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	Preface


	About this book
The Hacking with watchOS tutorial series is designed to make it easy for beginners to get started building apps and complications for watchOS using the Swift programming language.

My teaching styling is extremely hands-on, which means nearly everything you learn from me will have a direct, practical application to something we're working on. That way, your brain can see exactly why a certain technique is helpful and you can start using it straight away.

This book has been written on the back of my personal motto: "Programming is an art. Don't spend all your time sharpening your pencil when you should be drawing." We'll be doing some "sharpening" but a heck of a lot more "drawing" – if that doesn't suit your way of learning, you should exit now.

The three golden rules

The series is crafted around a few basic tenets, and it's important you understand them before continuing:


	Follow the series: The tutorials are designed to be used in order, starting at the beginning and working through to the end. The reason for this is that concepts are introduced sequentially on a need-to-know basis – you only learn about something when you really have to in order to make the project work.

	Don't skip the technique projects: The tutorials follow a sequence that places a technique project after every two app projects. That is, you develop two apps then we focus on a particular component to help make your code better. The apps are standalone projects that you can go on to develop as you wish, whereas the technique tutorials will often be used to improve or prepare you for other projects.

	Get ready to learn: This is designed to be an accelerated, hands-on course that teaches you programming quickly and with real-world examples, not to be some sort of Comp Sci 101 course where we discuss data structures and algorithms.



You'd be surprised by how many people think the path to success is through reading books, attending classes or, well, doing pretty much anything except sitting down in front of a computer and typing. Not me. I believe the best way to learn something is to try to do it yourself and see how it goes.

Sure, going to classes might re-enforce what you've learned, or it might teach you some time-saving techniques, but ultimately I've met too many people with computing degrees who stumble when asked to write simple programs. Don't believe me? Try doing a Google search for "fizz buzz test", and you'll be surprised too.

So, dive in, make things, and please have fun – because if you're not enjoying yourself, Swift coding probably isn't for you.

If you spot any errors in this book, either typos or technical mistakes, please do let me know so I can correct them as soon as possible. The best way to get in touch is on Twitter @twostraws, but you can also email paul@hackingwithswift.com.

Xcode and Swift

I'm not going to talk much, because I want to get straight into coding. However, there are some points you do need to know:


	I’ve written these tutorials using Xcode 15, which is available for free from the Mac App Store. If you’re using an earlier version of Xcode you should upgrade before continuing otherwise you may encounter bugs.

	Swift is still a relatively new language, and continues to evolve quickly. Every new release of Xcode seems to change something or other, and often that means code that used to work now no longer does. At the time of writing, Swift is mature enough that the changes are relatively minor, so hopefully you can make them yourself. If not, check to see if there's an update of the project files here: https://github.com/twostraws/watchOS.

	These projects are designed to work with watchOS 10.0 or later. Please upgrade your system otherwise you’ll find this book very confusing indeed!



Important note: if any bugs are found in the project files, or if Swift updates come out that force syntax changes, I'm going to be updating this book as needed. You should follow me on Twitter @twostraws if you want to be notified of updates.

I'm also happy to answer questions on Twitter if you encounter problems, so please feel free to get in touch!

Swift, the Swift logo, Xcode, Instruments, Cocoa Touch, Touch ID, AirDrop, iBeacon, iMessage, iPhone, iPad, Safari, App Store, Mac, and macOS are trademarks of Apple Inc., registered in the U.S. and other countries.

Hacking with watchOS is copyright Paul Hudson. All rights reserved. No part of this book or corresponding materials (such as text, images, or source code) may be reproduced or distributed by any means without prior written permission of the copyright owner.


Frequent Flyer Club

You can buy Swift tutorials from anywhere, but I'm pleased, proud, and very grateful that you chose mine. I want to say thank you, and the best way I have of doing that is by giving you bonus content above and beyond what you paid for – you deserve it!

Every book contains a word that unlocks bonus content for Frequent Flyer Club members. The word for this book is KRYPTON. Enter that word, along with words from any other Hacking with Swift books, here: https://www.hackingwithswift.com/frequent-flyer


Updates

When you buy your books from Hacking with Swift, you get Swift updates for free. You can read the full version of my update policy at https://www.hackingwithswift.com/update-policy, but the abridged version is this: whenever I release to the public an updated book or video to reflect these changes, all existing buyers will get that update free.

This edition has the version 2024-04-16.

Dedication

This book is dedicated to my wife Ildiko, who provides me with inspiration, encouragement, love, and support every day and without fail.

	What’s it like to build for watchOS?
If you’ve ever written a haiku, you’ll know it’s not easy. At the very least we can all agree that in English a haiku should have three lines comprising five syllables, seven syllables, then five more syllables. If you’re steering closer to the Japanese originals, your haiku would usually be about the natural world or the seasons, your lines wouldn’t rhyme, and it would probably have a fairly reflective tone.

The haiku form is an example of what’s called constrained writing: creating written art that observes very strict rules. It’s easy to look at this and think, “why would someone enjoy writing a haiku?” After all, surely it would be better to have as many syllables as you want, to rhyme as you please, and use any topic that comes to mind?

The truth is that forcing your brain to think inside constraints helps guide your thinking, simplify your architecture, and ultimately hone your skills.

Making apps for watchOS is, I think, the ultimate example of constrained programming. Sure, there are competitions that ask you to write games in under 1K of code, but that’s only constrained in one dimension. watchOS is constrained on three levels:


	You have limited resources. Any modern iPhone, iPad, or Mac has 10x or more computing power of Apple Watch, so there is no scope to waste system resources.

	You have limited screen space. Even the larger Apple Watch only has a resolution of 368x448 (164,864 pixels), which is small even when compared to an old iPhone such as the iPhone 4 that had a resolution of 640x960 (614,400 pixels). (I’m excluding the Apple Watch Ultra here only because it has a comparatively niche user base.)

	You have limited user attention. Apple recommends your apps complete their task in under two seconds, which is incredibly hard.



So, like I said making apps for watchOS is the ultimate example of constrained programming: you’re constrained in three dimensions at the same time, and it can take some real work to make great apps.

Of course, that’s where this book comes in. I’ve done a lot of the hard work for you by creating projects that teach watchOS coding while taking into account the above constraints. The only constraint I occasionally put to one side is that of user attention, but this is usually because I want to demonstrate alternative techniques to help you learn more, and it’s always explained clearly in the text.

Note: Of all the projects in this book, I think only the first one requires you to have a physical Apple Watch to work. That being said, it’s still much easier if you have one around because apps are easier to test if you can tap on them directly.

Attaching to a phone

An interesting quirk of Apple Watch is that it used to rely on a phone to be fully functional. Sure, the watches are designed to work alone and it should be the goal of everyone watchOS apps to be fully functional as independent apps, but many people still choose to make apps that are designed to work as a counterpart to their iOS app.

Being able to work alongside a paired iPhone is important, and towards the end of this book I’ll be showing you how to transfer data between watch and phone to keep your two apps in sync. However, this is not a book about iOS, so for the most part we’ll be building independent watchOS apps.

	A note for iOS and macOS developers
watchOS uses many technologies that you’re already familiar with: Xcode, Swift, SwiftUI, provisioning profiles, and more, so in some respects you can make headway fairly quickly. There are a handful of variations in which SwiftUI views are available and how they can be used, but hopefully that won’t cause you too much trouble.

However, there is one significant difference you ought to be aware of: you should design your interfaces to go edge to edge, with little or no margins. The Apple Watch screen has a natural margin on the hardware, so you should use the full available screen space.

Apart from that, the only thing you’re likely to find is that SwiftUI for watchOS is a little more, er, “fragile”, than on iOS. In my experience, many things we take for granted on iOS will either behave strangely or just flat out crash on watchOS, perhaps because watchOS gets a little less attention over at Cupertino. I’ve worked hard to make sure each project here works great, but if on occasion you find yourself thinking “this could be done easier,” chances are I explored that option and found it problematic or even completely broken!

Other than that, keep in mind what I said about constraints for time, screen, and resources, and you’re all set.

	Introduction
If you want to learn the language all at once before you start making apps, this is for you.

	How to install Xcode and create a playground
Xcode is Apple’s programming application for developers. It’s free from the Mac App Store, and it's required to do development for Apple’s platforms. So, your first action is to click here to install Xcode from the Mac App Store – it’s quite a big download, so start downloading it now and carry on reading.

While that's downloading, I can explain a couple of the absolute basics to you:


	iOS is the name of the operating system that runs on all iPhones and iPads. It’s responsible for all the basic operations of the phone, such as making phone calls, drawing on the screen, and running apps.

	macOS is the name for Apple’s desktop operating system, which is the technological grandparent of iOS, tvOS, and even watchOS.

	watchOS is the name for Apple’s tiniest operating system, and is responsible for running native apps and also delivering notifications from the phone.

	tvOS is a spin off of iOS designed to run on televisions connected to Apple TV devices.

	Swift is Apple’s modern programming language that lets you write apps for iOS, macOS, and other platforms. It contains the functionality for building programs, but doesn’t handle anything like user interfaces, audio or networking.

	UIKit is Apple’s native user interface toolkit. It contains things like buttons, text boxes, navigation controls and more, and you drive it using Swift.

	AppKit is Apple’s native user interface toolkit for macOS. Like UIKit it contains things like buttons, text boxes, and more, although focused on macOS rather than iOS.

	WatchKit was Apple’s native user interface toolkit for watchOS before SwiftUI was introduced. While UIKit and AppKit have much in common, WatchKit is significantly different – and significantly simpler.

	SwiftUI is a cross-platform toolkit that lets us build apps for iOS, macOS, tvOS, and watchOS.

	Cocoa Touch is the name commonly used for Apple's vast collection of frameworks for iOS. It includes UIKit to do user interfaces, but most people would say it also includes SpriteKit for making 2D games, SceneKit for making 3D games, MapKit for maps, Core Graphics for drawing, Core Animation for animating things, and much more.

	Cocoa is the name used for Apple’s framework collection on macOS. Strictly speaking it’s made up of AppKit for user interface, Foundation for basic functionality, and Core Data for object graphs, but like Cocoa Touch it’s often used to mean “all of macOS development.”

	NeXTSTEP is an operating system created by a company that Steve Jobs founded called NeXT. It was bought by Apple, at which point Jobs was placed back in control of the company, and put NeXTSTEP technology right into the core of Apple's development platform.

	Simulator is a tool that comes with Xcode that looks and works almost exactly like a real iPhone, iPad, Apple TV, or Apple Watch. It lets you test apps very quickly without having to use a real device.

	Playgrounds are miniature Swift testing environments that let you type code and see the results immediately. You don’t build real apps with them, but they are great for learning. We’ll be using playgrounds in this introduction.

	Crashes are when your code goes disastrously wrong and your app cannot recover. If a user is running your app it will just disappear and they’ll be back on the home screen. If you're running in Xcode, you’ll see a crash report.

	Taylor Swift has nothing to do with the Swift programming language. This is a shame, as you might imagine, but I'll try to make up for this shortfall by using her songs in this tutorial. Deal with it.



That’s it for the basics – if Xcode still hasn't finished downloading then why not watch some Taylor Swift videos while you wait? The examples in this tutorial will certainly make a lot more sense…

Got Xcode installed? OK! Let’s do this…

Introduction to Swift playgrounds

When you launch Xcode, you’ll see the Welcome to Xcode window where you can create a new project or open one of your recent projects. We don’t want a project for now, because we’ll be using a playground – little mini projects that let us run code quickly. You can make a new playground by going to the File menu and choosing New > Playground.

[image: The Xcode menu bar showing File > New > Playground.]

Xcode will ask you whether you want to create a playground for iOS or macOS, but it doesn’t matter here – this introduction is almost exclusively about the Swift language, with no user interface components. For the avoidance of problems, leave “iOS” selected for the platform. You’ll see a list of playground templates you can choose from, but we’re going to start small here so please choose Blank.

[image: The Playground creation screen with “Blank” selected.]

Finally, Xcode will ask you to name your playground – the default name of "MyPlayground" is fine, so go ahead and click Create.

What you'll see is a window split in two. On the left you'll see this:

import UIKit

var greeting = "Hello, playground"

And on the right, once Xcode has built and run the code, you’'ll see this: "Hello, playground". Note that build and running the code takes 10 seconds or so the first time, but is fast otherwise – Xcode has to launch a mini simulator behind the scenes.

This split is important, because it divides code and results. The code is in the left pane, and you will edit this to do your own Swift work as we go. The results are in the right pane, and it shows you what your Swift code has done. In this case, it’s telling us that we successfully set the value "Hello, playground."

[image: Playground with code on the left, and “Hello, playground” on the right.]

Playgrounds run whatever code you write, one line at a time, and show the updated results in the side bar. To the left of each line of code you’ll see a blue bar, and if you hover over various lines there you’ll see you can press a play button to run the code up to that point.

Playgrounds are a great way to try some code and see the results quickly. They are extremely powerful too, as you’ll see over the next hour or so. Let’s get started writing Swift!

	Variables and constants

Every useful program needs to store data at some point, and in Swift there are two ways to do it: variables and constants. A variable is a data store that can have its value changed whenever you want, and a constant is a data store that you set once and can never change. So, variables have values that can vary, and constants have values that are constant – easy, right?

Having both these options might seem pointless, after all you could just create a variable then never change it – why does it need to be made a constant? Well, it turns out that many programmers are – shock! – less than perfect at programming, and we make mistakes.

One of the advantages of separating constants and variables is that Xcode will tell us if we’ve made a mistake. If we say, "make this date a constant, because I know it will never change" then 10 lines later try to change it, Xcode will refuse to build our app.

Constants are also important because they let Xcode make decisions about the way it builds your app. If it knows a value will never change, it is able to apply optimizations to make your code run faster.

In Swift, you make a variable using the var keyword, like this:

var name = "Tim McGraw"

Let’s put that into a playground so you can start getting feedback. Delete everything in there apart from the import UIKit line (that's the bit that pulls in Apple's core iOS framework and it's needed later on), and add that variable.

Because this is a variable, you can change it whenever you want, but you shouldn't use the var keyword each time – that's only used when you're declaring new variables. Try writing this:

var name = "Tim McGraw"
name = "Romeo"

So, the first line creates the name variable and gives it an initial value, then the second line updates the name variable so that its value is now "Romeo". You'll see both values printed in the results area of the playground.

[image: Playground showing “Tim McGraw” and “Romeo” printed out.]

Now, what if we had made that a constant rather than a variable? Well, constants use the let keyword rather than var, so you can change your first line of code to say let name rather than var name like this:

import UIKit
let name = "Tim McGraw"
name = "Romeo"

But now there's a problem: Xcode will show a red warning next to line three, and it should have drawn a red underline underneath your code. Xcode’s message is “Cannot assign to value: 'name' is a 'let' constant”, which is Xcode-speak for "you're trying to change a constant and you can't do that."

[image: Playground showing error on line 3.]

So, constants are a great way to make a promise to Swift and to yourself that a value won't change, because if you do try to change it Xcode will refuse to run. Swift developers have a strong preference to use constants wherever possible because it makes your code easier to understand. In fact, Xcode will actually tell you if you make something a variable then never change it!

Important note: variable and constant names must be unique in your code. You'll get an error if you try to use the same variable name twice, like this:

var name = "Tim McGraw"
var name = "Romeo"

If the playground finds an error in your code, it will either flag up a warning in a red box, or will just refuse to run. You'll know if the latter has happened because the text in the results pane has gone gray rather than its usual black.

[image: Playground showing error on line 3 due to an invalid redeclaration of 'name'.]

	Types of Data

There are lots of kinds of data, and Swift handles them all individually. You already saw one of the most important types when you assigned some text to a variable, but in Swift this is called a String – literally a string of characters.

Strings can be long (e.g. a million letters or more), short (e.g. 10 letters) or even empty (no letters), it doesn't matter: they are all strings in Swift's eyes, and all work the same. Swift knows that name should hold a string because you assign a string to it when you create it: "Tim McGraw". If you were to rewrite your code to this it would stop working:

var name
name = "Tim McGraw"

[image: Playground with error “Found an unexpected second identifier...”]

At this point you have two options: either create your variable and give it an initial value on one line of code, or use what's called a type annotation, which is where you tell Swift what data type the variable will hold later on, even though you aren't giving it a value right now.

You've already seen how the first option looks, so let's look at the second: type annotations. We know that name is going to be a string, so we can tell Swift that by writing a colon then String, like this:

var name: String
name = "Tim McGraw"

Note: some people like to put a space before and after the colon, making var name : String, but they are wrong and you should try to avoid mentioning their wrongness in polite company.

[image: A String type annotation]

The lesson here is that Swift always wants to know what type of data every variable or constant will hold. Always. You can't escape it, and that's a good thing because it provides something called type safety – if you say "this will hold a string" then later try and put a rabbit in there, Swift will refuse.

We can try this out now by introducing another important data type, called Int, which is short for "integer." Integers are round numbers like 3, 30, 300, or -16777216. For example:

var name: String
name = "Tim McGraw"

var age: Int
age = 25

[image: Playground with String and Integer type variables.]

That declares one variable to be a string and one to be an integer. Note how both String and Int have capital letters at the start, whereas name and age do not – this is the standard coding convention in Swift. A coding convention is something that doesn't matter to Swift (you can write your names how you like!) but does matter to other developers. In this case, data types start with a capital letter, whereas variables and constants do not.

Now that we have variables of two different types, you can see type safety in action. Try writing this:

name = 25
age = "Tim McGraw"

[image: Errors from assigning String to Int and the other way around.]

In that code, you're trying to put an integer into a string variable, and a string into an integer variable – and, thankfully, Xcode will throw up errors. You might think this is pedantic, but it's actually quite helpful: you make a promise that a variable will hold one particular type of data, and Xcode will enforce that throughout your work.

Before you go on, please delete those two lines of code causing the error, otherwise nothing in your playground will work going forward!

Float and Double

Let's look at two more data types, called Float and Double. This is Swift's way of storing numbers with a fractional component, such as 3.1, 3.141, 3.1415926, and -16777216.5. There are two data types for this because you get to choose how much accuracy you want, but most of the time it doesn't matter so the official Apple recommendation is always to use Double because it has the highest accuracy.

Try putting this into your playground:

var latitude: Double
latitude = 36.166667

var longitude: Float
longitude = -86.783333

[image: Double and Float variables. `longitude` has a 3 missing off the end in the printout.]

You can see both numbers appear on the right, but look carefully because there's a tiny discrepancy. We said that longitude should be equal to -86.783333, but in the results pane you'll see -86.78333 – it's missing one last 3 on the end. Now, you might well say, "what does 0.000003 matter among friends?" but this is ably demonstrating what I was saying about accuracy.

Because these playgrounds update as you type, we can try things out so you can see exactly how Float and Double differ. Try changing the code to be this:

var longitude: Float
longitude = -86.783333
longitude = -186.783333
longitude = -1286.783333
longitude = -12386.783333
longitude = -123486.783333
longitude = -1234586.783333

[image: Printouts of various Float values. The input gets longer, but the output is shortened to always be the same length.]

That's adding increasing numbers before the decimal point, while keeping the same amount of numbers after. But if you look in the results pane you'll notice that as you add more numbers before the point, Swift is removing numbers after. This is because it has limited space in which to store your number, so it's storing the most important part first – being off by 1,000,000 is a big thing, whereas being off by 0.000003 is less so.

Now try changing the Float to be a Double and you'll see Swift prints the correct number out every time:

var longitude: Double

[image: Printouts of various Double values. The input and output both get longer.]

This is because, again, Double has twice the accuracy of Float so it doesn't need to cut your number to fit. Doubles still have limits, though – if you were to try a massive number like 123456789.123456789 you would see it gets cut down to 123456789.1234568.

Boolean

Swift has a built-in data type that can store whether a value is true or false, called a Bool, short for Boolean. Bools don't have space for "maybe" or "perhaps", only absolutes: true or false. For example:

var stayOutTooLate: Bool
stayOutTooLate = true

var nothingInBrain: Bool
nothingInBrain = true

var missABeat: Bool
missABeat = false

[image: Printouts of various Boolean values.]

Tip: You’ll notice these variables are written in a very particular way: we don’t write MissABeat, missabeat, or other such variations, but instead make the initial letter lowercase then capitalize the first letter of the second and subsequent words. This is called “camel case” because it looks a bit like the humps of a camel, and it’s used to make it easier to read words in variable names.

Using type annotations wisely

As you've learned, there are two ways to tell Swift what type of data a variable holds: assign a value when you create the variable, or use a type annotation. If you have a choice, the first is always preferable because it's clearer. For example:

var name = "Tim McGraw"

…is preferred to:

var name: String
name = "Tim McGraw"

This applies to all data types. For example:

var age = 25
var longitude = -86.783333
var nothingInBrain = true

This technique is called type inference, because Swift can infer what data type should be used for a variable by looking at the type of data you want to put in there. When it comes to numbers like -86.783333, Swift will always infer a Double rather than a Float.

For the sake of completeness, I should add that it's possible to specify a data type and provide a value at the same time, like this:

var name: String = "Tim McGraw"

	Operators

Operators are those little symbols you learned in your very first math classes: + to add, - to subtract, * to multiply, / to divide, = to assign value, and so on. They all exist in Swift, along with a few extras.

Let's try a few basics – please type this into your playground:

var a = 10
a = a + 1
a = a - 1
a = a * a

[image: Math operations using the plus, minus, and times operators.]

In the results pane, you'll see 10, 11, 10 and 100 respectively. Now try this:

var b = 10
b += 10
b -= 10

[image: Math operations using the plus-equals, minus-equals, and times-equals operators.]

+= is an operator that means "add then assign to." In our case it means "take the current value of b, add 10 to it, then put the result back into b." As you might imagine, -= does the same but subtracts rather than adds. So, that code will show 10, 20, 10 in the results pane.

Some of these operators apply to other data types. As you might imagine, you can add two doubles together like this:

var a = 1.1
var b = 2.2
var c = a + b

[image: Adding two Doubles with the plus operator.]

When it comes to strings, + will join them together. For example:

var name1 = "Tim McGraw"
var name2 = "Romeo"
var both = name1 + " and " + name2

[image: Joining two Strings with the plus operator.]

That will write "Tim McGraw and Romeo" into the results pane.

One more common operator you’ll see is called modulus, and is written using a percent symbol: %. It means “divide the left hand number evenly by the right, and return the remainder.” So, 9 % 3 returns 0 because 3 divides evenly into 9, whereas 10 % 3 returns 1, because 10 divides by 3 three times, with remainder 1.

[image: Finding remainders using the modulo operator.]

Note: If you bought Hacking with Swift and are using the exclusive guide book accompaniment to the course, you’ll find the modulus operator useful later on.

Comparison operators

Swift has a set of operators that perform comparisons on values. For example:

var a = 1.1
var b = 2.2
var c = a + b

c > 3
c >= 3
c > 4
c < 4

[image: Comparing Doubles with various operators.]

That shows off greater than (>), greater than or equal (>=), and less than (<). In the results window you'll see true, true, false, true – these are Booleans, because the answer to each of these statements can only ever be true or false.

If you want to check for equality, you can't use = because it already has a meaning: it's used to give a variable a value. So, Swift has an alternative in the form of ==, meaning "is equal to." For example:

var name = "Tim McGraw"
name == "Tim McGraw"

[image: Comparing Strings with the equality operator.]

That will show "true" in the results pane. Now, one thing that might catch you out is that in Swift strings are case-sensitive, which means "Tim McGraw", "TIM MCGRAW" and "TiM mCgRaW" are all considered different. If you use == to compare two strings, you need to make sure they have the same letter case.

[image: Comparing strings of different cases returns false.]

There's one more operator I want to introduce you to, and it's called the "not" operator: !. Yes, it's just an exclamation mark. This makes your statement mean the opposite of what it did. For example:

var stayOutTooLate = true
stayOutTooLate
!stayOutTooLate

[image: Flipping a Boolean with the not operator.]

That will print out true, true, false – with the last value there because it flipped the previous true.

You can also use ! with = to make != or "not equal". For example:

var name = "Tim McGraw"
name == "Tim McGraw"
name != "Tim McGraw"

[image: Comparing Strings with the inequality operator.]

	String Interpolation

This is a fancy name for what is actually a very simple thing: combining variables and constants inside a string.

Clear out all the code you just wrote and leave only this:

var name = "Tim McGraw"

If we wanted to print out a message to the user that included their name, string interpolation is what makes that easy: you just write a backslash, then an open parenthesis, then your code, then a close parenthesis, like this:

var name = "Tim McGraw"
"Your name is \(name)"

[image: Adding a name to a String using interpolation.]

The results pane will now show "Your name is Tim McGraw" all as one string, because string interpolation combined the two for us.

Now, we could have written that using the + operator, like this:

var name = "Tim McGraw"
"Your name is " + name

[image: Adding a name to a String using the plus operator.]

…but that's not as efficient, particularly if you're combining multiple variables together. In addition, string interpolation in Swift is smart enough to be able to handle a variety of different data types automatically. For example:

var name = "Tim McGraw"
var age = 25
var latitude = 36.166667

"Your name is \(name), your age is \(age), and your latitude is \(latitude)"

[image: Interpolating a String, Int, and Double.]

Doing that using + is much more difficult, because Swift doesn't let you add integers and doubles to a string.

At this point your result may no longer fit in the results pane, so either resize your window or hover over the result and click the + button that appears to have it shown inline.

One of the powerful features of string interpolation is that everything between \( and ) can actually be a full Swift expression. For example, you can do mathematics in there using operators, like this:

var age = 25
"You are \(age) years old. In another \(age) years you will be \(age * 2)."

[image: Interpolating a mathematical expression.]

	Arrays

Arrays let you group lots of values together into a single collection, then access those values by their position in the collection. Swift uses type inference to figure out what type of data your array holds, like so:

var evenNumbers = [2, 4, 6, 8]
var songs = ["Shake it Off", "You Belong with Me", "Back to December"]

[image: Creating Arrays of Ints and Strings.]

As you can see, Swift uses brackets to mark the start and end of an array, and each item in the array is separated with a comma.

When it comes to reading items out an array, there's a catch: Swift starts counting at 0. This means the first item is 0, the second item is 1, the third is 2, and so on. Try putting this into your playground:

var songs = ["Shake it Off", "You Belong with Me", "Back to December"]
songs[0]
songs[1]
songs[2]

[image: Accessing Array values by index.]

That will print "Shake it Off", "You Belong with Me", and "Back to December" in the results pane.

An item's position in an array is called its index, and you can read any item from the array just by providing its index. However, you do need to be careful: our array has three items in, which means indexes 0, 1 and 2 work great. But if you try and read songs[3] your playground will stop working – and if you tried that in a real app it would crash!

[image: Playground crash because of an out-of-range index.]

Because you've created your array by giving it three strings, Swift knows this is an array of strings. You can confirm this by using a special command in the playground that will print out the data type of any variable, like this:

var songs = ["Shake it Off", "You Belong with Me", "Back to December"]
type(of: songs)

[image: Checking the type of an Array of Strings.]

That will print Array<String>.Type into the results pane, telling you that Swift considers songs to be an array of strings.

Let's say you made a mistake, and accidentally put a number on the end of the array. Try this now and see what the results pane prints:

var songs = ["Shake it Off", "You Belong with Me", "Back to December", 3]
type(of: songs)

[image: Adding a number to a String Array causes an error.]

This time you'll see an error. The error isn’t because Swift can’t handle mixed arrays like this one – I’ll show you how to do that in just a moment! – but instead because Swift is being helpful. The error message you’ll see is, “heterogenous collection literal could only be inferred to '[Any]'; add explicit type annotation if this is intentional.” Or, in plain English, “it looks like this array is designed to hold lots of types of data – if you really meant that, please make it explicit.”

Type safety is important, and although it's neat that Swift can make arrays hold any kind of data this particular case was an accident. Fortunately, I've already said that you can use type annotations to specify exactly what type of data you want an array to store. To specify the type of an array, write the data type you want to store with brackets around it, like this:

var songs: [String] = ["Shake it Off", "You Belong with Me", "Back to December", 3]

[image: Adding a number to a typed String Array causes a different error.]

Now that we've told Swift we want to store only strings in the array, it will always refuse to run the code because 3 is not a string.

If you really want the array to hold any kind of data, use the special Any data type, like this:

var songs: [Any] = ["Shake it Off", "You Belong with Me", "Back to December", 3]

[image: Adding a Int to an Array of Any is okay.]

Creating arrays

If you make an array using the syntax shown above, Swift creates the array and fills it with the values we specified. Things aren't quite so straightforward if you want to create the array then fill it later – this syntax doesn't work:

var songs: [String]
songs[0] = "Shake it Off"

[image: The above code causes an error: variable 'songs' passed by reference before being initialized.]

The reason is one that will seem needlessly pedantic at first, but has deep underlying performance implications so I'm afraid you're just stuck with it. Put simply, writing var songs: [String] tells Swift "the songs variable will hold an array of strings," but it doesn't actually create that array. It doesn't allocate any RAM, or do any of the work to actually create a Swift array. It just says that at some point there will be an array, and it will hold strings.

There are a few ways to express this correctly, and the one that probably makes most sense at this time is this:

var songs: [String] = []

[image: Initializing a typed Array with empty brackets.]

That uses a type annotation to make it clear we want an array of strings, and it assigns an empty array (that's the [] part) to it.

You'll also commonly see this construct:

var songs = [String]()

[image: Initializing an Array with round brackets.]

That means the same thing: the () tells Swift we want to create the array in question, which is then assigned to songs using type inference. This option is two characters shorter, so it's no surprise programmers prefer it!

Array operators

You can use a limited set of operators on arrays. For example, you can merge two arrays by using the + operator, like this:

var songs = ["Shake it Off", "You Belong with Me", "Love Story"]
var songs2 = ["Today was a Fairytale", "Welcome to New York", "Fifteen"]
var both = songs + songs2

You can also use += to add and assign, like this:

both += ["Everything has Changed"]

[image: Combining and appending to Arrays with the plus and plus-equals operators respectively.]

	Dictionaries

As you've seen, Swift arrays are a collection where you access each item using a numerical index, such as songs[0]. Dictionaries are another common type of collection, but they differ from arrays because they let you access values based on a key you specify.

To give you an example, let's imagine how we might store data about a person in an array:

var person = ["Taylor", "Alison", "Swift", "December", "taylorswift.com"]

To read out that person's middle name, we'd use person[1], and to read out the month they were born we'd use person[3]. This has a few problems, not least that it's difficult to remember what index number is assigned to each value in the array! And what happens if the person has no middle name? Chances are all the other values would move down one place, causing chaos in your code.

With dictionaries we can re-write this to be far more sensible, because rather than arbitrary numbers you get to read and write values using a key you specify. For example:

var person = ["first": "Taylor", "middle": "Alison", "last": "Swift", "month": "December", "website": "taylorswift.com"]
person["middle"]
person["month"]

[image: Creating a dictionary, then accessing its members.]

It might help if I use lots of whitespace to break up the dictionary on your screen, like this:

var person = [
                "first": "Taylor",
                "middle": "Alison",
                "last": "Swift",
                "month": "December",
                "website": "taylorswift.com"
            ]

person["middle"]
person["month"]

As you can see, when you make a dictionary you write its key, then a colon, then its value. You can then read any value from the dictionary just by knowing its key, which is much easier to work with.

As with arrays, you can store a wide variety of values inside dictionaries, although the keys are most commonly strings.

	Conditional statements

Sometimes you want code to execute only if a certain condition is true, and in Swift that is represented primarily by the if and else statements. You give Swift a condition to check, then a block of code to execute if that condition is true.

You can optionally also write else and provide a block of code to execute if the condition is false, or even else if and have more conditions. A "block" of code is just a chunk of code marked with an open brace – { – at its start and a close brace – } – at its end.

Here's a basic example:

var action: String
var person = "hater"

if person == "hater" {
    action = "hate"
}

[image: Using a condition to conditionally assign a value.]

That uses the == (equality) operator introduced previously to check whether the string inside person is exactly equivalent to the string "hater". If it is, it sets the action variable to "hate". Note that open and close braces, also known by their less technical name of "curly brackets" – that marks the start and end of the code that will be executed if the condition is true.

Let's add else if and else blocks:

var action: String
var person = "hater"

if person == "hater" {
    action = "hate"
} else if person == "player" {
    action = "play"
} else {
    action = "cruise"
}

[image: A conditional with three branches. Only one is executed.]

That will check each condition in order, and only one of the blocks will be executed: a person is either a hater, a player, or anything else.

Evaluating multiple conditions

You can ask Swift to evaluate as many conditions as you want, but they all need to be true in order for Swift to execute the block of code. To check multiple conditions, use the && operator – it means "and". For example:

var action: String
var stayOutTooLate = true
var nothingInBrain = true

if stayOutTooLate && nothingInBrain {
    action = "cruise"
}

[image: A conditional which checks if both conditions are true.]

Because stayOutTooLate and nothingInBrain are both true, the whole condition is true, and action gets set to "cruise." Swift uses something called short-circuit evaluation to boost performance: if it is evaluating multiple things that all need to be true, and the first one is false, it doesn't even bother evaluating the rest.

Looking for the opposite of truth

This might sound deeply philosophical, but actually this is important: sometimes you care whether a condition is not true, i.e. is false. You can do this with the ! (not) operator that was introduced earlier. For example:

if !stayOutTooLate && !nothingInBrain {
    action = "cruise"
}

[image: A conditional which checks if both conditions are false.]

This time, the action variable will only be set if both stayOutTooLate and nothingInBrain are false – the ! has flipped them around.

	Loops

Computers are great at doing boring tasks billions of times in the time it took you to read this sentence. When it comes to repeating tasks in code, you can either copy and paste your code multiple times, or you can use loops – simple programming constructs that repeat a block of code for as long as a condition is true.

To demonstrate this, I want to introduce you to a special debugging function called print(): you give it some text to print, and it will print it. If you're running in a playground like we are, you'll see your text appear in the results window. If you're running a real app in Xcode, you'll see your text appear in Xcode's log window. Either way, print() is a great way to get a sneak peek at the contents of a variable.

Take a look at this code:

print("1 x 10 is \(1 * 10)")
print("2 x 10 is \(2 * 10)")
print("3 x 10 is \(3 * 10)")
print("4 x 10 is \(4 * 10)")
print("5 x 10 is \(5 * 10)")
print("6 x 10 is \(6 * 10)")
print("7 x 10 is \(7 * 10)")
print("8 x 10 is \(8 * 10)")
print("9 x 10 is \(9 * 10)")
print("10 x 10 is \(10 * 10)")

[image: Printing out the ten times table with ten statements.]

When it has finished running, you'll have the 10 times table in your playground results pane. But it's hardly efficient code, and in fact a much cleaner way is to loop over a range of numbers using what's called the closed range operator, which is three periods in a row: ...

Using the closed range operator, we could re-write that whole thing in three lines:

for i in 1...10 {
    print("\(i) x 10 is \(i * 10)")
}

[image: Printing out the ten times table with a for loop.]

The results pane just shows "(10 times)" for our loop, meaning that the loop was run 10 times. If you want to know what the loop actually did, click the square immediately to the right of “(10 times). You'll see a box saying "10 x 10 is 100" appear inside your code, and if you right-click on that you should see the option “Value History”. Click on that now, and you should see all the printed values over time.

[image: Viewing a Playground's Value History.]

What the loop does is count from 1 to 10 (including 1 and 10), assigns that number to the constant i, then runs the block of code inside the braces.

If you don't need to know what number you're on, you can use an underscore instead. For example, we could print some Taylor Swift lyrics like this:

var str = "Fakers gonna"

for _ in 1...5 {
    str += " fake"
}

print(str)

[image: Appending “fake” five times with a for loop.]

That will print "Fakers gonna fake fake fake fake fake" by adding to the string each time the loop goes around.

If Swift doesn’t have to assign each number to a variable each time the loop goes around, it can run your code a little faster. As a result, if you write for i in… then don’t use i, Xcode will suggest you change it to _.

There's a variant of the closed range operator called the half open range operator, and they are easily confused. The half open range operator looks like ..< and counts from one number up to and excluding another. For example, 1..<5 will count 1, 2, 3, 4.

[image: Using a half open range operator to stop before five.]

Looping over arrays

Swift provides a very simple way to loop over all the elements in an array. Because Swift already knows what kind of data your array holds, it will go through every element in the array, assign it to a constant you name, then run a block of your code. For example, we could print out a list of great songs like this:

var songs = ["Shake it Off", "You Belong with Me", "Look What You Made Me Do"]

for song in songs {
    print("My favorite song is \(song)")
}

[image: Looping over an array with a for loop.]

You can also use the for i in loop construct to loop through arrays, because you can use that constant to index into an array. We could even use it to index into two arrays, like this:

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

for i in 0...3 {
    print("\(people[i]) gonna \(actions[i])")
}

[image: Iterating over two arrays' contents by index.]

You might wonder what use the half open range operator has, but it's particularly useful for working with arrays because they count from zero. So, rather than counting from 0 up to and including 3, we could count from 0 up to and excluding the number of items in an array.

Remember: they count from zero, so if they have 4 items the maximum index is 3, which is why we need to use excluding for the loop.

To count how many items are in an array, use someArray.count. So, we could rewrite our code like this:

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

for i in 0..<people.count {
    print("\(people[i]) gonna \(actions[i])")
}

[image: Looping over two arrays with a half open range.]

Inner loops

You can put loops inside loops if you want, and even loops inside loops inside loops – although you might suddenly find you're doing something 10 million times, so be careful!

We can combine two of our previous loops to create this:

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

for i in 0..<people.count {
    var str = "\(people[i]) gonna"

    for _ in 1...5 {
        str += " \(actions[i])"
    }

    print(str)
}

[image: Using a nested for loop to print “Shake it Off”.]

That outputs "players gonna play play play play play", then "haters gonna…" Well, you get the idea.

One important note: although programmers conventionally use i, j and even k for loop constants, you can name them whatever you please: for personNumber in 0..<people.count is perfectly valid.

While loops

There's a third kind of loop you'll see, which repeats a block of code until you tell it to stop. This is used for things like game loops where you have no idea in advance how long the game will last – you just keep repeating "check for touches, animate robots, draw screen, check for touches…" and so on, until eventually the user taps a button to exit the game and go back to the main menu.

These loops are called while loops, and they look like this:

var counter = 0

while true {
    print("Counter is now \(counter)")
    counter += 1

    if counter == 556 {
        break
    }
}

[image: Using a while loop to iterate to 555.]

That code introduces a new keyword, called break. It's used to exit a while or for loop at a point you decide. Without it, the code above would never end because the condition to check is just "true", and true is always true. Without that break statement the loop is an infinite loop, which is A Bad Thing.

These while loops work best when you're using unknown data, such as downloading things from the internet, reading from a file such as XML, looking through user input, and so on. This is because you only know when to stop the loop after you've run it a sufficient number of times.

There is a counterpart to break called continue. Whereas breaking out of a loop stops execution immediately and continues directly after the loop, continuing a loop only exits the current iteration of the loop – it will jump back to the top of the loop and pick up from there.

As an example, consider the code below:

var songs = ["Shake it Off", "You Belong with Me", "Look What You Made Me Do"]

for song in songs {
    if song == "You Belong with Me" {
        continue
    }

    print("My favorite song is \(song)")
}

[image: Using continue to skip an iteration.]

That loops through three Taylor Swift songs, but it will only print the name of two. The reason for this is the continue keyword: when the loop tries to use the song "You Belong with Me", continue gets called, which means the loop immediately jumps back to the start – the print() call is never made, and instead the loop continues straight on to “Look What You Made Me Do”.

	Switch case

You've seen if statements and now loops, but Swift has another type of flow control called switch/case. It's easiest to think of this as being an advanced form of if, because you can have lots of matches and Swift will execute the right one.

In the most basic form of a switch/case you tell Swift what variable you want to check, then provide a list of possible cases for that variable. Swift will find the first case that matches your variable, then run its block of code. When that block finishes, Swift exits the whole switch/case block.

Here's a basic example:

let liveAlbums = 2

switch liveAlbums {
case 0:
    print("You're just starting out")

case 1:
    print("You just released iTunes Live From SoHo")

case 2:
    print("You just released Speak Now World Tour")

default:
    print("Have you done something new?")
}

[image: Switch case with Ints. The `case 2` condition is matched.]

We could very well have written that using lots of if and else if blocks, but this way is clearer and that's important.

One advantage to switch/case is that Swift will ensure your cases are exhaustive. That is, if there's the possibility of your variable having a value you don't check for, Xcode will refuse to build your app.

In situations where the values are effectively open ended, like our liveAlbums integer, you need to include a default case to catch these potential values. Yes, even if you "know" your data can only fall within a certain range, Swift wants to be absolutely sure.

Swift can apply some evaluation to your case statements in order to match against variables. For example, if you wanted to check for a range of possible values, you could use the closed range operator like this:

let studioAlbums = 5

switch studioAlbums {
case 0...1:
    print("You're just starting out")

case 2...3:
    print("You're a rising star")

case 4...5:
    print("You're world famous!")

default:
    print("Have you done something new?")
}

[image: Switch case with Ints. The `case 4...5` condition is matched.]

One thing you should know is that switch/case blocks in Swift don't fall through like they do in some other languages you might have seen. If you're used to writing break in your case blocks, you should know this isn't needed in Swift. 

Instead, you use the fallthrough keyword to make one case fall into the next – it's effectively the opposite. Of course, if you have no idea what any of this means, that's even better: don't worry about it!

	Functions

Functions let you define re-usable pieces of code that perform specific pieces of functionality. Usually functions are able to receive some values to modify the way they work, but it's not required.

Let's start with a simple function:

func favoriteAlbum() {
    print("My favorite is Fearless")
}

[image: A function has been defined, but is not called.]

If you put that code into your playground, nothing will be printed. And yes, it is correct. The reason nothing is printed is that we've placed the "My favorite is Fearless" message into a function called favoriteAlbum(), and that code won't be called until we ask Swift to run the favoriteAlbum() function. To do that, add this line of code:

favoriteAlbum()

[image: A function is defined and called.]

That runs the function (or "calls" it), so now you'll see "My favorite is Fearless" printed out.

As you can see, you define a function by writing func, then your function name, then open and close parentheses, then a block of code marked by open and close braces. You then call that function by writing its name followed by an open and close parentheses.

Of course, that's a silly example – that function does the same thing no matter what, so there's no point in it existing. But what if we wanted to print a different album each time? In that case, we could tell Swift we want our function to accept a value when it's called, then use that value inside it.

Let's do that now:

func favoriteAlbum(name: String) {
    print("My favorite is \(name)")
}

That tells Swift we want the function to accept one value (called a "parameter"), named "name", that should be a string. We then use string interpolation to write that favorite album name directly into our output message. To call the function now, you’d write this:

favoriteAlbum(name: "Fearless")

[image: A function is passed `name` as a parameter.]

You might still be wondering what the point is, given that it's still just one line of code. Well, imagine we used that function in 20 different places around a big app, then your head designer comes along and tells you to change the message to "I love Fearless so much – it's my favorite!" Do you really want to find and change all 20 instances in your code? Probably not. With a function you change it once, and everything updates.

You can make your functions accept as many parameters as you want, so let's make it accept a name and a year:

func printAlbumRelease(name: String, year: Int) {
    print("\(name) was released in \(year)")
}

printAlbumRelease(name: "Fearless", year: 2008)
printAlbumRelease(name: "Speak Now", year: 2010)
printAlbumRelease(name: "Red", year: 2012)

[image: A function with `name` and `year` parameters.]

