarah = Contact3(firstName: "Sarah", lastName: "Smith")
var sarahCopy = Contact3(contact: sarah)
var other = Contact3(firstName: "First", lastName: "Last")

Another option for setting up the initial values in an initializer is to call a different initializer:
init(contact: Contact4) {
    self.init(
        firstName: sarah.firstName,
        lastName: sarah.lastName
    )
}

This is a great tool for reducing duplicate code in multiple initializers. However, when using this, there is an extra rule that you must follow. You cannot access self before calling the other initializer:
init(contact: Contact4) {
    self.print()
    // Use of 'self' in delegating initializer
    // before self.init is called
    self.init(
        firstName: contact.firstName,
        lastName: contact.lastName
     )
}

This is a great example of why the requirement exists. If we were to call print before calling the other initializer, firstName and lastName would not have a value. What would be printed in that case? Instead, you can only access self after calling the other initializer, like this:
init(contact: Contact4) {
    self.init(
        firstName: contact.firstName,
        lastName: contact.lastName
    )
    self.print()
}

This guarantees that all the properties have a valid value before any method is called.
You may have noticed that initializers follow a different pattern for parameter naming. By default, initializers require a label for all parameters. However, remember that this is only the default behavior. You can change the behavior by either providing an internal and external name or by using an underscore (_) as the external name.
Structures are an incredibly powerful tool in programming. They are an important way that we, as programmers, can abstract away more complicated concepts. As we discussed in Chapter 2, Building Blocks – Variables, Collections, and Flow Control, this is the way we get better at using computers. Other people can provide these abstractions to us for concepts that we don't understand yet or in circumstances where it isn't worth our time to start from scratch. We can also use these abstractions for ourselves so that we can better understand the high-level logic going on in our app. This will greatly increase the reliability of our code. Structures make our code more understandable both for other people and for ourselves in the future.
However, structures are limited in one important way, they don't provide a good way to express parent-child relationships between types. For example, a dog and a cat are both animals and share a lot of properties and actions. It would be great if we only had to implement the common attributes once. We could then split those types into different species. For this, Swift has a different system of types called classes.



Classes



A class can do everything that a structure can do except that a class can use something called 
inheritance. A class can inherit the functionality from another class and then extend or customize its behavior. Let's jump right into some code.
Inheriting from another class



Firstly, let's define a class called Building that we can inherit from later:
class Building {
    let squareFootage: Int

    init(squareFootage: Int) {
        self.squareFootage = squareFootage
    }
}
var aBuilding = Building(squareFootage: 1000)

Predictably, a class is defined using the class keyword instead of struct. Otherwise, a class looks extremely similar to a structure. However, we can also see one difference. With a structure, the initializer we created before would not be necessary because it would have been created for us. With classes, initializers are not automatically created unless all of the properties have default values.
Now let's look at how to inherit from this building class:
class House: Building {
    let numberOfBedrooms: Int
    let numberOfBathrooms: Double

    init(
        squareFootage: Int,
        numberOfBedrooms: Int,
        numberOfBathrooms: Double
        )
    {
        self.numberOfBedrooms = numberOfBedrooms
        self.numberOfBathrooms = numberOfBathrooms

        super.init(squareFootage: squareFootage)
    }
}

Here, we have created a new class called House that inherits from our Building class. This is denoted by the colon (:) followed by Building in the class declaration. Formally, we would say that House is a 
subclass of Building and Building is a 
superclass of House.
If we initialize a variable of the type House, we can then access both the properties of House and those of Building, as shown:
var aHouse = House(
    squareFootage: 800,
    numberOfBedrooms: 2,
    numberOfBathrooms: 1
)
print(aHouse.squareFootage)
print(aHouse.numberOfBedrooms)

This is the beginning of what makes classes powerful. If we need to define ten different types of buildings, we don't have to add a separate squareFootage property to each one. This is true for properties as well as methods.
Beyond a simple superclass and subclass relationship, we can define an entire hierarchy of classes with subclasses of subclasses of subclasses, and so on. It is often helpful to think of a class hierarchy as an upside down tree:
[image: Inheriting from another class]
The trunk of the tree is the topmost superclass and each subclass is a separate branch off of that. The topmost superclass is commonly referred to as the base class as it forms the foundation for all the other classes.