These function parameter names are important, and actually form part of the function itself. Sometimes you’ll see several functions with the same name, e.g. handle(), but with different parameter names to distinguish the different actions.

External and internal parameter names

Sometimes you want parameters to be named one way when a function is called, but another way inside the function itself. This means that when you call a function it uses almost natural English, but inside the function the parameters have sensible names. This technique is employed very frequently in Swift, so it’s worth understanding now.

To demonstrate this, let’s write a function that prints the number of letters in a string. This is available using the count property of strings, so we could write this:

func countLettersInString(string: String) {
    print("The string \(string) has \(string.count) letters.")
}

With that function in place, we could call it like this:

countLettersInString(string: "Hello")

[image: A function printing a string's character count.]

While that certainly works, it’s a bit wordy. Plus it’s not the kind of thing you would say aloud: “count letters in string string hello”.

Swift’s solution is to let you specify one name for the parameter when it’s being called, and another inside the method. To use this, just write the parameter name twice – once for external, one for internal.

For example, we could name the parameter myString when it’s being called, and str inside the method, like this:

func countLettersInString(myString str: String) {
    print("The string \(str) has \(str.count) letters.")
}

countLettersInString(myString: "Hello")  

[image: A function with different internal and external parameter names.]

You can also specify an underscore, _, as the external parameter name, which tells Swift that it shouldn’t have any external name at all. For example:

func countLettersInString(_ str: String) {
    print("The string \(str) has \(str.count) letters.")
}

countLettersInString("Hello")

[image: A function with a blank external parameter name.]

As you can see, that makes the line of code read like an English sentence: “count letters in string hello”. 

While there are many cases when using _ is the right choice, Swift programmers generally prefer to name all their parameters. And think about it: why do we need the word “String” in the function – what else would we want to count letters on?

So, what you’ll commonly see is external parameter names like “in”, “for”, and “with”, and more meaningful internal names. So, the “Swifty” way of writing this function is like so:

func countLetters(in string: String) {
    print("The string \(string) has \(string.count) letters.")
}

That means you call the function with the parameter name “in”, which would be meaningless inside the function. However, inside the function the same parameter is called “string”, which is more useful. So, the function can be called like this: 

countLetters(in: "Hello")

[image: A function with Swifty parameter names.]

And that is truly Swifty code: “count letters in hello” reads like natural English, but the code is also clear and concise.

Return values

Swift functions can return a value by writing -> then a data type after their parameter list. Once you do this, Swift will ensure that your function will return a value no matter what, so again this is you making a promise about what your code does.

As an example, let's write a function that returns true if an album is one of Taylor Swift's, or false otherwise. This needs to accept one parameter (the name of the album to check) and will return a Boolean. Here's the code:

func albumIsTaylor(name: String) -> Bool {
    if name == "Taylor Swift" { return true }
    if name == "Fearless" { return true }
    if name == "Speak Now" { return true }
    if name == "Red" { return true }
    if name == "1989" { return true }

    return false
}

If you wanted to try your new switch/case knowledge, this function is a place where it would work well.

You can now call that by passing the album name in and acting on the result:

if albumIsTaylor(name: "Red") {
    print("That's one of hers!")
} else {
    print("Who made that?!")
}

if albumIsTaylor(name: "Blue") {
    print("That's one of hers!")
} else {
    print("Who made that?!")
}

[image: Using a function's return value in a conditional statement.]

If your function returns a value and has only one line of code inside it, you can omit the return keyword entirely – Swift knows a value must be sent back, and because there is only one line that must be the one that sends back a value.

For example, we could write this:

func getMeaningOfLife() -> Int {
    return 42
}

Or we could just write this:

func getMeaningOfLife() -> Int {
    42
}

[image: A function with an implied `return`.]

This is used very commonly in SwiftUI code.

	Optionals

Swift is a very safe language, by which I mean it works hard to ensure your code never fails in surprising ways.

One of the most common ways that code fails is when it tries to use data that is bad or missing. For example, imagine a function like this:

func getHaterStatus() -> String {
    return "Hate"
}

That function doesn't accept any parameters, and it returns a string: "Hate". But what if today is a particularly sunny day, and those haters don't feel like hating – what then? Well, maybe we want to return nothing: this hater is doing no hating today. 

Now, when it comes to a string you might think an empty string is a great way to communicate nothing, and that might be true sometimes. But how about numbers – is 0 an "empty number"? Or -1?

Before you start trying to create imaginary rules for yourself, Swift has a solution: optionals. An optional value is one that might have a value or might not. Most people find optionals hard to understand, and that’s OK – I’m going to try explaining it in several ways, so hopefully one will work.

For now, imagine a survey where you ask someone, “On a scale of 1 to 5 how awesome is Taylor Swift?” – what would someone answer if they had somehow never heard of her? 1 would be unfairly slating her, and 5 would be praising her when they had no idea who Taylor Swift was. The solution is optionals: “I don’t want to provide a number at all.”

When we used -> String it means "this will definitely return a string," which means this function cannot return no value, and thus can be called safe in the knowledge that you'll always get a value back that you can use as a string. If we wanted to tell Swift that this function might return a value or it might not, we need to use this instead:

func getHaterStatus() -> String? {
    return "Hate"
}

Note the extra question mark: String? means “optional string.” Now, in our case we're still returning “Hate” no matter what, but let's go ahead and modify that function further: if the weather is sunny, the haters have turned over a new leaf and have given up their life of hating, so we want to return no value. In Swift, this "no value" has a special name: nil.

Change the function to this:

func getHaterStatus(weather: String) -> String? {
    if weather == "sunny" {
        return nil
    } else {
        return "Hate"
    }
}

That accepts one string parameter (the weather) and returns one string (hating status), but that return value might be there or it might not – it's nil. In this case, it means we might get a string, or we might get nil.

[image: A function that might return a String or nil.]

Now for the important stuff: Swift wants your code to be really safe, and trying to use a nil value is a bad idea. It might crash your code, it might screw up your app logic, or it might make your user interface show the wrong thing. As a result, when you declare a value as being optional, Swift will make sure you handle it safely.

Let's try this now: add these lines of code to your playground:

var status: String
status = getHaterStatus(weather: "rainy")

The first line creates a string variable, and the second assigns to it the value from getHaterStatus() – and today the weather is rainy, so those haters are hating for sure.

That code will not run, because we said that status is of type String, which requires a value, but getHaterStatus() might not provide one because it returns an optional string. That is, we said there would definitely be a string in status, but getHaterStatus() might return nothing at all. Swift simply will not let you make this mistake, which is extremely helpful because it effectively stops a whole class of common bugs.

[image: Swift prevents us from using an Optional String as a String.]

To fix the problem, we need to make the status variable a String?, or just remove the type annotation entirely and let Swift use type inference. The first option looks like this:

var status: String?
status = getHaterStatus(weather: "rainy")

And the second like this:

var status = getHaterStatus(weather: "rainy")

Regardless of which you choose, that value might be there or might not, and by default Swift won't let you use it dangerously. As an example, imagine a function like this:

func takeHaterAction(status: String) {
    if status == "Hate" {
        print("Hating")
    }
}

That takes a string and prints a message depending on its contents. This function takes a String value, and not a String? value – you can't pass in an optional here, it wants a real string, which means we can't call it using the status variable we made.

Swift has two solutions. Both are used, but one is definitely preferred over the other. The first solution is called optional unwrapping, and it's done inside a conditional statement using special syntax. It does two things at the same time: checks whether an optional has a value, and if so unwraps it into a non-optional type then runs a code block.

The syntax looks like this:

if let unwrappedStatus = status {
    // unwrappedStatus contains a non-optional value!
} else {
    // in case you want an else block, here you go…
}

These if let statements check and unwrap in one succinct line of code, which makes them very common. Using this method, we can safely unwrap the return value of getHaterStatus() and be sure that we only call takeHaterAction() with a valid, non-optional string. Here's the complete code:

func getHaterStatus(weather: String) -> String? {
    if weather == "sunny" {
        return nil
    } else {
        return "Hate"
    }
}

func takeHaterAction(status: String) {
    if status == "Hate" {
        print("Hating")
    }
}

if let haterStatus = getHaterStatus(weather: "rainy") {
    takeHaterAction(status: haterStatus)
}

[image: An if statement unwrapping a returned Optional String.]

If you understand this concept, you're welcome to skip down to the title that says "Force unwrapping optionals". If you're still not quite sure about optionals, carry on reading.

Okay, if you're still here it means the explanation above either made no sense, or you sort of understood but could probably use some clarification. Optionals are used extensively in Swift, so you really do need to understand them. I'm going to try explaining again, in a different way, and hopefully that will help!

Here's a new function:

func yearAlbumReleased(name: String) -> Int {
    if name == "Taylor Swift" { return 2006 }
    if name == "Fearless" { return 2008 }
    if name == "Speak Now" { return 2010 }
    if name == "Red" { return 2012 }
    if name == "1989" { return 2014 }

    return 0
}

That takes the name of a Taylor Swift album, and returns the year it was released. But if we call it with the album name "Lantern" because we mixed up Taylor Swift with Hudson Mohawke (an easy mistake to make, right?) then it returns 0 because it's not one of Taylor's albums.

[image: Calling the function with “Lantern” returns 0.]

But does 0 make sense here? Sure, if the album was released back in 0 AD when Caesar Augustus was emperor of Rome, 0 might make sense, but here it's just confusing – people need to know ahead of time that 0 means “not recognized.”

A much better idea is to rewrite that function so that it either returns an integer (when a year was found) or nil (when nothing was found), which is easy thanks to optionals. Here's the new function:

func yearAlbumReleased(name: String) -> Int? {
    if name == "Taylor Swift" { return 2006 }
    if name == "Fearless" { return 2008 }
    if name == "Speak Now" { return 2010 }
    if name == "Red" { return 2012 }
    if name == "1989" { return 2014 }

    return nil
}

[image: Calling the function with “Lantern” now returns nil.]

Now that it returns nil, we need to unwrap the result using if let because we need to check whether a value exists or not.

If you understand the concept now, you're welcome to skip down to the title that says “Force unwrapping optionals”. If you're still not quite sure about optionals, carry on reading.

Okay, if you're still here it means you're really struggling with optionals, so I'm going to have one last go at explaining them.

Here's an array of names:

var items = ["James", "John", "Sally"]

If we wanted to write a function that looked in that array and told us the index of a particular name, we might write something like this:

func position(of string: String, in array: [String]) -> Int {
    for i in 0..<array.count {
        if array[i] == string {
            return i
        }
    }

    return 0
}

That loops through all the items in the array, returning its position if it finds a match, otherwise returning 0.

Now try running these four lines of code:

let jamesPosition = position(of: "James", in: items)
let johnPosition = position(of: "John", in: items)
let sallyPosition = position(of: "Sally", in: items)
let bobPosition = position(of: "Bob", in: items)

[image: The positions of James, John, Sally, and Bob are 0, 1, 2, and 0 respectively.]

That will output 0, 1, 2, 0 – the positions of James and Bob are the same, even though one exists and one doesn't. This is because I used 0 to mean "not found." The easy fix might be to make -1 not found, but whether it's 0 or -1 you still have a problem because you have to remember that specific number means “not found.”

The solution is optionals: return an integer if you found the match, or nil otherwise. In fact, this is exactly the approach the built-in "find in array" methods use: someArray.firstIndex(of: someValue).

[image: Index of Bob is nil because it is not in the array.]

When you work with these "might be there, might not be" values, Swift forces you to unwrap them before using them, thus acknowledging that there might not be a value. That's what if let syntax does: if the optional has a value then unwrap it and use it, otherwise don't use it at all. You can’t use a possibly-empty value by accident, because Swift won’t let you.

If you're still not sure how optionals work, then the best thing to do is ask me on Twitter and I'll try to help: you can find me @twostraws.

Force unwrapping optionals

Swift lets you override its safety by using the exclamation mark character: !. If you know that an optional definitely has a value, you can force unwrap it by placing this exclamation mark after it. 

Please be careful, though: if you try this on a variable that does not have a value, your code will crash.

To put together a working example, here's some foundation code:

func yearAlbumReleased(name: String) -> Int? {
    if name == "Taylor Swift" { return 2006 }
    if name == "Fearless" { return 2008 }
    if name == "Speak Now" { return 2010 }
    if name == "Red" { return 2012 }
    if name == "1989" { return 2014 }

    return nil
}

var year = yearAlbumReleased(name: "Red")

if year == nil {
    print("There was an error")
} else {
    print("It was released in \(year)")
}

That gets the year an album was released. If the album couldn't be found, year will be set to nil, and an error message will be printed. Otherwise, the year will be printed.

Or will it? Well, yearAlbumReleased() returns an optional integer, and this code doesn't use if let to unwrap that optional. As a result, it will print out the following: "It was released in Optional(2012)" – probably not what we wanted!

[image: Printing an Optional String causes a warning and printing literally “Optional(2012)”.]

At this point in the code, we have already checked that we have a valid value, so it's a bit pointless to have another if let in there to safely unwrap the optional. So, Swift provides a solution – change the second print() call to this:

print("It was released in \(year!)")

[image: Force unwrapping removes Swift's warning, and prints 2012 instead.]

Note the exclamation mark: it means "I'm certain this contains a value, so force unwrap it now."

Broadly speaking force unwrapping optionals is frowned upon – if you find yourself doing it frequently you might want to rethink your approach.

Implicitly unwrapped optionals

You can also use this exclamation mark syntax to create implicitly unwrapped optionals, which is where some people really start to get confused. So, please read this carefully!


	A regular variable must contain a value. Example: String must contain a string, even if that string is empty, i.e. "". It cannot be nil.

	An optional variable might contain a value, or might not. It must be unwrapped before it is used. Example: String? might contain a string, or it might contain nil. The only way to find out is to unwrap it.

	An implicitly unwrapped optional might contain a value, or might not, but it does not need to be unwrapped before it is used. Swift won't check for you, so you need to be extra careful. Example: String! might contain a string, or it might contain nil – and it's down to you to use it appropriately. It’s like a regular optional, but Swift lets you access the value directly without the unwrapping safety. If you try to do it, it means you know there’s a value there – but if you’re wrong your app will crash.



[image: A crash caused by using an implicitly-unwrapped Optional containing nil.]

The main times you're going to meet implicitly unwrapped optionals is when you're working with user interface elements in UIKit on iOS or AppKit on macOS. These need to be declared up front, but you can't use them until they have been created – and Apple likes to create user interface elements at the last possible moment to avoid any unnecessary work. Having to continually unwrap values you definitely know will be there is annoying, so these are made implicitly unwrapped.

Don't worry if you find implicitly unwrapped optionals a bit hard to grasp – it will become clear as you work with the language, and you’ll be pleased to know they are rare in SwiftUI projects.

	Optional chaining

Working with optionals can feel a bit clumsy sometimes, and all the unwrapping and checking can become so onerous that you might be tempted to throw some exclamation marks to force unwrap stuff so you can get on with work. Be careful, though: if you force unwrap an optional that doesn't have a value, your code will crash.

Swift has two techniques to help make your code less complicated. The first is called optional chaining, which lets you run code only if your optional has a value. Put the below code into your playground to get us started:

func albumReleased(year: Int) -> String? {
    switch year {
    case 2006: return "Taylor Swift"
    case 2008: return "Fearless"
    case 2010: return "Speak Now"
    case 2012: return "Red"
    case 2014: return "1989"
    default: return nil
    }
}

let album = albumReleased(year: 2006)
print("The album is \(album)")

[image: The album released in 2006 was “Optional('Taylor Swift’)”.]

That will output "The album is Optional("Taylor Swift")" into the results pane.

If we wanted to convert the return value of albumReleased() to be uppercase letters (that is, "TAYLOR SWIFT" rather than "Taylor Swift") we could call the uppercased() method of that string. For example:

let str = "Hello world"
print(str.uppercased())

[image: Using the `uppercased()` method prints “HELLO WORLD” in uppercase letters.]

The problem is, albumReleased() returns an optional string: it might return a string or it might return nothing at all. So, what we really mean is, "if we got a string back make it uppercase, otherwise do nothing." And that's where optional chaining comes in, because it provides exactly that behavior.

Try changing the last two lines of code to this:

let album = albumReleased(year: 2006)?.uppercased()
print("The album is \(album)")

[image: We've converted our Optional String to “TAYLOR SWIFT” in all caps.]

Note that there's a question mark in there, which is the optional chaining: everything after the question mark will only be run if everything before the question mark has a value. This doesn't affect the underlying data type of album, because that line of code will now either return nil or will return the uppercase album name – it's still an optional string.

Your optional chains can be as long as you need, for example:

let album = albumReleased(year: 2006)?.someOptionalValue?.someOtherOptionalValue?.whatever

Swift will check them from left to right until it finds nil, at which point it stops.

The nil coalescing operator

Nil coalescing makes your code much simpler and safer, and yet has such a grandiose name that many people are scared of it. This is a shame, because the nil coalescing operator will make your life easier if you take the time to figure it out!

What it does is let you say "use value A if you can, but if value A is nil then use value B." That's it. It's particularly helpful with optionals, because it effectively stops them from being optional because you provide a non-optional value B. So, if A is optional and has a value, it gets used (we have a value.) If A is present and has no value, B gets used (so we still have a value). Either way, we definitely have a value.

To give you a real context, try using this code in your playground:

let album = albumReleased(year: 2006) ?? "unknown"
print("The album is \(album)")

That double question mark is the nil coalescing operator, and in this situation it means "if albumReleased() returned a value then put it into the album variable, but if albumReleased() returned nil then use 'unknown' instead."

[image: `album` is no longer an Optional.]

If you look in the results pane now, you'll see "The album is Taylor Swift" printed in there – no more optionals. This is because Swift can now be sure it will get a real value back, either because the function returned one or because you're providing "unknown". This in turn means you don't need to unwrap anything or risk crashes: you're guaranteed to have real data to work with, which makes your code safer and easier to work with.

	Enumerations

Enumerations – usually just called “enum” and pronounced “ee-num” - are a way for you to define your own kind of value in Swift. In some programming languages they are simple little things, but Swift adds a huge amount of power to them if you want to go beyond the basics.

Let's start with a simple example from earlier:

func getHaterStatus(weather: String) -> String? {
    if weather == "sunny" {
        return nil
    } else {
        return "Hate"
    }
}

That function accepts a string that defines the current weather. The problem is, a string is a poor choice for that kind of data – is it “rain”, “rainy” or “raining”? Or perhaps “showering”, “drizzly” or “stormy”? Worse, what if one person writes “Rain” with an uppercase R and someone else writes “Ran” because they weren't looking at what they typed?

Enums solve this problem by letting you define a new data type, then define the possible values it can hold. For example, we might say there are five kinds of weather: sun, cloud, rain, wind and snow. If we make this an enum, it means Swift will accept only those five values – anything else will trigger an error. And behind the scenes enums are usually just simple numbers, which are a lot faster than strings for computers to work with.

Let's put that into code:

enum WeatherType {
    case sun, cloud, rain, wind, snow
}

func getHaterStatus(weather: WeatherType) -> String? {
    if weather == WeatherType.sun {
        return nil
    } else {
        return "Hate"
    }
}

getHaterStatus(weather: WeatherType.cloud)

Take a look at the first three lines: line 1 gives our type a name, WeatherType. This is what you'll use in place of String or Int in your code. Line 2 defines the five possible cases our enum can be, as I already outlined. Convention has these start with a lowercase letter, so “sun”, “cloud”, etc. And line 3 is just a closing brace, ending the enum.

Now take a look at how it's used: I modified the getHaterStatus() so that it takes a WeatherType value. The conditional statement is also rewritten to compare against WeatherType.sun, which is our value. Remember, this check is just a number behind the scenes, which is lightning fast.

[image: `getHaterStatus` still returns “Hate”.]

Now, go back and read that code again, because I'm about to rewrite it with two changes that are important. All set?

enum WeatherType {
    case sun
    case cloud
    case rain
    case wind
    case snow
}

func getHaterStatus(weather: WeatherType) -> String? {
    if weather == .sun {
        return nil
    } else {
        return "Hate"
    }
}

getHaterStatus(weather: .cloud)

I made two changes there. First, each of the weather types are now on their own line. This might seem like a small change, and indeed in this example it is, but it becomes important soon. The second change was that I wrote if weather == .sun – I didn't need to spell out that I meant WeatherType.sun because Swift knows I am comparing against a WeatherType variable, so it's using type inference.

Enums are particularly useful inside switch/case blocks, particularly because Swift knows all the values your enum can have so it can ensure you cover them all. For example, we might try to rewrite the getHaterStatus() method to this:

func getHaterStatus(weather: WeatherType) -> String? {
    switch weather {
    case .sun:
        return nil
    case .cloud, .wind:
        return "dislike"
    case .rain:
        return "hate"
    }
}

[image: Xcode highlights a missing “WeatherType.snow” case.]

Yes, I realize "haters gonna dislike" is hardly a great lyric, but it's academic anyway because this code won't build: it doesn't handle the .snow case, and Swift wants all cases to be covered. You either have to add a case for it or add a default case.

Enums with additional values

One of the most powerful features of Swift is that enumerations can have values attached to them that you define. To extend our increasingly dubious example a bit further, I'm going to add a value to the .wind case so that we can say how fast the wind is. Modify your code to this:

enum WeatherType {
    case sun
    case cloud
    case rain
    case wind(speed: Int)
    case snow
}

As you can see, the other cases don't need a speed value – I put that just into wind. Now for the real magic: Swift lets us add extra conditions to the switch/case block so that a case will match only if those conditions are true. This uses the let keyword to access the value inside a case, then the where keyword for pattern matching.

Here's the new function:

func getHaterStatus(weather: WeatherType) -> String? {
    switch weather {
    case .sun:
        return nil
    case .wind(let speed) where speed < 10:
        return "meh"
    case .cloud, .wind:
        return "dislike"
    case .rain, .snow:
        return "hate"
    }
}

getHaterStatus(weather: WeatherType.wind(speed: 5))

[image: Calling `getHaterStatus` with wind speed 5 returns “meh”.]

You can see .wind appears in there twice, but the first time is true only if the wind is slower than 10 kilometers per hour. If the wind is 10 or above, that won't match. The key is that you use let to get hold of the value inside the enum (i.e. to declare a constant name you can reference) then use a where condition to check.

Swift evaluates switch/case from top to bottom, and stops as soon as it finds a match. This means that if case .cloud, .wind: appears before case .wind(let speed) where speed < 10: then it will be executed instead – and the output changes.

So, think carefully about how you order cases!

Tip: Swift’s optionals are actually implemented using enums with associated values. There are two cases: none, and some, with some having whatever value is inside the optional.

[image: Using `switch` on an Optional String with `.some` and `.none` cases.]

	Structs

Structs are complex data types, meaning that they are made up of multiple values. You then create an instance of the struct and fill in its values, then you can pass it around as a single value in your code. For example, we could define a Person struct type that contains two properties: clothes and shoes:

struct Person {
    var clothes: String
    var shoes: String
}

When you define a struct, Swift makes them very easy to create because it automatically generates what's called a memberwise initializer. In plain speak, it means you create the struct by passing in initial values for its two properties, like this:

let taylor = Person(clothes: "T-shirts", shoes: "sneakers")
let other = Person(clothes: "short skirts", shoes: "high heels")

[image: Initializing two `Person` structs by telling Swift their clothes and shoes.]

Once you have created an instance of a struct, you can read its properties just by writing the name of the struct, a period, then the property you want to read:

print(taylor.clothes)
print(other.shoes)

[image: Accessing the `clothes` and `shoes` propeties of our `Person` structs.]

If you assign one struct to another, Swift copies it behind the scenes so that it is a complete, standalone duplicate of the original. Well, that's not strictly true: Swift uses a technique called "copy on write" which means it only actually copies your data if you try to change it.

To help you see how struct copies work, put this into your playground:

struct Person {
    var clothes: String
    var shoes: String
}

let taylor = Person(clothes: "T-shirts", shoes: "sneakers")
let other = Person(clothes: "short skirts", shoes: "high heels")

var taylorCopy = taylor
taylorCopy.shoes = "flip flops"

print(taylor)
print(taylorCopy)

[image: Modifying `taylorCopy` does not change the original Taylor Swift.]

That creates two Person structs, then creates a third one called taylorCopy as a copy of taylor. What happens next is the interesting part: the code changes taylorCopy, and prints both it and taylor. If you look in your results pane (you might need to resize it to fit) you'll see that the copy has a different value to the original: changing one did not change the other.

Functions inside structs

You can place functions inside structs, and in fact it’s a good idea to do so for all functions that read or change data inside the struct. For example, we could add a function to our Person struct to describe what they are wearing, like this:

struct Person {
    var clothes: String
    var shoes: String

    func describe() {
        print("I like wearing \(clothes) with \(shoes)")
    }
}

[image: Calling `Person`'s `describe` method.]

There’s one more thing you ought to know but can't see in that code: when you write a function inside a struct, it's called a method instead. In Swift you write func whether it's a function or a method, but the distinction is preserved when you talk about them.

	Classes

Swift has another way of building complex data types called classes. They look similar to structs, but have a number of important differences, including:


	You don't get an automatic memberwise initializer for your classes; you need to write your own.

	You can define a class as being based off another class, adding any new things you want.

	When you create an instance of a class it’s called an object. If you copy that object, both copies point at the same data by default – change one, and the copy changes too.



All three of those are massive differences, so I'm going to cover them in more depth before continuing.

Initializing an object

If we were to convert our Person struct into a Person class, Swift wouldn't let us write this:

class Person {
    var clothes: String
    var shoes: String
}

[image: The class declaration is invalid because an initializer is missing.]

This is because we're declaring the two properties to be String, which if you remember means they absolutely must have a value. This was fine in a struct because Swift automatically produces a memberwise initializer for us that forced us to provide values for the two properties, but this doesn't happen with classes so Swift can't be sure they will be given values.

There are three solutions: make the two values optional strings, give them default values, or write our own initializer. The first option is clumsy because it introduces optionals all over our code where they don't need to be. The second option works, but it's a bit wasteful unless those default values will actually be used. That leaves the third option, and really it's the right one: write our own initializer.

To do this, create a method inside the class called init() that takes the two parameters we care about:

class Person {
    var clothes: String
    var shoes: String

    init(clothes: String, shoes: String) {
        self.clothes = clothes
        self.shoes = shoes
    }
}

There are two things that might jump out at you in that code. 

First, you don't write func before your init() method, because it's special. Second, because the parameter names being passed in are the same as the names of the properties we want to assign, you use self. to make your meaning clear – "the clothes property of this object should be set to the clothes parameter that was passed in." You can give them unique names if you want – it's down to you.

Important: Swift requires that all non-optional properties have a value by the end of the initializer, or by the time the initializer calls any other method – whichever comes first.

Class inheritance

The second difference between classes and structs are that classes can build on each other to produce greater things, known as class inheritance. This is a technique used extensively in both UIKit and AppKit, even in the most basic programs, so it's something you will need to get to grips with eventually.

Let's start with something simple: a Singer class that has properties, which is their name and age. As for methods, there will be a simple initializer to handle setting the properties, plus a sing() method that outputs some words:

class Singer {
    var name: String
    var age: Int

    init(name: String, age: Int) {
        self.name = name
        self.age = age
    }

    func sing() {
        print("La la la la")
    }
}

We can now create an instance of that object by calling that initializer, then read out its properties and call its method:

var taylor = Singer(name: "Taylor", age: 25)
taylor.name
taylor.age
taylor.sing()

[image: Calling the `sing` method on an instance of the `Singer` class.]

That's our basic class, but we're going to build on it: I want to define a CountrySinger class that has everything the Singer class does, but when I call sing() on it I want to print "Trucks, guitars, and liquor" instead.

You could of course just copy and paste the original Singer into a new class called CountrySinger but that's a lazy way to program and it will come back to haunt you if you make later changes to Singer and forget to copy them across. Instead, Swift has a smarter solution: we can define CountrySinger as being based off Singer and it will get all its properties and methods for us to build on:

class CountrySinger: Singer {

}

[image: By default, `CountrySinger` does everything `Singer` does.]

That colon is what does the magic: it means "CountrySinger extends Singer." Now, that new CountrySinger class (called a subclass) doesn't add anything to Singer (called the parent class, or superclass) yet. We want it to have its own sing() method, but in Swift you need to learn a new keyword: override. This means "I know this method was implemented by my parent class, but I want to change it for this subclass."

Having the override keyword is helpful, because it makes your intent clear. It also allows Swift to check your code: if you don't use override Swift won't let you change a method you got from your superclass, or if you use override and there wasn't anything to override, Swift will point out your error.

So, we need to use override func, like this:

class CountrySinger: Singer {
    override func sing() {
        print("Trucks, guitars, and liquor")
    }
}

Now modify the way the taylor object is created:

var taylor = CountrySinger(name: "Taylor", age: 25)
taylor.sing()

If you change CountrySinger to just Singer you should be able to see the different messages appearing in the results pane.

[image: `CountrySinger`s now sing differently from `Singer`s.]

Now, to make things more complicated, we're going to define a new class called HeavyMetalSinger. But this time we're going to store a new property called noiseLevel defining how loud this particular heavy metal singer likes to scream down their microphone.

This causes a problem, and it's one that needs to be solved in a very particular way:


	Swift wants all non-optional properties to have a value.

	Our Singer class doesn't have a noiseLevel property.

	So, we need to create a custom initializer for HeavyMetalSinger that accepts a noise level.

	That new initializer also needs to know the name and age of the heavy metal singer, so it can pass it onto the superclass Singer.

	Passing on data to the superclass is done through a method call, and you can't make method calls in initializers until you have given all your properties values.

	So, we need to set our own property first (noiseLevel) then pass on the other parameters for the superclass to use.



That might sound awfully complicated, but in code it's straightforward. Here's the HeavyMetalSinger class, complete with its own sing() method:

class HeavyMetalSinger: Singer {
    var noiseLevel: Int

    init(name: String, age: Int, noiseLevel: Int) {
        self.noiseLevel = noiseLevel
        super.init(name: name, age: age)
    }

    override func sing() {
        print("Grrrrr rargh rargh rarrrrgh!")
    }
}

Notice how its initializer takes three parameters, then calls super.init() to pass name and age on to the Singer superclass - but only after its own property has been set. You'll see super used a lot when working with objects, and it just means "call a method on the class I inherited from.” It's usually used to mean "let my parent class do everything it needs to do first, then I'll do my extra bits."

Class inheritance is a big topic so don't fret if it's not clear just yet. However, there is one more thing you need to know: class inheritance often spans many levels. For example, A could inherit from B, and B could inherit from C, and C could inherit from D, and so on. This lets you build functionality and re-use up over a number of classes, helping to keep your code modular and easy to understand.

Working with Objective-C code

If you want to have some part of Apple’s operating system call your Swift class’s method, you need to mark it with a special attribute: @objc. This is short for “Objective-C”, and the attribute effectively marks the method as being available for older Objective-C code to run – which is almost all of iOS, macOS, watchOS, and tvOS. For example, if you ask the system to call your method after one second has passed, you’ll need to mark it with @objc.

Don’t worry too much about @objc for now – not only will I be explaining it in context later on, but Xcode will always tell you when it’s needed. Alternatively, if you don’t want to use @objc for individual methods you can put @objcMembers before your class to automatically make all its methods available to Objective-C.

Values vs References

When you copy a struct, the whole thing is duplicated, including all its values. This means that changing one copy of a struct doesn't change the other copies – they are all individual. With classes, each copy of an object points at the same original object, so if you change one they all change. Swift calls structs "value types" because they just point at a value, and classes "reference types" because objects are just shared references to the real value.

This is an important difference, and it means the choice between structs and classes is an important one:


	If you want to have one shared state that gets passed around and modified in place, you're looking for classes. You can pass them into functions or store them in arrays, modify them in there, and have that change reflected in the rest of your program.

	If you want to avoid shared state where one copy can't affect all the others, you're looking for structs. You can pass them into functions or store them in arrays, modify them in there, and they won't change wherever else they are referenced.



If I were to summarize this key difference between structs and classes, I'd say this: classes offer more flexibility, whereas structs offer more safety. In practice, which you choose depends on the Apple framework you’re working with: UIKit, AppKit, SpriteKit and the other older frameworks rely heavily on structs for data and classes for user interface elements, whereas SwiftUI flips things around and uses structs for user interface elements and classes for data.

	Properties

Structs and classes (collectively: "types") can have their own variables and constants, and these are called properties. These let you attach values to your types to represent them uniquely, but because types can also have methods you can have them behave according to their own data.

Let's take a look at an example now:

struct Person {
    var clothes: String
    var shoes: String

    func describe() {
        print("I like wearing \(clothes) with \(shoes)")
    }
}

let taylor = Person(clothes: "T-shirts", shoes: "sneakers")
let other = Person(clothes: "short skirts", shoes: "high heels")
taylor.describe()
other.describe()

[image: `describe` automatically uses object's property values.]

As you can see, when you use a property inside a method it will automatically use the value that belongs to the same object.

Property observers

Swift lets you add code to be run when a property is about to be changed or has been changed. This is frequently a good way to have a user interface update when a value changes, for example.

There are two kinds of property observer: willSet and didSet, and they are called before or after a property is changed. In willSet Swift provides your code with a special value called newValue that contains what the new property value is going to be, and in didSet you are given oldValue to represent the previous value.

Let's attach two property observers to the clothes property of a Person struct:

struct Person {
    var clothes: String {
        willSet {
            updateUI(msg: "I'm changing from \(clothes) to \(newValue)")
        }

        didSet {
            updateUI(msg: "I just changed from \(oldValue) to \(clothes)")
        }
    }
}

func updateUI(msg: String) {
    print(msg)
}

var taylor = Person(clothes: "T-shirts")
taylor.clothes = "short skirts"

That will print out the messages "I'm changing from T-shirts to short skirts" and "I just changed from T-shirts to short skirts."

Computed properties

It's possible to make properties that are actually code behind the scenes. We already used the uppercased() method of strings, for example, but there’s also a property called capitalized that gets calculated as needed, rather than every string always storing a capitalized version of itself.

To make a computed property, place an open brace after your property then use either get or set to make an action happen at the appropriate time. For example, if we wanted to add a ageInDogYears property that automatically returned a person's age multiplied by seven, we'd do this:

struct Person {
    var age: Int

    var ageInDogYears: Int {
        get {
            return age * 7
        }
    }
}

var fan = Person(age: 25)
print(fan.ageInDogYears)

[image: `ageInDogYears` is computed using the `get` code, printing 175.]

Note: If you intend to use them only for reading data you can just remove the get part entirely, like this:

var ageInDogYears: Int {
    return age * 7
}

	Static properties and methods

Swift lets you create properties and methods that belong to a type, rather than to instances of a type. This is helpful for organizing your data meaningfully by storing shared data.

Swift calls these shared properties “static properties”, and you create one just by using the static keyword. Once that's done, you access the property by using the full name of the type. Here's a simple example:

struct TaylorFan {
    static var favoriteSong = "Look What You Made Me Do"

    var name: String
    var age: Int
}

let fan = TaylorFan(name: "James", age: 25)
print(TaylorFan.favoriteSong)

So, a Taylor Swift fan has a name and age that belongs to them, but they all have the same favorite song.

Because static methods belong to the struct itself rather than to instances of that struct, you can't use it to access any non-static properties from the struct.

	Access control

Access control lets you specify what data inside structs and classes should be exposed to the outside world, and you get to choose four modifiers:


	Public: this means everyone can read and write the property.

	Internal: this means only your Swift code can read and write the property. If you ship your code as a framework for others to use, they won’t be able to read the property.

	File Private: this means that only Swift code in the same file as the type can read and write the property.

	Private: this is the most restrictive option, and means the property is available only inside methods that belong to the type, or its extensions.



Most of the time you don't need to specify access control, but sometimes you'll want to explicitly set a property to be private because it stops others from accessing it directly. This is useful because your own methods can work with that property, but others can't, thus forcing them to go through your code to perform certain actions.

To declare a property private, just do this:

class TaylorFan {
    private var name: String?
}

[image: Trying to set a private property results in a compiler error.]

If you want to use “file private” access control, just write it as one word like so: fileprivate.

	Polymorphism and typecasting

Because classes can inherit from each other (e.g. CountrySinger can inherit from Singer) it means one class is effectively a superset of another: class B has all the things A has, with a few extras. This in turn means that you can treat B as type B or as type A, depending on your needs.

Confused? Let's try some code:

class Album {
    var name: String

    init(name: String) {
        self.name = name
    }
}

class StudioAlbum: Album {
    var studio: String

    init(name: String, studio: String) {
        self.studio = studio
        super.init(name: name)
    }
}

class LiveAlbum: Album {
    var location: String

    init(name: String, location: String) {
        self.location = location
        super.init(name: name)
    }
}

That defines three classes: albums, studio albums and live albums, with the latter two both inheriting from Album. Because any instance of LiveAlbum is inherited from Album it can be treated just as either Album or LiveAlbum – it's both at the same time. This is called "polymorphism," but it means you can write code like this:

var taylorSwift = StudioAlbum(name: "Taylor Swift", studio: "The Castles Studios")
var fearless = StudioAlbum(name: "Speak Now", studio: "Aimeeland Studio")
var iTunesLive = LiveAlbum(name: "iTunes Live from SoHo", location: "New York")

var allAlbums: [Album] = [taylorSwift, fearless, iTunesLive]

There we create an array that holds only albums, but put inside it two studio albums and a live album. This is perfectly fine in Swift because they are all descended from the Album class, so they share the same basic behavior.

We can push this a step further to really demonstrate how polymorphism works. Let's add a getPerformance() method to all three classes:

class Album {
    var name: String

    init(name: String) {
        self.name = name
    }

    func getPerformance() -> String {
        return "The album \(name) sold lots"
    }
}

class StudioAlbum: Album {
    var studio: String

    init(name: String, studio: String) {
        self.studio = studio
        super.init(name: name)
    }

    override func getPerformance() -> String {
        return "The studio album \(name) sold lots"
    }
}

class LiveAlbum: Album {
    var location: String

    init(name: String, location: String) {
        self.location = location
        super.init(name: name)
    }

    override func getPerformance() -> String {
        return "The live album \(name) sold lots"
    }
}

The getPerformance() method exists in the Album class, but both child classes override it. When we create an array that holds Albums, we're actually filling it with subclasses of albums: LiveAlbum and StudioAlbum. They go into the array just fine because they inherit from the Album class, but they never lose their original class. So, we could write code like this:

var taylorSwift = StudioAlbum(name: "Taylor Swift", studio: "The Castles Studios")
var fearless = StudioAlbum(name: "Speak Now", studio: "Aimeeland Studio")
var iTunesLive = LiveAlbum(name: "iTunes Live from SoHo", location: "New York")

var allAlbums: [Album] = [taylorSwift, fearless, iTunesLive]

for album in allAlbums {
    print(album.getPerformance())
}

[image: Using the overridden methods, “The studio album...” and “The live album...” are printed out.]

That will automatically use the override version of getPerformance() depending on the subclass in question. That's polymorphism in action: an object can work as its class and its parent classes, all at the same time.

Converting types with typecasting

You will often find you have an object of a certain type, but really you know it's a different type. Sadly, if Swift doesn't know what you know, it won't build your code. So, there's a solution, and it's called typecasting: converting an object of one type to another.

Chances are you're struggling to think why this might be necessary, but I can give you a very simple example:

for album in allAlbums {
    print(album.getPerformance())
}

That was our loop from a few minutes ago. The allAlbums array holds the type Album, but we know that really it's holding one of the subclasses: StudioAlbum or LiveAlbum. Swift doesn't know that, so if you try to write something like print(album.studio) it will refuse to build because only StudioAlbum objects have that property.

[image: Trying to access `studio` on `Album` results in an error.]

Typecasting in Swift comes in three forms, but most of the time you'll only meet two: as? and as!, known as optional downcasting and forced downcasting. The former means "I think this conversion might be true, but it might fail," and the second means "I know this conversion is true, and I'm happy for my app to crash if I'm wrong."

Note: when I say "conversion" I don't mean that the object literally gets transformed. Instead, it's just converting how Swift treats the object – you're telling Swift that an object it thought was type A is actually type E.

The question and exclamation marks should give you a hint of what's going on, because this is very similar to optional territory. For example, if you write this:

for album in allAlbums {
    let studioAlbum = album as? StudioAlbum
}

Swift will make studioAlbum have the data type StudioAlbum?. That is, an optional studio album: the conversion might have worked, in which case you have a studio album you can work with, or it might have failed, in which case you have nil.

This is most commonly used with if let to automatically unwrap the optional result, like this:

for album in allAlbums {
    print(album.getPerformance())

    if let studioAlbum = album as? StudioAlbum {
        print(studioAlbum.studio)
    } else if let liveAlbum = album as? LiveAlbum {
        print(liveAlbum.location)
    }
}

That will go through every album and print its performance details, because that's common to the Album class and all its subclasses. It then checks whether it can convert the album value into a StudioAlbum, and if it can it prints out the studio name. The same thing is done for the LiveAlbum in the array.

Forced downcasting is when you're really sure an object of one type can be treated like a different type, but if you're wrong your program will just crash. Forced downcasting doesn't need to return an optional value, because you're saying the conversion is definitely going to work – if you're wrong, it means you wrote your code wrong.

To demonstrate this in a non-crashy way, let's strip out the live album so that we just have studio albums in the array:

var taylorSwift = StudioAlbum(name: "Taylor Swift", studio: "The Castles Studios")
var fearless = StudioAlbum(name: "Speak Now", studio: "Aimeeland Studio")

var allAlbums: [Album] = [taylorSwift, fearless]

for album in allAlbums {
    let studioAlbum = album as! StudioAlbum
    print(studioAlbum.studio)
}

That's obviously a contrived example, because if that really were your code you would just change allAlbums so that it had the data type [StudioAlbum]. Still, it shows how forced downcasting works, and the example won't crash because it makes the correct assumptions.

Swift lets you downcast as part of the array loop, which in this case would be more efficient. If you wanted to write that forced downcast at the array level, you would write this:

for album in allAlbums as! [StudioAlbum] {
    print(album.studio)
}

That no longer needs to downcast every item inside the loop, because it happens when the loop begins. Again, you had better be correct that all items in the array are StudioAlbums, otherwise your code will crash.

Swift also allows optional downcasting at the array level, although it's a bit more tricksy because you need to use the nil coalescing operator to ensure there's always a value for the loop. Here's an example:

for album in allAlbums as? [LiveAlbum] ?? [LiveAlbum]() {
    print(album.location)
}

What that means is, “try to convert allAlbums to be an array of LiveAlbum objects, but if that fails just create an empty array of live albums and use that instead” – i.e., do nothing. 

Converting common types with initializers

Typecasting is useful when you know something that Swift doesn’t, for example when you have an object of type A that Swift thinks is actually type B. However, typecasting is useful only when those types really are what you say – you can’t force a type A into a type Z if they aren’t actually related.

For example, if you have an integer called number, you couldn’t write code like this to make it a string:

let number = 5
let text = number as! String

That is, you can’t force an integer into a string, because they are two completely different types. Instead, you need to create a new string by feeding it the integer, and Swift knows how to convert the two. The difference is subtle: this is a new value, rather than just a re-interpretation of the same value.

So, that code should be rewritten like this:

let number = 5
let text = String(number)
print(text)

This only works for some of Swift’s built-in data types: you can convert integers and floats to strings and back again, for example, but if you created two custom structs Swift can’t magically convert one to the other – you need to write that code yourself.

	Closures

You've met integers, strings, doubles, floats, Booleans, arrays, dictionaries, structs and classes so far, but there's another type of data that is used extensively in Swift, and it's called a closure. These are complicated, but they are so powerful and expressive that they are used pervasively in Swift, so you won't get very far without understanding them.

A closure can be thought of as a variable that holds code. So, where an integer holds "0" or "500", a closure holds lines of Swift code. Closures also capture the environment where they are created, which means they take a copy of the values that are used inside them.

You never need to design your own closures so don't be afraid if you find the following quite complicated. However, Apple’s frameworks will often ask you to write closures to match their needs, so you at least need to know how they work.

Here’s an example from SwiftUI:

let message = "Button pressed"

Button("Press Me", action: {
    print(message)
})

Button is one of the many user interface controls we have in SwiftUI, and provides something that user can press on to execute some sort of action. 

In this code, creating a button takes two parameters: some text to show as the button’s title, and a closure containing the code to be executed when the button is pressed. I've specified “Press Me” for the first parameter, and for the second I've made the system print a message string.

This method needs to use a closure because SwiftUI won’t run the code until the button is pressed – it will stash the action code away for later on, then call it only when needed. This wouldn't be possible if we just ran our code directly.

The above code also shows how closures capture their environment: I intentionally declared the message constant outside of the closure, then used it inside. Swift detects this, and makes that data available inside the closure too.

Swift's system of automatically capturing a closure's environment is very helpful, but can occasionally trip you up: if object A stores a closure as a property, and that property also references object A, you have something called a retain cycle and you'll have unhappy users. This is a substantially more advanced topic than you need to know right now, so don't worry too much about it just yet.

Trailing closures

As closures are used so frequently, Swift can apply a little syntactic sugar to make your code easier to read. The rule is this: if the last parameters to a method are closures, you can eliminate those parameters and instead provide them as a block of code inside braces. For example, we could convert the previous code to this:

let message = "Button pressed"

Button("Press Me") {
    print(message)
}

It does make your code shorter and easier to read, so this syntax form – known as trailing closure syntax – is preferred.

A function can have multiple trailing closures if needed, and this is particularly common in SwiftUI. For example, one way to create a button is to provide code to run when it’s pressed as the first closure, then something custom to show inside the button on the screen, like this:

Button {
    print("The button was pressed")
} label: {
    Image("press-me")
}

That uses an image rather than a simple piece of text, but it could be any kind of SwiftUI user interface control.

	Protocols
Protocols are effectively contracts in Swift: they define a set of methods and properties that a type must implement if it says it conforms to the protocol. This contract gives us the flexibility to use different types to solve the same problem – we don’t get whether a ThingA or a ThingB is being used, as long as they both conform to the Thing protocol.

As an example, an Employee protocol might look like this:

protocol Employee {
    var name: String { get set }
    var jobTitle: String { get set }
    func doWork()
}

There are three important things in there. 

First, both the properties have { get set } after them. This means that conforming types must make them both gettable (readable) and settable (writeable), which in turn means if a type says it is compatible with the Employee protocol it must make those two properties variables rather than constants.

Second, doWork() has no code inside it. Protocols are contracts defining how something ought to be able to behave, and don’t provide implementations of those behaviors.

Third, that protocol isn’t a concrete type, which means we can’t create instances of it. But we can create classes and structs that conform to it, like this:

struct Executive: Employee {
    var name = "Steve Jobs"
    var jobTitle = "CEO"

    func doWork() {
        print("I'm strategizing!")
    }
}

struct Manager: Employee {
    var name = "Maurice Moss"
    var jobTitle = "Head of IT"

    func doWork() {
        print("I'm turning it off and on again.")
    }
}

Now that we have a protocol and two types that conform to it, we can try using it:

let staff: [any Employee] = [Executive(), Manager()]

for person in staff {
    person.doWork()
}

[image: Each `Employee` calls its version of `doWork`, so “I’m strategizing!” and “I’m turning it off and on again” are printed.]

Because both types conform to Employee – they implement the properties and methods of that protocol – we can create an employee array and use the objects inside that array without knowing what their actual type is.

Notice how we use [any Employee] rather than just [Employee] – this is Swift’s way of making it clear in our code that the actual data types inside the array could be anything at all, as long as it conforms to the Employee protocol.

	Extensions
Extensions let us modify Swift’s data types to add new functionality, and so on in a really clean way – our new code is indistinguishable from existing code.

Let's start with an extension that adds one to an integer. Yes, I realize this is essentially just += 1, but we're starting simple. First, add this integer:

var myInt = 0

Now add this to the playground, just beneath the import UIKit statement:

extension Int {
    func plusOne() -> Int {
        return self + 1
    }
}

Tip: As that method contains only a single line of code that must return a value, you can remove the return keyword entirely.

extension Int tells Swift that we want to add functionality to its Int struct. We could have used String, Array, or whatever instead, but Int is a nice easy one to start.

How the extension works will become clear once you use it. Put this line just below the end of the extension:

myInt.plusOne()

[image: Calling `plusOne` creates the Integer 1.]

In the playground output you'll now see 0 for the first line and 1 for the second, so calling plusOne() has returned a number one higher than the number we called it on.

The extension has been added to all integers, so you can even call it like this:

5.plusOne()

When you do that, you'll see 6 in the output column.

Our extension adds 1 to its input number and returns it to the caller, but doesn't modify the original value. Try typing this:

var myInt = 10
myInt.plusOne()
myInt

Using a variable by itself tells the playground just to output its value, so in the output column you'll see 10, then 11, then 10 again. This is the original value, the return from the plusOne() method, and the original, unchanged value.

To push things a little further, let's modify the plusOne() method so that it doesn't return anything, instead modifying the instance itself – i.e., the input integer.

To make that happen, you might think we need to do something like this:

extension Int {
    func plusOne() {
        self += 1
    }
}

That removes the return value because we aren't returning anything now, and it uses the += operator to add one to self. But this won't work, and in fact Xcode will give you a wonderfully indecipherable error message: "Left side of mutating operator isn't mutable: 'self' is immutable"

What Xcode really means is that it Swift doesn't let you modify self inside an extension by default. The reason is that we could call plusOne() using 5.plusOne(), and clearly you can't modify the number 5 to mean something else.

So, Swift forces you to declare the method mutating, meaning that it will change its input. Change your extension to this:

extension Int {
    mutating func plusOne() {
        self += 1
    }
}

…and now the error message will go away. Once you have declared a method as being mutating, Swift knows it will change values so it won't let you use it with constants. For example:

var myInt = 10
myInt.plusOne()

let otherInt = 10
otherInt.plusOne()

The first integer will be modified correctly, but the second will fail because Swift won't let you modify constants.

It's extremely common for developers to use extensions to add functionality to things. In some ways, extensions are similar to subclasses, so why use extensions at all?

The main reason is extensibility: extensions work across all data types, and they don't conflict when you have more than one. That is, we could make a Dog subclass that adds bark(), but what if we find some open source code that contains a doTricks() method? We would have to copy and paste it in to our subclass, or perhaps even subclass again.

With extensions you can have ten different pieces of functionality in ten different files – they can all modify the same type directly, and you don't need to subclass anything. A common naming scheme for naming your extension files is Type+Modifier.swift, for example String+RandomLetter.swift.

If you find yourself trimming whitespace off strings frequently, you'll probably get tired of using this monstrosity:

str = str.trimmingCharacters(in: .whitespacesAndNewlines)

…so why not just make an extension like this:

extension String {
    mutating func trim() {
        self = trimmingCharacters(in: .whitespacesAndNewlines)
    }
}

[image: Using `trim` removes surrounding whitespace from a String.]

You can extend as much as you want, although it's good practice to keep differing functionality separated into individual files. 

	Protocol extensions
One of Swift’s most powerful features is its ability to extend whole swathes of data types at the same time. These are known as protocol extensions, and they are commonly used to build flexibility into large apps.

You’ve already seen how protocols let us define contracts that conforming types must adopt. Well, protocol extensions let us define implementations of things inside the protocol, adding the functionality to all types that conform to the protocol in a single place.

To demonstrate how this works, let’s look at another simple extension for the Int data type: we’re going to add a clamp() method that makes sure one number falls within the lower and upper bounds that are specified:

extension Int {
    func clamp(low: Int, high: Int) -> Int {
        if self > high {
            // if we are higher than the upper bound, return the upper bound
            return high
        } else if self < low {
            // if we are lower than the lower bound, return the lower bound
            return low
        }

        // we are inside the range, so return our value
        return self
    }
}

let i: Int = 8
print(i.clamp(low: 0, high: 5))

Because 8 is higher than the upper bound of 5, that will print 5.

I explicitly made i an Int for a reason: there are other kinds of integers available in Swift. For example, UInt is an unsigned integer, which means it sacrifices the ability to hold negative numbers in exchange for the ability to hold much larger positive numbers.

There are also integers of different sizes, e.g. Int8 holds an integer made up of 8 binary digits, which holds a maximum value of 127, and UInt64 is the largest type of integer and holds up to 18,446,744,073,709,551,615 – that’s 18 quintillion four hundred and forty-six quadrillion in case you were wondering.

Our extension modifies the Int data type specifically, rather than all variations of integers, which means code like this won’t work because UInt64 doesn’t have the extension:

let j: UInt64 = 8
print(j.clamp(low: 0, high: 5))

Swift’s solution is to let us create protocol extensions: extensions that modify several data types at once.

You’ve already seen how the self keyword lets us refer to our current value, so self * self means “multiply my current number by itself.” Well, there’s also Self with a capital S, which has a subtly different meaning: it means “my current data type.” So, self means “my current value” and Self means “my current data type.”

This matters when it comes to extending protocols because of the way our clamp() method is declared. Take a look again:

func clamp(low: Int, high: Int) -> Int {
    if self > high {
        return high
    } else if self < low {
        return low
    }

    return self
}

If we want clamp() to apply to all types of integer, we can’t very well make it return Int - that’s not big enough to hold the full range of a UInt64, so Swift will refuse to build. Instead, we need to make the method return Self, which means “I’ll return whatever data type I was used with.”

Here’s the rewritten extension:

extension BinaryInteger {
    func clamp(low: Self, high: Self) -> Self {
        if self > high {
            return high
        } else if self < low {
            return low
        }

        return self
    }
}

This time I’ve made it apply to BinaryInteger, which is a protocol that all of Swift’s integer types conform to. This means all integer types get access to the clamp() method, and work as expected – we don’t need to extend them all individually.

[image: `clamp` now works with `UInt8`, which conforms to the `BinaryInteger` protocol.]

Protocol extensions are helpful for providing default method implementations so that conforming types don’t need to implement those methods themselves unless they specifically want to.

As an example, we might define an extension for our Employee protocol so that all conforming types automatically get a doWork() method:

protocol Employee {
    var name: String { get set }
    var jobTitle: String { get set }
    func doWork()
}

extension Employee {
    func doWork() {
        print("I'm busy!")
    }
}

[image: The struct `OfficeDrone` can use the `doWork` method defined in the extension.]

	Wrap up
That's the end of our tour around the Swift programming language. I haven't tried to cover everything in the language, but that's okay because you have all the important stuff, all the sometimes-important stuff, and all the nice-to-know stuff – the many other features you'll either come across in a later project or through extended experience with the language.

From here on, we’re going to focus primarily on building apps. If you want to learn more about the Swift language itself, you might want to consider my Pro Swift book.

	Project 1
NoteDictate


	NoteDictate: Setting up
In this project you'll produce an application that lets users save notes directly to their watch, then browse through and read previous notes. In doing so you’ll learn how to show lists of data for the user to choose from, how to move between different screens of information, and how to convert the user’s input into text so it can be read.

Yes, I realize that sounds quite a lot, but don’t worry: this project is deliberately designed to take it slow so everyone can learn. The pace picks up in later projects, but if you hit problems you can always refer back here as a reminder.

Let’s get started: launch Xcode, and choose "Create a new project" from the welcome screen. You’ll be asked to choose a template for the new project, so please choose watchOS > App.

For Product Name enter Project1, then make sure you have Watch-only App selected because we don’t plan to use iOS at all here. You’ll see a checkbox marked “Include Tests” – please uncheck that.

One of the fields you'll be asked for is "Organization Identifier", which is a unique identifier usually made up of your personal website domain name in reverse. For example, I would use com.hackingwithswift if I were making an app. You'll need to put something valid in there if you're deploying to devices, but otherwise you can just use com.example.

Now click Next again and you'll be asked where you want to save the project – your desktop is fine. Once that's done, you'll be presented with the example project that Xcode made for you.

The first thing we need to do is make sure you have everything set up correctly, and that means running the project as-is.

In the top-left corner of Xcode you’ll see a play button and a stop button. Immediately to the right of that you’ll see something like “Apple Watch Series 8 (45mm) via iPhone 14 Pro”. There are several other sizes that exist, but this one is a common configuration.

Now go ahead and press the play button now to build and run your app. It will take a little while at first because Xcode will launch the Watch Simulator, which has to boot up watchOS before your app can run.

Eventually you’ll see our app, such as it is. Our “app” just shows an empty window with the words “Hello, world!” centered below a globe icon – it does nothing at all, at least not yet. You’ll see the time in the top-right corner, which is automatically inserted by watchOS, cutting your available screen space even further.

[image: The watchOS simulator showing time in the top right corner and 'Hello world!' in the middle beneath a globe symbol.]

You'll be starting and stopping projects a lot as you learn, so there are three basic tips you need to know:


	You can run your project by pressing Cmd+R. This is equivalent to clicking the play button.

	You can stop a running project by pressing Cmd+. when Xcode is selected.

	If you have made changes to a running project, just press Cmd+R again. Xcode will prompt you to stop the current run before starting another. Make sure you check the "Do not show this message again" box to avoid being bothered in the future.



Obviously this is a pretty dull app as it stands, so let’s dive right into making something better…

	Defining our data
The first step in many programs is to decide what your data should look like – what are we actually working with? In this introductory project our data is deliberately simple: we’re storing notes from users, so that’s just text.

However, one of the few hard and fast rules that SwiftUI gives us is that it wants to know how to identify each piece of application data uniquely. Think about it: if look on Twitter for people called Paul Hudson you’ll find there are many of us out there, so Twitter needs a way to identify each of us uniquely. For Twitter that’s a username – I’m @twostraws, for example – but behind the scenes they also store a unique identifying number, which for me is 55964332.

SwiftUI has the same problem as Twitter: if our user created three notes with the text “cook dinner”, it needs a way to know which note is which. Without that, if we say “delete the note that says cook dinner,” SwiftUI won’t know which one should be removed.

This is solved using a Swift protocol called Identifiable, which has a single requirement: we must provide a property called id that is unique.

Let’s try this out now. Go to the File menu and choose New > File, then select Swift File. Name it “Note.swift”, then give it this code:

struct Note: Identifiable {
    let id: UUID
    let text: String
}

That creates a new Note struct conforming to the Identifiable protocol. As you can see, it stores a string called text, which is what contains the actual text for our user’s note. However, there’s another property in there: an id property that is a UUID. “UUID” stands for “universally unique identifier”, and it’s a long hexadecimal sequence of letters and numbers that is designed to be unique. Unless you create them by hand (please don’t!), you could generate a million UUIDs every day for a million years and would still be unlikely to generate the same one twice.

Note: The Identifiable protocol requires a property called id that identifies each instance of the struct uniquely. Using UUID is a good idea because they are naturally unique, but you can use anything you want as long as you’re sure it will identify your data uniquely.

	Working with views
Now that we have some data to work with, I want you to open ContentView.swift so we can start using it. This file is the default in all SwiftUI projects on all platforms, and provides a simple SwiftUI layout that produces the “Hello, World!” text you saw earlier.

You should see something like this:

struct ContentView: View {
    var body: some View {
        VStack {
            Image(systemName: "globe")
                .imageScale(.large)
                .foregroundStyle(.accentColor)
            Text("Hello, world!")
        }
        .padding()
    }
}

There are lots of small but important things in there, so let me break it down quickly:


	It defines a new struct called ContentView. All our SwiftUI layouts are structs because behind the scenes these are simpler and faster for the system to create and manage.

	This struct conforms to the View protocol. In SwiftUI anything that renders content must conform to the View protocol so that it can tell SwiftUI what it draws.

	The struct has a computed property called body, which is the only requirement of the View protocol. This is where you create your layouts.

	As you can see, this has the return value some View, which means “this view will itself return some sort of view” – it might be images, text, sliders, buttons, and so on, but ultimately every view must return something to draw.

	In this case our body contains two things: an image view loading the “globe” system icon from the SF Symbols set, and a Text view with the string “Hello, world!” We’ll look at SF Symbols more soon.

	The text and image are wrapped inside a VStack, which means the image and text will be stacked vertically. Alongside VStack, SwiftUI provides other layout options including HStack to place views horizontally, and ZStack to place views so they overlap.

	There are three method calls: imageScale() makes the icon larger than normal, foregroundStyle() tints the icon with the app's accent color (blue by default), and padding() adds some spacing around a view so that other views don’t butt up directly against it. In SwiftUI we call these modifiers, because they modify the way the views look. It’s common to have many modifiers stacked up for a single view.



Below that view struct is more code contained in #Preview. This  is for debugging purposes only, and is designed to show you a live preview of your layouts while you work – that’s the canvas on the right of your code. You can show or hide this canvas by going to the Editor menu and clicking Canvas.

Over time you’ll learn more about how these work and what their subtleties are, but for now you know enough to continue.

We want this main ContentView struct to have an array of notes, so we can add, view, and remove them freely. This is as simple as adding a property, like this:

var notes = [Note]()

For now, let’s start simple: a text view showing how many notes are in our array, plus a button that adds example notes every time it’s pressed.

First, replace the existing VStack code with this:

VStack {
    Text("Notes: \(notes.count)")
}

[image: The watchOS simulator showing 'Notes: 0']

That uses string interpolation to put the array count right into the text view.

A vertical stack containing only one view is no different from removing the VStack entirely, but I want you to keep it because we’re going to add a second view below the text: a button to add test notes. SwiftUI gives us a number of ways of creating buttons, but the simplest one has a text string as its title and an action provided as a trailing closure. In our case, that means using “Add Note” as the title, and for the action we’ll create a new note and append it to the notes array.

Put this below the text view:

Button("Add Note") {
    let note = Note(id: UUID(), text: "Example")
    notes.append(note)
}

That creates a new, random UUID for our note, plus the same example text each time.

If everything is going to plan, your code should look like this:

struct ContentView: View {
    var notes = [Note]()

    var body: some View {
        VStack {
            Text("Notes: \(notes.count)")

            Button("Add Note") {
                let note = Note(id: UUID(), text: "Example")
                notes.append(note)
            }
        }
    }
}

However, chances are Xcode is shouting at you – it doesn’t like the code. 

If you think back to the way structs work, you might remember the mutating keyword that must be used on any methods that change structs. This exists because Swift doesn’t know if your struct was created as a variable or a constant, so we need to say ahead of time “this thing will change.”

Well, here we have a similar problem: we’re trying to change a property of our struct inside a computed property, and for all Swift knows that struct could be a constant. Sadly, there is no way to make mutating computed properties in Swift, which is why Xcode is complaining.

SwiftUI relies heavily on a solution called property wrappers. These are a Swift feature that let us add special behaviors to properties of a type – we might say “never let this number be negative,” or “make this property load and save its value automatically,” for example. In the case of SwiftUI, there is a special property wrapper called @State, which means “this property represents the active, changing state of my program, and I want SwiftUI to manage it.”

So, by default we can’t modify properties in our struct, but if we mark them with @State then we can – we tell SwiftUI to manage them for us, so even though the view struct is a constant, the values can change.

To bring in this property wrapper, change the text property to this:

@State var notes = [Note]()

That’s enough to fix our compile error, which means our code will build now. However, before we try it out I want to make one further change:

@State private var notes = [Note]()

As you learn more about SwiftUI you’ll see there are several property wrappers available to us, and the @State one is specifically used for simple values that are stored locally to a view – they aren’t shared with other views. As a result, Apple encourages us to mark all @State properties as private, to reenforce that they aren’t supposed to be shared.

Our code compiles now, so go and press Cmd+R to see it in action. You should see “Notes: 0”, and every time you click the button that number should increment. Nice! Well, sort of – it’s still hardly an app, but at least it’s starting to work a little.

[image: 'Notes: 0' above a rounded rect button reading 'Add Note'.]

One thing to note here is how SwiftUI automatically updates the text string as notes.count changes. This is part of the behavior of @State: it will automatically reload your view’s body property when its value changes.

[image: The app now says 'Notes: 1' after pressing the button.]

	Showing a list of notes
One of the most important view types in SwiftUI – not just on watchOS, but on all of Apple’s platforms – is called List, and it shows a scrolling list of rows that is perfect for tabulated data.

You can create lists directly from data if you want: just pass the list some sort of array of data that conforms to Identifiable, along with a function to run that converts each item in the array into a new view. Put another way, you give List all the items you want it to render, and it will pass you back individual items and say “what do you want to do with this one?”

For example, we could make a really simple list in our UI by adding this directly after the button closure:

List(notes) { note in
    Text(note.text)
}

So, we provide notes as its input, along with a trailing closure that accepts a single Note instance. We then convert that note’s data into a text view, which the list will then place inside a scrolling container.

[image: 'Notes: 3' above an 'Add Note' button and a vertical list of rounded rectangles reading 'Example'. On the watch's right is a tiny scroll bar.]

If you run the app now you’ll see our list in action – press the button a few times, and you’ll find you can scroll around the table below. Nice!

Another way of creating lists is by looping over a range, and this is the form we’ll be using in our app because it allows us to read the index of each item (note 0, note 1, note 2, etc) along with the note itself.

Here’s how that looks:

List(0..<notes.count, id: \.self) { i in
    Text(notes[i].text)
}

You might wonder what that id: \.self part means, and with good reason – it’s new!

Remember that rule I mentioned earlier, about how SwiftUI needs to know how it can identify each piece of application data uniquely? This applies to the views in a list too, which is why it’s important that Note conform to Identifiable. 

If you’re looping over a range of numbers a fixed number of times – if you’re always showing five buttons, for example – then using a range like 0..<5 is fine. But if your range will change over time, such as ours does because we’re appending to the notes array, then we can’t just use a simple range. Instead, we must provide a second parameter called id, which tells SwiftUI how it can identify values as they change over time.

When we were working with the Note struct, our identifying value was a UUID that was guaranteed to be unique for each note. Here, though, we have simple integers counting from 0 up to the number of notes we have, so we don’t have an option to add anything else such as a UUID. Instead, we have each number itself, and nothing more.

In Swift, that means when we’re asked for an identifier for each value, we can just write \.self to mean “the number itself will be unique.” This means SwiftUI is happy that it can identify each value uniquely, and it’s great for times like this when we have a variable array of data being shown.

Now that our list works properly, go ahead and remove the text view showing notes.count – we don’t need that any more.

	Reading user input
Obviously having “Example” repeated again and again doesn’t make for a very useful app, so for our next step we’re going to add a text input box that lets users add their own notes.

I mentioned the @State property wrapper earlier, saying that it stores the active state of our program. “Program state” is all the active values that represent how our app is being used right now – what screen the user is on, whether they have toggled a switch on or off, what they have typed in a text box, and more.

Our views are not state, but our program state will often dictate which views are showing. For example, typing a short password might show some text prompting the user to enter a longer password.

We already have one @State property to store the array of notes the user has created, but now we’re going to add a second one: a string to store some user input. This will be an empty string by default, but we’ll attach it to a text input view so as the user types their note it gets stashed away into this property.

Start by adding this new property to ContentView:

@State private var text = ""

We want to use that property inside a text input view, so the user can write their note. In SwiftUI this is called TextField. This is different a text view, which doesn’t take any input – it just shows a value. So, whereas Text just reads a value, TextField reads and writes a value: it shows whatever is in its string, but if you change the text field then it updates the string as well.

Let’s try this out now. Put this new view above the button:

TextField("Add new note", text: text)

That first parameter, “Add new note”, is placeholder text that will be shown if the text field is empty.

Don’t worry if Xcode shows a big red error – that’s intentional. You see, TextField doesn’t just want to know where to read its text, it also wants to know where to write its text – where to store any changes the user made. In SwiftUI this is called a binding: when we bind a text field to a property, we mean “show its value here, but if we change the value on screen then update the property as well.” 

Using @State allows us to modify properties inside a struct freely, because it tells SwiftUI to manage the data automatically. However, it also does something else: it automatically creates a binding for our property that we can use anywhere we need to both read and write the value.

So, when we say text: text we means “read the value from the text property.” But if we add a dollar sign – Swift’s way of making a binding from an @State property – then we mean “read and write the value using the text property.” This means the text field will start by showing whatever is in text when the view first appears, but when the user changes the text field, SwiftUI will save the new value back into text.

Change your text field to this:

TextField("Add new note", text: $text)

And now the error is gone.

Let’s go ahead and use text immediately by modifying the action closure for our button. Rather than just appending example notes again and again, we’re instead going to:


	Make sure the text property isn’t empty, because we don’t want the user to create empty notes by accident.

	Create a new Note instance using the text property, appending it to our notes array.

	Clear the text string after the note is added, so they can write another.



Replace your existing button with this:

Button("Add Note") {
    guard text.isEmpty == false else { return }

    let note = Note(id: UUID(), text: text)
    notes.append(note)
    text = ""
}

Go ahead and run the app now, then tap on the “Add New Note” placeholder. This will automatically bring up a new view showing the watchOS input options – voice dictation, emoji, and either the keyboard or a scribble space depending on your configuration.

[image: A watchOS text input interface, with placeholder text 'Add new note', below which is a QWERTY keyboard. At the top of the screen are 'Cancel' and 'Done' buttons. At the bottom is a smiling face for Emoji and a microphone for Dictation, with an up chevron for more options.]

Try entering “Hello” or whatever test data you like, then press Done to accept your input. You should return to the original content view, with your new text shown above the “Add Note” button. 

[image: In the text field, 'Hello' and a waving emoji has been added. ]

Even better, tapping that button will show your new note text in the list below, and clear the text field – brilliant!

[image: 'Hello' is now in the list, below the button. The text field is clear, and shows the placeholder 'Add new note' once again.]

However, now that our notes are meaningful you’ll notice a problem with our app: half the screen is taken up with entering new notes, leaving only a small amount for actually scrolling through the list of what we have. Given that users are likely to be reading notes far more than they are writing notes, this isn’t great so we need to address this.

A simple way to fix this is to put the text field and button on the same horizontal row, so they are positioned side by side rather than one above the other. This is done with a HStack in SwiftUI, and it’s perfectly fine to put one stack inside another.

So, start by putting both the text field and button inside a HStack, like this:

VStack {
    HStack {
        TextField("Add new note", text: $text)

        Button("Add Note") {
            guard text.isEmpty == false else { return }

            let note = Note(id: UUID(), text: text)
            notes.append(note)
            text = ""
        }
    }

    List(0..<notes.count, id: \.self) { i in
        Text(notes[i].text)
    }
}

[image: The text field and button now sit side-by-side sharing equal width. 'Add new note' is truncated. 'Add Note' wraps across 2 lines.]

Immediately you’ll see that’s saved a lot of space, but it’s caused a different problem: there isn’t really enough room for both the button and the text view to sit on one line.

We can try to fix this by using something shorter than “Add Note”, and helpfully watchOS comes with a massive library of Apple-created images called SF Symbols. These icons can be used anywhere in watchOS using an Image view, and there’s even a dedicated SF Symbols app that lets you search through the library of images to find the one you want – if you search for “SF Symbols” online you’ll find it as a free download from Apple.

Creating a button from an image looks a little different from using text, because rather than writing Button("Some Text") you instead provide it as a second trailing closure that describes the label of the button. This is a little more long-winded, but it does have the advantage that your button label can be anything you want – maybe you want a HStack with both an image and some text, for example.

Replace your existing button code with this:

Button {
    guard text.isEmpty == false else { return }

    let note = Note(id: UUID(), text: text)
    notes.append(note)
    text = ""
} label: {
    Image(systemName: "plus")
        .padding()
}

There are two new things in there:


	The second trailing closure is called label, which defines the visual content of the button. You don’t have to write this second trailing closure on the same line as the closing brace before it, but it’s recommended for readability purposes.

	The Image view has a systemName: initializer, which tells SwiftUI we want to load one of the SF Symbols icons – “plus”, in this case.



[image: The button now reads '+', but is still just as wide as the text field.]

If you run the app now you’ll see the content of our button is smaller – just “+” rather than “Add Note” – but the button itself has stayed the same size. This happens because HStack will automatically split up its space so that each view inside it has an equal amount.

We don’t want that behavior here, so instead we’re going to tell the button to ignore whatever the parent suggests and instead fix its size at whatever makes sense for the button’s label. As we have just a + sign for its label, this will make the button nice and small.

To fix a button’s size, add the fixedSize() modifier at the end of the button, like this:

Button {
    guard text.isEmpty == false else { return }

    let note = Note(id: UUID(), text: text)
    notes.append(note)

    text = ""
} label: {
    Image(systemName: "plus")
        .padding()
}
.fixedSize()

[image: The '+' button is now narrower than the text field.]

And now it’s looking much better – we have lots more space for our scrolling list, and our text field takes up as much space as it can.

To finish up, we’re going to make one last small change: we’re going to give the button a color, to help break up the otherwise monotonous grayscale we have right now.

Unlike iOS, buttons on watchOS have a very precise design by default, and there is limited scope to customize that beyond doing something completely unique. However, one thing we can do is tint the button using a color of our choosing – it will retain the default button shape and interactivity, but have a small amount of color.

This is all done using the tint() modifier, which can either use a custom color or one of the many built-in options. Add this below fixedSize():

.tint(.blue)

[image: The '+' button now shows a bright blue symbol, and a muted blue background.]

It’s a small change, but I think it helps bring the UI to life just a little.

	Selecting and deleting notes
To make this app actually useful, we need to add at least two more things: the ability to tap on a note to see more information, and the ability to remove any notes we don’t want any more.

First, let’s create a new view that shows one note all by itself. Go to the File menu and choose New > File, or press Cmd+N to get the same result. From the list of options, please choose SwiftUI View, then name it DetailView.swift.

This new detail view is designed to show a single note, but we’re also going to display the note’s number – whether it’s the first note, then 10th, and so on. We can’t figure out the note’s position in our array just from the note itself, so we’re going to pass that index plus the note as properties for our new view.

So, start by adding these two as properties for DetailView:

let index: Int
let note: Note

You’ll get an error because the preview code in DetailView.swift tries to create a DetailView without passing any data for those two properties. Fortunately, that can be fixed by just passing in example values, like this:

#Preview {
    DetailView(index: 1, note: Note(id: UUID(), text: "Example Note"))
}

Inside the body of DetailView we don’t want “Hello, world!”, but instead we want to show our note’s text, like this:

Text(note.text)

Like I said, we also want to show the note’s number. We could put that in a second text view, but SwiftUI gives us a better solution with its navigationTitle() modifier. This places text of our choosing into the navigation space, which is where the clock is right now – it’s a bonus bit of UI space that you should definitely make use of.

Because Swift’s arrays count from 0, we need to add 1 to our note index to make the numbers make sense for users. So, use this for your final body property in DetailView:

Text(note.text)
    .navigationTitle("Note \(index + 1)")

Even though we added a navigation title to our view, you won’t see it reflected in the preview. This is because we need to activate navigation for our view by wrapping it in a NavigationStack. Now, in a moment we’re going to add a NavigationStack in ContentView, but that wouldn’t help our preview – as far as our preview is concerned, DetailView is being shown in isolation, so even if we added a NavigationStack in ContentView nothing would change for our preview.

Fortunately, these previews are ours to customize – we can put any code we want into there and it will only affect the way our preview looks in Xcode, rather than actually changing the finished app that gets run.

So, we can tell SwiftUI to preview DetailView as it will actually look when the code runs, like this:

#Preview {
    NavigationStack {
        DetailView(index: 1, note: Note(id: UUID(), text: "Example Note"))
    }
}

[image: SwiftUI Preview showing left aligned title 'Note 2'. At the center is 'Example Note'.]

It’s not exactly the same as it will look at runtime, because when we place a navigation title in a detail view watchOS will automatically make the text smaller and part of a back button, but at least it means you can see the note title is up there.

That completes the detail view, so head back to ContentView.swift. When one of our list rows is tapped, we want to show DetailView with the correct index and note. SwiftUI comes with a built-in view for this purpose, called NavigationLink: give it a destination to show, plus some content that should be tappable, and it will do all the work of showing and hiding new views.

In this project, our destination view should be a new DetailView containing the correct index and note, and the label of the navigation link will be our existing Text view. So, adjust your current list to this:

List(0..<notes.count, id: \.self) { i in
    NavigationLink {
        DetailView(index: i, note: notes[i])
    } label: {
        Text(notes[i].text)
    }
}

As with button labels, the content of your navigation links can be whatever you want – SwiftUI will make it all interactive, so that tapping any part of the link will create and show a correctly configured detail view.

[image: NavigationStack detail view. The top left now has a left chevron and 'Note 1'.]

Remember, in order to make navigation actually work we need to wrap our current layout with a NavigationStack. Helpfully, we can actually replace the current VStack with NavigationStack to get exactly this result – SwiftUI will automatically place the button and list vertically inside the navigation.

Now that we have the ability to see a full note in our detail view, we can make a small change to the text view in our list rows. By default, text views automatically show their entire content, with long strings being wrapped over multiple lines.

[image: In the main list, a note with 'Lorem Ipsum...' is wrapped over 3 lines.]

Showing the full note will work great in our detail view, but it’s likely to be rather odd in the list view because there are many notes. Fortunately, we can tell SwiftUI to limit the number of lines in our list text with the lineLimit() modifier:

Text(notes[i].text)
    .lineLimit(1)

[image: The 'Lorem Ipsum' text is now truncated to show no more than one line.]

That will make sure only one line is ever shown, but you could try 2 if you wanted. Line limits are a maximum, meaning that if the text is just a single line then it won’t take up more than 1 line of space.

Before we’re done with this project, I want to make two further small changes.

First, in the same way we used navigationTitle() in our detail view, we can place a title in the status bar for ContentView. Add this modifier at the end of the List:

.navigationTitle("NoteDictate")
.navigationBarTitleDisplayMode(.inline)

[image: Above the text field is now the title 'NoteDictate'.]

That needs to belong to a view inside the NavigationStack rather than the NavigationStack itself – remember, the currently active views will change over time, so watchOS automatically picks a title from whatever is currently showing.

You’ve seen the first of those modifiers previously, but the second is there to request a smaller font size for the title – without that it will occupy a significant amount of our screen space, which is a poor user experience.

Second, we should really let users delete the notes they create. This isn’t hard to do, but it does require learning a slightly different way to create lists. You see, SwiftUI’s lists are great at looping over arrays of identifiable content and turning each item into a view; that’s what we are doing right now. But lists can also show fixed content: you might show a button, then show an array of content, then some text, then another array, and so on.

All this matters because lists don’t let us delete their content, because they handle both fixed and dynamic content. Instead, we need to rewrite our list so that it contains a loop inside it, using a new view type called ForEach. This works just the same as List does: we can provide it a range and an identifier, along with a closure to run for each item.

Change your current list code to this:

List {
    ForEach(0..<notes.count, id: \.self) { i in
        NavigationLink {
            DetailView(index: i, note: notes[i])
        } label: {
            Text(notes[i].text)
                .lineLimit(1)
        }
    }
}

That produces exactly the same code, but it does have one important difference: because it’s really clear that part of our list is dynamic – is loaded from an array rather than static views, or a mix of static and dynamic – we can add a new modifier called onDelete(), which tells SwiftUI how to handle deletion of rows.

Before we add that modifier, we first need to solve a bigger problem: what should happen when we delete rows? 

Well, Swift has a special kind of array called IndexSet. This is a bit like an array of integers, except no number can appear twice, and all numbers must be 0 or greater. This makes it great for referring to indexes inside an array, and it’s what SwiftUI uses when deleting items from a list. Helpfully, it maps directly to a Swift array method called remove(atOffsets:), which takes an IndexSet of items to remove.

So, we can delete items from the notes array by adding a single method to ContentView:

func delete(offsets: IndexSet) {
    notes.remove(atOffsets: offsets)
}

And now we can attach that method to our ForEach, so that when SwiftUI wants to delete a row it will pass it to delete() inside an index set:

ForEach(0..<notes.count, id: \.self) { i in
    NavigationLink {
        DetailView(index: i, note: notes[i])
    } label: {
        Text(notes[i].text)
            .lineLimit(1)
    }
}
.onDelete(perform: delete)

Run the app now and try inserting a new note. Once it appears, swipe to the left on any row and you’ll see an X button appear, and tapping that deletes the note – perfect!

[image: In the notes list, one of the rows has been shifted left by a large red delete button with a white 'x' symbol.]

If you want, you can make deletion slightly nicer by animation the removal so that rows below slide up neatly. SwiftUI gives us several approaches to animation, but one of the easiest is the withAnimation() function – any code you put inside there will have its changes animated. For example, we can delete with animation like this:

func delete(offsets: IndexSet) {
    withAnimation {
        notes.remove(atOffsets: offsets)
    }
}

And we’re done!

	NoteDictate: Wrap up
This wasn’t a short project, but I hope you can look back and see you learned a huge amount. We’ve covered the basics of how SwiftUI views work, plus a variety of views: Text, TextField, Image, Button, List, NavigationStack, and more. We’ll be coming back to all of these in future projects, so you’ll have lots of time to practice.

In short, your brain is probably brimming with information, so I hope you’re able to take a short break before continuing – you’ve earned it!

PS: Don’t worry that our app doesn’t actually save the user’s data, because we’ll be coming back to fix that in project 3.

Challenges

If you’re keen to add more to this app, here are some suggestions:


	Try adjusting the list so that note previews show up to three lines of text.

	When presenting DetailView, send the total number of notes along with the current data so you can set the detail title to be something like “Note 1/5”.

	Add a second button that takes you to a credits screen of your choosing. At the very least a text view with your name and a date, but perhaps also an SF Symbol to bring it to life.



	Project 2
Rock, Paper, Scissors


	Rock, Paper, Scissors: Setting up
This project is a game, and while it will give you chance to practice things you learned in project 1 we’ll also be covering new techniques – timers, dividers, appearance callbacks, and more.

The code itself is nice and easy because the project itself is nice and easy: we’re going to create a rock, paper, scissors game with a twist. You see, normally these games require two players, both choosing one of the three possible moves. But in this single-player game we’re going to present the player with a move – e.g. rock – and ask them to either win (by playing paper) or lose (by playing scissors).

We’ll be keeping track of the time it takes for them to answer 20 questions correctly, so it’s a game of quick wits – everyone can win at rock, paper, scissors, but flipping between winning and losing takes some thought as you’ll soon see. If they get an answer wrong, we’ll push them down a level, and the goal is to finish level 20 in the least amount of time.

Let’s get started: launch Xcode, then create a new watchOS project using the App template. Name it Project2, with the same settings as before – Watch-only App, with no tests.

Along with this book you should also have downloaded the project files for this book. If you look in the Project2-Files directory you should see three images: rock.png, paper.png, and scissors.png. These were all taken from https://icons8.com, which offers them under the Creative Commons Attribution-NoDerivs 3.0 licence. In practice, that means you should mention icons8.com in your credits screen, although your app’s homepage is fine too.

We need to use these images in our project, so I want you click on Assets.xcassets inside the project navigator on the left of Xcode. This is the asset catalog for our code, which stores images in a highly optimized format. When you select it you’ll see it contains two empty slots for “AccentColor” and “AppIcon” – please drag the three images into the space below those empty slots.

When you release your mouse button you should see the three images inside your asset catalog, all using the same name as their original filename minus the extension.

[image: Under 'Assets.xcassets' are the paper, rock, and scissors assets with thumbnails.]

That’s all our set up complete – time for the real work…

	Proportional layout
In project 1 our main user interface component was a list, which scrolls up and down using your finger or the Digital Crown. When using these kinds of scrolling interfaces you normally don’t need to worry about the fact that Apple Watch comes in multiple different sizes: 40mm, 41mm, 44mm, 45mm, and even 49mm are all possible.

Now, I realize we’re talking about millimeters here, which sounds like hardly anything at all, but it means the largest watch is over 20% larger than the smallest one, which means when you aren’t creating scrolling user interfaces you need to work to ensure your designs look great on all models.

In practice, I usually set the canvas to preview using the smallest watch, then run in the largest simulator. This means when I’m designing I’m ensuring everything looks crisp and readable on a small screen, so by the time it comes to viewing the layout at runtime it should just be a case of having a lot more room.

As with project 1 going by thinking about our data: what does this view need to work? For now, it really needs only two things: which image should be shown to the player, and should the player try to win or lose?

Because these properties will change over time as our game is played, we’ll mark them both as @State. Add these two to ContentView:

@State private var question = "rock"
@State private var title = "Win!"

Next we need to add a method that will be run when the user presses one of the three buttons we’re going to make: rock, paper, or scissors. We’re not going to write this method just yet, but we do at least need a method “stub” – an empty placeholder that makes our code compile cleanly.

So, add this empty method now:

func select(move: String) {
}

That’s enough code to let us design our user interface, so let’s get into it.

This layout needs five main components:


	A picture at the top, showing the player the move they need to win or lose against.

	Three pictures below that, showing their three possible moves.

	Some sort of dividing line between the top image and the three below it.

	Game information at the bottom, including their level and current time.

	A navigation title, telling the player whether they need to win or lose.



We’ll start simple and work our way up. We can get item 1 (showing the move) and 5 (a navigation title), all by putting this in the body property:

NavigationStack {
    Image(question)
        .navigationTitle(title)
}

[image: Our red rock image below the 'Win!' title in the upper left.]

Next, we need to place some sort of separator between the question image and the three answer buttons we’ll be making shortly. 

SwiftUI has a built-in view just for this, called Divider. This is a thin horizontal line that will run edge to edge on the screen, and if we add a little vertical padding to it then it will be just enough to keep our pictures separated on screen.

We’ve used the padding() modifier previously, but this time we’re going to use it with an extra parameter to control where the padding is applied. Add this below the Image view:

Divider()
    .padding(.vertical)

[image: Below the rock image, there is now a thin gray dividing line.]

And finally (for now at least), we need to place three buttons below that divider – one for rock, one for paper, and one for scissors. In the previous project we looked at how to create buttons with image labels, but this time there are two small differences:


	These are custom images, so we create them using Image(someName) rather than Image(systemName: someName).

	We don’t want the default watchOS button style, which places a dark border around our labels. Our pictures are enough by themselves, so we’ll set a plain button style instead.



Each one of these buttons uses either “rock”, “paper”, or “scissors” for their image name, and also uses those same values to call our select(move:) method.

Now, the simplest approach to this is to create three buttons that specify their exact method call and image name, like this one:

Button {
    select(move: "rock")
} label: {
    Image("rock")
}
.buttonStyle(.plain)

However, that’s pretty ugly – the only thing different is the type of the move the button represents. A better solution is to use ForEach to go through an array of the three possible moves, then insert the move name in the correct place.

First, add this property to ContentView:

let moves = ["rock", "paper", "scissors"]

I’ve made it a property rather than putting it directly into a ForEach because we’ll need it later. Now put this HStack below the divider:

HStack {
    ForEach(moves, id: \.self) { type in
        Button {
            select(move: type)
        } label: {
            Image(type)
        }
        .buttonStyle(.plain)
    }
}

If you run the code now you’ll see that it doesn’t really work at all – either the screen will look blank, or you’ll see just bits of pictures.