Initialization



Because of the hierarchical nature of classes, the rules for their initializers are more complex. The following additional rules are applied:
	All initializers in a subclass must call the initializer of its superclass
	All properties of a subclass must be initialized before calling the superclass initializer


The second rule enables us to use self before calling the initializer. However, you cannot use self for any reason other than to initialize its properties.
You may have noticed the use of the keyword super in our house initializer. super is used to reference the current instance as if it were its superclass. This is how we call the superclass initializer. We will see more uses of super when we explore inheritance further later in the chapter.
Inheritance also creates four types of initializers shown here:
	Overriding initializer
	Required initializer
	Designated initializer
	Convenience initializer


Overriding initializer



An 
overriding initializer is used to replace the initializer in a superclass:
class House: Building {
    let numberOfBedrooms: Int
    let numberOfBathrooms: Double

    override init(squareFootage: Int) {
        self.numberOfBedrooms = 0
        self.numberOfBathrooms = 0
        super.init(squareFootage: squareFootage)
    }
}

An initializer that takes only squareFootage as a parameter already exists in Building. This initializer replaces that initializer so if you try to initialize House using only squareFootage, this initializer will be called. It will then call the Building version of the initializer because we asked it to with the super.init call.
This ability is especially important if you want to initialize subclasses using their superclass initializer. By default, if you don't specify a new initializer in a subclass, it inherits all of the initializers from its superclass. However, as soon as you declare an initializer in a subclass, it hides all of the superclass initializers. By using an overriding initializer, you can expose the superclass version of the initializer again.

Required initializer



A 
required initializer is a type of initializer for superclasses. If you mark an initializer as required, it forces all of the subclasses to also define that initializer. For example, we could make the Building initializer required, as shown:
class Building {
    let squareFootage: Int

    required init(squareFootage: Int) {
        self.squareFootage = squareFootage
    }
}

Then, if we implemented our own initializer in House, we would get an error like this:
class House: Building {
    let numberOfBedrooms: Int
    let numberOfBathrooms: Double

    init(
        squareFootage: Int,
        numberOfBedrooms: Int,
        numberOfBathrooms: Double
        )
    {
        self.numberOfBedrooms = numberOfBedrooms
        self.numberOfBathrooms = numberOfBathrooms

        super.init(squareFootage: squareFootage)
    }

    // 'required' initializer 'init(squareFootage:)' must be
    // provided by subclass of 'Building'
}

This time, when declaring this initializer, we repeat the required keyword instead of using override:
required init(squareFootage: Int) {
    self.numberOfBedrooms = 0
    self.numberOfBathrooms = 0
    super.init(squareFootage: squareFootage)
}

This is an important tool when your superclass has multiple initializers that do different things. For example, you could have one initializer that creates an instance of your class from a data file and another one that sets its properties from code. Essentially, you have two paths for initialization and you can use the required initializers to make sure that all subclasses take both paths into account. A subclass should still be able to be initialized from both a file and in code. Marking both of the superclass initializers as required makes sure that this is the case.

Designated and convenience initializers



To discuss 
designated initializers, we first have to talk about 
convenience initializers. The normal initializer that we started with is really called a designated initializer. This means that they are core ways to initialize the class. You can also create convenience initializers which, as the name suggests, are there for convenience and are not a core way to initialize the class.
All convenience initializers must call a designated initializer and they do not have the ability to manually initialize properties like a designated initializer does. For example, we can define a convenience initializer on our Building class that takes another building and makes a copy:
class Building {
    // ...

    convenience init(otherBuilding: Building) {
        self.init(squareFootage: otherBuilding.squareFootage)
    }
}
var aBuilding = Building(squareFootage: 1000)
var defaultBuilding = Building(otherBuilding: aBuilding)

Now, as a convenience, you can create a new building using the properties from an existing building. The other rule about convenience initializers is that they cannot be used by a subclass. If you try to do that, you will get an error like this:
class House: Building {

    // ...

    init() {
        self.numberOfBedrooms = 0
        self.numberOfBathrooms = 0
        super.init() // Missing argument for parameter 'squareFootage' in call
    }
}

This is one of the main reasons that convenience initializers exist. Ideally, every class should only have one designated initializer. The fewer designated initializers you have, the easier it is to maintain your class hierarchy. This is because you will often add additional properties and other things that need to be initialized. Every time you add something like that, you will have to make sure that every designated initializer sets things up properly and consistently. Using a convenience initializer instead of a designated initializer ensures that everything is consistent because it must call a designated initializer that, in turn, is required to set everything up properly. Basically, you want to funnel all of your initialization through as few designated initializers as possible.
Generally, your designated initializer is the one with the most arguments, possibly with all of the possible arguments. In that way, you can call that from all of your other initializers and mark them as convenience initializers.