[image: Below 'Win!' and the gray line are bits of green and blue.]

The problem is that SwiftUI renders images at their natural size by default, which means our move pictures will be far too big. 

To correct this problem we need to add two modifiers to our images – the question image, and also the images created in our ForEach. The first is the resizable() modifier, which tells SwiftUI this image can be stretched or shrunk in any dimension so that it fills all available space. The second is the scaledToFit() modifier, which tells the image it should retain its original aspect ratio while also making sure all the image is visible inside its frame.

So, add these two modifiers below the two instances of Image we have right now:

.resizable()
.scaledToFit()

With those modifiers applied to both the question and answer images, they will all shrink down so they share the screen nicely.

[image: The gray line now separates the red rock from a row of rock, paper, and scissors.]

If you run the app now you’ll see it looks a lot better! Of course, it doesn’t do anything yet, so let’s fix that next…

	Picking a move
This game needs to generate lots of random levels for the player to consider. The actual selection itself is made up of only two parts: a move (rock, paper, or scissors), and an instruction to either win or lose. If the player answers correctly, we’ll go to the next level until finally they have managed to complete level 20 and we end the game.

To make this work we need two new properties for our game: the current goal (win or lose), and the level number the player is on. So, add these two now:

@State private var shouldWin = true
@State private var level = 1

With those in place we can write the code to generate a game level. This needs to do several things:


	Update the level counter label to reflect whichever level the player is currently on.

	Randomly decide whether the player should aim to win or lose.

	If they should win, set the current screen title to be “Win!” and shouldWin to true.

	Otherwise, set the screen title to “Lose!” and shouldWin to false.

	Set the question image to be a random item in the moves array we made earlier.



We haven’t talked about randomness previously, so let’s start there. First, deciding something randomly can be done with a special method called Bool.random(). This will return true or false randomly, allowing us to toggle between asking the player to win or to lose.

Second, we can read a random move from our moves array by calling randomElement() on it. This method actually returns an optional because for all Swift knows the array is empty, but we know the array will never be empty so it’s safe to force unwrap the value.

That’s all the new code explained, so let’s put it all together into a method called newLevel() that updates the level counter, decides whether the player should win or lose, then picks a new question image.

Add this method to ContentView now:

func newLevel() {
    if Bool.random() {
        title = "Win!"
        shouldWin = true
    } else {
        title = "Lose!"
        shouldWin = false
    }

    question = moves.randomElement()!
}

To set the whole thing in motion, we need to call that newLevel() method as soon as our view is shown. SwiftUI has another modifier just for this, called onAppear() – it will run any code of our choosing when the view is first shown.

You can put onAppear() anywhere in your view hierarchy, but because it relates to the whole screen I would add it to the NavigationStack rather than any of the view inside it. So, add this modifier to the NavigationStack now:

.onAppear(perform: newLevel)

[image: Instead of the default 'Win!' and rock, the app now shows 'Lose!' and paper.]

If you run the app again you should now see the fruits of your labor. It still won’t actually do anything yet because we haven’t filled in the select(move:) method, but at least it’s coming together.

	Adding some pressure
Many games add a little pressure to make the game more exciting, and this one is no different. Not only is there a level counter that moves from 1 through 20, but we’re also going to show a timer so the user can see how fast they performed.

SwiftUI actually comes with the ability to make timers very easily, but it has a problem: any time we change other parts of our view, the timer will reset. So, we’re going to create a timer ourselves, which takes a little work.

First, we need three new properties:


	The time our view was first shown.

	The current time.

	A timer that will trigger an action every second.



The first two of those require a new data type called Date, which tracks specific dates and times. We can use the static now property of Date in order to read the current date and time.

So, start by adding these two properties:

@State private var currentTime = Date.now
@State private var startTime = Date.now

The third property is a little more complex. It uses a new type called Timer, which we can tell to trigger every 1 second. As well as a time interval, timers also want to know where it should run and how it should run, but a lot of the time you’ll say “run on the main thread” and “run along other default actions.”

Tip: Threads are little parts of your program that run all at the same time. watchOS creates and runs lots of threads for us, but the most important one is called the main thread – it’s the first one to be created, and is where we must do any work that creates or manipulates our user interface.

One thing we don’t say is which function to call when the timer fires. So, the timer property just looks like this:

let timer = Timer.publish(every: 1, on: .main, in: .default).autoconnect()

That autoconnect() call at the end tells the timer to start publishing its time announcements immediately.

To watch the timer – to actually be notified when it triggers every second – we need a new SwiftUI modifier called onReceive(). We can pass this the timer, and it will watch for that timer firing and take whatever action we want.

For now, the only action we want is to update currentTime with whatever is the latest time, and helpfully enough that’s exactly the value that onReceive() passes to us here.

So, add this below the onAppear() modifier:

.onReceive(timer) { newTime in
    currentTime = newTime
}

Because currentTime is marked as @State, it will reload our view’s body property every time it changes.

We made the startTime property store a new Date instance when it was created, which means it will have the current date and time. And we just made currentTime update its value whenever the timer ticks, so that will go up as the game is played. But we’re still missing one element, which is to count how many seconds have passed between the current time and the start time, and that’s best done with a computed property.

Add this to ContentView now:

var time: Int {
    let difference = currentTime.timeIntervalSince(startTime)
    return Int(difference)
}

The timeIntervalSince() method will report back how much time has passed between startTime and currentTime, but it will do so with extreme accuracy – it won’t say 1 second, but will instead say 1.4224621 seconds. As a result, I’ve converted the value to an integer to remove everything after the decimal point.

Of course, just having time property update every second isn’t enough – we actually need to show it on the screen somewhere, along with the level number. This can be done with a simple HStack and a couple of text views, but I’m also going to introduce another SwiftUI view called Spacer. This is a really simple view that automatically stretches to fit all available space, which is really helpful in stacks because they let us push views apart.

Add this below the previous HStack and you’ll see what I mean:

HStack {
    Text("\(level)/20")
    Spacer()
    Text("Time: \(time)")
}
.padding([.top, .horizontal])

[image: Below the rock, paper, scissors row, there are 2 items. At bottom left, our level counter reading '1/20'. At bottom right, our timer reading 'Time: 14'.]

Because there’s a spacer between the level text and the time text, those text views will be pushed to the left and right edge of the screen – it looks much nicer than having them side by side.

Notice how I slipped in an interesting use of the padding() modifier there. When used by itself padding() means “add padding to all sides,” but as you can see you can selectively add padding by asking for specific sides to give you more control.

Although our game still doesn’t work fully, it does at least look right. Now for the important part!

	Winning the game
We’re almost done with this project, although one major part is still missing – the actual game part, where you select an answer to try to win the game.

To finish up we need two more things:


	Code to check whether an answer was correct or not. If it was correct, we’ll add 1 to level and call newLevel(); otherwise, we’ll subtract 1 from level (ensuring we don’t go below one!) then call newLevel().

	A “You win!” label that can be shown when the player finishes all 20 levels.



Neither of those steps are challenging, so let’s just dive in with the first one: checking whether an answer was correct.

We already have a method stub called select(move:), which is passed in the type of move the player made. We also know the question image and whether they should win or lose, so we have almost enough information to decide whether they played correctly or not – all we’re missing is a little logic to figure out what the right move was.

Let’s fill in select(move:) step by step, starting with a dictionary that stores the correct answers for each move. We can use rock, paper, and scissors for the keys in the dictionary, and for the values we can use a tuple of “win” and “lose” strings, like this:

let solutions = [
    "rock": (win: "paper", lose: "scissors"),
    "paper": (win: "scissors", lose: "rock"),
    "scissors": (win: "rock", lose: "paper")
]

Using that dictionary, we say solutions["rock"].lose to find the correct move to lose when the computer plays “rock”, which is exactly what we need. Of course, dictionaries can be fed keys that don’t exist, so for our next step we need to read out the correct answer for our current question. Add this below the previous code:

guard let answer = solutions[question] else {
    fatalError("Unknown question: \(question)")
}

We haven’t used fatalError() before, but it’s a brilliantly simple function: if it’s ever called, it will immediately crash your app. I know that sounds bad, but here we don’t really have a choice or a meaningful alternative – we’re calling this method ourselves with one of three possible options, so if somehow we accidentally write code with a different option a hard crash is the best result.

Next we need to figure out whether the user was correct or not. This is done using a simple condition: if shouldWin is true, then their move must be the same as answer.win, otherwise their move must be the same as answer.lose.

We can boil that down into the following code:

let isCorrect: Bool

if shouldWin {
    isCorrect = move == answer.win
} else {
    isCorrect = move == answer.lose
}

Now to finish up the method we can check the value of isCorrect and take the appropriate action: if they were right we’ll add 1 to level, otherwise we’ll subtract 1, while being careful never to go below 1 because that doesn’t make sense in this game. Either way, we’ll call newLevel() so we get a different move selected.

if isCorrect {
    level += 1
} else {
    level -= 1
    if level < 1 { level = 1 }
}

newLevel()    

And now to finish up we just need to end the game somehow. 

What we really want is to show one UI when the game is active, and another when the game is over. Well, you’ll be pleased to know that’s exactly what SwiftUI lets us do – we can just put an if condition in our view code, and it will do the right thing for us. 

First, we need a Boolean we can toggle to control whether the game is active or not:

@State private var gameOver = false

Second, when the player completes level 20, we need to set that value to true. We already have a newLevel() method that gets called when the level goes up or down, and we can use that to detect whether we’ve just passed level 20. Put this at the top of the method:

if level == 21 {
    gameOver = true
    return
}

Third, when the game ends we don’t want to continue advancing the counter, so change your onReceive() modifier so that it exits immediately when the game is over:

.onReceive(timer) { newTime in
    guard gameOver == false else { return }
    currentTime = newTime
}

Finally, we have the important part: we need to modify our body property so that we either show the existing game UI or show game over text instead.

Put this new code near the start of the body property, just inside the NavigationStack, to show a couple of pieces of text plus a green button that resets our game information and calls newLevel():

if gameOver {
    Text("You win!")
        .font(.largeTitle)
    Text("Your time: \(time) seconds")

    Button("Play Again") {
        startTime = Date.now
        gameOver = false
        level = 1
        newLevel()
    }
    .tint(.green)
} else {

After that else { should come all the code you had previously – make sure you add a closing brace at the end.

Tip: The .largeTitle font is a dynamic font size, which means it will be very large by default but grow or shrink depending on the user’s settings.

As you can see, the powerful thing about SwiftUI is that it manages which views are shown automatically: we just describe all the possible layouts we want, along with any conditions that determine which to show, and SwiftUI takes care of the rest for us.

Go ahead and run the project one last time, because we’re done!

[image: The win screen, with 'You Win!' in large type above 'Your time: 96 seconds' and a green 'Play Again' button.]

	Rock, Paper, Scissors: Wrap up
Even though this project introduced a bunch of new things, it was still significantly easier than before. This is partly because you’re starting to find your way around Xcode a little more, but partly also because you’re getting the chance to practice things that were introduced in the first project.

Yes, we covered a few core Swift things here, such as picking random elements from an array and using fatalError() to exit safely, but I also introduced timers, dividers, spacers, onAppear(), onReceive(), and more – things that you’ll be using time and time again in your future SwiftUI projects.

Challenges

There are lots of things you could do to take this project further, but here are two to get you started:


	Sometimes the question picture shows the same move twice in a row, which can be confusing to the user. Can you write code that ensures the same move never happens twice in a row?

	Can you adjust newLevel() so that the rock, paper, and scissors buttons move around each randomly? (I think this game is already quite a brain challenge, so shuffling the buttons around as well feels almost cruel!)



	Project 3
Storing data


	Storing Data: Setting up
Before we continue to another project, I want to pause to introduce a specific technique that lies at the core of so many Swift apps: saving your data. This is the process of converting objects from our program into data that can be written to disk or sent across a network, usually by making it a popular interchange format such as JSON. This is of course paired up with loading data, for example taking JSON and making it into Swift objects.

In Swift we have two main ways to load and save large amounts of data:


	Using a special protocol called Codable, which converts Swift objects into JSON or other common data formats.

	Using Apple's SwiftData framework, which saves data to a local database.



Both are important, although given that watchOS apps are by their nature simpler than iOS and macOS apps, chances are you'll find SwiftData a little overkill.

Still, I want to at least show you how both look so you can decide for yourself. So, we're going to upgrade project 1 to be able to load and save user notes: once using Codable, and then a second time using SwiftData.

This means you should take two copies of project 1 now. Both times we'll be upgrading the project directly from the original project, so it's important to have independent copies if you want to try both options.

However, there are other ways of saving data, and we’ll look at another one here called app storage, which is designed to store small amounts of user preferences.

	Upgrading to use Codable
Swift’s Codable protocol describes data that can be encoded and decoded, which means it can be converted to a different text format and converted back to Swift objects again. It does a ton of work for us out of the box, meaning that if you build a custom type that uses only Swift’s native types, you get support for reading and writing pretty much out of the box.

In fact, in project 1 all we have to do to make our Note struct work with this way is to add a conformance to the Codable protocol, like this:

struct Note: Identifiable, Codable {
    let id: UUID
    let text: String
}

Next we need to decide where to save the user’s data. There are various options for this, but one of the most common is just to write to a local file. This is made a little harder than you might expect because all watchOS apps run in a sandbox – a protected filesystem that stops us from simply navigating to specific files – but helpfully we can read our app’s documents directory with one line of code.

This new code uses a new type called URL, which is used to store any kind of web URL such as https://www.apple.com, but also locations of local files stored directly on Apple Watch. URL contains a static property called documentsDirectory that we’ll use to figure out where to load and save our data.

When it comes to saving our data to disk, this takes three steps:


	Using another new type called JSONEncoder to convert our notes array into a third new type called Data.

	Creating a new URL to save our file, using the URL.documentsDirectory property I just mentioned.

	Write our data to that URL. We can add two options here that help keep our data safe: .atomic means “make sure our file is written all at once, to avoid someone else reading it while it’s only part written,” and .completeFileProtection encrypts the data so it’s stored securely.



Using JSONEncoder and writing data to a URL are both throwing functions, which means we need to wrap them in a do/catch block.

The Data type is Swift’s way of representing any raw binary data – it can hold anything at all, such as zip files, executable programs, pictures, audio, and more, and you’ll find yourself using it a lot. In this project it will store the JSON for our serialized notes.

We need our saving code to run every time a note is added or removed, so it’s a good idea to put it into a method so we can call it from everywhere. Add this to ContentView:

func save() {
    do {
        let data = try JSONEncoder().encode(notes)
        let url = URL.documentsDirectory.appending(path: "notes")
        try data.write(to: url, options: [.atomic, .completeFileProtection])
    } catch {
        print("Save failed")
    }
}

Now we can go ahead and call save() when a new note is added:

let note = Note(id: UUID(), text: text)
notes.append(note)
text = ""
save()

And also when notes are deleted:

withAnimation {
    notes.remove(atOffsets: offsets)
    save()
}

Loading data back from disk is more or less the same work, just in a different order: we need to make the file URL, create a Data instance by loading that, then use JSONDecoder (the counterpart to JSONEncoder) to convert that data into an array of Note objects that can go into our property.

Just like encoding data, decoding data needs to be wrapped in a do/catch block, and to make things easy to understand we’ll place it all into a new load() method. So, add this method to ContentView now:

func load() {
    do {
        let url = URL.documentsDirectory.appending(path: "notes")
        let data = try Data(contentsOf: url)
        notes = try JSONDecoder().decode([Note].self, from: data)
    } catch {
        // do nothing
    }
}

Notice how the catch block does nothing – it’s not a problem if no data is found, because that will be the case if our save file doesn’t exist at all.

To finish up, we just need to call that load() method when our view appears, so add this onAppear() modifier below the navigationBarTitleDisplayMode() modifier:

.onAppear(perform: load)

If you run the app now you should find it loads and saves the notes seamlessly – much better!

	Upgrading to use SwiftData
SwiftData is a powerful Apple framework for manipulating data, and it's capable of all sorts of advanced features such as iCloud synchronization. That doesn't mean it's the wrong choice for small watchOS apps, just that it's not necessarily your first choice.

We're going to upgrade project 1 to use SwiftData, which means starting with a clean slate – going back to the original project 1, before Codable support was added.

The first step is in Note.swift, because SwiftData prefers to use classes rather than structs to store its data. But these aren't just any classes: SwiftData uses a special attribute called @Model, which allows these classes to be loaded and saved from a database behind the scenes. 

This might look like a property wrapper, but it's actually a macro: it rewrites our code at build-time to add all the extra functionality SwiftData needs. 

Upgrading our Note struct to be ready for SwiftData starts by adding import SwiftData to the top of the file. Now change the struct to this:

@Model
class Note {
    let text: String
    let dateAdded: Date

    init(text: String) {
        self.text = text
        self.dateAdded = .now
    }
}

That makes several small changes all at once:


	It adds the @Model macro to the start, which is what adds all the SwiftData functionality for loading and saving.

	It changes from struct to class, which is required for @Model to work.

	It removes the id property and Identifiable conformance – SwiftData takes care of those for us.

	It adds an initializer, which is required for @Model.

	I also added a dateAdded property, so we can sort our notes oldest to newest.



The next step is to tell SwiftData to create database storage to hold Note instances, which is done in the main App struct. Again, add a SwiftData import line to the top of the file, then modify the main body property to this:

WindowGroup {
    ContentView()
}
.modelContainer(for: Note.self)

Model containers represent the actual database storage on the Apple Watch's SSD. That single extra modifier not only creates the database if it doesn't already exist, but it also creates a model context for us to use in SwiftUI – that's temporary memory storage where we can load and manipulate objects rather than constantly reading and writing them to disk.

Now that we have a data model ready to use, we can move to ContentView and replace its notes property with a query. Queries are how SwiftData loads data, and we have the option to add sorting and filtering as needed.

First, add the same import line to bring in SwiftData:

import SwiftData

Now replace the notes property with this:

@Query(sort: \Note.dateAdded) private var notes: [Note]

That sorts the notes oldest first, but if you preferred newest first you can flip the sort like this:

@Query(sort: \Note.dateAdded, order: .reverse) private var notes: [Note]

Before we go on to fix the other problems in our code, I'd like to add a second property below notes:

@Environment(\.modelContext) var modelContext

That gives us access to the model context created when we used the modelContainer() modifier earlier. Remember, this model context is temporary storage: we load objects into there, create objects there, edit them there, and delete them there, and all that work takes place in RAM. Once our work finishes, SwiftData takes care of copying all those changes from memory to permanent storage using its autosave system.

With that second property in place, we can go ahead and fix some problems in our code. First we have these two lines:

let note = Note(id: UUID(), text: text)
notes.append(note)

That creates a new Note instance using the two properties we had before, which is no longer valid. It then appends the new object straight to the array, which isn't how SwiftData works – we need to add objects to the model context so that SwiftData can track the correctly.

So, replace those two lines of code with these:

let note = Note(text: text)
modelContext.insert(note)

Moving on, we have an error on this line in the delete(offsets:) method:

notes.remove(atOffsets: offsets)

Again, that's trying to change SwiftData's array directly, which isn't a smart idea. Instead, we should read each note object from the current query results, then pass it to a call to modelContext.delete() so that it's deleted correctly.

Here's the new method:

func delete(offsets: IndexSet) {
    withAnimation {
        for offset in offsets {
            let note = notes[offset]
            modelContext.delete(note)
        }
    }
}

The one place that still needs to be fixed is in the preview for DetailView, but this is a bit tricky because it's important we create a model container instance manually before trying to create a Note object.

Doing this takes four steps:


	Adding import SwiftData to the top of the file, because we need its types here.

	Creating a custom ModelConfiguration object, specifying that we'd like to store our data in memory only – it's just for previewing purposes, after all.

	Using that custom configuration to create a model container.

	Sending that container into the SwiftUI preview.



One bonus hiccup here is that creating a model container by hand can throw errors, so we'll add some extra code to handle that gracefully. Replace your current preview code with this:

#Preview {
    do {
        let config = ModelConfiguration(isStoredInMemoryOnly: true)
        let container = try ModelContainer(for: Note.self, configurations: config)

        return NavigationStack {
            DetailView(index: 1, note: Note(text: "Example Note"))
        }
        .modelContainer(container)
    } catch {
        return Text("Failed to create model container: \(error.localizedDescription)")
    }
}

And that's it! That's the app fully upgraded to use SwiftData for storage.

Before we're done, there is one further tweak we need to make, just to be safe: there's a bit of a race condition with SwiftUI and SwiftData, meaning that when we delete notes from the system SwiftUI might try to read notes that are no longer there.

Fixing this is as simple as checking we always read note indices that definitely exist, like this:

ForEach(0..<notes.count, id: \.self) { i in
    if i < notes.count {
        NavigationLink {
            DetailView(index: i, note: notes[i])
        } label: {
            Text(notes[i].text)
                .lineLimit(1)
        }
    }
}

It's a small workaround for a problem that really ought not to exist, but otherwise I hope you'll agree adding SwiftData isn't so hard!

	Reading and writing user settings
Although the filesystem and SwiftData are great places for storing permanent data, they are less useful for storing preferences – settings the user has selected to customize their experience. These are usually fairly small, such as a few Booleans, strings, and/or integers, and it would be messy to use the filesystem for these.

Instead, SwiftUI has a simple, beautiful solution using a new property wrapper called @AppStorage. This is used to load and save property values automatically, and will even refresh your body property to reflect those changes.

To demonstrate this, we’re going to add an option to project 1 that lets users control how many lines of note previews should be shown.

Creating an @AppStorage property takes three things: a property name and default value, just like you’d have with @State, but you must also provide a string to use as the name of your property, so that SwiftUI knows how to save it. This string name should be unique across your application, although if you want other places to share the same data then it’s okay to use it more than once.

So, for project 1 we would app a property like this to ContentView:

@AppStorage("lineCount") var lineCount = 1

We already have lineLimit(1) applied to our list text, but rather than hard-coding 1 we want to use lineCount instead, like this:

Text(notes[i].text)
    .lineLimit(lineCount)

And now anywhere we change lineCount in our code, two things will happen: the list will reload its data so the text views show the correct number of lines, and that setting will be saved so if you quit and relaunch the app it will still be there.

To try this out, we could add a line count adjustment button after the ForEach. This will still be inside our list, which means it will appear in the scrolling area below all the other notes. Try adding this:

Button("Lines: \(lineCount)") {
    lineCount += 1

    if lineCount == 4 {
        lineCount = 1
    }
}

[image: Below the list item 'Lorem Ipsum etc.' is a button reading 'Lines: 2', and indeed the note's text wraps across 2 lines.]

When you run the app now you’ll see tapping the button automatically causes the list rows to adjust their line limits, and if you quit and relaunch the app you’ll see that data is saved across runs. Perfect!

	Storing Data: Wrap up
We’ve now covered the three most important ways of saving user data, Codable, SwiftData, and @AppStorage, and you’ll use them both many times over.

As we’re dealing with watchOS apps specifically, it would be remiss of me not to mention a fourth important option: sending data to the iPhone app for storage elsewhere. This is a more advanced topic, though, so I’m covering it later on.

	Project 4
WatchFX


	WatchFX: Setting up
In this project we’re going to build a currency converter app that lets users decide which currencies they care about and how much to convert.

Clearly this means some network access because currency rates fluctuate every day, so for that purpose we’ll be using the excellent (and free!) https://openexchangerates.org service – it has a starter plan that is a little limited, but at least gives you a good foundation to work from.

All set? Let’s go! Launch Xcode, then create a new watchOS project using the App template. Name it Project4, and make sure you have Watch-only App selected before pressing Next to create the project.

Important warning

Open Exchange Rates requires that you register an account with them so they can track API usage. Once you have your account, you’ll see App IDs, each of which is a unique hexadecimal string that identifies you uniquely – you’ll need to add this to your app when I say.

Alongside their paid accounts you’ll also see a free plan, which gives you access to basic data – you can’t change the base currency, but you do get a fair number of requests and lots of data. In this app we’re going to be allowing users to select their base currency because you might want to upgrade to a non-free plan, but if you have chosen the free plan make sure you select USD (United States dollar) as your base currency in the app!

	Picking from an array
By the end of this project our user interface will have three screens: one to select a source currency and cash amount, one to select target currencies from a list, and one to show the exchange rates from the source currency to the target currencies.

However, diving into a big UI all at once can be quite dull, so instead we’re going to split it up into logical groups starting with the source currency and cash amount screen. This is the first thing the user will see, and it will let them say “Tell me how much 1000 US dollars converts to.” The currencies we’ll convert to will come later, but we’ll assume some sensible defaults for now.

We’re going to start by replacing the default code in ContentView with a layout that shows how much currency the user wants to check, has a slider letting them control that amount, has a way to select the currency they are working with, then has a button to trigger our conversion. That’s quite a bit of UI, so we’re going to break it down even smaller.

Our first job will to be display a text view showing how much currency the user wants to check. This amount will change over time, so we’re going to store it in an @State property.

Add this to ContentView:

@State private var amount = 500.0

Next, we’re going to display that amount inside our body property, like this:

var body: some View {
    NavigationStack {
        Text("\(amount)")
            .font(.system(size: 52))
    }
}

That NavigationStack has only one thing for now, but we’re going to add to that shortly.

After the text view you’ll see a new variation of the font() modifier, which sets the font of the text to be 52-point in whatever the system font is rather than using one of the built-in font sizes like .largeTitle.

[image: '500.000000' in large type, wrapped across 2 lines.]

If you run the app now you’ll see something you might not have expected:  our amount label reads 500.000000, wrapped across two lines. This is because we’re showing a Double, so SwiftUI is preserving the full accuracy of the value. This is neat but not really useful here, so we’re going to ask SwiftUI to convert the amount to an integer like this:

Text("\(Int(amount))")

[image: '500' in large type, now on a single line.]

That’s our label done, so let’s move on to the next item in our stack: a slider that lets user control the amount to convert. This needs to read the same amount property as our label, but it also needs to write the value. That is, whenever the user changes the slider by tapping the screen or using the Digital Crown, we need the slider to update amount automatically.

Hopefully you remember this is where SwiftUI’s two-way bindings come in: if we write amount we’re referring to the property’s value, but if we use $amount then we get a two-way binding that reads and writes the value. 

So, add this below the text view:

Slider(value: $amount, in: 0...1000, step: 20)

That does three things all in one:


	It allows the slider to move between the values 0 and 1000 inclusive.

	It sets the step count for the slider to 20, which means it moves up or down by 20 points at a time.

	It uses a two-way binding to the amount property, which means it reads and writes the value.



At this point I’d like you to press Cmd+R to build and run the project. I know it doesn’t do a lot right now, but it will let you see how SwiftUI keeps our UI in sync: when the app launches you’ll see 500 in the text view at the top, but when you tap up or down on the slider that number will change at the same time.

[image: The label now says '420'. Below it is a slider, which has '-' and '+' buttons for adjusting values. Between the buttons is a partially filled, sliced-up blue line, representing the Slider's range, current value, and increments. The whole slider is outlined in green to indicate that it is active.]

Back in our UI, we need a way to let the user select which currency they are converting from. Although the free Open Exchange Rates plan only supports United States dollars as its base currency, we’re going to add a variety of currencies here so they work if you upgrade to one of the non-free plans – and also so you can learn a little more SwiftUI!

SwiftUI gives us a Picker view for letting users select from a range of options. To use this we need two values: an array of items to show, and an integer that stores which item is currently selected. As the user swipes through our picker, SwiftUI will update that integer using a two-way binding, which means we need to mark it using @State just like we did with amount.

First, add this property to store the list of all currencies we want the user to choose from:

static let currencies = ["USD", "AUD", "CAD", "CHF", "CNY", "EUR", "GBP", "HKD", "JPY", "SGD"]

I’ve made that static so we can use the same array elsewhere in our app – it’s a consistent list of all the currencies we want to support.

Next, add this second property to store the currency the user selects from the list:

@State private var selectedCurrency = "USD"

Remember, that’s marked with @State because we want its value to change as the program runs.

Now we can put those two together into a Picker underneath the slider, like this:

Picker("Select a currency", selection: $selectedCurrency) {
    ForEach(Self.currencies, id: \.self) { currency in
        Text(currency)
    }
}
.labelsHidden()

That’s only a little code, but let’s break it down:


	It creates a Picker view with the label “Select a currency”, and a two-way binding to selectedCurrency so that changing the picker’s value changes the property’s value.

	Inside the picker is a ForEach, which loops over all the items in currencies to create items. We use Self here to refer to the static property currencies.

	To create each item in the picker, the ForEach has a closure that returns one Text view. The closure is given a single parameter, currency in our code above, and puts that directly into the text view. So, each string in the array is converted into a text view.

	The labelsHidden() modifier hides the “Select a currency” label, so it won’t appear onscreen.



That last part might sound confusing: why bother adding a text label, only to hide it again? The answer is nice and simple: hiding a label on the screen doesn’t hide it from screen readers, which means the watch is still able to read a description of what the picker does for users who need it.

Go ahead and run your new code. You’ll see a tiny capsule-shaped view at the bottom, with “USD” written in its center – that’s our picker. If you select it you’ll see a green line appear around it to show that it’s active, and you can swipe up and down to move through the values.

[image: Below the label and slider is a wheel-style Picker, which is transitioning from USD to AUD. The Picker is outlined in green to show that it is active.]

The picker doesn’t look great because it’s an odd shape, but we can fix that by putting a “Go” button to the side of it. This will take the user to a new detail screen where we’ll fetch the currency conversion they requested, but for now we’re just going to show the text “Detail View” – we’ll make the real view later on.

Modify your Picker code this:

HStack {
    Picker("Select a currency", selection: $selectedCurrency) {
        ForEach(Self.currencies, id: \.self) { currency in
            Text(currency)
        }
    }
    .labelsHidden()

    NavigationLink("Go") {
        Text("Detail View")
    }
}

Tip: For navigation links that just show some text, we can use the simplified version you can see above. The more advanced version with a custom label is great for time when you want to show an image or something else more complex.

That wraps the picker inside a HStack, then adds a navigation link after it so the two sit side by side. Notice how I’ve used a plain old text view as the destination for the navigation link? That’s intentional – it’s a simple placeholder that allows quick prototyping, and works great.

Go ahead and run the code again, and give it a try – you should now be able to tap up and down in the slider, swipe through the picker, and tap “Go” to bring up the placeholder detail view.

[image: To the picker's right there is now a capsule shaped 'Go' button.]

[image: Placeholder 'Detail View' text in the screen's center. In the screen's top left is a back chevron.]

We could leave this code where it is, but before we move on I want to show you a neat technique I use a lot. 

Take a look at this code again:

ForEach(Self.currencies, id: \.self) { currency in
    Text(currency)
}

If you break it down, the ForEach view is being given three pieces of data: a string array to loop from, the instruction to use each string as its own unique identifier, then a trailing closure that takes one string from the array and converts it into a SwiftUI view somehow.

That last part is what I want to focus on: we need a function that accepts a string and returns a SwiftUI view, and right now we’re creating that with a closure. But we don’t need to do that – we can use any function that accepts a string as its only parameter and returns a new SwiftUI view.

At this point in your Swift career you might struggle to think of an example of one of these, so this next code might surprise you. When we create a Text view from some text, we’re calling its initializer with a string and getting back the fully formed Text view ready to show on screen.

If you think about it, that’s exactly the kind of function ForEach wants to be given, so we can rewrite our code to this:

Picker("Select a currency", selection: $selectedCurrency) {
    ForEach(Self.currencies, id: \.self, content: Text.init)
}
.labelsHidden()

That will do exactly the same thing, just with less code: every time for ForEach wants to create a view, it will pass an item from the array into the Text initializer and use its result (a new Text view). Nice!

Does it work? Yes. Does it look good? Well… it looks okay – but we can do better!

	Cleaning up our layout
We’re going to make three changes to our layout to make it look better – two trivial, one… well, not so much.

First, notice how the slider has a blue line in its center, whereas active pickers have a green line around them. This really ought not to be the case, and I’m hoping Apple will correct this in a future SwiftUI update. In the meantime, we can force the slider to use the same accent color by adding a modifier like this:

Slider(value: $amount, in: 0...1000, step: 20)
    .accentColor(.green)

[image: The slider's sliced-up line is now green instead of blue.]

That’s the first change applied – it’s always nice to keep your UI consistent!

The second change is that we’re going to put some text in the top area of the screen using navigationTitle() and navigationBarTitleDisplayMode(), so add this after the closing brace of the HStack:

.navigationTitle("WatchFX")
.navigationBarTitleDisplayMode(.inline)

[image: The title 'WatchFX' now sits in the screen's top left, beside the time.]

Better! Those are the two easy changes done, so now let’s look at the complex change: giving our UI relative sizes.

Possibly my number one favorite feature of WatchKit is its ability to create relative sizes trivially. Apple tried to make this work in very early versions of SwiftUI, but it got canned before release so we need to use a more complicated alternative instead: GeometryReader.

When a parent view is positioning a child view on the screen, it tells the child how much space is available. The child then decides how much space it needs based on what’s available, and it’s down to the parent to honor that request – even if the child is requesting more than is available.

GeometryReader is a view that lets us read how much space we were offered, and also its position on the screen. This is helpful for doing all sorts of special effects, but here it’s useful because we can split our screen vertically into thirds so that the label, the slider, and the HStack all take up equal amounts of space.

When you use a geometry reader, SwiftUI passes you a GeometryProxy object that can be queried for information. Any views inside the geometry reader can access that proxy, to read information about the available space and more.

Right now your body property looks like this:

var body: some View {
    NavigationStack {
        // ... code
    }
}

We need to place a GeometryReader directly inside it, so that it takes up the entire screen. Geometry readers won’t understand how to lay out our current views vertically, so we’ll add a VStack inside there to keep things in shape:

var body: some View {
    NavigationStack {
        GeometryReader { proxy in
            VStack {
                // ... code
            }
        }
    }
}

You don’t need to move the navigation title modifiers if you don’t want to, because that will still get picked up even though it’s a little lower in our view hierarchy. However, in my own code I’d prefer it to move to the GeometryReader because that represents the screen of information that we’re titling.

We can now use that geometry proxy to set a specific frame for our text view, slider, and HStack. Frames determine not only the specific width and height of a view, but also its minimum width and height, its maximum width and height, and more – you can just specify the parts you care about.

For example, for our text view, slider, and HStack we only care that they take up one third of the available height, so we can give each of them this modifier:

.frame(height: proxy.size.height / 3)

We can also make the Go button take up 40% of the available screen width. To do that we just need to add a frame() modifier to the NavigationLink, like this:

.frame(width: proxy.size.width * 0.4)

If everything has gone to plan, your finished view body should look like this:

NavigationStack {
    GeometryReader { proxy in
        VStack {
            Text("\(Int(amount))")
                .font(.system(size: 52))
                .frame(height: proxy.size.height / 3)

            Slider(value: $amount, in: 0...1000, step: 20)
                .accentColor(.green)
                .frame(height: proxy.size.height / 3)

            HStack {
                Picker("Select a currency", selection: $selectedCurrency) {
                    ForEach(Self.currencies, id: \.self, content: Text.init)
                }
                .labelsHidden()

                NavigationLink("Go") {
                    Text("Detail View")
                }
                .frame(width: proxy.size.width * 0.4)
            }
            .frame(height: proxy.size.height / 3)
        }
    }
    .navigationTitle("WatchFX")
    .navigationBarTitleDisplayMode(.inline)
}

And that's our first screen done!

[image: Each UI element how takes up equal width, and the currency picker is slightly wider than the 'Go' button.]

	Selecting favorite currencies
The next part of this project is to let users choose what exchange rates they want to see. Our first screen lets them say “tell me what 500 US dollars is in…” but we still need complete that sentence: “…Japanese Yen, British Pounds, and Swiss Francs.”

To complete this step we’re going to use a list of all the currencies we support, then use different colors for the rows depending whether the user has marked them as a favorite currency. Tapping a row will either favorite or unfavorite it, and also save that change using UserDefaults – the underlying data storage system for @AppStorage.

This new currency selection screen is going to be displayed directly to the right of our current screen, using a new SwiftUI control called TabView. On iOS tab views are those button bars across the bottom of the screen, but watchOS transforms them into screens with paging dots you swipe through – all with the same code, helpfully enough.

To get started, get a new SwiftUI View called “CurrenciesView”. Don’t worry about adding any code to it just yet – let’s get the rest of the work done first. 

Next, we need to tell watchOS that these two screens are linked as pages of the same tab view. There are a few ways of doing this, but the easiest is to modify the Project4App.swift file that is responsible for creating our initial app layout.

If you open that file now, you’ll see it contains the following code:

@main
struct Project4_Watch_AppApp: App {
    var body: some Scene {
        WindowGroup {
            ContentView()
        }
    }
}

Putting to one side the “AppApp: App” part of that code, you can see this is where our initial ContentView instance is being made. We have a file like this in every one of our projects, and its role is to start up our app and present its first view.

The @main part is what tells watchOS this is what starts our app, and as you can see it has ContentView right in there so that it shows the initial screen. This is where we need to place the new TabView, telling it show both our original ContentView alongside the new CurrencyView. So, replace your code with this:

@main
struct Project4_Watch_AppApp: App {
    var body: some Scene {
        WindowGroup {
            TabView {
                 ContentView()
                 CurrenciesView()
             }
        }
    }
}

That completes the steps to get a paging interface, and if you run the app now you’ll see you can swipe between our two views.

[image: The app's new second screen, which says 'Hello, World!'. Below are 2 dots representing pages. The second one is highlighted.]

Tip: An increasingly common alternative to horizontal scrolling is vertical scrolling, which is particularly effective when your last view is a list. To try this out, add tabViewStyle(.verticalPage) to your TabView.

Okay, let’s get back to CurrenciesView. This is going to show the list of currencies we defined in ContentView, and let users tap on each one to toggle it as a favorite. We’ll store favorites data in UserDefaults, because it’s an easy way to share it across our app while also storing it between app runs. 

We looked at @AppStorage already, and it’s a really great way of storing simple user values such as settings. However, it doesn’t work with arrays just yet, so we need to go a level lower into Apple’s UserDefaults system. This is what @AppStorage is interfacing with, and although it takes a little more code to use it does at least allow us to store arrays.

Like @AppStorage, UserDefaults works by attaching data to a key string you specify, which means we need to read and write from the same key string in order for this to work. To avoid problems, I’d like you to add a property to ContentView that contains our key string, so we can use that rather than typing the string by hand each time. If that key doesn’t contain an array of strings (which will happen if the user hasn’t selected any favorite currencies yet), then we’ll send back some default currencies.

Add these two properties to ContentView now:

static let selectedCurrenciesKey = "SelectedCurrencies"
static let defaultCurrencies = ["USD", "EUR"]

We need to read the selectedCurrenciesKey key out of UserDefaults using its stringArray(forKey:) method. This returns either nil (the key wasn’t set) or an array of strings, which means we need to use nil coalescing to provide a default value in case there are no currencies saved.

Add this property to CurrenciesView:

@State private var selectedCurrencies = UserDefaults.standard.stringArray(forKey: ContentView.selectedCurrenciesKey) ?? ContentView.defaultCurrencies

That is, “attempt to read the key, but if that fails use the default currencies.” I’ve marked it with @State so we can change the favorites selection over time.

Next, to make favorite currencies clear to the user, we’ll color every row either a deep red or a deep blue, and tapping should toggle between the two. Because these colors will be used in two places, let’s create dedicated properties for them in CurrenciesView – please add these two now:

let selectedColor = Color(red: 0, green: 0.55, blue: 0.25)
let deselectedColor = Color(red: 0.3, green: 0, blue: 0)

We haven’t created custom Color values before, but as you can see you can do so just sending in RGB values from 0 to 1.

For the body of the view itself we’re going to use a List to present items as a scrolling table. In this case we’re not going to use a text view for each row because we want them to be tappable, so instead we’re going to use a Button. Buttons are created with some sort of content for their label, plus a function to run when the button is tapped. Here we’ll just be using a currency name string for the title, and the function we provide will be an empty closure – we’ll fill it in later.

Change the body property of CurrenciesView to this:

NavigationStack {
    List(ContentView.currencies, id: \.self) { currency in
        Button(currency) {

        }
    }
    .navigationTitle("Currencies")
    .navigationBarTitleDisplayMode(.inline)
}

Tip: Remember to place your content inside a NavigationStack if you want the title to appear.

[image: A list of currencies, reading 'USD', 'AUD', and so on.]

Before we fill in the button’s action, we’re going to make two more changes to the view to make it look better. The first is to enable the carousel list style, which is a watchOS feature that makes cells scale up and down as the user scrolls, helping keep their focus on what’s in the center of the screen.

To enable the carousel style, add the listStyle() modifier before navigationTitle(), like this:

.listStyle(.carousel)

The second change we’ll make is to add coloring for the rows, so they reflect whether the currency is a favorite (green) or not (red). This is done using the listItemTint() modifier, which we’ll feed either selectedColor or deselectedColor depending on whether each currency is inside the selectedCurrencies array.

Add this modifier to the button in CurrenciesView:

.listItemTint(selectedCurrencies.contains(currency) ? selectedColor : deselectedColor)

If you run the app again, you’ll see both changes are pretty apparent – our list items now adjust their size as we scroll, and each currency is now either red or green.

[image: Instead of gray backgrounds, list items now have green and red backgrounds representing selected and de-selected states respectively. Items at the screen's top and bottom are slightly scaled down, leaving middle items relatively prominent.]

We need to complete one more task to finish this view, which is to write a method to be run when the list buttons are tapped. This method will be given the name of a currency to toggle, and it will try to find it in the selectedCurrencies array. If it’s there we’ll remove it, otherwise we’ll add it, but regardless we’ll update the array in UserDefaults so the change is permanent.

Add this method to CurrenciesView:

func toggle(_ currency: String) {
    if let index = selectedCurrencies.firstIndex(of: currency) {
        // if the currency was found in our selected currencies, remove it
        selectedCurrencies.remove(at: index)
    } else {
        // otherwise add it
        selectedCurrencies.append(currency)
    }

    // save the new selected currencies
    UserDefaults.standard.set(selectedCurrencies, forKey: ContentView.selectedCurrenciesKey)
}

Because selectedCurrencies uses the @State property wrapper, calling remove() or append() will automatically re-invoke the body property of the view, which will make the list rows change color.

And now to finish off, we just need to call toggle() from inside our button action:

toggle(currency)

Go ahead and run the app now, and you’ll find you can change your currency selection and have those changes remembered for all future app runs – nice!

	Making network requests
It’s time to implement the most important part of this app: converting the user’s source currency and amount into multiple destination currencies. This will involve creating a third view for display, then transitioning to that screen while passing in some values to work with.

First, create a new SwiftUI view called ResultsView, giving it these two properties:

let amount: Double
let baseCurrency: String

Because those two don’t have initial values, Swift forces us to provide them when creating the view. This includes when we create it in our view preview, so you’ll also need to update the preview code directly below the main ResultsView struct. This needs some sample data to work with so it can show the view, so change it to this:

#Preview {
    ResultsView(amount: 500, baseCurrency: "USD")
}

We can show our new view immediately by going back to ContentView and changing the navigation link like this:

NavigationLink("Go") {
    ResultsView(amount: amount, baseCurrency: selectedCurrency)
}
.frame(width: proxy.size.width * 0.4)

That’s enough to show our new view with the user’s data, but now we have the real work: we need to fetch data from the Open Exchange Rates API, decode it into a struct, then show the various rates in a list. However, network requests take a little time to complete and also might fail, so we also need to show a text view giving the user some feedback on what’s going on.

We can represent the varying states of this view using an enum: we’re either fetching the data (our initial status), successfully finished fetching the data, or something went wrong.

Add this enum to ResultsView.swift, either inside the struct or outside:

enum FetchState {
    case fetching, success, failed
}

Now we can add a property to the view, to store what the current fetch state is:

@State private var fetchState = FetchState.fetching

Next, we’re going to add a property to store all the rates we received from our API call. Open Exchange Rates sends back this data as a dictionary, but we’ll convert it into a tuple array so it can be shown in another List view.

So, add this property to store the converted rates:

@State private var fetchedCurrencies = [(symbol: String, rate: Double)]()

There are two more properties we need to add: one to store the app ID you received when you registered with Open Exchange Rates, which will be sent with all the network requests we make, and one to store our actual in-progress network request.

The first of those is easy enough – just add this now, replacing the string’s contents with your actual app ID:

let appID = "YOUR_APP_ID_HERE"

The second is a little trickier, because we’re going to use Apple’s Combine framework to fetch and parse the results. That means adding import Combine to the top of ResultsView.swift, then adding this property to the view struct:

@State private var request: AnyCancellable?

AnyCancellable is a Combine class that can store any kind of operation that can be cancelled. This is called a type eraser – it stores some kind of cancellable operation, but it doesn’t really care what. In our case, this will store an operation that fetches data from the Open Exchange Rates API then decodes it into our fetchedCurrencies property.

Okay, let’s get into the meat of this view: how we fetch and parse data from Open Exchange Rates. When we make a request for data, we’ll be sent back a dictionary of rates where the key is the currency symbol (e.g. “CAD” for Canadian Dollar) and the value is a Double showing the conversion from our base rate to that currency. The API also sends back to the base rate we provided, although we don’t need that here because we already know our base rate.

We can decode all that into a simple struct using Codable, so add this now:

struct CurrencyResult: Codable {
    let base: String
    let rates: [String: Double]
}

When the data has come in and been decoded, we’ll hand it to a method that will convert that dictionary into an array we can display. We’re not going to write that just yet, but we do at least need to put in an empty method stub so we can use it elsewhere. Add this method to ResultsView now:

func parse(result: CurrencyResult) {
}

At last we can write a method that actually fetches our data. This is going to use Combine, all of which is new, because it makes for brilliantly short code – we just queue up methods on a request, and they’ll be executed in a chain.

This method will:


	Create a URL by combining the URL to the Open Exchange Rates site with our app ID and base currency.

	Fetch that URL using Apple’s networking system, called URLSession.

	Read the data value that gets sent back.

	Decode that into a CurrencyResult.

	If there is an error in decoding, replace it with an empty CurrencyResult.

	Move our work back to the main thread.

	Send the CurrencyResult to parse().



Combine makes all that super succinct – add this method now:

func fetchData() {
    guard let url = URL(string: "https://openexchangerates.org/api/latest.json?app_id=\(appID)&base=\(baseCurrency)") else {
        fetchState = .failed
        return
    }

    request = URLSession.shared.dataTaskPublisher(for: url)
        .map(\.data)
        .decode(type: CurrencyResult.self, decoder: JSONDecoder())
        .replaceError(with: CurrencyResult(base: "", rates: [:]))
        .receive(on: DispatchQueue.main)
        .sink(receiveValue: parse)
}

Yes, most parts of that are new, so let’s break it down:


	We start by asking URLSession to fetch a URL. This creates a publisher, which is Combine’s way of announcing changes when they happen. In this case, that means announcing changes when the networking request succeeds or fails.

	When the request completes we’ll either get back some data or an error, so the map() call means “read out the data.” We can ignore the error safely because it’s handled a couple of lines later.

	We can then decode our downloaded data to be our CurrencyResult type, using a new JSONDecoder object.

	If any errors did happen when fetching or decoding the data, the replaceError() method will handle it by providing an empty CurrencyResult object. If no errors happen, the decoded result will be used.

	Networking requests always happen in the background so they don’t make the app freeze up, but watchOS requires that we do all UI work in the foreground. So, it’s the job of the receive(on:) method to move the work back to the foreground.

	Finally, the sink() method tells Combine what to do with the final value. In our case we’re calling parse(), so Combine will either call that method with the downloaded value or using our empty error object.



It might seem strange for a wristwatch to make network requests, but Apple Watch is a surprisingly capable device. If there’s a known Wi-Fi network around it will connect and use that, otherwise it’s able to request data through its own cellular connection if it has one, or your iPhone’s cellular data provider otherwise.

Now that we have some actual data to work with, we can go back and implement the parse() method. This will get called when the fetch and decode completes, and it’s our job to convert the data in CurrencyResult to our array of symbols and rates. Open Exchange Rates sends back rates for all the currencies it tracks, so it’s the job of this method to filter that list so we only show currencies the user asked for.

Inside the method we need to do various things:


	If our result had no rates inside, it means our fetched failed, so we don’t need to do anything more.

	Otherwise it means our fetch was a success, so we can continue parsing the result.

	We’ll read the user’s list of selected currencies, or use the default set.

	We can then loop our all the rates we got back from Open Exchange Rates.

	If the currency is one of the user’s selected currencies, we’ll add its symbol and value to our fetchedCurrencies array.

	Once we’ve added all the currencies, we’ll sort the array so it appears in a sensible order.



Replace your current parse() method with this:

func parse(result: CurrencyResult) {
    guard result.rates.isEmpty == false else {
        // fetch error!
        fetchState = .failed
        return
    }

    // if we're still here, it means the fetch succeeded!
    fetchState = .success

    // read the user's selected currencies
    let selectedCurrencies = UserDefaults.standard.stringArray(forKey: ContentView.selectedCurrenciesKey) ?? ContentView.defaultCurrencies

    for symbol in result.rates {
        // filter the rates so we only show ones the user cares about
        guard selectedCurrencies.contains(symbol.key) else { continue }
        let rateName = symbol.key
        let rateValue = symbol.value
        fetchedCurrencies.append((symbol: rateName, rate: rateValue))
    }

    fetchedCurrencies.sort { $0.symbol < $1.symbol }
}

There’s just one more method to implement before we’re ready to write the body for this view, which is one that will take a currency tuple – its symbol and rate – and format them both into a single string by multiplying the rate with how much the user asked to convert. So, if they are converting 500 USD, we’ll return something like 450 EUR.

Swift provides a whole bunch of ways of formatting common types like Double, one of which is the ability to format the value as a currency with a specific currency code. Add this method now:

func rate(for result: (symbol: String, rate: Double)) -> String {
    (amount * result.rate).formatted(.currency(code: result.symbol))
}

We’ve done a lot of set up work here, but now for the pay off: it’s surprisingly easy to write the body property for our view. 

SwiftUI lets us write conditions directly in our views, which in this case means we can either show a list of currency results if our fetch was a success, or a text view showing either “Fetching” or “Fetched failed” otherwise. The only catch here is that we need one single view for our navigationTitle(), so we’re going to wrap everything inside a Group view – this is a way of grouping several views or conditions in one parent view, but otherwise it does nothing other than make sure we have something to hang our navigationTitle() modifier from.

Replace your existing body property with this:

Group {
    if fetchState == .success {
        List(fetchedCurrencies, id: \.symbol) { currency in
            Text(rate(for: currency))
        }
    } else {
        Text(fetchState == .fetching ? "Fetching…" : "Fetch failed")
    }
}
.navigationTitle(amount.formatted(.currency(code: baseCurrency)))

And now we need just one more line of code to make the whole project work: when ResultsView is shown, we want to call fetchData() immediately. That will in turn set fetchState and perhaps also fetchedCurrencies, which will cause our body to update with the currency data.

We can run an arbitrary method when a view appears by attaching an onAppear() modifier. So, put this after the navigationTitle() modifier:

.onAppear(perform: fetchData)

Now go ahead and run the app to see what you think – it’s fully operational now!

[image: The detail view now shows currency rates, e.g. Canadian dollars at 1.35 USD. The navigation title shows the amount $500.00.]

[image: When the request fails, 'Fetch failed' shows in the middle of the screen.]

	Supporting the Digital Crown
We could absolutely leave this app where it is, but let’s push it a little further by looking at the Digital Crown.

Right now our main ContentView shows a label with a number, and a slider below. While that works fine, we could actually ditch the slider entirely and have the user control their conversion amount using the Digital Crown. In fact, the Digital Crown API is perfectly suited to this, because it works similarly to Slider – the only real work we need to do is figure out a way to make it clear to users when the crown is adjusting the picker and when it’s adjusting the conversion amount.

First, I want you to go back to ContentView.swift and delete the Slider entirely, including its accentColor() and frame() modifiers.

Next, add these two modifiers to the Text view containing amount:

.focusable()
.digitalCrownRotation($amount, from: 0, through: 1000, by: 20, sensitivity: .high, isContinuous: false, isHapticFeedbackEnabled: true)

The focusable() modifier tells watchOS that this text view can be focused, which means it’s in control of general user events. Without this, watchOS would consider the text view to be inert, and would immediately give focus to the picker containing our currencies – we wouldn’t be able to send Digital Crown events to the text view.

[image: The slider is gone. The text view itself can be adjusted, during which a scroll bar appears beside the digital crown.]

Once the view is focusable, the digitalCrownRotation() modifier does all the work. As you can see, it looks quite similar to the Slider we had: we attach it to a Double value (amount) using a two-way binding, and we say that it has a range from 0 through 100 in steps of 20. However, it takes three other parameters that are interesting:


	The sensitivity parameter controls how far the user needs to turn the crown in order to move the value. In this case we have quite a few steps to get from the lowest to the highest values, so a high sensitivity makes sense.

	The isContinuous parameter controls whether the value should wrap around when it goes beyond the upper and lower bounds. It’s set to false here because it would mean trying to convert more than 1000 of your selected currency would wrap around to converting 0 instead, which would be weird.

	Finally, set isHapticFeedbackEnabled to true if you want the Taptic Engine to create feedback as the crown is turned. It’s actually true by default, but I’ve included it here so you can see how to set it to false if you don’t want this behavior.



Try running the app now: you should find that you can tap the label then use the crown (or scroll up and down over the simulator) to move the amount up or down. You can also tap the picker to manipulate it, then tap the amount label again to go back to changing the amount.

So, our code works, but it’s not great because you can’t really tell when the text view is actively focused. To fix this, we’re going to track whether the text is focused or not, and draw a ring around it that’s either green or white depending on that focus state. Focus state is like regular @State except it’s specifically designed to track which part of our layout should be receiving user input right now, so it has its own property wrapper called @FocusState.

First, add this new property to ContentView, which will track when the label is focused:

@FocusState private var amountFocused: Bool

We don’t give that an initial value, because it’s down to watchOS to decide what to focus when our view is shown.

Second, add this new modifier below focusable(), so that watchOS automatically updates the amountFocused property as our label gains or loses focus:

.focused($amountFocused)

And finally, we’re going to write some new code to create a nice border around our text. I’ll explain how it works in a moment, but I’d first like you to add this modifier to the text view, below digitalCrownRotation():

.overlay(
    RoundedRectangle(cornerRadius: 10, style: .continuous)
        .strokeBorder(amountFocused ? .green : .white, lineWidth: 2)
)

When you run the app now, you’ll see there’s a border around the text and it changes color depending on whether the text is focused – exactly what we wanted.

[image: A green border is rightly wrapped around the currency value '420'.]

The overlay() modifier lets us place one view on top of an existing view, and it automatically makes the overlaid view the same size as whatever you’re placing it over. In this case, the view we’re laying on top is a RoundedRectangle with a corner radius of 10 points and a continuous corner style, which more or less matches the curved edges of the picker we already have. The “continuous” part is there because there are two ways to draw rounded rectangles, but Apple uniformly – in all their software and all their hardware - prefers the more gentle “continuous” style rather than the simple circular edges.

That code also attaches a strokeBorder() modifier to the rounded rectangle, which tells SwiftUI to draw a line around the shape rather than filling it in. Which color the border is depends on the value stored in amountFocused – it will be green when the Boolean is true, or white otherwise.

Our UI looks better now, but it’s still not ideal: having the border line tight around the text doesn’t look nice, and having the border change size as the text grows or shrinks looks even worse. We can fix both of these problems with some additional modifiers that add some spacing just where we need it.

First, replace the existing .frame(height: proxy.size.height / 3) modifier with these two:

.padding()
.frame(width: proxy.size.width)

The padding() modifier will add some spacing around all edges of the text, and the frame() will make the view’s width the same size as the screen. The actual text inside the view isn’t big enough to take up all that space, but all that extra space will get passed on to the overlay() so that the rounded rectangle does take up the full screen.

That’s fixed our two problems, because the rectangle no longer changes size and doesn’t tightly wrap the text.

[image: The green border now spans the screen, leaving '420' surrounded by ample space.]

Run the app again and see what you think – hopefully you agree it’s a big improvement! However, there’s one last thing I want to change, and it’s subtle: if you tap the picker then tap the label you’ll see focus moves to the label, but if you tap the picker then tap some space next to the label but within the border, nothing happens.

What you’re seeing is that the text is selectable, but the wider box with the border around is not, which isn’t a great user experience. This happens because by default SwiftUI ignores empty space for touch purposes, which means the focusable() modifier only applies to the text and not all the space around it.

To fix that, we’re going to add another modifier directly before focusable():

.contentShape(Rectangle())

That tells SwiftUI that the shape of our content – the part of it that’s responsible for hit testing – is a rectangle. We don’t need to specify how big the rectangle is, because just like overlay() SwiftUI will automatically make it the same as whatever we apply it to. In this case, it will tell SwiftUI that all parts of our text view should be tappable, even if there’s no actual text there.

With that change the UI works much more naturally, and we’re done – good job!

	WatchFX: Wrap up
We covered a lot of ground in this project, but this is another complete app that is genuinely useful – and it even fetches live data from the internet.

In this project you met GeometryReader for reading how much space is available, Picker for selecting options, Slider for selecting from a range of numeric values, and of course lots of new modifiers such as contentShape(), digitalCrownRotation(), and overlay().

Challenges

You already learned how @AppStorage and UserDefaults work, allowing you to save small amounts of data between sessions. Try using one of them here to save the user’s base currency and amount, so they don’t need to keep re-entering it.

Using a picker for currency selection is okay, but is it really the most efficient method given our constraint on user time? Apple used to have something similar for selecting workouts, but as early as watchOS 3 they realized it was better to show a list of presets because it’s significantly faster for users to interact with. We have a page-based UI, so try adding a new page full of default values: take the user’s base currency from UserDefaults, then show a table with quick conversion options: 1, 5, 10, 25, 50, 100, 250, 500, and 1000.

	Project 5
Hue Knows


	Hue Knows: Setting up
It’s time for another game project, but as usual I’ll be using the opportunity to teach you other new things along the way. This time you’ll learn about sheets, notifications, tap gestures, background colors, and more.

The game we’re going to make is simple to program but takes some practice to be fast at. The player will see four buttons of different colors, three of which will have their color written on them. The fourth button will have text that doesn’t match its color, for example it will say “blue” but have a green color. The player needs to find all 10 wrong answers in as short a time as possible.

Start another new watchOS project using the App template, naming it Project5. Let’s go!

	Building the core game
The user interface for this project is marvelously simple: it’s just four text views arranged in a grid. As you’ve seen previously, SwiftUI apps use stacks to lay things out, and nesting them is a great way to create a grid-like structure like we need here.

To start with, we’re going to define two properties: one to track a dictionary of custom colors we’ll be working with, and one to track an array that refers to the keys of that dictionary, so we’re able to shuffle them up smoothly.

Add these two now:

let colors = [
    "Red": Color(red: 1, green: 0, blue: 0),
    "Green": Color(red: 0, green: 0.5, blue: 0),
    "Blue": Color(red: 0, green: 0, blue: 1),
    "Orange": Color(red: 1, green: 0.6, blue: 0),
    "Purple": Color(red: 0.5, green: 0, blue: 0.5),
    "Black": Color.black
]

@State private var colorKeys = ["Red", "Green", "Blue", "Orange", "Purple", "Black"]

For one given level, we’re going to draw four text views in a grid, with each one having one of those color names and color backgrounds.

Color names are simple, because that’s just putting text into the text view, but color backgrounds means using a new modifier called background(). This accepts any sort of view as its content, and will place the background view behind whatever the original view was – you could place an image behind some text, or even some text behind an image if you wanted.

Here’s where SwiftUI is clever. We’ve used its Color type previously, for colorizing rows in the currency list for project 4. But Color not only describes the actual color of something, it is itself a type of view: rather than say Text("Hello") you can write Color.red and get a large red rectangle drawn. So, if we want to place a color behind a text view, we can put that color directly into the background() modifier.

We’re going to create four text squares in our layout, each with random colors and text, so to make that easier we’re going to write a method that puts all the code in one place. I’ve trimmed this back to its absolute basics for now, but we’ll be adding more in just a moment.

Please add this to ContentView now:

func text(for index: Int) -> some View {
    let title = colorKeys[index]

    return Text(title)
        .background(colors[colorKeys[index]])
}

That will show the text with some fixed background color behind it, and it works because colorKeys[index] will return a value like “Red” or “Green”, which can then be used to look up the actual color in our colors dictionary.

That will return an optional Color instance because that’s how dictionary access works, but if we specify a default value in the (admittedly impossible) event we use a key name that isn’t in the dictionary, we can add the gradient property to ask SwiftUI to very gently shade the color – it looks a lot nicer!

Change the background() modifier to this:

.background(colors[colorKeys[index], default: .black].gradient)

We can now write the first version of our body property so that it calls text(for:) four times in a grid. To get things exactly right, we’re going to specify exact spacing for our stacks so that they form a neat grid:

NavigationStack {
    VStack(spacing: 10) {
        HStack(spacing: 10) {
            text(for: 0)
            text(for: 1)
        }

        HStack(spacing: 10) {
            text(for: 2)
            text(for: 3)
        }
    }
}

Tip: As usual, adding a navigation stack is useful as a way of letting us place title text into the status bar.

[image: In the screen's center are 2 rows, with 'Red' and 'Green' above, and 'Blue' and 'Orange' below. Each text view has its correspondingly colored background.]

If you run the code now you’ll see it vaguely works, but it’s far from ideal – although the stacks are dividing up their space neatly, the text views aren’t filling the space, and instead the background color sits only directly behind the characters that are drawn.

To fix that, try adding this modifier after background() in the text(for:) method:

.frame(maxWidth: .infinity, maxHeight: .infinity)

Rather than specifying a precise maximum width and height, we instead use .infinity – take up all the space you want. Because all of our views have infinite maximum sizes, they will all grow to fill the available space while also sharing that space equally with the other text views.

If you run the code again you’ll see something that might be even stranger: the space is still being subdivided neatly, but now the text views are spaced further apart. What gives?

[image: Instead of clustering at the screen's center, each text view is now centered in its own quadrant. Each is still surrounded by blank space.]

This result isn’t a bug, and instead is a direct result of how SwiftUI’s views and modifiers work. By default, text views have a frame that directly fits in their content, and when you put several views in a stack then the stack will be the sum of its child views’ sizes.

In our original code, we had four text views that took up very little space, so the stacks around them also took up very little space, and so the whole thing was centered on the screen. When we gave our text views infinite maximum size they now take up as much of the space as they can, equally dividing the space amongst themselves, which results in the text views being very large and therefore their containing stacks also being very large.

Of course, this leads to a bigger question: why isn’t the background color very large too? Well, this comes back to why SwiftUI refers to things like frame() and background() as modifiers rather than methods: when you use something like background() you actually get a new SwiftUI view that wraps your text view and adds the background color. If you then use frame() on that new view, you get back another new view that adds a frame around the previous view – it’s a frame around a background around a text view.

What we really want is to adjust the frame to be big then apply the background, so the background color fills the new frame. We can get that effect trivially: all we need to do is swap the order of the modifiers. Yes, that’s all. You see, in SwiftUI the order of your modifiers matters.

In our case, that means moving from this:

return Text(title)
    .background(colors[colorKeys[index], default: .black].gradient)
    .frame(maxWidth: .infinity, maxHeight: .infinity)

To this:

return Text(title)
    .frame(maxWidth: .infinity, maxHeight: .infinity)
    .background(colors[colorKeys[index], default: .black].gradient)

If you run the code again you’ll see things look much better – that’s more or less exactly how we want our game UI to look.

[image: The colored backgrounds now fill each quadrant.]

But I do want to show you one other useful modifier, called cornerRadius(). This lets us round the edges of views, which makes them have a rounded rectangle shape instead of a simple rectangle.

Add this below background():

.cornerRadius(20)

[image: The colored backgrounds' corners are now rounded.]

Much better!

Of course, we don’t want each of the text views to have the correct text and color, so we need to mix things up a bit. This means making a new method that creates one level in our game, which will:


	Pick a correct answer from 0 to 3, to decide which text view shows a mismatched color background and name.

	If we’ve reached level 10, mark the game as having ended.

	Randomize the colorKeys array, so we pick four different colors every time.

	Update the navigation title so the user can see which level they are on.



This requires several new properties: one to store the correct answer, one to store what level we’re on and whether the game is over, and one to store the current navigation title.

All of these can be simple @State properties, so please add these to ContentView now:

@State private var correctAnswer = 0
@State private var currentLevel = 0
@State private var gameOver = false
@State private var title = ""

We can use that title immediately by adding navigationTitle to our VStack, like this:

.navigationTitle(title)

And now we can write code to create a single level of our game: update our navigation title to be whatever matches our current level number, pick the correct answer randomly, and finally shuffle up colorKeys so we get different colors each time. Accomplishing that needs two small pieces of new code. 

First, previously we’ve used Bool.random() to flip randomly between true and false, but Int also has a random() method that picks a random number in a range – it’s perfect here.

Second, we can randomize the order of an array by calling its shuffle() method. This modifies the array in place, i.e. it changes the array directly rather than returning a new, shuffled array.

Add this method now:

func createLevel() {
    title = "Level \(currentLevel)/10"

    correctAnswer = Int.random(in: 0...3)
    colorKeys.shuffle()
}

That method will be called every time the player gets an answer right or wrong, but it also needs to be called when the game is first launched and when the player wants to start a second or subsequent game.

We can take care of the latter two cases in their own method, startNewGame(), which will reset both currentLevel and gameOver before calling createLevel() to get things moving:

func startNewGame() {
    currentLevel = 1
    gameOver = false
    createLevel()
}

So, when the game starts (or restarts, if this is their second game), we clear out all our data then call createLevel(), which in turn updates our title, picks a random correct answer, then shuffles up the color names.

Now we just need to call startNewGame() when our view first loads, so we can get things moving. Add this modifier to your VStack, after the existing navigation title:

.onAppear(perform: startNewGame)

All that code configures our game to be playable, but we still need to adjust the text(for:) method so that it actually mixes up the color names a little.

Right now every text view always shows its correct color and title, but one of them shouldn’t – whichever view is the correct answer should show the wrong color text. As we have four text views right now, with each one using colorKeys[index] to get their color, we can be sure that reading the last color key index will always be wrong.

So, replace this line:

let title = colorKeys[index]

With this:

let title: String

if index == correctAnswer {
    title = colorKeys[colorKeys.count - 1]
} else {
    title = colorKeys[index]
}

Already that puts our game significantly further forward – if you try running the app again you’ll see three of the text views have matching text and background colors, but one does not.

[image: The colors have changed to 'Purple', 'Black', 'Green', and 'Red'. Each has the correspondingly colored background – except Green, which has an orange background.]

Of course, tapping those text views doesn’t do anything, but that’s easily fixed with another new method that we’ll call when any of those text views are tapped. 

This needs to check whether they tapped the correct button: if so we’ll add one to currentLevel, if not we’ll subtract one while making sure to never go below 1. Either way, we’ll end by calling createLevel() again, so our UI is refreshed.

Add this method now:

func tapped(_ index: Int) {
    if index == correctAnswer {
        currentLevel += 1
    } else {
        if currentLevel > 1 {
            currentLevel -= 1
        }
    }

    createLevel()
}

Previously we used buttons to create tappable interactions, but here we’re using text views to avoid the very particular styling given to watchOS’s buttons. So, rather than adding an action to our text views, we instead add a tap gesture and it does the same thing – pressing the text view will activate its tap gesture.

Add this modifier after the corner radius in text(for:):

.onTapGesture {
    tapped(index)
}

Boom! That’s our game done, or at least our first pass at it. Try playing it now to see what you think. Remember, tap the button where the label doesn’t match the color behind it!

	Ending and restarting
While the game certainly works right now, it isn’t much fun because there’s no competitive element – it never actually ends and tells you how fast you were!

To fix that, we’re going to add some logic to levelUp() to detect when the user has reached level 10. When that happens, we’ll display a new screen telling them they win and showing the time they took. We’ll also use this opportunity to let them start a new game by calling the startNewGame() method when needed.

In project 2 we ended the game just by showing a screen in place of the current screen, which is pretty dull. This time I want to introduce you to sheets, which slide over your existing user interface with a new view of your choice. They are modal, meaning that the user can’t interact with your game until they have dismissed them somehow.

Sheets in SwiftUI have three components:


	A sheet() modifier that must be attached to whichever view will present the sheet.

	Some sort of Boolean value that determines whether the sheet is visible or not.

	A SwiftUI view to put inside the sheet.



We already have the second of those, because we’ll be using our gameOver property. This means as soon as gameOver becomes true the sheet will appear, and it will disappear when gameOver goes back to being false – SwiftUI will take care of the entire presentation for us.

Start by adding this sheet modifier to your VStack, so that SwiftUI knows we want to show or hide a new view when gameOver changes:

.sheet(isPresented: $gameOver) {
    // sheet content here
}

In terms of what we show inside there, as this is the end of the game we’ll show some big “You win!” text and a button that lets them play again. However, we also need to add in that competitive element that brings games to life, so we’re going to show a time as well.

In project 2 we showed a live timer by storing the game start time and the current time, then comparing the two whenever a Timer fired. Here we aren’t showing a live time, so all we need is to store a single start time and use that as a one-off.

First, add this property to ContentView:

@State private var startTime = Date.now

Second, make sure it gets reset whenever a new game is started, by adding this line to startNewGame():

startTime = Date.now

And now we can replace the // sheet content here here with an actual layout:

VStack {
    Text("You win!")
        .font(.largeTitle)
    Text("You finished in \(Int(Date.now.timeIntervalSince(startTime))) seconds.")
    Button("Play Again", action: startNewGame)
}

Previously we specified a button’s action as a trailing closure, but in this instance we can just pass startNewGame directly – that is different from using startNewGame(), with parentheses on the end, which would mean “call startNewGame() and use whatever it sends back as the action for the button.”

To finish off, we just need to make sure gameOver gets set to true when the user has correctly answered level 10. This means adding the following check to the start of createLevel():

guard currentLevel <= 10 else {
    gameOver = true
    return
}

And with that our game is complete – go ahead and try it out!

[image: A sheet modal, with a 'Cancel' button in the top left. The sheet shows a big 'You win!' above 'You finished in 26 seconds.' Below is a button to 'Play Again'.]

Of course, there’s always space to squeeze in one last feature…

	Timing notifications for later
This has been a pretty easy project so far, so I think there’s ample scope for us to take it further. Many apps and games plant prompts in the system to nudge the user to come back at a later date. Duolingo, for example, times messages to encourage the user to launch the app if they haven’t done so in 24 hours.

With Apple Watch there are two ways of showing notifications outside the app. The first is simple enough: notifications that appear on your phone can also appear on the watch, if that’s what you want. However, if you want notifications specifically on the watch – and only on the watch – then you need to schedule them on the watch, and that’s what we’re going to look at now.

Helpfully, the watchOS notification framework is also shared in iOS and tvOS, so if you understand it here then you can apply your learning elsewhere.

First, add this import line to ContentView.swift:

import UserNotifications

The UserNotifications framework is what provides the system-wide delivery of notifications while our app isn’t running, and like I said is available on tvOS and iOS too.

Creating a notification is done using two components: some content (what to show) and a trigger (when to show it). The content is straightforward enough, because there’s a UNMutableNotificationContent class that lets us set title, body, and sound values that we want to use.

On watchOS, the title appears when the notification first appears, but if the user keeps looking at it for more than a split second, the notification folds out into a larger display mode where the title is no longer visible. Instead, the body is visible, which contains the detailed text for your notification. The sound property can be a custom sound file in your app, or just .default if you want to use the built-in notification sound.

So, a basic notification content configuration might look like this:

let content = UNMutableNotificationContent()
content.title = "We miss you!"
content.body = "Come back and play the game some more!"
content.sound = .default

When it comes to triggers, there are two potential choices for this app: an interval trigger that schedules a notification for a specified number of seconds from now, and a calendar trigger that lets you specify a notification for a precise date in the future. 

Broadly speaking a calendar trigger works best, because you can set the time to something convenient for the user such as 9pm tomorrow evening. However, when testing you’ll find that interval triggers are easier: you can set them to say “5 seconds from now,” which makes debugging a cinch.

To do just that, we’d use this code:

let trigger = UNTimeIntervalNotificationTrigger(timeInterval: 5, repeats: false)

Once you have your notification content and trigger, you put the two together into a request. This combines both the content and trigger with a unique identifier, which you can then attempt to schedule with the system. The identifier can be anything you want, but it’s useful because you can remove or update notifications later if you specify the same identifier string. 

In this app we don’t need to update or remove our notification, so we’ll generate a random identifier for each one. This can be done with a simple piece of code:

UUID().uuidString

We’ve used UUID before, but that uuidString property is new – it converts the UUID into a string, which is what we need to register notifications.

We’re all set to schedule a notification now, so go ahead and add this new method:

func createNotification() {
    let center = UNUserNotificationCenter.current()

    let content = UNMutableNotificationContent()
    content.title = "We miss you!"
    content.body = "Come back and play the game some more."
    content.sound = .default

    let trigger = UNTimeIntervalNotificationTrigger(timeInterval: 5, repeats: false)
    let request = UNNotificationRequest(identifier: UUID().uuidString, content: content, trigger: trigger)
    center.add(request)
}

That won’t work quite yet, because we’re missing one required component, and one optional (but nice to have!) component.

The required component is user permission. Showing messages or playing sound on their Apple Watch would be annoying if every app could do it, so you need to request permission first. This permission can be removed at any point in the future, or granted at any point in the future, so you should check for it often.

To make this easier, we’re going to write another method called setPlayReminder() that attempts to request permission for notifications, and if that worked then it will call createNotification(). Add this method now:

func setPlayReminder() {
    let center = UNUserNotificationCenter.current()

    center.requestAuthorization(options: [.alert, .sound]) { success, error in
        if success {
            center.removeAllPendingNotificationRequests()
            createNotification()
        }
    }
}

First, notice how you provide an array of options to the method: what kind of notifications do you want to use? I’ve requested [.alert, .sound] so that we can show a message and make a noise.

Second, notice that our code is given a success variable telling us whether the request was approved or not. The user is only asked once, so if they approve the request the first time they won’t get bothered again – watchOS will just run our code and set success to true.

Finally, notice how I’ve called removeAllPendingNotificationRequests() before scheduling our own notification. This is because we don’t want to stack our play reminders repeatedly – if the player came back before the reminder was shown we should flush out any that are still queued, then set another for the future.

Before you try running the code, I’d like to add one more thing: a category. Categories are a bit like notification templates: you configure as many of them as you want, and each one can have one or more buttons attached to it. You can then use these categories when you create your notifications, and they will automatically inherit the appropriate buttons.

For our play reminder notification we’re going to create one category that shows a Play Now button. Each action has an identifier so you can track what was tapped, a title that’s visible to users, and any options you want to attach. There are three options: .authenticationRequired if pressing the button requires the Apple Watch to be unlocked, .destructive if you want the text colored red to show that it will destroy something, and .foreground if the action should cause the app to launch.

Once you’ve created the actions you want in your category you can create the category itself. Categories have their own identifier string, but this is important because it’s how you attach notifications later on. You can also attach intent identifiers, which are used on iOS to connect Siri requests.

Categories need to registered every time your app runs, so add this method now:

func registerCategories() {
    let center = UNUserNotificationCenter.current()

    let play = UNNotificationAction(identifier: "play", title: "Play Now", options: .foreground)
    let category = UNNotificationCategory(identifier: "play_reminder", actions: [play], intentIdentifiers: [])

    center.setNotificationCategories([category])
}

The most important thing in there is the category identifier, “play_reminder”. To make our notification use that category – and in doing so add the Play Now button – then put this line of code in createNotification(), just after the content.body line:

content.categoryIdentifier = "play_reminder"

Now add this line of code to setPlayReminder(), just inside the if success condition:

registerCategories()

The only thing left to do now is call setPlayReminder() when the app runs, so put this into the startNewGame() method:

setPlayReminder()

That’s the end of this step, and indeed the end of the game. To try it out, remember we have the trigger set for five seconds so you need to be quick!

Press Cmd+R to build and run, then allow notifications when you’re asked. As soon as you see the game screen appear after the notification request, press Shift+Cmd+H in the simulator to return to the clock. All being well you should get an alert (with sound) a few seconds later – good job!

[image: watchOS tells us that 'Project5 Would Like to Send You Notifications', and gives options 'Don't Allow' and 'Allow'.]

[image: Above the clock face is our notification, titled 'We miss you!']

Important: Once you’ve verified your notification code works correctly, replace the time interval trigger with a calendar trigger that matches whatever time you want to show your alert each day. For example, we might request to show the alert at 10:30 every morning like this:

var dateComponents = DateComponents()
dateComponents.hour = 10
dateComponents.minute = 30
let trigger = UNCalendarNotificationTrigger(dateMatching: dateComponents, repeats: true)

	Hue Knows: Wrap up
This was a relatively simple game at its heart, but you still met random numbers, array shuffling, backgrounds, cornerRadius(), and more, and we also had the chance to explore other useful and interesting WatchKit features such as notifications. 

Notifications are powerful things, but be careful because they can also be annoying. I used play reminders as an example because this is just a tutorial, but in practice you don’t really want to nag your users. After all, if they aren’t playing your game already perhaps you should take the hint!

Challenges

If you’re looking to stretch your skills a little, try adding a second view that toggles a Color Blind mode. Rather than colors, you could use “spots”, “stripes”, “zig zags”, “stars”, and so on. If this is placed inside a TabView, the user can swipe between the game and its options.

	Project 6
Views and Modifiers


	Views and modifiers: Introduction
In this technique project we’re going to take a close look at views and view modifiers, and hopefully answer some of the most common questions folks have at this point – why does SwiftUI use structs for its views? Why does it use some View so much? How do modifiers really work? My hope is that by the end of this project you’ll have a thorough understanding of what makes SwiftUI tick.

As with the other days it’s a good idea to work in an Xcode project so you can see your code in action, so please create a new App project called Project6 now.

	Why does SwiftUI use structs for views?
If you ever programmed for WatchKit or UIKit (Apple’s original user interface frameworks for watchOS and iOS) you’ll know that they use classes for views rather than structs. SwiftUI does not: we prefer to use structs for views across the board, and there are a couple of reasons why.

First, there is an element of performance: structs are simpler and faster than classes. I say an element of performance because lots of people think this is the primary reason SwiftUI uses structs, when really it’s just one part of the bigger picture.

In WatchKit, every piece of UI descended from a class called WKInterfaceObject that had many properties and methods because that’s how inheritance works.

In SwiftUI, all our views are trivial structs and are almost free to create. Think about it: if you make a struct that holds a single integer, the entire size of your struct is… that one integer. Nothing else. No surprise extra values inherited from parent classes, or grandparent classes, or great-grandparent classes, etc – they contain exactly what you can see and nothing more.

Thanks to the power of modern devices, I wouldn’t think twice about creating 1000 integers or even 100,000 integers – it would happen in the blink of an eye. The same is true of 1000 SwiftUI views or even 100,000 SwiftUI views; they are so fast it stops being worth thinking about.

However, even though performance is important there’s something much more important about views as structs: it forces us to think about isolating state in a clean way. You see, classes are able to change their values freely, which can lead to messier code – how would SwiftUI be able to know when a value changed in order to update the UI?

By producing views that don’t mutate over time, SwiftUI encourages us to move to a more functional design approach: our views become simple, inert things that convert data into UI, rather than intelligent things that can grow out of control.

You’ll see this in action as you learn more about the kinds of things that can be a view: colors are views, as are gradients, rectangles, circles, and more – trivial types that hold very little data. In fact, you can’t get a great deal simpler than using the color red as a view: it holds no information other than “fill my space with red”.

Tip: If you use a class for your view you might find your code either doesn’t compile or crashes at runtime. Trust me on this: use a struct.

	Why modifier order matters
Whenever we apply a modifier to a SwiftUI view, we actually create a new view with that change applied – we don’t just modify the existing view in place. If you think about it, this behavior makes sense: our views only hold the exact properties we give them, so if we set the background color or font size there is no place to store that data. 

We’re going to look at why this happens shortly, but first I want to look at the practical implications of this behavior. Take a look at this code:

Text("Hello, world!")
    .background(.red)
    .frame(width: 100, height: 100)

What do you think that will look like when it runs?

Chances are you guessed wrong: you won’t see a 100-point square with “Hello World” in the middle. Instead, you’ll see “Hello World” in the middle and with a red rectangle directly around it.

[image: 'Hello, world!' on a tight red background.]

You can understand what’s happening here if you think about the way modifiers work: each one creates a new struct with that modifier applied, rather than just setting a property on the view.

You can peek into the underbelly of SwiftUI by asking for the type of our view’s body. Modify the text to this:

Text("Hello, world!")
    .background(.red)
    .frame(width: 100, height: 100)
    .onAppear {
        print(type(of: self.body))
    }

Swift’s type(of:) method prints the exact type of a particular value, and in this instance it will print the following: ModifiedContent<ModifiedContent<ModifiedContent<Text, _BackgroundStyleModifier<Color>>, _FrameLayout>, _AppearanceActionModifier>

You can see two things here:


	Every time we modify a view SwiftUI applies that modifier by using generics: ModifiedContent<OurThing, OurModifier>.

	When we apply multiple modifiers, they just stack up: ModifiedContent<ModifiedContent<…



To read what the type is, start from the innermost type and work your way out:


	The innermost type is ModifiedContent<Text, _BackgroundStyleModifier<Color>>: our text view has a background color applied.

	Around that we have ModifiedContent<…, _FrameLayout>, which takes our first view (text + background color) and gives it a larger frame.

	Around that we have ModifiedContent<…, _AppearanceActionModifier>, which is what triggers the onAppear() code when the view is shown.



As you can see, we end with ModifiedContent types stacking up – each one takes a view to transform plus the actual change to make, rather than modifying the view directly.

What this means is that the order of your modifiers matter. If we rewrite our code to apply the background color after the frame, then you might get the result you expected:

Text("Hello, world!")
    .frame(width: 100, height: 100)
    .background(.red)
    .onAppear {
        print(type(of: self.body))
    }

[image: 'Hello, world!' on a red square.]

The best way to think about it for now is to imagine that SwiftUI renders your view after every single modifier. So, as soon as you say .background(.red) it colors the background in red, regardless of what frame you give it. If you then later expand the frame, it won’t magically redraw the background – that was already applied.

Of course, this isn’t actually how SwiftUI works, because if it did it would be a performance nightmare, but it’s a neat mental shortcut to use while you’re learning.

An important side effect of using modifiers is that we can apply the same effect multiple times: each one simply adds to whatever was there before.

For example, SwiftUI gives us the padding() modifier, which adds a little space around a view so that it doesn’t push up against other views or the edge of the window. If we apply padding then a background color, then more padding and a different background color, we can give a view multiple borders, like this:

Text("Hello, world!")
    .padding()
    .background(.red)
    .padding()
    .background(.blue)
    .padding()
    .background(.green)
    .padding()
    .background(.yellow)

[image: 'Hello, world!' on a red rectangle, surrounded by concentric blue, green, and yellow borders.]

	Why does SwiftUI use “some View” for its view type?
SwiftUI relies very heavily on a Swift power feature called “opaque return types”, which you can see in action every time you write some View. This means “one object that conforms to the View protocol, but we don’t want to say what.”

Returning some View means even though we don’t know what view type is going back, the compiler does. That might sound small, but it has important implications.

First, using some View is important for performance: SwiftUI needs to be able to look at the views we are showing and understand how they change, so it can correctly update the user interface. If SwiftUI didn’t have this extra information, it would be really slow for SwiftUI to figure out exactly what changed – it would pretty much need to ditch everything and start again after every small change.

The second difference is important because of the way SwiftUI builds up its data using ModifiedContent. Previously I showed you this code:

Text("Hello, world!")
    .frame(width: 100, height: 100)
    .background(.red)
    .onAppear {
        print(type(of: self.body))
    }

That creates a simple text view then makes it print its exact Swift type, and gives some long output with a couple of instances of ModifiedContent.

The View protocol has an associated type attached to it, which is Swift’s way of saying that View by itself doesn’t mean anything – we need to say exactly what kind of view it is. It effectively has a hole in it, in a similar way to how Swift doesn’t let us say “this variable is an array” and instead requires that we say what’s in the array: “this variable is a string array.”

So, while it’s not allowed to write a view like this:

struct ContentView: View {
    var body: View {
        Text("Hello World")
    }
}

It is perfectly legal to write a view like this:

struct ContentView: View {
    var body: Text {
        Text("Hello World")
    }
}

Returning View makes no sense, because Swift wants to know what’s inside the view – it has a big hole that must be filled. On the other hand, returning Text is fine, because we’ve filled the hole; Swift knows what the view is.

Now let’s return to our code from earlier:

Text("Hello, world!")
    .frame(width: 100, height: 100)
    .background(.red)
    .onAppear {
        print(type(of: self.body))
    }

If we want to return one of those from our body property, what should we write? While you could try to figure out the exact combination of ModifiedContent structs to use, it’s hideously painful and the simple truth is that we don’t care because it’s all internal SwiftUI stuff.

What some View lets us do is say “this will be a view, such as Button or Text, but I don’t want to say what.” So, the hole that View has will be filled by a real view object, but we aren’t required to write out the exact long type.

There are two places where it gets a bit more complicated:


	How does VStack work – it conforms to the View protocol, but how does it fill the “what kind of content does it have?” hole if it can contain lots of different things inside it?

	What happens if we send back two views directly from our body property, without wrapping them in a stack?



To answer the first question first, if you create a VStack with two text views inside, SwiftUI silently creates a TupleView to contain those two views – a special type of view that holds exactly two views inside it. So, the VStack fills the “what kind of view is this?” with the answer “it’s a TupleView containing two text views.”

And what if you have three text views inside the VStack? Then it’s a TupleView containing three views. Or four views. Or eight views, or even ten views – there is literally a version of TupleView that tracks ten different kinds of content:

TupleView<(C0, C1, C2, C3, C4, C5, C6, C7, C8, C9)>

And that’s why SwiftUI doesn’t allow more than 10 views inside a parent: they wrote versions of TupleView that handle 2 views through 10, but no more.

As for the second question, Swift silently applies a special attribute to the body property called @ViewBuilder. This has the effect of silently wrapping multiple views in one of those TupleView containers, so that even though it looks like we’re sending back multiple views they get combined into one TupleView.

This behavior isn’t magic: if you right-click on the View protocol and choose “Jump to Definition”, you’ll see the requirement for the body property and also see that it’s marked with the @ViewBuilder attribute:

@ViewBuilder var body: Self.Body { get }

Of course, how SwiftUI interprets multiple views going back without a stack around them isn’t specifically defined anywhere, but as you’ll learn later on that’s actually helpful.