Overriding methods and computed properties



Just as with initializers, subclasses can override methods and computed properties. However, you have to be more careful with these. The compiler has fewer protections.
Methods



Even though it is possible, there is no requirement that an overriding method calls its superclass implementation. For example, let's add clean methods to our Building and House classes:
class Building {
    // ...

    func clean() {
        print(
            "Scrub \(self.squareFootage) square feet of floors"
        )
    }
}

class House: Building {
    // ...

    override func clean() {
        print("Make \(self.numberOfBedrooms) beds")
        print("Clean \(self.numberOfBathrooms) bathrooms")
    }
}

In our Building superclass, the only thing that we have to clean is the floors. However, in our House subclass, we also have to make the beds and clean the bathrooms. As it has been implemented above, when we call clean on House, it will not clean the floors because we overrode that behavior with the clean method on House. In this case, we also need to have our Building superclass do any necessary cleaning, so we must call the superclass version, as shown:
override func clean() {
    super.clean()

    print("Make \(self.numberOfBedrooms) beds")
    print("Clean \(self.numberOfBathrooms) bathrooms")
}

Now, before doing any cleaning based on the house definition, it will first clean based on the building definition. You can control the order in which things happen by changing the place in which you call the super version.
This is a great example of the need to override methods. We can provide common functionality in a superclass that can be extended in each of its subclasses instead of rewriting the same functionality in multiple classes.

Computed properties



It is also useful to override computed properties using the override keyword again:
class Building {
    // ...

    var estimatedEnergyCost: Int {
        return squareFootage / 10
    }
}

class House: Building {
    // ...

    override var estimatedEnergyCost: Int {
        return 100 + super.estimatedEnergyCost
    }
}

In our Building superclass, we have provided an estimate for energy costs based on $100 per 1000 square feet. That estimate still applies to the house but there are additional costs related to someone else living in the building. We must therefore override the estimatedEnergyCost computed property to return the Building calculation plus $100.
Again, using the super version of an overriding computed property is not required. A subclass could have a completely different implementation disregarding what is implemented in its superclass, or it could make use of its superclass implementation.


Casting



We have already talked about how classes are great for sharing functionality between a hierarchy of types. Another thing that makes classes powerful is that they allow code to interact with multiple types in a more general way. Any subclass can be used in code that treats it as if it were its superclass. For example, we might want to write a function that calculates the total square footage of an array of buildings. For this function, we don't care what specific type of building it is, we just need to have access to the squareFootage property that is defined in the superclass. We can define our function to take an array of buildings and the actual array can contain House instances:
func totalSquareFootageOfBuildings(buildings: [Building]) -> Int {
    var sum = 0
    for building in buildings {
        sum += building.squareFootage
    }
    return sum
}

var buildings = [
    House(squareFootage: 1000),
    Building(squareFootage: 1200),
    House(squareFootage: 900)
]
print(totalSquareFootageOfBuildings(buildings)) // 3100

Even though this function thinks we are dealing with classes of the type Building, the program will execute the House implementation of squareFootage. If we had also created an office subclass of Building, instances of that would also be included in the array as well with its own implementation.
We can also assign an instance of a subclass to a variable that is defined to be one of its superclasses:
var someBuilding: Building = House(squareFootage: 1000)

This provides us with an even more powerful abstraction tool than the one we had when using structures. For example, let's consider a hypothetical class hierarchy of images. We might have a base class called Image with subclasses for the different types of encodings like JPGImage and PNGImage. It is great to have the subclasses so that we can cleanly support multiple types of images but, once the image is loaded, we no longer need to be concerned with the type of encoding the image is saved in. Every other class that wants to manipulate or display the image can do so with a well-defined image superclass; the encoding of the image has been abstracted away from the rest of the code. Not only does this create easier to understand code but it also makes maintenance much easier. If we need to add another image encoding like 
GIF, we can create another subclass and all the existing manipulation and display code can get GIF support with no changes to that code.
There are actually two different types of casting. So far, we have only seen the type of casting called 
upcasting. Predictably, the other type of casting is called 
downcasting.
Upcasting