	Conditional modifiers
It’s common to want modifiers that apply only when a certain condition is met, and in SwiftUI the easiest way to do that is with the ternary conditional operator.

As a reminder, to use the ternary operator you write your condition first, then a question mark and what should be used if the condition is true, then a colon followed by what should be used if the condition is false. If you forget this order a lot, remember Scott Michaud’s helpful mnemonic: What do you want to check, True, False, or “WTF” for short.

For example, if you had a property that could be either true or false, you could use that to control the background color of your window like this:

struct ContentView: View {
    @State private var redBackground = false

    var body: some View {
        Text("Hello World")
            .frame(maxWidth: .infinity, maxHeight: .infinity)
            .background(redBackground ? .red : .blue)
            .onTapGesture {
                // flip the Boolean between true and false
                redBackground.toggle()
            }
    }
}

So, when redBackground is true the modifier effectively reads .background(.red), and when it’s false the modifier becomes .background(.blue). Because SwiftUI watches for changes in our @State properties and re-invokes our body property, whenever that property changes the color will immediately update.

You can often use regular if conditions to return different views based on some state, but this actually creates more work for SwiftUI – rather than seeing one Button being used with different colors, it now sees two different Button views, and when we flip the Boolean condition it will destroy one to create the other rather than just recolor what it has.

So, this kind of code might look the same, but it’s actually less efficient:

if redBackground {
    Button("Hello World") {
        redBackground.toggle()
    }
    .frame(maxWidth: .infinity, maxHeight: .infinity)
    .background(.red)
} else {
    Button("Hello World") {
        redBackground.toggle()
    }
    .frame(maxWidth: .infinity, maxHeight: .infinity)
    .background(.blue)
}

Sometimes using if statements are unavoidable, but where possible prefer to use the ternary operator instead.

	Environment modifiers
Many modifiers can be applied to containers, which allows us to apply the same modifier to many views at the same time. 

For example, SwiftUI gives us the font() modifier to control the font used to draw text. It has a number of built-in sizes we can draw on to benefit from system-standard designs, but you can also create custom fonts and sizes if you want.

If we have four text views in a VStack and want to give them all the same font modifier, we could apply the modifier to the VStack directly and have that change apply to all four text views:

VStack {
    Text("Gryffindor")
    Text("Hufflepuff")
    Text("Ravenclaw")
    Text("Slytherin")
}
.font(.title)

This is called an environment modifier, and is different from a regular modifier that is applied to a view. 

[image: 4 lines reading 'Gryffindor', 'Hufflepuff', 'Ravenclaw', and 'Slytherin'.]

From a coding perspective these modifiers are used exactly the same way as regular modifiers. However, they behave subtly differently because if any of those child views override the same modifier, the child’s version takes priority.

As an example, this shows our four text views with the title font, but one has a large title:

VStack {
    Text("Gryffindor")
        .font(.largeTitle)
    Text("Hufflepuff")
    Text("Ravenclaw")
    Text("Slytherin")
}
.font(.title)

[image: The same 4 lines, but 'Gryffindor' is noticeably larger.]

There, font() is an environment modifier, which means the Gryffindor text view can override it with a custom font.

However, this applies a blur effect to the VStack then attempts to disable blurring on one of the text views:

VStack {
    Text("Gryffindor")
        .blur(radius: 0)
    Text("Hufflepuff")
    Text("Ravenclaw")
    Text("Slytherin")
}
.blur(radius: 5)

[image: 4 lines of blurry text.]

That won’t work the same way: blur() is a regular modifier, so any blurs applied to child views are added to the VStack blur rather than replacing it.

To the best of my knowledge there is no way of knowing ahead of time which modifiers are environment modifiers and which are regular modifiers other than reading the individual documentation for each modifier and hoping it’s mentioned. Still, I’d rather have them than not: being able to apply one modifier everywhere is much better than copying and pasting the same thing into multiple places.

	Views as properties
There are lots of ways to make it easier to use complex view hierarchies in SwiftUI, and one option is to use properties – to create a view as a property of your own view, then use that property inside your layouts.

For example, we could create two text views like this as properties, then use them inside a VStack:

struct ContentView: View {
    let motto1 = Text("Draco dormiens")
    let motto2 = Text("nunquam titillandus")

    var body: some View {
        VStack {
            motto1
            motto2
        }
    }
}

[image: 2 lines of Latin.]

You can even apply modifiers directly to those properties as they are being used, like this:

VStack {
    motto1
        .background(.red)
    motto2
        .background(.blue)
}

[image: A line of Latin on a red background, and another line on a blue background.]

Creating views as properties can be helpful to keep your body code clearer – not only does it help avoid repetition, but it can also get more complex code out of the body property.

Swift doesn’t let us create one stored property that refers to other stored properties, because it would cause problems when the object is created. This means trying to create a TextField bound to a local property will cause problems.

However, you can create computed properties if you want, like this:

var motto1: some View {
    Text("Draco dormiens")
}

This is often a great way to carve up your complex views into smaller chunks, but be careful: unlike the body property, Swift won’t automatically apply the @ViewBuilder attribute here, so if you want to send multiple views back you have three options.

First, you can place them in a stack, like this:

var spells: some View {
    VStack {
        Text("Lumos")
        Text("Obliviate")
    }
}

If you don’t specifically want to organize them in a stack, you can also send back a Group. When this happens, the arrangement of your views is determined by how you use them elsewhere in your code:

var spells: some View {
    Group {
        Text("Lumos")
        Text("Obliviate")
    }
}

The third option is to add the @ViewBuilder attribute yourself, like this:

@ViewBuilder var spells: some View {
    Text("Lumos")
    Text("Obliviate")
}

Of them all, I prefer to use @ViewBuilder because it mimics the way body works, however I’m also wary when I see folks cram lots of functionality into their properties – it’s usually a sign that their views are getting a bit too complex, and need to be broken up. Speaking of which, let’s tackle that next…

	View composition
SwiftUI lets us break complex views down into smaller views without incurring much if any performance impact. This means that we can split up one large view into multiple smaller views, and SwiftUI takes care of reassembling them for us.

To demonstrate this, I want to introduce you to a new modifier so we can build something a little more complex: clipShape() lets us change the shape of a view, which is helpful when used after a background color. There are several built-in shapes such as .circle, .capsule, and .rect, but later on you’ll learn how to create your own custom shapes.

So, we could create a view with a particular way of styling text views – they have a large font, some padding, foreground and background colors, plus a capsule shape:

struct ContentView: View {
    var body: some View {
        VStack(spacing: 10) {
            Text("First")
                .font(.largeTitle)
                .padding()
                .foregroundStyle(.white)
                .background(.blue)
                .clipShape(.capsule)

            Text("Second")
                .font(.largeTitle)
                .padding()
                .foregroundStyle(.white)
                .background(.blue)
                .clipShape(.capsule)
        }
    }
}

[image: 2 blue capsule or 'pill' shapes. The upper one says 'First', the lower 'Second'.]

Because those two text views are identical apart from their text, we can wrap them up in a new custom view, like this:

struct CapsuleText: View {
    var text: String

    var body: some View {
        Text(text)
            .font(.largeTitle)
            .padding()
            .foregroundStyle(.white)
            .background(.blue)
            .clipShape(.capsule)
    }
}

We can then use that CapsuleText view inside our original view, like this:

struct ContentView: View {
    var body: some View {
        VStack(spacing: 10) {
            CapsuleText(text: "First")
            CapsuleText(text: "Second")
        }
    }
}

Of course, we can also store some modifiers in the view and customize others when we use them. For example, if we removed foregroundStyle() from CapsuleText, we could then apply custom colors when creating instances of that view like this:

VStack(spacing: 10) {
    CapsuleText(text: "First")
        .foregroundStyle(.white)
    CapsuleText(text: "Second")
        .foregroundStyle(.yellow)
}

[image: 'Second' is now in yellow.]

Don’t worry about performance issues here – it’s extremely efficient to break up SwiftUI views in this way.

	Custom modifiers
SwiftUI gives us a range of built-in modifiers, such as font(), background(), and clipShape(). However, it’s also possible to create custom modifiers that do something specific.

To create a custom modifier, create a new struct that conforms to the ViewModifier protocol. This has only one requirement, which is a method called body that accepts whatever content it’s being given to work with, and must return some View.

For example, we might say that all titles in our app should have a particular style, so first we need to create a custom ViewModifier struct that does what we want:

struct Title: ViewModifier {
    func body(content: Content) -> some View {
        content
            .font(.largeTitle)
            .foregroundStyle(.white)
            .padding()
            .background(.blue)
            .clipShape(.rect(cornerRadius: 10))
    }
}

We can now use that with the modifier() modifier – yes, it’s a modifier called “modifier”, but it lets us apply any sort of modifier to a view, like this:

Text("Hello World")
    .modifier(Title())

[image: 'Hello World' in white on a rounded blue rectangle.]

When working with custom modifiers, it’s usually a smart idea to create extensions on View that make them easier to use. For example, we might wrap the Title modifier in an extension such as this:

extension View {
    func titleStyle() -> some View {
        modifier(Title())
    }
}

We can now use the modifier like this:

Text("Hello World")
    .titleStyle()

Custom modifiers can do much more than just apply other existing modifiers – they can also create new view structure, as needed. Remember, modifiers return new objects rather than modifying existing ones, so we could create one that embeds the view in a stack and adds another view:

struct Watermark: ViewModifier {
    var text: String

    func body(content: Content) -> some View {
        VStack(spacing: 0) {
            content

            Text(text)
                .font(.caption)
                .foregroundStyle(.white)
                .padding(5)
                .background(.black)
        }
    }
}

extension View {
    func watermarked(with text: String) -> some View {
        modifier(Watermark(text: text))
    }
}

With that in place, we can now add a watermark to any view like this:

Color.blue
    .frame(width: 300, height: 200)
    .watermarked(with: "Hacking with Swift")

[image: A large blue rectangle, below which is the caption 'Hacking with Swift'.]

Tip: Often folks wonder when it’s better to add a custom view modifier versus just adding a new method to View, and really it comes down to one main reason: custom view modifiers can have their own stored properties, whereas extensions to View cannot.

	Views and modifiers: Wrap up
These technique projects are designed to dive deep into specific SwiftUI topics, and I hope you’ve learned a lot about views and modifiers here – why SwiftUI uses structs for views, why some View is so useful, how modifier order matters, and much more.

Views and modifiers are the fundamental building blocks of any SwiftUI app, which is why I wanted to focus on them so early in this course. View composition is particularly key, as it allows us to build small, reusable views that can be assembled like bricks into larger user interfaces.

Challenge

To put your new knowledge into practice, try creating a custom ViewModifier (and accompanying View extension) that makes a view have a large, blue font suitable for prominent titles in a view.

	Project 7
Magic 8-Ball


	Magic 8-Ball: Setting up
Arguably the greatest honor a user can bestow on your watchOS app is to enable your complication. That is, to say “I like this app so much that I want a part of it visible on my watch face all the time.”

Old-school watches had these bonus features built right onto the watch face too: initially just the date was common, but you’ll also find things like moon phases, world time helpers, chronographs, and more. Anything on the watch face that isn’t the time is called a “complication”, and they exist on Apple Watch too – in fact every app can provide one if they want, and helpfully it uses the same WidgetKit framework you might have used on iOS.

Of course, Apple Watch is still very conscious of power usage, so rather than constantly read single values from your app they read a batch of values all at once. In early versions of watchOS this was actually exposed to end users as a feature called “time travel”, where users could adjust their clock to a different time to see what the weather forecast would be in an hour, but although that feature has long since disappeared from watchOS the underlying energy efficiency system still remains.

In this project we’re going to build a Magic 8-Ball complication. If you’re unfamiliar with this toy, it’s an over-sized 8-ball from pool, filled with water, and with a clear plastic window in the bottom. Users shake the ball, ask a question out loud – “should I turn left at Albuquerque?” – then turn the ball upside down. Inside the 8-ball, a smaller answer ball will float to the top of the water and be visible through the clear window, and the user can read a message such as “It is decidedly so”, or “My sources say no”.

It’s time to start: go ahead and launch Xcode, create a new watchOS project using the App template, and name it Project7.

	The basics of complications
When you created the new watchOS project, Xcode provided Project7App.swift and ContentView.swift, where until now we have stored all our code. This time, though, we’re going to ignore those two files and instead work on something entirely separate, because the original watchOS app and our complication code need to be different targets – that’s Xcode’s name for different code binaries that get built as part of our final product.

So, to get started I’d like you to go the File menu and choose New > Target, then select Widget Extension from the list of options. When you’re asked for the Product Name please enter Complication – do not enter “Widget”, because that will just cause problems. You should also uncheck the “Include Configuration Intent” option.

When you create the target, Xcode will ask whether you want to activate it now or not – when you press Cmd+B to build your code, whether Xcode should build the original watchOS app target or the new widget target. It’s a good idea to press Activate here.

Now I’d like you to look in the Complication folder for Complication.swift, which contains a fair chunk of Xcode provided through Xcode’s template. It’s all required, but it does various things:


	The Provider struct is responsible for providing data about what should be in the complication, now and in the future.

	The SimpleEntry struct stores the model data for one complication entry.

	The ComplicationEntryView struct stores the SwiftUI layout for our complication.

	The Complication struct ties everything together: it creates a Provider instance to serve up data, then feeds each SimpleEntry instance into a ComplicationEntryView to be shown on the screen.



There’s also the usual preview code so we can see what our complication looks like while we work.

Our SwiftUI view is going to be pretty trivial in this project – although I’ll still be introducing something new even  here! – because most of our work is going to take place in the Provider struct that is responsible for setting up all our data. Before we dive in to how that Provider struct works, it’s important to understand why watchOS works this way.

Complications come in all shapes and sizes, and might do complex things such as fetch data from the internet – imagine turning our WatchFX app from project 4 into a complication, for example. The problem is, the watch face needs to be responsive: if one of its complications is busy doing some complex work, there’s a risk it might stop the clock showing the right time, at least temporarily. And let’s face it: if your fancy new Apple Watch can’t at least show the right time, it’s basically pointless.

Apple’s solution for this is to use callback methods: methods that get called by the system when it needs information. The Xcode complication template includes several of them for us, and watchOS can call any of them as needed in order to understand how the complication looks. Even though the “time travel” feature of watchOS hasn’t existed for years, it’s important to remember that it was just the user-facing feature of an underlying energy efficiency system, so it’s still required for us to implement.

All the complication callback methods use a completion handler method because they are run in parallel to watchOS’s own code. Rather than call your method and wait for it to return a value, watchOS will call your method and pass you a function to call when you’re finished. It can then carry on doing its own thing (not least making sure the clock is accurate!) while your code runs.

Let’s briefly look over the Provider methods we’ve been given:


	The placeholder() method is designed to show a generic representation of our complication so the user can see how it might look like on their watch face.

	The getSnapshot() method should show the way our complication looks right now, with real data.

	The getTimeline() method should provide future values for your widget, for as far ahead as you want.



Even though placeholder() and getSnapshot() sound like they might do the same thing, in more complex widgets it’s important they return different data. For example, if your widget was showing diary entries for the user, you would show a placeholder entry such as “Feed the dog at 10am”, because it’s possible the user’s diary might be empty for the rest of the day and it wouldn’t show your complication working well. In contrast, getSnapshot() should always show real data, even if that means saying “No events today” or similar.

watchOS complications come in a variety of shapes and sizes known as widget families, and you can if you want handle them all slightly differently. As you might imagine, Apple would prefer you to offer your complications in all possible sizes because it gives users flexibility, but in practice not only is this more work but it’s also sometimes impractical – some things just don’t fit into a tiny space.

In this project, we can handle all four size variations with a simple rule: if we have lots of space we’ll write out the full Magic 8-Ball prediction (“It is decidedly so”, etc), but if we’re limited in space we’ll show one of three emoji.

Apple’s Xcode template gave us a simple widget that displays a time, and in your Xcode canvas you should see that working. However, when you’re working with several widget families at the same time it’s a good idea to use the canvas’s variations mode so you can see all complication sizes at the same time. You can do this by clicking one of the buttons in the bottom-left corner of the  preview: the Play button is the default (live previews), Selectable is next to it (where you can tap on various parts of the UI), and finally Variants is next to that. When you tap Variants you’ll see a menu asking which variations you want to show, so please select Widget Family Variants to see our example complication inside all four families side by side.

[image: 4 watch faces, each featuring a variant of our complication. The 'Widget Family Variants' menu item is highlighted.]

We’re almost ready to start coding our widget, but first I want to make two small configuration changes. Change these two lines of code:

.configurationDisplayName("My Widget")
.description("This is an example widget.")

To these:

.configurationDisplayName("Magic 8-Ball")
.description("Predicts the future. Maybe.")

So, now you know how all the code fits together, you’ve gotten the complication variants up, and our basic configuration is ready – let’s get on to the actual code now!

	Seeing into the future
Our complication needs to be able to work in two very different states: some text displayed when we have lots of space, and a small icon being displayed when space is limited.

Now, from a purely efficiency perspective it would be better to store only one string in the prediction text, but we’re actually going to store both the short prediction (the emoji icon) and the long prediction at the same time because it gives me the chance to show you how we can adapt our SwiftUI views based on the available space.

First, change your SimpleEntry struct to this:

struct Prediction: TimelineEntry {
    let date: Date
    let longPrediction: String
    let shortPrediction: String

    static let example = Prediction(date: .now, longPrediction: "It is certain", shortPrediction: ":)")
}

Tip: I’ve used an old-school emoticon of :) there to avoid Unicode emoji issues with various book reading software, but in practice an emoji is a better choice.

That’s going to break all sorts of code in our project, so let’s set up about fixing it.

First, look for all instances of SimpleEntry and replace it with Prediction. That won’t fix any of the problems, but it will at least give Xcode a better idea of what the real problems are.

Next, this line is broken in the preview code:

ComplicationEntryView(entry: Prediction(date: .now))

We can replace that example prediction with our example, because it’s just for previewing purposes:

ComplicationEntryView(entry: .example)

The same is true for the placeholder() method – we can send back the example there too, because it means our preview will always be a nice and optimistic example of what our complication can do:

func placeholder(in context: Context) -> Prediction {
    .example
}

Those are the two easy fixes. Fixing the remaining problems means actually generating our predictions, which takes more thinking than you might expect. 

I already mentioned the important power optimization from Apple: rather than repeatedly calling your code every time the users adjusts their watch, they instead call your code several times up front, each time passing in different dates. It’s your job to return an array of entries for each matching time you have, so that watchOS can piece them together into a coherent timeline. To help break up our code, we’re going to start by creating a helpful method that creates a prediction for a specific time.

First, we need some data – responses to show to the user, such as “Reply hazy, try again” or “It is certain”. We could store these in arrays as properties, but instead we’re going to use a set – similar to an array, but it can’t contain duplicate items and items have no specific order. On the other hand, you can check whether a set contains a specific item at lightning fast speed. This will be important soon!

Add these three properties to the Provider struct now:

let positiveAnswers: Set<String> = ["It is certain", "It is decidedly so", "Without a doubt", "Yes definitely", "As I see it, yes", "Most likely", "Outlook good", "Yes", "Signs point to yes"]
let uncertainAnswers: Set<String> = ["Reply hazy, try again", "Ask again later", "Better not tell you now", "Cannot predict now", "Concentrate and ask again"]
let negativeAnswers: Set<String> = ["Don't count on it", "My reply is no", "My sources say no", "Outlook not so good", "Very doubtful"]
var allAnswers = [String]()

The last one is an array of all the possible answers. It’s empty right now, but really we want to fill it with the answers from our three sets. We could just copy and paste the values but that’s not sustainable if you change the app frequently.

Instead, we’re going to fill the allAnswers array in a custom initializer for Provider, so add this now:

init() {
    allAnswers.append(contentsOf: positiveAnswers)
    allAnswers.append(contentsOf: uncertainAnswers)
    allAnswers.append(contentsOf: negativeAnswers)
}

Now for the important part: deciding which prediction to show. I’m sorry if this comes as a huge surprise to you, but Magic 8-Balls are in fact not magic. Instead, it’s – shock! – mostly random.

You’ve already met Bool.random() and Int.random() methods for generating random values, but we can’t use that here. You see, if the user added our complication to their watch face twice while we used truly random numbers, both complications would show different predictions. This would in turn reveal to our users that – eek! – Magic 8-Balls are just randomness with a pretty user interface.

This means we need a way to generate predictably random numbers so that users won’t be able to guess what’s coming next, but will also be consistent across complications. To solve this conundrum, we’re going to use two new things:


	All Date objects have a property called timeIntervalSince1970, which tells you how many seconds have passed since January 1st 1970 at midnight – often called Unix time. This is provided as a Double so we need to round it to an integer.

	The division remainder operator, %, returns the remainder produced by dividing one whole number by another. For example 8 divided by 3 equals 2 with remainder 2.



Putting these together, we can wait for watchOS to ask us for the complication for a specific date – e.g. “what do you want to show right now?” – convert that to the number of whole seconds since January 1st 1970, then remainder divide that by the number of items in the allAnswers array.

That last step is important. There are 19 answers in total, so here’s what happens if we throw some example numbers at it:


	21 % 19 = 2

	15 % 19 = 14

	29 % 19 = 10

	37 % 19 = 18

	38 % 19 = 0



We need to pick out a prediction, so we want a prediction number between zero and one less than the length of allAnswers – and that’s exactly what modulus gets us. We can pull out the correct (seemingly random) prediction for the current time like this:

let predictionNumber = Int(date.timeIntervalSince1970) % allAnswers.count
let longPrediction = allAnswers[predictionNumber]

As this needs to be run from both getSnapshot() and getTimeline(), we can put that logic into a new helper method we can use in both places:

func prediction(for date: Date) -> Prediction {
    let predictionNumber = Int(date.timeIntervalSince1970) % allAnswers.count
    let longPrediction = allAnswers[predictionNumber]

    // more code to come
}

That means for any given date ever, we’ll be able to pull out the same prediction from our list of answers. It seems random to users, but it’s absolutely deterministic – perfect!

That’s all we need to get the long prediction text, but deciding the emoji icon is only a little trickier. We can’t just print the prediction text here, because we have a tiny space to fill. Instead, we’re going to show one of three  emoji: a happy face if the prediction is positive, a thoughtful face if the answer is unknown, or a worried face if the answer is negative.

We already have our prediction text prepared, and we need to boil that down to one of three emoji. Fortunately there is a solution that is both easy to code and fast to run: if the positiveAnswers property contains our prediction then we use a smiley face, if the uncertainAnswers property does then we use a thoughtful face, otherwise we have a worried face.

Earlier I said we could make those three properties arrays, but that we were using sets instead because they were faster. More precisely, I said “you can check whether a set contains a specific item at lightning fast speed” – and that’s exactly what we are doing here. When you use the contains() method on an array, Swift might have to check every item in the array before it finds a match, but with sets the operation takes the same amount of time whether you have 1 item or 1000.

That’s everything you need to know to complete the helper method, so add this code in place of the // more code here comment:

let shortPrediction: String

if positiveAnswers.contains(longPrediction) {
    shortPrediction = ":)"
} else if uncertainAnswers.contains(longPrediction) {
    shortPrediction = ":|"
} else {
    shortPrediction = ":("
}

return Prediction(date: date, longPrediction: longPrediction, shortPrediction: shortPrediction)

Tip: Again, you should replace those emoticons with emoji of your choosing.

That helper method does pretty much all the hard work for us, so we can immediately use it inside getSnapshot() to solve another compiler error:

func getSnapshot(in context: Context, completion: @escaping (Prediction) -> ()) {
    let entry = prediction(for: .now)
    completion(entry)
}

To streamline performance, watchOS gives us the chance to return as any predictions as we want for future dates. In our case, we’re going to return an hour of predictions in one batch, spaced out one minute each. So, we will loop from 0 up to 60, calculating the time that many minutes ahead of now, then passing that to our prediction() helper method and stashing the result in an array to send back.

Here’s how we’re going to write this method:


	Create a new empty Prediction array. We’ll fill this up and return it.

	Loop from 0 up to 60, which is how many predictions we’ll make.

	Calculate the date for that event by multiplying our position in the loop by 60 and adding that to the current date.

	Append that prediction to our array.

	Send back the finished array, telling watchOS it should calculate another timeline when the end of the array is reached.



Here’s the code for the method, with numbered comments matching the list above:

func getTimeline(in context: Context, completion: @escaping (Timeline<Entry>) -> ()) {
    // 1. Create an array of all the predictions we want to send back
    var entries = [Prediction]()

    // 2: Create as many entries as requested
    for i in 0..<60 {
        // 3: Calculate the date for this result
        let predictionDate = Date.now + Double(i * 60)
        let entry = prediction(for: predictionDate)

        // 4: Append to our result array
        entries.append(entry)
    }

    // 5: Send back the whole timeline of entries
    let timeline = Timeline(entries: entries, policy: .atEnd)
    completion(timeline)
}

Now all that remains is to fill in the ComplicationEntryView with something that actually uses our prediction. This is where I want to show you two useful SwiftUI techniques:


	We can read the widget family being used for our view using SwiftUI’s environment. This has a special @Environment property wrapper that looks a bit odd at first.

	We can set a nice and big font size for our prediction text, but also allow SwiftUI to scale the font size down to fit in the available space. This is helpful so we can cater for the wide variety of Apple Watch screen sizes.



Beyond those two, our SwiftUI needs one more piece of functionality: we’ll use a switch/case block to figure out whether we’re going to show the long or short prediction text. On watchOS there are four varieties:


	Corner accessory means our complication appears small in the top-left, top-right, bottom-left, or bottom-right corners of the screen.

	Circular accessory means our complication appears small somewhere else on the screen, e.g. below the clock hands.

	Rectangle accessory means our complication sits in a larger, rectangular space.

	Inline accessory means we have less space than the the rectangle size, and it’s also possible our text will be curved around the watch face.



For our prediction, we’ll display the longer text if we have the rectangular or inline widget family, otherwise we’ll use the emoji. Replace your existing ComplicationEntryView struct with this:

struct ComplicationEntryView: View {
    @Environment(\.widgetFamily) var widgetFamily
    var entry: Provider.Entry

    var body: some View {
        switch widgetFamily {
        case .accessoryRectangular, .accessoryInline:
            Text(entry.longPrediction)
        default:
            Text(entry.shortPrediction)
                .font(.system(size: 48))
                .minimumScaleFactor(0.1)
        }
    }
}

[image: The widget previews showing both our large 'It is certain' view, and the small smiley emoji.]

You can see the @Environment property wrapper in action right there: we ask it to read one specific value from the environment where our complication is being rendered, and store it in a property called widgetFamily. We don’t need to specify the type of that property because it will always match the value we’re reading.

You can also see how the font scaling works there: I’ve requested a really big system font, but then added a really small minimum scale factor so that watchOS is able to render the text as small as 4.8pt if needed. This should mean our text looks great on everything from the Apple Watch Ultra to the 41mm screen.

And that’s it – the complication is complete! We’ve provided lots of entries in our timeline, along with the instruction to load more once the timeline ends – nice!

	Magic 8-Ball: Wrap up
This project would have been easier if we used truly random predictions and only supported one widget size, but that wouldn’t have been much use. First, you certainly wouldn’t have learned as much, and that would rather undermine the point of this book. Second, and more importantly, you’re denying many users access to your app when you don’t support a variety of complications – everyone configures their Apple Watch a little differently, and you can’t expect them to change just to fit your complication.

You might even not support multiple widget families to begin with, but I hope you can see they are something to aspire to. If you genuinely want as many users as possible to use your complication, that means meeting them on their terms: make supporting all widget families a priority.

Challenges

Try rewriting our code so that the Prediction struct only stores one string based on the Context value that’s passed into our Provider methods. This takes a little thinking, but it can be done!

	Project 8
Safe Crack


	Safe Crack: Setting up
I want to introduce you to two important features of SwiftUI and one important feature of Swift at the same time – all while wrapped up in a game project that I hope you’ll enjoy.

In this game we’re going to ask users to crack a safe by guessing three random numbers. To make this more fun, we’ll use a Digital Crown-powered slider simulate combination lock dials from old safes. Along the way you’ll learn how to disable SwiftUI views, how to control the color of text, how to show alerts, and more.

I also mentioned an important Swift feature, and it’s this: being able to run some code after a delay. This means touching on a couple of new Swift features all at the same time, but being able to delay code is an important skill.

Launch Xcode and create a new watchOS project using the App template, naming it Project8.

	Building the basic UI
To get started with this project, we’re going to build the user interface: a title, a slider, and a button. To begin with the title will just say “Safe Crack”, but as the user enters numbers we’ll show them up there so they can see their progress.

Let’s start with five important properties:


	The value that is currently selected in a slider.

	The value they are trying to find.

	An array of all the values they have found so far.

	An array of all possible numbers we want them to guess.

	The current title.



Three of those are simple, but two stand out as worth a little extra discussion: all the values they found so far, plus all numbers we want them to guess.

The first of those is interesting because even though we’ll be asking the user to find integer numbers, this array will store strings – we’ll convert each number to a string when it’s added, because it makes it easier to use.

The second is interesting because we’re going to make an array of the numbers 1 through 100 when the game starts, then shuffle up the array and remove items from there. Yes, we could choose random numbers every time, but that runs the risk of getting some duplicates by accident. On the other hand, if we start with all possible numbers and remove the ones we use, duplicates are impossible.

So, start by adding these five properties to ContentView:

@State private var currentSafeValue = 50.0
@State private var targetSafeValue = 0
@State private var correctValues = [String]()
@State private var allSafeNumbers = [Int]()

@State private var title = "Safe Crack"

Yes, currentSafeValue is a Double whereas targetSafeValue is an integer – sliders must always work with floating-point numbers, but when it comes to comparing values it would be a bit mean to tell the user they are wrong for guessing 83.1 when the correct answer was 83.10001.

As well as those stored properties, I want to add two computed properties. You see, as your apps get more complex, you start to realize it’s easy to make very large SwiftUI views that blend layouts with functionality, and it gets increasingly hard to maintain.

So, in this project we’re going to take a different tack: rather than putting customization code directly into our body property, we’re going to pull it out into computed properties.

Specifically, we’re going to have one computed property called answerIsCorrect that compares the integer form of their current answer to the correct answer and returns true if they match, and another called answerColor that returns either .green or .red depending on whether answerIsCorrect is true.

Please add these two now:

var answerIsCorrect: Bool {
    Int(currentSafeValue) == targetSafeValue
}

var answerColor: Color {
    if answerIsCorrect {
        return .green
    } else {
        return .red
    }
}

Before we can take a first pass at body we need one last thing: a method stub that will be triggered when our button is tapped. This is just a stub, so we don’t need any functionality just yet – add this now:

func nextTapped() {

}

Okay, at last we can turn to body. This will show the current title, a slider that lets the user manipulate their entry, and a button that lets them submit a value. To help make it clear to users when their current number is correct, we’re going to use a new foregroundStyle() modifier to make the title text either green or red.

Replace your current body property with this:

VStack {
    Text(title)
        .font(.title2)
        .foregroundStyle(answerColor)

    Slider(value: $currentSafeValue, in: 1...100, step: 1)

    Button("Enter \(Int(currentSafeValue))", action: nextTapped)
}

[image: 'Safe Crack' in red above a slider with '+' and '-' buttons, and a capsule button reading 'Enter 50'.]

You might wonder why SwiftUI uses background() to set a background color, but foregroundStyle() to set a foreground color. This might seem like an annoying mistake, but it’s intentional: the background() modifier can put any kind of view in the background, whereas foregroundStyle() can only use a subset of values – colors, gradients, and similar.

There’s one last piece of UI I’d like to add, and it’s the same as code we wrote back in project 2: a timer that counts up as we’re playing.

This is literally the same code, so hopefully there’s no need to explain it. First we need two properties so that we can track when the game started and what time it is now:

@State private var currentTime = Date.now
@State private var startTime = Date.now

We also need a timer, so we can update the current time once a second:

let timer = Timer.publish(every: 1, on: .main, in: .default).autoconnect()

Next, we need to use onReceive() to be notified when that timer fires so we can update currentTime. Add this to the VStack:

.onReceive(timer) { newTime in
    currentTime = newTime
}

When it comes to placing that value into the view, we’ll continue to follow the same approach from project 2

var time: Int {
    let difference = currentTime.timeIntervalSince(startTime)
    return Int(difference)
}

And now we can bring the whole thing together by adding a text view to the end of our VStack:

Text("Time: \(time)")

It’s identical to project 2, but that’s okay – why change what works?

[image: Below the capsule button is now a timer label, currently reading 'Time: 3'.]

	Twist to win
The next step in building our game is to make the core mechanic work: we need to generate random safe numbers the player needs to guess, tell them when they get the current one correct using the crown, then show what they’ve guessed so far.

As well as creating an array of safe combination numbers for the player to guess, starting a new game needs to do a few other things:


	Set the timer to the current date and start it.

	Reset currentSafeValue back to 50.

	Remove all the items in the correctValues array so the player starts from scratch, and reset the numbers label back to “Safe Crack”.

	Pick a new number from allSafeNumbers for the user to guess.



Just like project 5 we’ll be letting the user start a new game when they finish, so we’ll need to put all this inside a startNewGame() method so we can call it as needed. But before we write that I want to walk you through some smaller parts.

We need to create an array containing the numbers 0 to 100 in a random order. The randomness is easy enough thanks to Swift’s shuffle() method, but the first part is new. And no, you don’t need to write code like this:

allSafeNumbers = [1, 2, 3, 4, 5, …, 98, 99, 100]

Instead, Swift lets us create arrays directly from ranges, like this:

allSafeNumbers = Array(1...100)

Next: removing all the values from an array. This is needed because each time the player guesses correctly we’ll add that guess to our correctValues array so we can display them on the screen. When a new game starts we want to clear out that array so they start guessing fresh each time, and for that we need the removeAll() method, like this:

correctValues.removeAll()

Add this method code:

func startNewGame() {
    // reset the timer
    startTime = Date.now

    // create an array of random numbers from 1 to 100
    allSafeNumbers = Array(1...100)
    allSafeNumbers.shuffle()

    // reset the current value
    currentSafeValue = 50

    // remove all their previous answers and reset the text
    correctValues.removeAll()
    title = "Safe Crack"

    // pick the first number to guess
    pickNumber()
}

func pickNumber() {
}

Notice that I included an empty pickNumber() method at the end. We’ll fill that in soon enough, but as you might imagine that’s where we pick the next number for the user to guess. 

To start the game please add an onAppear() modifier in your view body, like this:

.onAppear(perform: startNewGame)

And now it just takes two more lines of code to get everything working, both of which go into the pickNumber() method we have a stub for. The first line will remove the first number from the allSafeNumbers array and use it for targetSafeValue, and the second line will print it out to Xcode’s log using print() so we can test the game more easily. 

Swift arrays have a built-in method called removeFirst() that remove the first item in the array while also returning it. This means we can use code like targetSafeValue = allSafeNumbers.removeFirst() to ensure that every time pickNumber() is called the player gets a new safe number to hunt for.

Fill in your pickNumber() method like this: 

func pickNumber() {
    targetSafeValue = allSafeNumbers.removeFirst()
    print(targetSafeValue)
}

Go ahead and press Cmd+R to build and run your code now. You should see the target number printed in Xcode’s debug console, and if you adjust the in-game value to match your UI should light up green – nice!

[image: 'Safe Crack' is now green instead of red, because the slider has correct value 96.]

	Ending the game
There’s only one small thing left to do in order to make the whole game playable, and in fact this actually finishes it too. It is, of course, being able to tap the Next button and have it continue the game, or end the game if the player has found four correct numbers.

As with other games, we’ll track whether the game is active or not using a Boolean, so start by adding this property:

@State private var gameOver = false

Now for nextTapped(). At its most basic, this method needs to do the following:


	Ensure that answerIsCorrect is true, otherwise exit.

	Convert targetSafeValue to a string then append it to the correctValues array. Why convert it to a string? Well, because we’re going to…

	Use joined(separator:) to convert the string array into a single string separated by a comma and a space, then put that into numbersLabel so the user can see their current numbers.

	If we now have four values in correctValues we’ll end the game, otherwise we’ll call pickNumber() again.



Here’s the code for that: 

func nextTapped() {
    guard answerIsCorrect else { return }

    correctValues.append(String(targetSafeValue))
    title = correctValues.joined(separator: ", ")

    if correctValues.count == 4 {
        gameOver = true
    } else {
        pickNumber()
    }
}

That makes the game playable now: the user can move the Digital Crown to select numbers, the UI lights up when their current guess is correct, they can tap the button to enter a number, and when they reach four numbers the game ends.

We could very easily stop here, but I want to add a “You win!” screen so the user can choose to play again. Previously we’ve done this using a simple if condition and also using a sheet, but this time I want to show off a third option: an alert. These are fixed types of sheets in watchOS, giving us space for a title, some buttons, and optionally also an extra message.

Like sheets, alerts work with a modifier attached to a Boolean binding, causing the alert to be shown or hidden depending on the state of the Boolean. This time, though, we can’t just use any kind of view inside our alert, and instead just provide all the buttons we want to display as part of the alert.

For this app, our alert needs to have the title “You win!”, and for the message we’ll show how much time the user took. It will also have one button, which will call startNewGame() when pressed.

Add this alert() modifier to your VStack now:

.alert("You win!", isPresented: $gameOver) {
    Button("Play Again", action: startNewGame)
} message: {
    Text("You took \(time) seconds.")
}

[image: Our alert screen, showing 'You win!' in bold above our time: 'You took 65 seconds.' Below is a 'Play Again' button.]

At this point our game is effectively done, but there are two small tweaks I think it’s worth adding.

First, if the user presses the button when their number is wrong, nothing happens. That’s better than nothing, but with another new modifier we can stop them pressing the button at all unless they are correct. This modifier is called disabled(), and if the condition you pass to it is true then the view in question won’t be interactive.

So, modify your nextTapped button to this:

Button("Enter \(Int(currentSafeValue))", action: nextTapped)
    .disabled(answerIsCorrect == false)

[image: 'Safe Crack' is red, indicating our slider value is wrong. The 'Enter X' button is dimmed, subtly indicating it is disabled.]

Second, having the alert slide in as soon as the user presses the button to win is a bit disconcerting – it’s nice for the user to be able to see that they’ve won because all four numbers are displayed on the top, then be told they won.

To make this work, we’re going to use create a special task to wait exactly 500 milliseconds (that’s half a second) before setting gameOver to true. All our code runs on a task somewhere, but we haven’t actually had to worry about where so far because we haven’t cared. Here, though, we do care: in order to be able to make our change after a short delay we need to wait for our task to sleep for half a second, and Swift won’t allow us to sleep from the main task that handles all our user interface work – it would mean causing the whole app to freeze, which is a pretty poor user experience.

So, I’d like you to change the gameOver = true line to this:

Task {
    try await Task.sleep(until: .now +  .milliseconds(500), clock: .continuous)
    gameOver = true
}

That includes the same gameOver = true code, but adds quite a lot around it:


	It creates a new Task object, which accepts as a trailing closure the work we want that task to do. This work will run in the background, which means it won’t cause our UI to freeze up.

	Inside there we ask to sleep for 500 milliseconds.

	The “continuous” clock means “I want to measure 500 milliseconds of actual time, not pausing if the user backgrounds the app.”

	Sleeping literally causes the task to go to sleep for a while, so we need to wait for it to wake up by using the special await keyword.

	It’s possible – albeit extremely unlikely – that this task will be canceled before it finishes sleeping, which will trigger an error. We need to acknowledge that error might exist with the try keyword.

	Changing an @State property from a background task is perfectly safe – SwiftUI will automatically make sure the change happens on the main task with all the other user interface work happens.



We’re done! Go ahead and run the game for the last time, and see how fast you can find all four numbers. It’s much more fun to play on a real device – the Digital Crown distinguishes between small turns and faster turns better than a mouse or trackpad.

Good job!

	Safe Crack: Wrap up
I love the Digital Crown because it’s so unlike everything else we have on Apple’s ecosystems – any kind of game that revolves around turning or spinning immediately makes more sense using the crown, and is a lot more fun too.

Of course you also learned how to show alerts, add foreground color, disable views, and even how to delay functionality using Task – all while building your third watchOS game. Not bad!

Challenges

First, now that our game has a delay before showing the game over alert, there’s a problem: you can press the Enter button several times! Try disabling that button when the game is over.

Next, now that you’ve learned how to delay code, try going back to project 2 (Rock, Paper, Scissors) and fixing a glaring problem: when the user is correct we immediately move to the next move rather than making it clear something happened. If the move is the same as the previous one, the user might think nothing happened at all, so please change that to give the user some feedback.

How you choose to do that is down to you. Change the background color to green for correct or red for wrong, then after half a second level up? Or perhaps hide all the UI and show a label saying “Correct!” or “Wrong!” for half a second, then leveling up? It’s down to you, just remember to stop the user from acting again until your delay is over!

	Project 9
Animation


	Animation: Setting up
We’re back to another technique project, and this time we’re going to be looking at something fast, beautiful, and really under-valued: animations. 

Animations are there for a few reasons, of which one definitely is to make our user interfaces look better. However, they are also there to help users understand what’s going on with our program: when one view disappears and another slides in, it’s clear to the user where the other view has gone to, which means it’s also clear where they can look to get it back.

In this technique project we’re going to look at a range of animations and transitions with SwiftUI. Some are easy – in fact, you’ll be able to get great results almost immediately! – but some require more thinking. All will be useful, though, particularly as you work to make sure your apps are attractive and help guide the users eyes as best as you can.

To get started, please create a new watchOS project using the App template, naming it Project9.

	Creating implicit animations
In SwiftUI, the simplest type of animation is an implicit one: we tell our views ahead of time “if someone wants to animate you, here’s how you should respond”, and nothing more. SwiftUI will then take care of making sure any changes that do occur follow the animation you requested. In practice this makes animation trivial – it literally could not be any easier.

Let’s start with an example: a simple red, circular button with no action. As you’ve seen in previous projects, watchOS has a very specific idea of what buttons should look like, but if we use .buttonStyle(.plain) for its style then we can customize it freely.

So, we could for example use SwiftUI’s padding() modifier with a fixed value of 50 to add 50 points of padding on all edges, then use clipShape() to make the button have a circular shape. We used the a rounded rectangle shape back in project 4, and here we can get a circle using the conveniently named .circle shape.

Put this in your body property to try it out:

Button("Tap Me") {
    // do nothing
}
.buttonStyle(.plain)
.padding(50)
.background(.red)
.foregroundStyle(.white)
.clipShape(.circle)

[image: 'Tap Me' in white on a large red circle.]

What we want is for that button to get bigger every time it’s tapped, and we can do that with a new modifier called scaleEffect(). You provide this with a value from 0 up, and it will be drawn at that size – a value of 1.0 is equivalent to 100%, i.e. the button’s normal size.

Because we want to change the scale effect value every time the button is tapped, we need to use an @State property.
So, please add this property to your view now:

@State private var animationAmount = 1.0

Now we can make the button use that for its scale effect, by adding this modifier after clipShape():

.scaleEffect(animationAmount)

Finally, when the button is tapped we want to increase the animation amount by 0.25, so use this for the button’s action:

animationAmount += 0.25

If you run that code you’ll see that you can tap the button repeatedly to have it scale up and up. It won’t get redrawn at increasingly high resolutions, so as the button gets bigger you’ll see it gets a bit blurry, but that’s okay.