What we have seen so far is called upcasting because we are going up the class tree that we visualized earlier by treating a subclass as its superclass. Previously, we upcasted by assigning a subclass instance to a variable that was defined as its superclass. We could do the same thing using the as operator instead, like this:
var someBuilding2 = House(squareFootage: 1000) as Building

It is really personal preference as to which you should use.

Downcasting



Downcasting means that we treat a superclass as one of its subclasses.
While upcasting can be done implicitly by using it in a function declared to use its superclass or by assigning it to a variable with its superclass type, downcasting must be done explicitly. This is because upcasting cannot fail based on the nature of its inheritance, but downcasting can. You can always treat a subclass as its superclass but you cannot guarantee that a superclass is, in fact, one of its specific subclasses. You can only downcast an instance that is, in fact, an instance of that class or one of its subclasses.
We can force downcast by using the as! Operator, like this:
var house = someBuilding as! House
print(house.numberOfBathrooms)

The as! operator has an exclamation point added to it because it is an operation that can fail. The exclamation point serves as a warning and ensures that you realize that it can fail. If the forced downcasting fails, for example, if someBuilding were not actually House, the program would crash as so:
var anotherHouse = aBuilding as! House // Execution was interrupted

A safer way to perform downcasting is using the as? operator in a special if statement called an optional binding. We will discuss this in detail in the next chapter, which concerns optionals but, for now, you can just remember the syntax:
if let house = someBuilding as? House {
    // someBuilding is of type House
    print(house.numberOfBathrooms)
}
else {
    print("someBuilding is not a house")
}

This code prints out numberOfBathrooms in the building only if it is of the type House. The House constant is used as a temporary view of someBuilding with its type explicitly set to House. With this temporary view, you can access someBuilding as if it were House instead of just Building.



Enumerations



So far, we have covered two of the three types of classification in Swift: structure and class. The third classification is called enumeration. Enumerations are used to define a group of related values for an instance. For example, if we want values to represent one of the three primary colors, an enumeration is a great tool.
Basic declaration



An enumeration is made up of cases much like a switch and uses the keyword enum instead of struct or class. An enumeration for primary colors should look like this:
enum PrimaryColor {
    case Red
    case Green
    case Blue
}

You can then define a variable with this type and assign it one of the cases:
var color = PrimaryColor.Green

Note that, to use one of the values, we must use the name of the type followed by a dot (.) and then the specific case. If the type of the variable can be inferred, you can even leave out the enumeration name and just start with a dot:
var color = PrimaryColor.Green
color = .Red

During the assignment to .Red, the compiler already knows that the color variable is of the type PrimaryColor so it doesn't need us to specify that again. This is a great way of making your code more concise but make sure you don't sacrifice legibility. If you leave out the type name, it should still be obvious from the context of the code.

Testing enumeration values



Enumeration instances can be tested for a specific value as with any other type, using the equality operator (==):
if color == PrimaryColor.Red {
}
else if color == .Blue {
}

Note that, in the second if statement, where color is checked for if it is blue, the code takes advantage of type inference and doesn't bother specifying PrimaryColor.
This method of comparison is familiar and useful for one or two possible values. However, there is a better way to test an enumeration for different values. Instead of using an if statement, you can use a switch. This is a logical solution considering that enumerations are made up of cases and switches test for cases:
switch color {
    case .Red:
        print("color is red")
    case .Green:
        print("color is green")
    case .Blue:
        print("color is blue")
}

This is great for all the same reasons that switches themselves are great. In fact, switches work even better with enumerations because the possible values for an enumeration are always finite, unlike other basic types. You may remember that switches require that you have a case for every possible value. This means that, if you don't have a test case for every case of the enumeration, the compiler will produce an error. This is usually great protection and that is why I recommend using switches rather than simple if statements in most circumstances. If you ever add additional cases to an enumeration, it is great to get an error everywhere in your code that doesn't consider that new case so that you make sure you address it.

Raw values



Enumerations are great because they provide the ability to store information that is not based on the basic types provided by Swift such as strings, integers, and doubles. There are many abstract concepts like our color example, that are not at all related to a basic type. However, you often want each enumeration case to have a raw value that is another type. For example, if we wanted to represent all of the coins in United States currency along with their monetary value, we could make our enumeration have an integer raw value type, like this:
enum USCoins: Int {
    case Quarter = 25
    case Dime = 10
    case Nickel = 5
    case Penny = 1
}

The raw value type is specified in the same way that inheritance is specified with classes and then each case is individually assigned a specific value of that type.
You can access the raw value of a case at any time by using the rawValue property:
print("A Quarter is worth \(USCoins.Quarter.rawValue) cents.")

Keep in mind that an enumeration can only have raw value types that can be defined with literals like 10, or String. You cannot define an enumeration with your own custom type as its raw value.

Associated values



Raw values are great for when every case in your enumeration has the same type of value associated with it and its value never changes. However, there are also scenarios where each case has different values associated with it and those values are different for each instance of the enumeration. You may even want a case that has multiple values associated with it. To do this, we use a feature of enumerations called 
associated values.
You can specify zero or several types to be associated separately with each case with associated values. Then, when creating an instance of the enumeration, you can give it any value you want, as shown:
enum Height {
    case Imperial(feet: Int, inches: Double)
    case Metric(meters: Double)
    case Other(String)
}
var height1 = Height.Imperial(feet: 6, inches: 2)
var height2 = Height.Metric(meters: 1.72)
var height3 = Height.Other("1.9 × 10-16 light years")

Here, we have defined an enumeration to store a height measurement using various measurement systems. There is a case for the imperial system that uses feet and inches and a case for the metric system that is in just meters. Both of these cases have labels for their associated values which are similar to a tuple. The last case is there to illustrate that you don't have to provide a label if you don't want to. It simply takes a string.
Comparing and accessing values of enumerations with associated values is a little bit more complex than for regular enumerations. We can no longer use the equality operator (==). Instead, we must always use a case. Within a case, there are multiple ways that you can handle the associated values. The easiest thing to do is to access the specific associated value. To do that, you can assign it to a temporary variable:
switch height1 {
    case .Imperial(let feet, var inches):
        print("\(feet)ft \(inches)in")
    case let .Metric(meters):
        print("\(meters) meters")
    case var .Other(text):
        print(text)
}

In the imperial case, the preceding code assigned feet to a temporary constant and inches to a temporary variable. The names match the labels used for the associated values but that is not necessary. The metric case shows that, if you want all of the temporary values to be constant, you can declare let before the enumeration case. No matter how many associated values there are, let only has to be written once instead of once for every value. The other case is the same as the metric case except that it creates a temporary variable instead of a constant.
If you wanted to create separate cases for conditions on the associated values, you could use the where syntax that we saw in the previous chapter:
switch height1 {
    case .Imperial(let feet, var inches) where feet > 1:
        print("\(feet)ft \(inches)in")
    case let .Metric(meters) where meters > 0.3:
        print("\(meters) meters")
    case var .Other(text):
        print(text)
    default:
        print("Too Small")
}

Note that we had to add a default case because our restrictions on the other cases were no longer exhaustive.
Lastly, if you don't actually care about the associated value, you can use an underscore (_) to ignore it, as shown:
switch height1 {
    case .Imperial(_, _):
        print("Imperial")
    case .Metric(_):
        print("Metric")
    case .Other(_):
        print("Other")
}

This shows you that, with enumerations, switches have even more power than we saw previously.
Now that you understand how to use associated values, you might have noticed that they can change the conceptual nature of enumerations. Without associated values, an enumeration represents a list of abstract and constant possible values. An enumeration with associated values is different because two instances with the same case are not necessarily equal; each case could have different associated values. This means that the conceptual nature of enumerations is really a list of ways to look at a certain type of information. This is not a concrete rule but it is common and it gives you a better idea of the different types of information that can best be represented by enumerations. It will also help you make your own enumerations more understandable. Each case could theoretically represent a completely unrelated concept from the rest of the cases using associated values but that should be a sign that an enumeration may not be the best tool for that particular job.