[image: The red circle is now much larger, and exceeds the watch's screen. 'Tap Me' is also larger and slightly fuzzy.]

Now, the human eye is highly sensitive to movement – we’re extremely good at detecting when things move or change their appearance, which is what makes animation both so important and so pleasing. So, we can ask SwiftUI to create an implicit animation for our changes so that all the scaling happens smoothly by adding an animation() modifier to the button:

.animation(.default, value: animationAmount)

That asks SwiftUI for a default animation every time the animationAmount property changes, and immediately you’ll see that tapping the button now causes it to scale up with an animation.

That implicit animation takes effect whenever animationAmount changes, meaning that if we attach more animating modifiers to the view then they will all change together. For example, we could add a second new modifier to the button, .blur(), which lets us add a Gaussian blur with a special radius – put this below scaleEffect():

.blur(radius: (animationAmount - 1) * 3)

A radius of (animationAmount - 1) * 3 means the blur radius will start at 0 (no blur), but then move to 3 points, 6 points, 9 points, and beyond as you tap the button. If you run the app again you’ll see that it now scales and blurs smoothly.

[image: 'Tap Me' and the circle are large and slightly blurry.]

The point is that nowhere have we said what each frame of the animation should look like, and we haven’t even said when SwiftUI should start and finish the animation. Instead, our animation gets calculated automatically so that SwiftUI moves between the states we provide.

	Customizing animations in SwiftUI
When we attach the modifier .animation(.default, value: animationAmount) to a view, SwiftUI will automatically animate any changes that happen to that view using whatever is the default system animation. In practice, that is an “ease in, ease out” animation, which means iOS will start the animation slow, make it pick up speed, then slow down as it approaches its end.

We can control the type of animation used by passing in different values to the modifier. For example, we could use .easeOut to make the animation start fast then slow down to a smooth stop:

.animation(.easeOut, value: animationAmount)

There are even spring animations, that cause the movement to overshoot then return to settle at its target. You can control the initial stiffness of the spring (which sets its initial velocity when the animation starts), and also how fast the animation should be “damped” – lower values cause the spring to bounce back and forth for longer.

For example, this makes our button scale up quickly then bounce:

.animation(.interpolatingSpring(stiffness: 50, damping: 1), value: animationAmount)

For more precise control, we can customize the animation with a duration specified as a number of seconds. So, we could get an ease-in-out animation that lasts for two seconds like this:

struct ContentView: View {
    @State private var animationAmount = 1.0

    var body: some View {
        Button("Tap Me") {
            animationAmount += 0.25
        }
        .buttonStyle(.plain)
        .padding(50)
        .background(.red)
        .foregroundStyle(.white)
        .clipShape(.circle)
        .scaleEffect(animationAmount)
        .blur(radius: (animationAmount - 1) * 3)
        .animation(.easeInOut(duration: 2), value: animationAmount)
    }
}

When we say .easeInOut(duration: 2) we’re actually creating an instance of an Animation struct that has its own set of modifiers. So, we can attach modifiers directly to the animation to add a delay like this:

.animation(.easeInOut(duration: 2).delay(1), animation: animationAmount)

With that in place, tapping the button will now wait for a second before executing a two-second animation.

We can also ask the animation to repeat a certain number of times, and even make it bounce back and forward by setting autoreverses to true. This creates a one-second animation that will bounce up and down before reaching its final size:

.animation(.easeInOut(duration: 1).repeatCount(3, autoreverses: true), value: animationAmount)

If we had set repeat count to 2 then the button would scale up then down again, then jump immediately back up to its larger scale. This is because ultimately the button must match the state of our program, regardless of what animations we apply – when the animation finishes the button must have whatever value is set in animationAmount.

For continuous animations, there is a repeatForever() modifier that can be used like this:

.animation(.easeInOut(duration: 1).repeatForever(autoreverses: true), value: animationAmount)

We can use these repeatForever() animations in combination with onAppear() to make animations that start immediately and continue animating for the life of the view.

To demonstrate this, we’re going to remove the animation from the button itself and instead create an overlay over the button to make a sort of pulsating circle effect. We can make the overlay scale up using scaleEffect(), but also add in a new modifier called opacity() to make it fade out over time.

So, first add this overlay() modifier to the button:

.overlay(
    Circle()
        .strokeBorder(.red)
        .scaleEffect(animationAmount)
        .opacity(2 - animationAmount)
)

That makes a stroked red circle over our button, using an opacity value of 2 - animationAmount so that when animationAmount is 1 the opacity is 1 (it’s opaque) and when animationAmount is 2 the opacity is 0 (it’s transparent).

Next, remove the scaleEffect() and blur() modifiers from the button and comment out the animationAmount += 0.25 action part too, because we don’t want that to change any more, and move its animation modifier up to the circle inside the overlay:

.overlay(
    Circle()
        .stroke(.red)
        .scaleEffect()
        .opacity(2 - animationAmount)
        .animation(.easeOut(duration: 1).repeatForever(autoreverses: false), value: animationAmount)
)

I’ve switched autoreverses to false, but otherwise it’s the same animation.

Finally, add an onAppear() modifier to the button, which will set animationAmount to 2:

.onAppear {
    animationAmount = 2
}

Because the overlay circle uses that for a “repeat forever” animation without autoreversing, you’ll see the overlay circle scale up and fade out continuously.

Your finished code should look like this:

Button("Tap Me") {
    // animationAmount += 0.25
}
.buttonStyle(.plain)
.padding(50)
.background(.red)
.foregroundStyle(.white)
.clipShape(.circle)
.overlay(
    Circle()
        .strokeBorder(.red)
        .scaleEffect(animationAmount)
        .opacity(2 - animationAmount)
        .animation(.easeOut(duration: 1).repeatForever(autoreverses: false), value: animationAmount)
)
.onAppear {
    animationAmount = 2
}

Given how little work that involves, it creates a remarkably attractive effect!

[image: The red circle is surrounded by a faint red ring, growing larger and fainter.]

	Animating bindings
The animation() modifier can be applied to any SwiftUI binding, which causes the value to animate between its current and new value. This even works if the data in question isn’t really something that sounds like it can be animated, such as a Boolean – you can mentally imagine animating from 1.0 to 2.0 because we could do 1.05, 1.1, 1.15, and so on, but going from “false” to “true” sounds like there’s no room for in between values.

This is best explained with some working code to look at, so here’s a view with a VStack, a Slider, and a Button:

struct ContentView: View {
    @State private var animationAmount = 1.0

    var body: some View {
        VStack {
            Slider(value: $animationAmount.animation(), in: 1...2, step: 0.2)

            Spacer()

            Button("Tap Me") {
                animationAmount = 1
            }
            .buttonStyle(.plain)
            .padding(40)
            .background(.red)
            .foregroundStyle(.white)
            .clipShape(Circle())
            .scaleEffect(animationAmount)
        }
    }
}

[image: Incrementing the stepper above the circular red button scales it up gradually.]

As you can see, the stepper can move animationAmount up and down, and tapping the button will reset it to 1 – they are both tied to the same data, which in turn causes the size of the button to change. However, tapping the button changes animationAmount immediately, so the button will just jump back to its original size. In contrast, the stepper is bound to $animationAmount.animation(), which means SwiftUI will automatically animate its changes.

Now, as an experiment I’d like you to change the start of the body to this:

var body: some View {
    print(animationAmount)

    return VStack {

Because we have some non-view code in there, we need to add return before the VStack so Swift understands which part is the view that is being sent back. But adding print(animationAmount) is important, and to see why I’d like you to run the program again and try manipulating the stepper.

[image: In the console is printed '1.0', '1.2', '1.4', and so on.]

What you should see is that it prints out 1.2, 1.4, 1.6, and so on. At the same time, the button is scaling up or down smoothly – it doesn’t just jump straight to scale 1.2, 1.4, and 1.6. What’s actually happening here is that SwiftUI is examining the state of our view before the binding changes, examining the target state of our views after the binding changes, then applying an animation to get from point A to point B.

This is why we can animate a Boolean changing: Swift isn’t somehow inventing new values between false and true, but just animating the view changes that occur as a result of the change.

These binding animations use the same animation() modifier that we use on views, so you can go to town with animation modifiers if you want to:

Slider(value: $animationAmount.animation(
    .easeInOut(duration: 1)
        .repeatCount(3, autoreverses: true)
), in: 1...2, step: 0.2)

These binding animations effectively turn the tables on implicit animations: rather than setting the animation on a view and implicitly animating it with a state change, we now set nothing on the view and explicitly animate it with a state change. In the former, the state change has no idea it will trigger an animation, and in the latter the view has no idea it will be animated – both work and both are important.

	Creating explicit animations
You’ve seen how SwiftUI lets us create implicit animations by attaching the animation() modifier to a view, and how it also lets us create animated binding changes by adding the animation() modifier to a binding, but there’s a third useful way we can create animations: explicitly asking SwiftUI to animate changes occurring as the result of a state change.

This still doesn’t mean we create each frame of the animation by hand – that remains SwiftUI’s job, and it continues to figure out the animation by looking at the state of our views before and after the state change was applied.

Now, though, we’re being explicit that we want an animation to occur when some arbitrary state change occurs: it’s not attached to a binding, and it’s not attached to a view, it’s just us explicitly asking for a particular animation to occur because of a state change.

To demonstrate this, let’s return to a simple button example again:

struct ContentView: View {   
    var body: some View {
        Button("Tap Me") {
            // do nothing
        }
        .buttonStyle(.plain)
        .padding(40)
        .background(.red)
        .foregroundStyle(.white)
        .clipShape(.circle)
    }
}

When that button is tapped, we’re going to make it spin around with a 3D effect. This requires another new modifier, rotation3DEffect(), which can be given a rotation amount in degrees as well as an axis that determines how the view rotates. Think of this axis like a skewer through your view:


	If we skewer the view through the X axis (horizontally) then it will be able to spin forwards and backwards.

	If we skewer the view through the Y axis (vertically) then it will be able to spin left and right.

	If we skewer the view through the Z axis (depth) then it will be able to rotate left and right.



Making this work requires some state we can modify, so please add this property now:

@State private var animationAmount = 0.0

Next, we’re going to ask the button to rotate by animationAmount degrees along its Y axis, which means it will spin left and right. Add this modifier to the button now:

.rotation3DEffect(.degrees(animationAmount), axis: (x: 0, y: 1, z: 0))

Now for the important part: we’re going to add some code to the button’s action so that it adds 360 to animationAmount every time it’s tapped.

If we just write animationAmount += 360 then the change will happen immediately, because there is no animation modifier attached to the button. This is where explicit animations come in: if we use a withAnimation() closure then SwiftUI will ensure any changes resulting from the new state will automatically be animated.

So, put this in the button’s action now:

withAnimation {
    animationAmount += 360
}

[image: The red button flips over twice, about its vertical axis.]

Run that code now and I think you’ll be impressed by how good it looks – every time you tap the button it spins around in 3D space, and it was so easy to write. If you have time, experiment a little with the axes so you can really understand how they work. In case you were curious, you can use more than one axis at once.

withAnimation() can be given an animation parameter, using all the same animations you can use elsewhere in SwiftUI. For example, we could make our rotation effect use a spring animation using a withAnimation() call like this:

withAnimation(.interpolatingSpring(stiffness: 5, damping: 1)) {
    animationAmount += 360
}

	Showing and hiding views with transitions
One of the most powerful features of SwiftUI is the ability to customize the way views are shown and hidden. Previously you’ve seen how we can use regular if conditions to include views conditionally, which means when that condition changes we can insert or remove views from our view hierarchy.

Transitions control how this insertion and removal takes place, and we can work with the built-in transitions, combine them in different ways, or even create wholly custom transitions.

To demonstrate this, here’s a VStack with a button and a red rectangle:

struct ContentView: View {
    var body: some View {
        VStack {
            Button("Tap Me") {
                // do nothing
            }

            Color.red
                .frame(width: 100, height: 100)
        }
    }
}

[image: A 'Tap Me' above a red square.]

We can make the rectangle appear only when a certain condition is satisfied. First, we add some state we can manipulate:

@State private var isShowingRed = false

Next we use that state as a condition for showing our rectangle:

if isShowingRed {
    Color.red
        .frame(width: 100, height: 100)
}

Finally we can toggle isShowingRed between true and false in the button’s action:

isShowingRed.toggle()

If you run the program, you’ll see that pressing the button shows and hides the red square. There’s no animation; it just appears and disappears abruptly.

[image: Just the 'Tap Me' button. The red square immediately disappears.]

We can get SwiftUI’s default view transition by wrapping the state change using withAnimation(), like this:

withAnimation {
    isShowingRed.toggle()
}

[image: The rectangle fades out, and the 'Tap Me' button glides downwards to the screen's center.]

With that small change, the app now fades the red rectangle in and out, while also moving the button up to make space. It looks okay, but we can do better with the transition() modifier. 

Important: In some versions of Xcode, you might find transitions don’t work fully in the live canvas preview – if what you see doesn’t match my description, you might need to run the code in the simulator.

For example, we could have the rectangle scale up and down as it is shown just by adding the transition() modifier to it:

Color.red
    .frame(width: 100, height: 100)
    .transition(.scale)

[image: Instead of fading away, the square shrinks into nothing.]

Now tapping the button looks much better: the rectangle scales up as the button makes space, then scales down when tapped again.

There are a handful of other transitions you can try if you want to experiment. A useful one is .asymmetric, which lets us use one transition when the view is being shown and another when it’s disappearing. To try it out, replace the rectangle’s existing transition with this:

.transition(.asymmetric(insertion: .scale, removal: .opacity))

[image: The square scales up when appearing, but fades away when disappearing.]

	Animation: Wrap up
This technique project started off easier, took a few twists and turns, and progressed into more advanced animations, but I hope it’s given you an idea of just how powerful – and how flexible! – SwiftUI’s animation system is. 

As I’ve said previously, animation is about both making your app look great and also adding extra meaning. So, rather than making a view disappear abruptly, can you add a transition to help the user understand something is changing?

Also, don’t forget what it looks like to be playful in your user interface. My all-time #1 favorite iOS animation is one that Apple ditched when they moved to iOS 7, and it was the animation for deleting passes in the Wallet app – a metal shredder appeared and cut your pass into a dozen strips that then dropped away. It only took a fraction of a second more than the current animation, but it was beautiful and fun too!

Challenges

Now that you have a better grasp of how animation works, I really encourage you to go back to a previous project and have some fun – add some animation anywhere that takes your interest!

	Project 10
iMove


	iMove: Setting up
Of all the possible uses for Apple Watch, by far the most popular is as a health device. Not only does it provide extremely accurate heart rate, calorie burn, and movement statistics, but it’s also a device that is literally attached to users and so stays with them all day.

In this project we’re going to make a workout app for watchOS. This might seem redundant because watchOS already ships with a workout app, but of course ours will offer a unique take so you’re not just creating something that already exists.

When I workout with my Apple Watch, usually cycling, I find the watchOS app hard to use. I’m trying to move, usually at a fairly fast pace, so when I glance down at my watch to see my status I don’t have time to focus on lots of details. Sadly, Apple’s own app tries to show me my time, speed, heart rate, and distance all on one screen, when often I care about only one of those values at a time.

In this app we’re also going to track heart rate, distance, and energy burned, but only show one at a time, and use a nice, big font. The user can tap their watch to change the currently displayed value, but it will still only show one. Along the way you’ll learn a lot about working with HealthKit on Apple Watch, but I’m also going to use this to demonstrate how we handle more advanced data management in SwiftUI.

Before we dive in, I should say that some parts of HealthKit are quite complex. This isn’t because Apple hates us – health is complex because people are complex, and there’s no neat hack to work around that. Don’t be discouraged, though: I’ve tried to organize things logically here so you get as smooth a learning curve as is possible. I can’t remove the complexity, but I can at least do my best to explain it thoroughly!

To get started, create a new project app using the App template, naming it Project10.

	Building the user interface
We don’t need a complex user interface for this project, but neither is it simple, so I want to spend a little time getting it right before turning to the bulk of the code.

Our Xcode template gave us ContentView.swift, which will be used to let the user configure their workout. Before we design the user interface, though, I want to create a second SwiftUI view to monitor the workout while it’s active.

So, go to the File menu and choose New > File, then choose SwiftUI View, naming it “WorkoutView”. We won’t touch that new view just yet – it’s just a placeholder for now. Instead, head back to ContentView.swift so we can lay down some basic user interface.

Our initial job will be to let users swipe through a list of workouts, then press a button to begin. HealthKit comes with a  massive list of built-in workout types it knows how to detect, and we can gain access to them all by adding one simple import at the top of ContentView.swift:

import HealthKit

We’re not going to support all possible activities here, but instead just a handful of the most popular: cycling, running, and wheelchair exercise. These need to be presented inside a single picker, pairing up their user-facing names (“Cycling”) with the internal HealthKit values (HKWorkoutActivityType.cycling).

Our human-readable names will be pretty much what you’d expect: “Cycling”, “Running”, and so on, but HealthKit’s names must all be values from the HKWorkoutActivityType enum: .cycling, .running, and more. There’s a huge list to choose from, including more unusual things such as .lacrosse, .curling, .highIntensityIntervalTraining, and pilates.

We could easily put each human-readable value together with its HealthKit equivalent using a dictionary, but dictionaries don’t have any order. That means our activities will be displayed in a seemingly random order, which wouldn’t be much fun for users if we added more in the future. Instead we’re going to create an array of tuples with each tuple having the human-readable name and the HealthKit activity type, thus storing both values together while preserving the correct order.

Add this property to ContentView now:

let activities: [(name: String, type: HKWorkoutActivityType)] = [
    ("Cycling", .cycling),
    ("Running", .running),
    ("Wheelchair", .wheelchairRunPace)
]

We need a second property that will track which of those activities is currently selected by the user, so add this now:

@State private var selectedActivity = 0

When it comes to starting a workout, we’re not going to write that code just yet – there’s more preparation we need first. However, we can at least add a simple check to make sure health data is actually available to us, all by checking the result of HKHealthStore.isHealthDataAvailable().

So, we can create our first pass at a body property, showing a picker and a button in a VStack:

VStack {
    Picker("Choose an activity", selection: $selectedActivity) {
        ForEach(0..<activities.count, id: \.self) { index in
            Text(activities[index].name)
        }
    }

    Button("Start Workout") {
        guard HKHealthStore.isHealthDataAvailable() else { return }
    }
}

[image: 'Choose an activity' in bold above a green-outlined picker currently set to 'Cycling'. Below is a 'Start Workout' button.]

You’re welcome to try it now if you want, but it won’t do much yet!

	Setting up permissions
It should come as no surprise that Apple considers user health data the most sensitive information in its care. As a result, we need to ask permission to use it twice – once for reading and once for writing – both with explanations of what we intend to do with the data.

HealthKit permission requests take three steps in total:


	Modify the target’s Info.plist file to explain why we want access.

	Register our app with Apple as using HealthKit.

	Write watchOS code to request authorization.



The first thing on that list is to explain why we need permission to read and write data from the health store, which is done by adding values to Info.plist. We haven’t used this file yet, but it’s effectively a description of settings for our app – configuration data that describes how the app works, rather its actual code.

Xcode hides the Info.plist file by default, so we need to edit it in our target’s settings. To do that, select Project10 from the project navigator, select “Project 10 Watch App” from the list of targets, then select the Info tab. Once you’re there:


	Right-click on an existing row of data and choose Add Row.

	Look through the list of options until you find “Privacy - Health Share Usage Description”, which is the key we need to add in order to read health data.

	Give it the value “We read your health data during workouts”, which will be displayed to users.

	Now add another row, this time choosing the key “Privacy - Health Update Usage Description”, and give it the value “We need to save your completed workouts”.



[image: The keys entered under Project10 > Project10 Watch App > Info.]

Now that we’ve explained what we intend to do with the data, the second step is to register our request with Apple directly. Go to the Signing & Capabilities tab (look to the left of the Info tab you’re already on), press the “+ Capability” button, and add HealthKit.

[image: The 'Capabilities' menu showing 'HealthKit'.]

The third permission step is the most complicated, because we need to list precisely what health data we want to read and write. Unlike most other permission requests, health permissions are fine-grained: you request access to single, specific information points, such as being able to read heart rate or energy burned. Even how far the user has moved is divided into multiple categories: how far they ran, how they swam, how far they cycled, and so on.

Part of the reason this is complicated is that HealthKit can’t talk to SwiftUI views directly, because HealthKit was built using the older Objective-C language and doesn’t understand how to talk to structs. Of course, this just gives me the perfect reason to show you more features of SwiftUI: how to use it to build complex data models.

All the program state we’ve been tracking so far has used the @State property wrapper, because it’s all been simple value types such as Booleans, integers, and arrays. But here we’re going to make a wholly separate class to manage our data, so that it can be shared between ContentView and WorkoutView, while also processing updates from HealthKit and sending them on to SwiftUI.

Let’s just dive in, because it’s probably easier seeing things in action than me writing a few thousand words of explanation!

First, I’d like you to create a new Swift file called DataManager.swift. This will be the data type responsible for handling our actual workout – it won’t render anything, just handle data coming and going. However, because it will make extensive use of HealthKit it’s important you add the same import here too:

import HealthKit

This is going to end up with quite a few properties so that it can monitor workout data, but for now we’ll start small: 


	A nested enum that determines whether our workout is inactive, active, or paused. We’ll use for this a property, with the default value of inactive.

	An instance of HKHealthStore, which we’ll use to to request permissions and save data.

	An instance of HKWorkoutSession, which will track the workout that’s active right now.

	An instance of HKLiveWorkoutBuilder, which is Apple’s convenience API for tracking live workout data.

	A property to track the activity type the user selected. We’ll make this default to cycling, but later on it will be set to whatever they selected in ContentView.



Start by adding this code to DataManager:

class DataManager {
    enum WorkoutState {
        case inactive, active, paused
    }

    var healthStore = HKHealthStore()
    var workoutSession: HKWorkoutSession?
    var workoutBuilder: HKLiveWorkoutBuilder?

    var activity = HKWorkoutActivityType.cycling

    var state = WorkoutState.inactive
}

And now we can write a method that will start the process of creating a workout. This is where we head back to the world of permissions, because we need to use our new HKHealthStore to explicitly request access to all the data we want:


	The user’s heart rate.

	The amount of energy they have burned so far.

	The distance they have travelled.



That last one is actually subdivided into cycling, walking and running, and wheelchair, so we need to request them all so that our activity picker works correctly.

When we request permission for those things, watchOS will show a sheet to the user with the description string we added to Info.plist, plus options for the user to choose what they want to share. This will take them a little time to read and act on, but when they finally allow permission our code will resume, at which point we can start our workout. Of course, if they don't allow permission, our code will throw up an error.

Doing this correctly takes three important markers in our code:


	We need to mark the method as being async, which is Swift's way of saying "this code might need to sleep while something else is happening." In our case, that "something else" is the user reading our permissions dialog.

	Any code that might cause a sleep to happen needs to be marked with await. Swift already knows that code might cause a sleep to happen, so this keyword is really a signal for humans that some indefinite amount of time might pass between that line of code and following code.

	Any code that runs asynchronously might be running on the main actor, which is the name given to the place where SwiftUI updates its UI code. However, might isn't good enough: if we're making changes to values that are shown in the UI, we should mark that code using @MainActor so that it definitely runs on the main actor, otherwise it might cause crashes or data inconsistencies.



We can wrap all this behavior up in a single method for DataManager:

func start() async throws {
    let sampleTypes: Set<HKSampleType> = [
        .workoutType(),
        .quantityType(forIdentifier: .heartRate)!,
        .quantityType(forIdentifier: .activeEnergyBurned)!,
        .quantityType(forIdentifier: .distanceCycling)!,
        .quantityType(forIdentifier: .distanceWalkingRunning)!,
        .quantityType(forIdentifier: .distanceWheelchair)!
    ]

    try await healthStore.requestAuthorization(toShare: sampleTypes, read: sampleTypes)
    try await self.beginWorkout()
}

@MainActor
private func beginWorkout() async throws {

}

Notice I slipped in a little beginWorkout() method stub so that we have something to call when authorization succeeds – that's marked @MainActor because it's where we'll be changing the state of our app. It’s empty for now, but we’ll fill it in soon…

	Reading live data from HealthKit
For as long as our workout is in progress we want to continue receiving live data from watchOS about how our user is doing. This is done using a workout builder: we tell it the activity we want to perform and whether it’s taking place indoors or outdoors, then tell it to start an activity and collect data for us.

That’s the easy part. The harder part is how HealthKit sends data back to us, because it uses a system known as delegation that is second nature to anyone who has built Swift apps outside of SwiftUI, but quite alien to SwiftUI-only developers.

Programming delegation works much like real-world delegation. If I hire you to join my programming team and delegate some of my tasks to you, it means I’m asking you to take responsibility for those tasks – you might have to program them yourself, you might have to attend meetings, or write emails, and so on.

In Swift, delegation is the process of one piece of code responding or taking action on behalf of another. This is how HealthKit works: we already made properties to store a HKWorkoutSession and a HKLiveWorkoutBuilder, and very soon these will start generating data such as “the workout began”, or “the user’s heart rate is 120bpm.” But the workout session and workout builder don’t actually care about that data – they are there to manage the workout, not process the data, so instead they want us to provide a delegate they can send the information to.

That’s enough information – let’s get into the code.

We’re going to fill in the beginWorkout() method step by step, starting by telling it what our activity actually is.

Add this code to the method now:

@MainActor
private func beginWorkout() async throws {
    let config = HKWorkoutConfiguration()
    config.activityType = activity
    config.locationType = .outdoor

    // more code to come
}

Next we need to create our workout session and workout builder: one tracks the workout starting, pausing, resuming, and ending, and the other is responsible for reporting live statistics during the workout and also saving it at the end.

All these HealthKit objects make a chain, so they are created from each other:


	We already created a health store back when we were making our properties, and this is the actual database where information is stored.

	We use that health store to make a workout session, passing in the configuration we just made – an activity, and a location type – so that the watch’s sensors can be calibrated correctly.

	That workout session can then provide us with the correct workout builder for its configuration.

	Finally, we link that workout builder back to the health store, so it’s able to save information.



Creating a workout session might fail if you pass in an invalid configuration, but this whole method is marked throws so that errors can bubble upwards to be handled elsewhere. We aren’t going to handle the errors here, but in your projects showing some sort of sheet with an error message would be sensible.

Replace the // more code to come comment with this:

workoutSession = try HKWorkoutSession(healthStore: healthStore, configuration: config)
workoutBuilder = workoutSession?.associatedWorkoutBuilder()       
workoutBuilder?.dataSource = HKLiveWorkoutDataSource(healthStore: healthStore, workoutConfiguration: config)

// even more code to come

At this point all our objects are created and configured, and it’s now time for that delegation I mentioned earlier – we want both our workout session and our workout builder to report their information to our DataManager class, so we can process it appropriately.

In theory this takes just two lines of code – put these two where the // even more code to come comment is:

workoutSession?.delegate = self
workoutBuilder?.delegate = self

However, as soon as you do that Xcode will throw up errors, such as “cannot assign value of type DataManager to type HKWorkoutSessionDelegate?”. If we translate that into the way normal people speak, it really means “if you want to be the delegate for those two things, you need to conform to some protocols.”

This is where things start to get a bit hairy, because conforming to the protocols takes some work. Rather than go off into tangent after tangent, we’ll adopt a JEEP approach – we’ll make Just Enough Essential Parts to let us continue, then fill in the gaps later.

Start by adding protocol conformances for HKWorkoutSessionDelegate and HKLiveWorkoutBuilderDelegate by modifying your class definition like this:

class DataManager: HKWorkoutSessionDelegate, HKLiveWorkoutBuilderDelegate {

Rather than solving the problem, that just introduces new problems. You see, in order to act as those two HealthKit delegates, we must make our class inherit from another class called NSObject. In Objective-C, this is the root class from which all other classes must inherit, and because HealthKit was written in Objective-C that means we need to play by Objective-C’s rules.

So, we need to adjust our class again to put NSObject before the list of protocol conformances, like this:

class DataManager: NSObject, HKWorkoutSessionDelegate, HKLiveWorkoutBuilderDelegate {

That’s a little closer, but you’ll still see errors in Xcode. The problem now is that we’re saying DataManager conforms to those two protocols, but in order to actually conform to those protocols for real we must implement four methods with very specific signatures – that means the correct name, parameters, and return types.

The reason these methods must be named exactly right is because they need to be called by HealthKit – it needs to pass in exactly the right kind of data, otherwise the whole process won’t work.

However, that’s not even the most confusing thing here. You see, one of the interesting quirks about Objective-C is that although it had parameter labels like Swift does, the first parameter was always unnamed. The second and subsequent parameter names were labeled, and in fact the second parameter name was often the one that told you what the method was really doing.

We’re not going to implement these methods now, but we do at least need to add method stubs to make our code compile. So, add these now:

func workoutSession(_ workoutSession: HKWorkoutSession, didChangeTo toState: HKWorkoutSessionState, from fromState: HKWorkoutSessionState, date: Date) {

}

func workoutSession(_ workoutSession: HKWorkoutSession, didFailWithError error: Error) {

}

func workoutBuilder(_ workoutBuilder: HKLiveWorkoutBuilder, didCollectDataOf collectedTypes: Set<HKSampleType>) {

}

func workoutBuilderDidCollectEvent(_ workoutBuilder: HKLiveWorkoutBuilder) {

}

If that’s your first time seeing Objective-C-style delegate code, yes: those first two methods do indeed have the same name, and can only be told apart because of the parameters they take. 

Warning: If you don’t type those method stubs exactly right your code will not compile. This would be a great time to use copy and paste, but you can also try clicking on the error in Xcode and using its “Fix” button – that often does a good job, although you might need to use it more than once.

Anyway, that completes our JEEP work, because our code now compiles again. This means we can return to the beginWorkout() method and finish it off.

At this point we have created and configured our workout session and our workout builder, so now all that remains is to tell the session that we’re starting now, and ask the workout builder to start sending data our way.

Both of those steps want to be told when the activity started, so we’ll using the current date to mean “it started now.”  

Add this directly below the two delegate = self lines in beginWorkout():

workoutSession?.startActivity(with: .now)
try await workoutBuilder?.beginCollection(at: .now)

state = .active

At last, that’s the first pass of our data manager class complete, and so we can at last start to put it to use.

This takes four small steps. First, in ContentView we need to create an instance of the class and tell SwiftUI to watch it. So, add this property to ContentView:

@State var dataManager = DataManager()

Second, in order to use @State with a class, we must make that class use an important Swift attribute called @Observable. This is another macro, which means it rewrites our code at build time to add extra functionality. In this case, the name of this macro describes exactly what it does: it makes this object into one that can be observed by something like SwiftUI, so that when any changes happen SwiftUI knows to refresh any views that use it.

Unlike with the HealthKit delegates, there are no onerous requirements to adding @Observable, so just modify the definition of DataManager to this:

@Observable
class DataManager: NSObject, HKWorkoutSessionDelegate, HKLiveWorkoutBuilderDelegate {

The third change is to adjust the body of ContentView so that if the data manager workout state is inactive we show our existing UI, otherwise we show the workout view.

Change body to this:

var body: some View {
    if dataManager.state == .inactive {
        VStack {
            Picker("Choose an activity", selection: $selectedActivity) {
                ForEach(0..<activities.count, id: \.self) { index in
                    Text(activities[index].name)
                }
            }

            Button("Start Workout") {
                guard HKHealthStore.isHealthDataAvailable() else { return }
            }
        }
    } else {
        WorkoutView()
    }
}

Finally, we need to adjust the Start Workout button so that it actually configures and starts the workout. This needs to run our asynchronous start() method, which means placing it inside a new task like this:

Button("Start Workout") {
    guard HKHealthStore.isHealthDataAvailable() else { return }

    Task {
        dataManager.activity = activities[selectedActivity].type

        do {
            try await dataManager.start()
        } catch {
            // handle errors here
        }
    }
}

Go ahead and run the app, and see what you think! When you press Start Workout you’ll be prompted to review the requested health settings, so please make sure All Requested Data Below is enabled, then press Next and enable All Requested Data Below again, and finally press Done.

[image: The HealthKit approval flow, from 'Review', hopefully granting 'All Requested Data Below', 'Next', and finally 'Done'.]

Once that finishes, your workout should start – nice!

[image: 'Hello, World!' shows, indicating our workout has started.]

	Updating our user interface
We’ve jumped through a lot of hoops to configure HealthKit permissions, create a live workout session, and get it running. This leads us to the main point of this app: once a workout is running, we need to watch for information coming in from HealthKit and update our user interface appropriately.

We already have a property that allows our app to move between inactive and active workout states, but I want to add three more so that we can track important statistics that come in from HealthKit:

Please add these three now:

var totalEnergyBurned = 0.0
var totalDistance = 0.0
var lastHeartRate = 0.0

We’ll use that to display calories burned, kilometers traveled, and heart rate in beats per minute, although at any given time only one will be visible so the user can just glance down and see their most important information.

All this will be controlled through WorkoutView, so let’s start by defining an enum that controls which piece of data is visible, and using it in a property. Please add these two to WorkoutView now:

enum DisplayMode {
    case distance, energy, heartRate
}

@State private var displayMode = DisplayMode.distance

Next we’re going to create a computed property that will show the correct value for the workout, but in order to do that we need access to our DataManager object. We don’t want to create another one, because then we would have two workouts trying to compete, so really what we want is to share the same one that was created in ContentView.

To do that, we just need to add this property to WorkoutView:

var dataManager: DataManager

To make your code compile you’ll need to adjust your preview code so that it sends in a placeholder data manager instance:

#Preview {
    WorkoutView(dataManager: DataManager())
}

You will also need to change the way WorkoutView is created in ContentView, so that it passes in the same data manager object to be used:

} else {
    WorkoutView(dataManager: dataManager)
}

Now we can return to the computed property I mentioned, which will show the current value including units for the work out. This will switch on the displayMode property to decide what to show, but we’re going to do something clever: we’re going to use a new data type called Measurement that stores a value in distance, length, energy, temperature, or pretty much anything else you can measure, and automatically formats it using the best units for the user.

So, for example we’re going to create a measurement to track how far the user has moved in kilometers, but we’ll let the system determine how to display that – it might be meters for small values, kilometers for longer values, or even miles if that matches the user’s region. 

Add this computed property now:

var quantity: String {
    switch displayMode {
    case .distance:
        let amount = Measurement(value: dataManager.totalDistance / 1000, unit: UnitLength.kilometers)
        return amount.formatted(.measurement(width: .abbreviated, usage: .road))

    case .energy:
        let amount = Measurement(value: dataManager.totalEnergyBurned, unit: UnitEnergy.kilocalories)
        return amount.formatted(.measurement(width: .abbreviated, usage: .workout))

    case .heartRate:
        return "\(Int(dataManager.lastHeartRate)) BPM"
    }
}

As you can see, for the first two we create a Measurement object and then convert that to a string using the formatted() method of our amount. In both cases I’ve provided a usage parameter that helps describe to the system exactly what we’re trying to do – it won’t show inches for distance or kilowatt hours for energy, for example. For the third case I’m rounding the number to an integer then adding BPM for the end – short for “beats per minute.”

Of course, we also need a way to move between those display modes when the user wants, and we can do that with a simple method that moves to the next display mode every time it’s called:

func changeDisplayMode() {
    switch displayMode {
    case .distance:
        displayMode = .energy
    case .energy:
        displayMode = .heartRate
    case .heartRate:
        displayMode = .distance
    }
}

Wrapping up most of our logic in a computed property and a method is important, because it takes nearly all the work out of our body – we can focus on what should be shown, rather than how to calculate its contents.

Although we don’t have any functionality beyond changing the display mode, we can at least build a UI that shows our workout quantity, changing the display mode when it’s tapped, and also show buttons to stop, resume, and end workouts – we’ll just pass empty closures to the buttons for now. Replace your current body property with this:

VStack {
    Text(quantity)
        .font(.largeTitle)
        .onTapGesture(perform: changeDisplayMode)

    if dataManager.state == .active {
        Button("Stop", action: {})
    } else {
        Button("Resume", action: {})
        Button("End", action: {})
    }
}

[image: Our workout view now shows a measurement '0ft' above a 'Stop' button.]

Although the buttons don’t do anything yet, that at least gives our workout view more that enough functionality to show all the HealthKit data that we want.

However, we don’t actually have any data yet – all that work we did to make DataManager the delegate for HealthKit’s workout session and workout builder only mean that it will be sent the data, but we aren’t doing any work to support it.

If you remember, we added four method stubs that were required by HealthKit. These were each methods with very precise signatures – method name, parameter names and types, and return value – so that HealthKit could call them whenever data came in. 

These methods were:


	One that will be called when the workout session changes state, called workoutSession(_:didChangeTo:from:date:).

	One that will be called when something something went wrong while our workout was active, called workoutSession(_:didFailWithError:).

	One that will be called when our workout builder receives some data, called workoutBuilder(_:didCollectDataOf:).

	One that will be called when the workout builder received an event, such as a lap while running, called workoutBuilderDidCollectEvent(_:).



To make our app useful, we only need to fill in the third one for now – to do something when we’re sent workout data. The method name is super long, so I’ll be calling it simply didCollectDataOf!

This method will be handed a set of HKSampleType, telling us what kind of data was received. There will be at least one item in the set, but there might also be several at the same time, so we’ll need to write a loop to go over each them and process them individually.

Inside the loop we need to do two important things in order to figure out what kind of data we have: convert it from an HKSampleType into a HKQuantityType, then ask our workout builder for all the statistics it has for that data. The former is as simple as a type cast, and the latter can be retrieved using the statistics(for:) method on our workout builder. If either of those fail, we can move to the next sample type to try again.

If both succeed, then we can start to read out the data, but that’s a whole other piece of work. All that matters this moment is that didCollectDataOf will be called on a background thread: we’ll shortly be writing code to change our properties, which in turn will cause our UI to update, which means this needs our statistics processing needs to be done on the main thread.

So, start by modifying didCollectDataOf to this:

func workoutBuilder(_ workoutBuilder: HKLiveWorkoutBuilder, didCollectDataOf collectedTypes: Set<HKSampleType>) {
    for type in collectedTypes {
        guard let quantityType = type as? HKQuantityType else { continue }
        guard let statistics = workoutBuilder.statistics(for: quantityType) else { continue }

        Task { @MainActor in
            // more code to come
        }
    }
}

In place of that // more code to come comment we need to write a switch block that will look for the three specific quantity types we care about: a heart rate, active energy burned, and some sort of distance.

We’ll tackle these individually, which will cause your code to error because our switch block won’t have a default case until the end – don’t worry when you see an error!

Starting with the heart rate, we need to ask the system to provide us the count of the heart rate (how fast the user’s heart is actually beating), but in this case we’re going to ask for it divided into minutes because beats per minute is the standard measurement here. In HealthKit, this is done by creating the unit first – “I want a count per minute” – then reading the most recent quantity for that unit.

Add this initial switch block in place of the // more code to come comment:

switch statistics.quantityType {
case HKQuantityType.quantityType(forIdentifier: .heartRate):
    let heartRateUnit = HKUnit.count().unitDivided(by: .minute())
    self.lastHeartRate = statistics.mostRecentQuantity()?.doubleValue(for: heartRateUnit) ?? 0
}

Notice how we need to provide a default value for the heart rate, just in case there are no readings yet.

Next is the number of calories burned, and this time rather than asking for the most recent quantity we instead want to ask for the sum quantity – the total number of kilocalories burned in the entire workout so far. Again, this might not have a value yet so we’ll provide a default value 0.

Add this second case to below the previous one:

case HKQuantityType.quantityType(forIdentifier: .activeEnergyBurned):
    let value = statistics.sumQuantity()?.doubleValue(for: .kilocalorie()) ?? 0
    self.totalEnergyBurned = value

Finally, if we receive any other kind of reading then it must be one of the distance types we asked for. We don’t actually care which one it is because our UI doesn’t distinguish between them, so we can just read out the sum quantity and store it in totalDistance.

Add this default case below the previous one:

default:
    let value = statistics.sumQuantity()?.doubleValue(for: .meter())
    self.totalDistance = value ?? 0

I know this has taken an awful lot of work to get this far, but at long last we have an app that actually works – if you run it now and start a workout you’ll see that data starts to trickle in after a few seconds, and if you tap the screen you can move between each of our three statistics.

Tip: You should use the simulator for this, because HealthKit will automatically send back example data so you can see things working.

[image: With sample data, our workout view now shows measurements like '70ft'.]

Don’t worry that the End button doesn’t work yet – that’s our final step!

	Handling state changes
At this point you’re probably starting to tire of HealthKit, but please stick with it: we’re almost done with this app!

At this point we’re configuring a workout, starting it, reading data from HealthKit, and updating the user interface to reflect the data we received – that’s quite a lot! However, we still need to handle pausing, resuming, and ending the workout, and reflecting all that inside our UI.

The first step in this process is adding three simple methods to our data manager, all of which call an identical method on our workout session. This might seem like a pointless step, but it’s never a smart idea to let internal data start leaking out of your data model – if one of our views needs to call methods on a property in the data manager it probably means something has gone wrong, and you should consider hiding it.

Anyway, start with these methods in DataManager:

func pause() {
    workoutSession?.pause()
}

func resume() {
    workoutSession?.resume()
}

func end() {
    workoutSession?.end()
}

We can start using those immediately in WorkoutView, by connecting up to the relevant button actions:

if dataManager.state == .active {
    Button("Stop", action: dataManager.pause)
} else {
    Button("Resume", action: dataManager.resume)
    Button("End", action: dataManager.end)
}

Next, we need a method that will save our workout data once it has finished. This is not about saving the properties we made to store heart rate, calories, and distances, because HealthKit will actually do that for us – it will store its own full set of data automatically, and with full accuracy.

Instead, this is just about telling the workout builder to stop collecting data, and to finish the workout. So, add this method to DataManager now:

@MainActor
private func save() async throws {
    try await workoutBuilder?.endCollection(at: .now)
    try await workoutBuilder?.finishWorkout()

    state = .inactive
}

With that in place we have just one final piece of code to write, which is the didChangeTo method. This is called whenever the state of our workout changes, which will happen when the workout starts, pause, resumes, or ends. 

There are three state changes we care about:


	When a workout is running we already set the state to be .active, which is what transitions our UI to WorkoutView rather than ContentView. But this same set change will happen when we resume a workout – when we go from being paused to being active again – so we need to set our state back to .active when that happens.

	When the workout is paused we’ll set our own state to paused, because that will show different buttons in WorkoutView.

	When the workout ends, we’ll call our save() method.



If any other state happens we can safely do nothing, because we don’t care.

As with other code that sets our user-facing properties, we should do all this work on the main thread so that our user interface is updated safely.

So, put this into your didChangeTo method:

Task { @MainActor in
    switch toState {
    case .running:
        self.state = .active

    case .paused:
        self.state = .paused

    case .ended:
        try await self.save()

    default:
        break
    }
}

That final piece of code connects everything at last, so that we can now transition smoothly through a complete workout – good job!

	iMove: Wrap up
You should pat yourself on the back for completing this one – HealthKit is easily the most complicated part of building watchOS apps, and you’ve successfully navigated through a lot of dense code.

That being said, this app has put you in a strong position to start writing your own health-related watchOS apps. You now have all the infrastructure you need to configure, start, monitor, and save workouts, so it’s surprisingly easy to add more from here to reflect your own ideas.