Methods and properties



Enumerations are actually very similar to structures. As with structures, enumerations can have methods and properties. To improve the Height enumeration, we could add methods to access the height in any measurement system we wanted. As an example, let's implement a meters method, as follows:
enum Distance {
    case Imperial(feet: Int, inches: Double)
    case Metric(meters: Double)

    func meters() -> Double {
        switch self {
            case let .Imperial(feet, inches):
                return Double(feet)*0.3048+inches*0.3048/12
            case let .Metric(meters):
                return meters
        }
    }
}
var distance1 = Distance.Imperial(feet: 6, inches: 2)
distance1.meters() // 1.8796

In this method, we have switched on self which tells us which unit of measurement this instance was created with. If it is in meters we can just return that but, if it is in feet and inches, we must do the conversion. As an exercise, I recommend you try to implement a feetAndInches method that returns a tuple with the two values. The biggest challenge is in handling the mathematical operations using the correct types. You cannot perform operations with mismatching types mathematically. If you need to convert from one number type to another, you can do so by initializing a copy as shown in the code above: Double(feet). Unlike the casting that we discussed earlier, this process simply creates a new copy of the feet variable that is now Double instead of Int. This is only possible because the Double type happens to define an initializer that takes Int. Most number types can be initialized with any of the other ones.
You now have a great overview of all of the different ways in which we can organize Swift code in a single file to make the code more understandable and maintainable. It is now time to discuss how we can separate our code into multiple files to improve it even more.


Projects



If we want to move away from developing with a single file, we need to move away from playgrounds and create our first project. In order to simplify the project, we are going to create a 
command-line tool. This is a program without a graphical interface. As an exercise, we will redevelop our example program from Chapter 2, Building Blocks – Variables, Collections, and Flow Control which managed invitees to a party. We will develop an app with a graphical interface in Chapter 11, A Whole New World – Developing an App.
Setting up a command-line Xcode project



To create a new command-line tool project, open Xcode and from the menu bar on the top, select File | New | Project…. A window will appear allowing you to select a template for the project. You should choose Command Line Tool from the OS X | Application menu:
[image: Setting up a command-line Xcode project]
From there, click Next and then give the project a name like Learning Swift Command Line. Any Organization Name and Identifier are fine. Finally, make sure that Swift is selected from the Language dropdown and click Next again. Now, save the project somewhere that you can find later and click Create.
Xcode will then present you with the project development window. Select the main.swift file on the left and you should see the Hello, World! code that Xcode has generated for you:
[image: Setting up a command-line Xcode project]
This should feel pretty similar to a playground except that we can no longer see the output of the code on the right. In a regular project like this, the code is not run automatically for you. The code will still be analyzed for errors as you write it, but you must run it yourself whenever you want to test it. To run the code, you can click the run button on the toolbar, which looks like a play button.
The program will then build and run. Once it does, Xcode shows the console on the bottom where you will see the text Hello, World! which is the result of running this program. This is the same console as we saw in playgrounds.
Unlike a playground, we have the Project Navigator along the left. This is where we organize all of the source files that go into making the application work.

Creating and using an external file



Now that we have successfully created our command-line project, let's create our first new file. It is common to create a separate file for each type that you create. Let's start by creating a file for an invitee class. We want to add the file to the same file group as the main.swift file, so click on that group. You can then click on the plus sign (+) in the lower left of the window and select New File. From that window, select OS X | Source | Swift File and click Next:
[image: Creating and using an external file]
The new file will be placed in whatever folder was selected before entering the dialog. You can always drag a file around to organize it however you want. A great place for this file is next to main.swift. Name your new file Invitee.swift and click Create. Let's add a simple Invitee structure to this file. We want Invitee to have a name and to be able to ask them to the party with or without a show:
// Invitee.swift
struct Invitee {
    let name: String

    func askToBringShowFromGenre(genre: ShowGenre) {
        print("\(self.name), bring a \(genre.name) show")
        print("\(genre.example) is a great \(genre.name)")
    }

    func askToBringThemselves() {
        print("\(self.name), just bring yourself")
    }
}

This is a very simple type and does not require inheritance, so there is no reason to use a class. Note that inheritance is not the only reason to use a class, as we will see in later chapters but, for now, a structure will work great for us. This code provides simple, well-named methods to print out the two types of invites.
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