Please do try to remember that health data is extremely sensitive. It is not enough to stick to the letter of Apple’s rules by asking for permissions and putting text in your property list, because you also need to abide by the spirit – please keep any data you receive private unless the user explicitly consents.

Challenges

I used a picker for the activity types to give you a little more practice, but it does slow down our user interface quite a bit. Can you try rewriting the workout selection screen so that it uses a list? This would allow the user to find their desired workout type much faster, which helps reduce frustration.

Right now our code saves the workout to HealthKit as soon as it ends. Can you modify this so that users get an alert asking whether they want to save or discard it?

	Project 11
ColorSpin


	ColorSpin: Setting up
For our last game project we’re going to do something quite different: we’re going to use SpriteKit. This is Apple’s high-performance 2D games framework that reigns supreme on iOS and tvOS, but it’s also available for us to use on watchOS too.

To give you as much SpriteKit experience as possible in one project, we’re going to make a complete game, right on the watch. Even better, it’s a game that is uniquely well suited to the watch because the player controls the game using the Digital Crown. Along the way you’ll also learn about physics, animations, and gesture recognizers, so this should be a pretty packed project.

But there’s a catch: SpriteKit is entirely separate from SwiftUI – literally everything is different, with zero code or techniques shared between the two.

The game itself is simple: the player controls a circle in the middle of the screen that shows four colors. Every few seconds, a colored ball is created on one screen edge, and moves towards the player’s circle, and it’s their job to turn the circle using the Digital Crown to make sure each ball hits its matching color.

So, if a red ball hits the red part of the player that’s them scoring a point, but if a blue ball hits the green part of the player that’s game over.

If you don’t quite understand yet, it will become clear soon enough. Create a new watchOS project using the App template, name it Project11.

	Showing a SpriteKit scene
SwiftUI does a great job of letting us build fast and powerful apps for watchOS, but it’s not really designed for games. For that we need to turn to SpriteKit, which has a wholly separate API from SwiftUI, and so our first job is to get a simple SpriteKit game scene visible inside our app.

To get started, we’re going to create a new game scene that will eventually host all the logic for our game. For now it will be simple, though, because our job is just to get SpriteKit and SwiftUI playing together nicely.

So, go to the File menu and choose New > File. Select watchOS from the tabs at the top, then select WatchKit Class. You’ll be asked to provide a class name and a subclass, so I’d like you to enter “SKScene” in the Subclass Of box, and “GameScene” for Class. Press Next then Create, and Xcode should open the new file for you.

Now, cunningly enough just adding that new file will cause Xcode to show errors. This is because we’ve made our new GameScene class build on SKScene, which is the base class for showing SpriteKit scenes, but Xcode doesn’t know what SKScene means. If you look at the top of GameScene.swift (it should have been opened for editing automatically), you’ll see this:

import WatchKit

SpriteKit is separate to WatchKit, so Xcode literally has no idea what SKScene means until we import the SpriteKit framework. So modify that import line to this:

import SpriteKit
import WatchKit

Boom! The error should go away.

We don’t need a lot of code in this file for now, but we do need to set the background color to blue so we can see everything has worked. You’ve already met the onAppear() modifier in SwiftUI, which is called when the view has been shown and you can do any immediate work. Well, in SpriteKit the equivalent is called sceneDidLoad(), so add this method to GameScene.swift now:

override func sceneDidLoad() {
    backgroundColor = .blue
}

That might look like you’re using SwiftUI’s blue color, but that .blue is actually UIColor.blue – the older color system that comes from UIKit. Now, I know I said I’d be using WatchKit to wrap SpriteKit here, but WatchKit takes large parts of its API from iOS’s UIKit rather than remaking it. (In case you were wondering, there are many other “kit” APIs out there from Apple!)

That’s it – we’ll come back and change the game scene soon enough, though.

Our last task is to create and show the game scene from ContentView.swift. This takes just two steps: creating a property to create and configure our game scene, then placing that in our SwiftUI view hierarchy using SpriteKit’s SpriteView to bring together the SpriteKit and SwiftUI worlds.

First, add an import SpriteKit to the top of ContentView.swift so we get access to SpriteKit there too.

Second, add this property to ContentView so that we create a game scene:

@State private var scene: GameScene = {
    let scene = GameScene()
    scene.size = CGSize(width: 300, height: 400)
    scene.anchorPoint = CGPoint(x: 0.5, y: 0.5)
    scene.scaleMode = .resizeFill
    return scene
}()

Tip: That creates the game scene only once and stores it in the scene property. This is important for later on when we bring in the Digital Crown, because if we aren’t careful SwiftUI will recreate the game scene very time the Digital Crown is moved!

The width and height there are just example values, because the .resizeFill scale mode will automatically resize the scene to match however much space we have in the watch view. The anchorPoint property is a useful one, because it determines how we position things inside the game – X:0.5 Y:0.5 means “position things from the center”, as opposed to the top-left corner for example.

And third, we need to place our game scene into the body property of our view, like this:

NavigationStack {
    SpriteView(scene: scene)
        .ignoresSafeArea()
}

Tip: I’ve included a NavigationStack there so we can add a title later on.

That’s it! Press Cmd+R to build and run your code. Don’t expect to be too impressed: if everything has worked you should see a large blue square and nothing else. However, that blue square shows that SpriteKit was set up correctly, so we can get on to the interesting stuff!

[image: An unimpressive blue square.]

	Controlling the player
I want to get straight into the most important part of this game: creating a player, then using the Digital Crown to control it.

I’ve already created some artwork ready for you to use, and you should find it in the Project11-Files folder that you received with this book. In Xcode, open Assets.xcassets then drag all the Project11-Files pictures into the asset catalog.

SpriteKit is built around the concept of nodes, which is an item in your game. All nodes have a parent specifying who their belong to, and all nodes have a position specifying where they are placed in their parent. Nodes that you want to show – which is most if not all of them – should ultimately have our game scene as their parent. Think of it like a tree hierarchy: one scene might have 10 nodes inside it, each of which have 10 nodes inside them, and so on.

This matters in our game because our player node isn’t just one thing. Instead, the player is represented as four arcs of different colors, all working together to represent the player. When we spin the Digital Crown, we want all four colors to spin together as one around the center of the group, rather than spinning individually around their own centers.

What we need to do is create a SpriteKit node for our player, then make that the parent of our four color nodes. We can then rotate the main player node and have all its children move automatically.

Open GameScene.swift and give it this property:

let player = SKNode()

That uses the basic node type SKNode. This doesn’t have any visual representation itself, but is great for holding other things.

Now it’s time to create the four player pieces that will sit inside the main player node. I have provided four images to use, and each one will be created the same way:


	Load the correct image from disk, e.g. “playerRed”.

	Give it the same name as its color.

	Add it to the player node.



All three of those steps are new, so let me break it down a little.

First, SKNode is great for grouping things together, but because it doesn’t have its own visual representation it’s useless for drawing images to the screen. For that, SpriteKit has a specific node type called SKSpriteNode that has a position and parent but also an image – it draws things to the screen.

Loading SKSpriteNode from our asset catalog is similar to loading a UIImage; we can write this:

let component = SKSpriteNode(imageNamed: "playerRed")

Once we have a sprite loaded, we’re going to give it the same name as its color, like this:

component.name = "Red"

This is because later on we need to figure out whether it’s good or bad when a ball collides with part of the player. By naming the balls and player components with their colors, this process becomes simple: if component name and ball name match then the colors match and it’s a good thing, otherwise it’s a bad thing.

Once each color component is configured, we want to add it to our parent node. This groups them together, which means we can move them together, hide and show them together, or in this app rotate them together. To add one node to another, or to the scene, call addChild(), like this:

player.addChild(component)

Remember, nodes are positioned relative to their parents, which is why we can rotate the parent to have all their children also rotate.

Now, as you can see we’re doing some highly repetitive work: we load playerRed.png, name it “Red”, and add it to parent; we then load playerBlue.png, name it “Blue”, and add it to parent; and so on. Clearly this is the kind of thing best wrapped up in a method, so we can just pass in the color we want to use and receive back an SKSpriteNode to work with.

So, we can put together that code into a new createPlayer(color:) method that returns an SKSpriteNode. Add this: 

func createPlayer(color: String) -> SKSpriteNode {
    let component = SKSpriteNode(imageNamed: "player\(color)")

    component.name = color
    player.addChild(component)

    return component
}

As you can see, it uses string interpolation to load the correct image name for each color – we can pass that “Red”, “Blue”, “Green”, or “Yellow” and have it do the right thing.

However, just having that method isn’t enough: we need to position each color inside the parent player node. We don’t need to do much, but we do need to move them away from the center a little otherwise we would just have four overlapping colors.

All SpriteKit nodes have a position property that lets us move them around the screen. These properties are specified using the data type CGPoint, where the “CG” part is short for Apple’s Core Graphics framework. A CGPoint has only an X and Y value, but that’s enough to let us place it anywhere on the screen.

Now, in a sensible world we could put this code into the sceneDidLoad() method we created earlier, but in practice that method is often useless because at the point the scene is loaded it hasn’t had chance to resize to fill the screen. Worse, the method that tells us when the view has changed size – helpfully called didChangeSize() – is often called several times with unhelpful values before the final value arrives.

To work around this, we’re going to write a new setUp() method that will be called to set up our game to be played, and will be called only when the correct final size has arrived. For now, this will do three things:


	Now that we know everything is working, we’ll give our scene a sensible background color: black, so that it fades into the rest of the watch.

	We’ll call createPlayer() four times, once for each color, and adjust the position of each item to create a circle.

	We’ll call addChild(player) to add the player node (including its four children) to the main scene.



Add this new setUp() method to GameScene now:

func setUp() {
    backgroundColor = .black

    let red = createPlayer(color: "Red")
    red.position = CGPoint(x: -8, y: 8)

    let blue = createPlayer(color: "Blue")
    blue.position = CGPoint(x: 8, y: 8)

    let green = createPlayer(color: "Green")
    green.position = CGPoint(x: -8, y: -8)

    let yellow = createPlayer(color: "Yellow")
    yellow.position = CGPoint(x: 8, y: -8)

    addChild(player)
}

Like I said, calling that method needs to be done exactly once, but only we have a realistic size come in. This can be done by implementing didChangeSize() and make that call setUp() only when two conditions are met: our game scene size is at least 100 points, and our player node has no children. If both those are true it means we’re safe to call setUp(), but otherwise the method should exit.

So, add this to GameScene now:

override func didChangeSize(_ oldSize: CGSize) {
    guard size.width > 100 else { return }
    guard player.children.isEmpty else { return }

    setUp()
}

Now press Cmd+R to build and run your app – progress!

[image: A donut shape with red, blue, green, and yellow quadrants.]

You can go ahead and delete sceneDidLoad() now, because we won’t be using it from now on.

Before we’re done, I want to add support for the Digital Crown so you can see exactly why the player node is needed.

We used the digitalCrownRotation() modifier back in project 4, and its usage will be very similar here. First, though, we need somewhere to forward the rotation to, which in our case will be our game scene.

If you remember, the point of this game is for the player to turn their circle so red balls touch the red segment, blue balls touch the blue segment, and so on. Rather than trying to control all the segments individually, we’ve attached them as children to a single player node. This means if we use our Digital Crown movements to rotate the whole player node, all four of its color nodes will spin together.

This is actually fairly easy in SpriteKit because all nodes have a zRotation property, which can be used for rotation. If you imagine sticking a skewer through your screen and into the image, that’s the Z axis right there. Once you’ve skewered your sprite through that axis, the direction it can still rotate is called Z rotation, and we can map it directly to the crown rotation.

So, add this method to GameScene now:

func rotate(to newRotation: Double) {
    player.zRotation = newRotation
}

Now in ContentView we can add three extra modifiers to make the crown work:


	The focusable() modifier is needed so that our sprite view knows it should be reading the Digital Crown.

	The digitalCrownRotation() modifier to let us track scroll values. I’m going to use really huge from and through numbers so they effectively never end, but also a .low sensitivity so the player has more control.

	The onChange() modifier to run some code whenever the rotation property changes – in our case, that means calling the rotate(to:) method in our game scene.



The onChange() modifier is new, but really helpful in many projects because it lets us respond to changes in our app’s state.

Update your body property to this:

NavigationStack {
    SpriteView(scene: scene)
        .ignoresSafeArea()
        .focusable()
        .digitalCrownRotation($rotation, from: -1_000_000_000, through: 1_000_000_000, sensitivity: .low, isContinuous: true)
        .onChange(of: rotation) {
            scene.rotate(to: rotation)
        }
}

Now press Cmd+R to build and run your code, and now you should start to see exactly how the game will work. All being well the player’s circle should be in the center of the screen, and turning the Digital Crown (or scrolling up and down over the virtual crown with your mouse or trackpad) should cause it to spin around.

[image: The donut shape now rotated to a jaunty angle.]

Notice how all four colors spin around the center of the group, rather than spinning individually on their current position. This is a result of us adding them to a parent node and rotating that – it took a little more work but the result is perfect.

	Creating warning edges
Right now we have a player and we have a control mechanism, but we don’t have any real game yet. We could just start placing balls on the screen and perhaps even moving them around, but keep in mind the player needs to twist the Digital Crown quickly to ensure the ball collides with the correct part of the circle.

On a small watchOS screen, the time between seeing a ball appear and spinning to the correct answer is very slim, which makes the game awfully hard. One solution might be to make the balls move v-e-r-y slowly, which might work but then again also might make the game look thoroughly ponderous.

Instead, we’re going to adopt a more fun solution: before creating a ball, we’re going to show a brief warning by making one of the four sides flash a particular color. Which edge depends on where the ball will be fired from, and which color depends on the color of the ball – it’s just enough to give the player time to process their move and start turning.

This option also gives me the chance to teach you two extra things: how to create sprites from colors and sizes, and how to recolor sprites so they look different.

First, we need to define properties to hold the four edges of the screen: left, right, top, and bottom. You’ve already seen how to create an empty SKNode and also how to create an SKSpriteNode from the name of an image. This time we’re going to create a new SKSpriteNode by specifying a color and size – SpriteKit will automatically create a rectangular sprite for us to use.

As I explained already, we’re going to dynamically recolor these rectangles during the game, so to begin with we’re just going to make them large and white. Each of these will be 10 points wide by 150 points high, so they’ll fill most of their edge.

Go ahead and add these four properties to GameScene.swift now:

let leftEdge = SKSpriteNode(color: .white, size: CGSize(width: 10, height: 150))
let rightEdge = SKSpriteNode(color: .white, size: CGSize(width: 10, height: 150))
let topEdge = SKSpriteNode(color: .white, size: CGSize(width: 150, height: 10))
let bottomEdge = SKSpriteNode(color: .white, size: CGSize(width: 150, height: 10))

Next we have four tasks that we must do on each of the edges. Three of them are identical so we can put them in a loop, but one – positioning – needs to be done individually, so let’s start there.

As you might imagine, we need to position the leftEdge rectangle towards the left edge of the screen, the rightEdge rectangle towards the right edge, and so on. I say “towards” because of course different Apple Watch devices have different sizes, so if we put them right at the edge they might be offscreen on smaller devices. Remember, these positions are relative to the center of the screen because we set the scene’s anchor point to 0.5, 0.5, which means placing the left edge at Y:0 means it will be centered vertically.

We need to position each of the edges at precise coordinates: X:-50 and X:50 for the left and right sides, and Y:50 and Y:-50 for the top and bottom sides. So, add these four lines of code to setUp(), just after the call to addChild(player):

leftEdge.position = CGPoint(x: -50, y: 0)
rightEdge.position = CGPoint(x: 50, y: 0)
topEdge.position = CGPoint(x: 0, y: 50)
bottomEdge.position = CGPoint(x: 0, y: -50)

The remaining three tasks are the same for all four edges, so we can put them in a loop to save some typing.

First, when coloring a sprite you need to provide a color to blend with (e.g. red) and how much to blend, where 1 is “full replacement color” and 0 is “full original color”. We want our edges to always be fully colored with whatever tint we choose, so we need to set colorBlendFactor to 1 up front so that whatever color we blend with will be nice and clear.

Second, we don’t want these edges to appear most of the time, but neither do we want to keep destroying and recreating them every time they are needed. Instead we’re going to set their alpha properties to 0, making them present but invisible.

Finally, we need to call addChild() on each edge, adding it to the game scene.

Putting all three of those together then wrapping it in a loop over our four edges, we get this code:

for edge in [leftEdge, rightEdge, topEdge, bottomEdge] {
    edge.colorBlendFactor = 1
    edge.alpha = 0
    addChild(edge)
}

Please add that to setUp(), directly after the previous code.

Now, after all that you might be annoyed to hear that our game looks identical to what we had previous: literally nothing has changed. This is because even though we added the ball warning markers on the four edges, they are all invisible – we haven’t shown them yet. Fixing that takes some thinking…

	Launching balls
We need to be able to launch balls towards the player, which is easier said than done. Just doing this requires a few pieces to be put in place first:


	We should only launch balls if the player is currently alive. Once they lose, we don’t want more balls to keep coming.

	We need two arrays: one for all the color names (red, blue, green, and yellow) and the color values (UIColor.red, UIColor.blue, UIColor.green, and UIColor.yellow). The first will be used to load a ball image, and the second to tint the warning edge the correct color.

	The warning edge should be colored for a set piece of time, but that should decrease slowly as the game continues.

	Finally, the balls should be fired at a fixed speed. We won’t be making that change over time, but you could try it as a challenge.



Those five things all work as global state for our game, so we’ll make them properties in the GameScene class. Add these now:

var isPlayerAlive = true
let colorNames = ["Red", "Blue", "Green", "Yellow"]
let colorValues: [UIColor] = [.red, .blue, .green, .yellow]
var alertDelay = 1.0
var moveSpeed = 70.0

We now need to write three methods. These could all be combined into one quite easily, but having them separate makes them easier to explain and keep track of!

First, we need to pick an edge to fire from. This will select a random number between 0 and 3 inclusive, and map that to either left edge, right edge, top edge, or bottom edge. Once we know which edge we’re firing from, we need to return three values.


	Where to create the ball. For the left edge this will be centered vertically but off the left-hand side of the screen, for example.

	Which direction to launch the ball. For the left edge, this direction will be directly right.

	Which edge sprite node should be colored. For the left edge, this will be leftEdge.



Of those, only the middle one is new: specifying a direction. This is done using a vector, which provides both direction and magnitude at the same time. That is, not only will this let us point to the right, but it will also let us distinguish how much we want to point to the right.

If you imagine that you’re standing at X:0 Y:0 and want a vector that points to the right, you’d get X:1 Y:0. You can almost imagine an arrow starting at X:0 Y:0 and ending at X:1 Y:0. Now imagine the vector that ends at X:10 Y:0 – it still points directly to the right, but is now a bigger arrow; it has a greater magnitude.

This is important because we’re going to be giving our balls a push in their direction, and the magnitude of the vector determines how hard we push in a specific direction.

Creating vectors is much like creating points for locations, except rather than using CGPoint you instead use CGVector, like this:

let right = CGVector(dx: 1, dy: 0)

Notice how the two parameters are dx and dy – this is because vectors specify the difference between X:0 Y:0 rather than absolute values. So, this vector is one unit to the right of the origin.

Two more things before I show you the code: 


	We’re going to use Int.random(in:) to pick a random integer number in a specific range.

	We need to return three values from one method, so we’ll return a tuple with the values position, force, and edge.



Add this method now:

func pickEdge() -> (position: CGPoint, force: CGVector, edge: SKSpriteNode) {
    let direction = Int.random(in: 0...3)

    switch direction {
    case 0:
        return (CGPoint(x: -110, y: 0), CGVector(dx: moveSpeed, dy: 0), leftEdge)
    case 1:
        return (CGPoint(x: 110, y: 0), CGVector(dx: -moveSpeed, dy: 0), rightEdge)
    case 2:
        return (CGPoint(x: 0, y: -120), CGVector(dx: 0, dy: moveSpeed), bottomEdge)
    default:
        return (CGPoint(x: 0, y: 120), CGVector(dx: 0, dy: -moveSpeed), topEdge)
    }
}

The next step is to write a method that creates a ball sprite using a specific color. This game requires us to push balls in a specific direction, so that if they start on the left of the screen they will move to the right. It also requires us to detect when any part of the ball touches any part of the player, at which point they either lose or we add to their score.

To make all that work – movement and collision detection – we’re going to use simulated physics. This means we can configure our world then set it in motion, and watchOS will automatically ensure all the objects move correctly. Yes, the tiny little Apple Watch can do physics calculations – it’s remarkably capable!

Adding physics to a ball takes four steps:


	We need to give it a physics body that represents the precise shape of the object. SpriteKit has several of these shapes built in, and the one we’re going to use is called circleOfRadius. As the name implies, this is for circles.

	By default physics bodies slow down over time to simulate air friction. We can disable that entirely by setting the ball’s linearDamping property to 0.

	watchOS also simulates gravity by default, but that causes a problem for us: we don’t want our balls to fall to the ground! Instead, they should just carry moving on the trajectory we gave them. So, we’ll set their affectedByGravity property to false.

	All physics objects automatically bounce off all other physics objects, but for performance reasons we won’t get notified when collisions happen. We want to be notified of all collisions, so we’ll ask SpriteKit to do just that.



Each of those steps are new, so I’m going to break down this method into individual lines.

First, add the method signature itself – it needs to accept a ball color string, and return a sprite node:

func createBall(color: String) -> SKSpriteNode {
}

The ball color will be one of the values from our colorNames array, so our first task will be to use that to load the correct image and set its name correctly so we can handle collisions properly.

Add these two lines to the createBall() method:

let ball = SKSpriteNode(imageNamed: "ball\(color)")
ball.name = color

Remember, each ball has its name property set to its color, and our four player components also have their name set to their color, because that’s how we know whether the player should score a point or lose the game.

The next step is to create the ball’s physics body, using circular physics. The ball graphics are 48x48 pixels, although because the Apple Watch has a retina screen they are rendered as 24x24 points. Creating circular physics bodies is done using the circleOfRadius initializer of SKPhysicsBody, so we need to halve the diameter – each ball has a radius of 12.

That is, the balls are 48 pixels wide, which is 24 points wide, which gives them a 12-point radius. So, to give each ball circular physics that wrap tightly around their graphic, please add this line of code below the others:

ball.physicsBody = SKPhysicsBody(circleOfRadius: 12)

Next, two easy lines that I’ve already shown you: we need to disable linear damping so that balls don’t simulate air friction, and disable gravity so that balls don’t just drop like stones.

Add these two lines now:

ball.physicsBody?.linearDamping = 0
ball.physicsBody?.affectedByGravity = false

Finally for the confusing part. As I said already, by default physics bodies all bounce off each other but we don’t get told when a collision happened. SpriteKit decides what objects can collide using a bitmask, which is a series of numbers that uniquely identify objects. That bitmask exists as the collisionBitMask property, like this:

ball.physicsBody?.collisionBitMask

There’s a second bitmask called contactTestBitMask, which determines which collisions we get notified about. Like I said, by default collisionBitMask is set to what is effectively “everything” and contactTestBitMask is set to what is effectively “nothing”.

What we want is for both values to be set to “everything”, so all objects collide against all other objects, and we get notified whenever any collision takes place. To do that we can write just one line of code, setting contactTestBitMask to the value of collisionBitMask – add this line now:

ball.physicsBody?.contactTestBitMask = ball.physicsBody?.collisionBitMask ?? 0

Now we need just two more things: we need to add the new ball to our game scene, and return it so we can add more information later.

Finish the method by adding these two lines:

addChild(ball)
return ball

That’s the createBall() method complete, so we’re now two-thirds of the way done. We have a method that picks an edge to launch from, and another method that creates a ball ready to launch. We now need one last method that puts the whole process together, which means learning a few more things.

This new method, launchBall(), has quite a lot of work to do in order to make launching a ball look smooth.


	We need to pick a random ball color to launch. We can use Int.random() again for that task.

	It will then call createBall(), passing in the random color that was chosen.

	Next it will call pickEdge(), to pull out the position, movement force, and edge to launch.

	It will immediately assign the position to the ball that was created.



Those four parts aren’t too tricky, but I’m going to add two more things. First, this new launchBall() method should only be run if the player is currently alive, so we’ll add a simple guard to the top. Second, the pickEdge() method returns a tuple – it returns three values at once – so we need to assign its result to three different values.

Splitting a tuple up into three is called destructuring, and it looks like this:

let (position, force, edge) = pickEdge()

That takes the three values returned by pickEdge() and assigns them to position, force, and edge respectively.

That’s enough to begin with, so add this code now:

func launchBall() {
    // bail out if the game is over
    guard isPlayerAlive else { return }

    // pick a random ball color
    let ballType = Int.random(in: 0 ..< colorNames.count - 1)

    // create a ball from that random color
    let ball = createBall(color: colorNames[ballType])

    // get a random edge to launch from, plus position and force to apply
    let (position, force, edge) = pickEdge()

    // place the ball at its starting position
    ball.position = position
}

That’s the easy part, or at least the easy-ish part. The next part of the method is more complicated, because it needs to make the launch sequence happen very precisely. We need to:


	Make the correct edge of the screen have the same color as the ball that will appear.

	Pause for the length of alertDelay so the user has time to think.

	Hide the screen edge again.

	Tell the ball to start moving at whatever speed and direction is in the force vector.



Those events need to happen in a precise sequence, one after the other, otherwise launching a ball won’t work well.

Fortunately, SpriteKit has a brilliant solution in the form of its SKAction class. This represents a wide range of actions such as playing sounds, destroying objects, moving along a path, and more. Alternatively, you can give these actions custom code that do whatever you want, which is exactly what we need for this game

We’re going to create three custom actions: one to make the edge have the correct color and an alpha of 1 so it’s fully visible, a second to set the edge back to alpha 0 so it’s invisible, and a third to set the ball in motion. We don’t need one to make SpriteKit wait, because that’s a built-in action.

To create a custom action, you call SKAction.run then pass in some code you want. Add these three to launchBall() now:

let flashEdge = SKAction.run {
    edge.color = self.colorValues[ballType]
    edge.alpha = 1
}

let resetEdge = SKAction.run {
    edge.alpha = 0
}

let launchBall = SKAction.run {
    ball.physicsBody!.velocity = force
}

As you might imagine, the velocity of our ball controls its direction and movement.

That creates three actions, so now we need to put them together so they run in a sequence. That might sound hard, but SpriteKit makes it just one line of code: you can pass an array of actions to SKAction.sequence() and it will make sure they run one after the other.

We’ll include our three custom actions in there, but I’ll also be inserting a fourth one: SKAction.wait(forDuration:). As you can guess from the name, that will cause our SpriteKit sequence to wait a little time before continuing. We’ll be passing it our alertDelay property, which dictates how long the screen edges should be colored before firing the ball.

Add this line below the others:

let sequence = SKAction.sequence([flashEdge, SKAction.wait(forDuration: alertDelay), resetEdge, launchBall])

We’re almost done now, and need to add just two more lines of code to finish up.

The first tells our sequence to start executing. We’ve configured it to do the exact things we want, so now we just need to set all the actions in motion. Finally, we’re going to reduce the value of alertDelay a little every time we create a ball, making the game slowly get harder and harder.

Add these two lines to the end of the launchBall() method now:

run(sequence)
alertDelay *= 0.98

That’s the launchBall() method completed, so to wrap up we just need to add a call to it so we launch a ball shortly after the game launches. I say “shortly” after because if we launch a ball straight away, the user won't be ready for it – we need to allow a split second for them to see the game has launched and is ready to play.

To make that work we’re going to create a new property called createDelay, which contains the number 0.5 – a half-second delay. We can then use that with Swift's Task.sleep(until:), allowing us to call launchBall() after the delay has passed.

First, add this property:

var createDelay = 0.5

Now add this to the end of setUp():

Task { @MainActor in
    try await Task.sleep(until: .now + .milliseconds(createDelay), clock: .continuous)
    self.launchBall()
}

That took a lot of coding, plus you had to learn about vectors, physics, destructuring, and actions all at once. Hopefully, though, you should be able to press Cmd+R and see a ball get created then fly towards the player.

[image: A red ball flies at our player!]

	Spin to win!
After all that work, you might be disappointed to see only one ball move across the screen – that’s hardly much of a game, is it?

Well, you’ll be pleased to hear we need to implement only two more methods to complete the game: one to handle collisions, and one to adjust the score or end the game when a collision happens.

We’ve asked SpriteKit to say something when a ball hits anything else, but we haven’t yet told it who to notify. This is another use of delegates: we’ll tell SpriteKit that our game scene is the physics delegate for our game, so it will notify the current class if something collides.

Add this line of code at the start of setUp():

physicsWorld.contactDelegate = self

That causes a build problem, because we’ve said we can be the delegate for the physics world but we don’t conform to the protocol. Just as with using the crown, we need to add SKPhysicsContactDelegate to the list of protocols our class conforms to, so find this line:

class GameScene: SKScene {

And change it to this:

class GameScene: SKScene, SKPhysicsContactDelegate {

That will make the error go away, but we still need to implement the important method for this protocol: didBegin(). This is called when two physics objects collide, and it’s our job to decide what to do. We’ll be given information about what collided, and that’s our chance to see whether the player scored or lost.

There’s a problem, though, and it’s one that might sound deeply philosophical: when a tennis player makes their serve, did their racket hit the ball, did the ball hit the racket, or did both happen at the same time? 

This matters in our game, because we’ll be told “here are the two objects that collided,” and it’s down to us to figure out which one is the ball and which is a player color. This takes two steps, neither of which are hard:


	We need to pull out the SpriteKit nodes that were responsible for each part of the collision. didBegin() gives us the physics bodies, and we can get the node from there.

	If the first node has our game as its parent, that’s the ball; otherwise the second node is the ball. Remember, our player components have our player node as their parent, which is why this check works.



In a cunning twist, it’s possible for a physics body not to have a SpriteKit attached to it. This usually happens when several collisions come in at once, and in one of them we destroy the node that collided. When we are processing a subsequent collision the node is already removed, so we need to be careful.

Go ahead and add the basic method stub for didBegin(), and we’ll fill it in step by step:

func didBegin(_ contact: SKPhysicsContact) {
}

We also need a method to be called when we know exactly what happened – when a ball hit a specific color. We’ll be calling that from didBegin(), so please add this second method stub now:

func ball(_ ball: SKNode, hit color: SKNode) {
}

Back inside didBegin(), the first thing to do is try to pull out the two nodes responsible for the collision. If either don’t exist any more then we can exit immediately.

Add these two lines to didBegin() now:

guard let nodeA = contact.bodyA.node else { return }
guard let nodeB = contact.bodyB.node else { return }

Next we need to try to answer the philosophy question: is this the ball hitting the player, or the player hitting the ball? We need to call our ball(_:hit:) method correctly, because when the player scores a point we’ll remove the ball that collided. If we get this wrong, we’d leave the ball intact and remove part of the player instead, which is clearly not what we want!

Like I said, we can figure out which node is the ball and which is one of the player’s colors because the balls belong directly to the game scene, whereas the player colors all belong to the player node. So if the parent of nodeA is self – i.e., the current game scene – then nodeA must be the ball, otherwise nodeB is the ball. If neither belong to the game scene then some has gone wrong!

Add this code now:

if nodeA.parent == self {
    ball(nodeA, hit: nodeB)
} else if nodeB.parent == self {
    ball(nodeB, hit: nodeA)
} else {
    // neither? Just exit!
    return
}

The final thing we’re going to add to this method is another call to launchBall(), using Task.sleep again to ensure a short delay.

Put this at the end of the didBegin() method:

Task { @MainActor in
    try await Task.sleep(until: .now + .milliseconds(createDelay), clock: .continuous)
    self.launchBall()
}

If you try running the game now, you’ll see… wait, the balls still fly right through the player? What happened to all that physics code we wrote?

[image: A red ball phasing right through our player.]

Well, at this point we’ve given our balls physics and told them what to do when they collide with a player component, but we haven’t actually given our player physics – we haven’t told it how to respond when something hits it. As far as SpriteKit is concerned the ball is ready to bounce into anything it finds, but we haven’t made the player colors physics objects yet so nothing happens!

This fix takes two just two lines, and you’ll learn two new things along the way.

Find the createPlayer(color:) method and add these two lines of code directly before the component.name = line:

component.physicsBody = SKPhysicsBody(texture: component.texture!, size: component.size)
component.physicsBody?.isDynamic = false

The first gives each color component its own physics body. Notice that we’re not using circleOfRadius this time – that’s because the color components are arcs instead of circles, so circular physics won’t work.

Instead, that first line of code asks SpriteKit to use pixel-perfect physics: it looks at the texture you provide and makes a shape using the alpha values. We’re passing the component’s own texture and size, which means “figure out our own shape and create physics from that.”

This is an expensive process: pixel-perfect collisions take more CPU power to perform than circular physics or other kinds. Fortunately, our scene is pretty simple so it will work perfectly fine – don’t be afraid to use it when it really matters!

The second line sets the isDynamic property to false, which means this object won’t be moved by the physics calculations. That might seem strange at first – after all, where’s the point in adding physics to an object you don’t plan to move?

Even though we’re disabling movement for the object, it still retains its physical properties. Without this change, the first time a ball hits a player component the player component would be knocked off its position and throw the rest of the game off. By disabling its isDynamic property, the ball and component still collide with each other, but the component won’t move as a result.

At this point you should be able to run the game now. It will certainly be different from before, but that doesn’t mean it’s better. You see, as soon as a ball hits the player it will bounce off, which will cause didBegin() to run. That will in turn cause another ball to launch, which will cause didBegin() to run perhaps several times, which causes several more balls to run, until the screen is completely full.

[image: A screen completely covered in balls.]

At least it’s something different from what we had previously! The reason it goes a bit crazy is because we don’t remove balls when they hit a player component – our ball(_:hit:) method is empty.

To finish our game we need to fill in that final method like this:


	If the player is no longer alive, exit immediately.

	Destroy the ball by removing it from the game scene.

	If the ball hit the correct part of the player, then add one to their score.

	Otherwise, set isPlayerAlive to false to end the game.

	Create a new “game over” sprite and make it animate into the game smoothly.



We haven’t created a variable to track the player’s score, so let’s start there – we need an integer property to track how many points they have earned so far. More importantly, we need a way to be able to show the score in our SwiftUI view, ideally up in the navigation bar.

Getting our game scene to communicate back to SwiftUI means making a handful of small changes. First, we need to make the GameScene class use @Observable, like this:

@Observable
class GameScene: SKScene, SKPhysicsContactDelegate {

Second, we need an integer property that will store the player’s score, so add this to GameScene:

var score = 0

And third we need to add some more modifiers to the SpriteView to display the player’s current score next to the time:

.navigationTitle("Score \(scene.score)")
.navigationBarTitleDisplayMode(.inline)

With all that in place, we can write the first part of the ball(_:hit:) method – fill it in like this:

func ball(_ ball: SKNode, hit color: SKNode) {
    // don't run this more than once
    guard isPlayerAlive else { return }

    // destroy the ball no matter what
    ball.removeFromParent()

    if ball.name == color.name {
        // player scored a point!
        score += 1
    } else {
        // game over
    }
}

That completes the code for the positive case, whenever the user successfully made the ball hit the correct part of their color arcs.

We need to replace the // game over comment with code to create and show a Game Over screen. You already have a “gameOver” image in your asset catalog, added earlier when we were setting up – it’s time to finally use that.

To make the game over a little more interesting, I’ll use this opportunity to show you three more SpriteKit features:


	All SpriteKit nodes have xScale and yScale properties, which let you stretch them horizontally and vertically. We’re going to set both values to 2.0, meaning “show this double size.”

	You can make a node scale to other X/Y sizes using an action: SKAction.scale(). We’ll make our “game over” title scale down to 100% size over half a second.

	You already used SKAction.sequence() to make actions run one after the other. This time we’re going to use SKAction.group() to make actions run simultaneously.



In total, this new code will mark the player as dead, create and place the “game over” title, then make it 200% size and alpha 0. We’ll then make it animate its alpha to 1 (fading in) and scale to 1 (return to normal size), both over 0.5 seconds.

Put this code in place of the // game over comment:

isPlayerAlive = false

let gameOver = SKSpriteNode(imageNamed: "gameOver")
gameOver.xScale = 2.0
gameOver.yScale = 2.0
gameOver.alpha = 0
addChild(gameOver)

let fadeIn = SKAction.fadeIn(withDuration: 0.5)
let scaleDown = SKAction.scale(to: 1, duration: 0.5)
let group = SKAction.group([fadeIn, scaleDown])
gameOver.run(group)

That finishes the ball(_:hit:) method, but we’re not quite done with the game yet because we still don’t have a way to restart once the player has lost.

Making this happens means implementing a new method in GameScene that’s responsible for clearing out all our current game and resetting it. To avoid problems, this should only work is isPlayerAlive is false, so add this new method to GameScene:

func reset() {
    guard isPlayerAlive == false else { return }

    removeAllChildren()
    isPlayerAlive = true
    score = 0

    setUp()
}

The removeAllChildren() method is new, but I think pretty self descriptive: it removes all child nodes from the game scene, effectively clearing it out so we can call setUp() again with a clean slate.

Now we can connect that up to SwiftUI by adding a tap gesture to the SpriteView, like this:

.onTapGesture(perform: scene.reset)

And that’s it – your SpriteKit game is finished! Press Cmd+R to run it now, and see how you do. Remember, the playing experience is different on devices – if you’re trying to your trackpad and find it rather hard, don’t adjust the player spin speed until you try with a real Digital Crown.

[image: The 'Game Over' screen. The top left shows 'Score 8'.]

	ColorSpin: Wrap up
Is it weird to run 2D games on your Apple Watch? I’ll leave that choice up to you! But I hope you try the game and enjoy it – I’ve said previously that using the Digital Crown is remarkably fun, so any games that involve turning will be delightfully tactile.

As you’ve seen, SpriteKit is a whole world by itself: you need to learn about scenes, nodes, actions, transitions, and more. I’ve tried to cover as much ground as possible during this one tutorial, but it’s a huge topic and there’s lots more to try if you’re keen to make more!

Challenges

Want to push your game a little further? Try increasing the ball speed very slightly every time launchBall() is called. You could also try manipulating either xScale or yScale to make the edge warning sprites appear slightly smaller after every ball – the player would need to watch increasingly closely as the game progresses!

If you’d like to try something a little more complex, try adding a little more randomness to the game: can you make some random balls get launched faster than others? This would mean deciding how often it should happen (about 1 in 5 launches is a good place to start), then adjusting the alert day and move speed when the random event happens. That should help spice the game up, and ensure the player doesn’t get too sure of themselves!

	Project 12
WatchConnectivity


	WatchConnectivity: Setting up
In this final project I want to cover an extremely important topic: iOS apps. More specifically, how your watchOS app can send and receive data from your iOS app.

I’ve tried my best to keep away from iOS in this book because there is no shortage of books exclusively on iOS – not least several from me! But sooner or later your watchOS apps are going to want to store data on the phone, and vice versa, so it’s important I show you how it’s done.

We’re going to cover four different options here:


	Transferring real-time messages between devices.

	Transferring guaranteed messages between devices.

	Transferring application state between devices.

	Transferring files between devices.



Realistically apps will only ever use one or two of those, but I’m covering all bases here to make sure you get what you need!

Launch Xcode and start a new watchOS project, but this time I want you to use the Watch App with New Companion iOS App template, naming it Project12.

Note 1: We’re writing code to communicate between watchOS and iOS, which means switching between watchOS and iOS code regularly. I’ve tried to be very clear as to which file you should be editing, but you’ll need to prepare yourself to switch between them a lot!

Note 2: During this project you will sometimes need to run the watchOS app and sometimes run the iOS app – get used to changing schema! To do this, go to the Product menu and choose Scheme, then select either Project12 or Project12 WatchKit App.

	A tale of two interfaces
We’re going to create a little sandbox that lets us test communication between watch and phone, and to do that we need to two user interfaces – one for phone and one for watch. Again, this isn’t a book about iOS development, so we’re going to create the easiest possible interfaces we can!

First, open the Project12 group in the project navigator, which contains our iOS app. You’ll see a standard SwiftUI layout in there, including ContentView.swift to define the iOS app’s functionality.

We’re going to start by defining four method stubs that we can connect to our user interface: one to send a message from iOS to watchOS, one to send the current state of our app (known as “app context”), one to send a file, and one to send a complication update. We’ll fill these in soon, but just having empty methods is enough for now.

Add these to ContentView in the iOS app:

func sendMessage() {
}

func sendContext() {
}

func sendFile() {
}    

func sendComplication() {
}

In terms of the iOS layout, this is going to be a VStack with four buttons, one for each of our methods, plus a text view that shows the response message we get from watchOS.

So, use this for your iOS body property:

VStack(spacing: 30) {
    Text("Response Text")
    Button("Message", action: sendMessage)
    Button("Context", action: sendContext)
    Button("File", action: sendFile)
    Button("Complication", action: sendComplication)
}

[image: 'Response Text' above 'Message', 'Context', 'File', and 'Complication' buttons.]

That’s enough of our iOS app for now, so let’s move over to the watchOS app, which means opening ContentView.swift in the Project12 WatchKit App group.

This needs to be similar, but simpler – we only need the sendMessage() part:

struct ContentView: View {
    var body: some View {
        VStack {
            Text("Response Text")
            Button("Message", action: sendMessage)
        }
    }

    func sendMessage() {
    }
}

[image: 'Response Text' above a 'Message' button.]

And that’s both our user interfaces complete – like I said, it’s as easy as it can be.

Important: Both the iOS and watchOS apps use a file called ContentView.swift, which can be a bit confusing when following a tutorial. To make things easier, when I say “edit the iOS app” that means “open ContentView.swift in the Project12 group”, and when I say “edit the watchOS app” that means “open ContentView.swift in the Project12 Watch App group.”

	Establishing communication
Communication between Apple Watch and iPhones is handled by a dedicated framework called WatchConnectivity. This same framework exists on both watchOS and iOS and is almost identical on both platforms – if you learn how to send data from phone to watch, you can send data from watch to phone.

Inside WatchConnectivity, the most important data type is called WCSession, which represents a communication session between your two devices. This has a variety of useful methods and properties: we can check whether watch communication is supported, whether the watch is in reach of the phone right now, whether our app is installed, whether our complication is active, and more.

Before we send anything, we need to configure both our watchOS app and iOS app for WCSession. This means requesting access to the built-in session, setting up a delegate, then activating it for communication. We need to do this on both apps, and the code is more or less the same – the only difference is that the iOS app has to add more method stubs to be able to conform to an important protocol.

Now, as you’ve seen previously it’s not possible to use SwiftUI views as delegates for Apple’s other frameworks, which means we need to introduce another data manager class. Both the iOS and watchOS app will then share this code, and create an instance of the object that they can watch.

Make a new Swift file now, calling it Connectivity.swift. You’ll be prompted to decide which group and target it should be added to, and I’d like you to do something different here: select Project12 for the group, then make sure both Project12 and Project12 Watch App are both checked for targets.

Yes, this means we’re adding the same Swift file to both the iOS and watchOS projects. This allows us to write code once and share it in both places, although we’ll need to do a little customization as we go.

As this new file needs to use the WatchConnectivity framework, add this import line somewhere near the top:

import WatchConnectivity

Let’s write our first WCSession code now. We’re going to create a new Connectivity class that uses the @Observable macro, inherits from NSObject, and conforms WCSessionDelegate. This needs to have a custom initializer that does four things:


	Check that we have a supported device configuration.

	Grab the built-in default connectivity session.

	Set its delegate to ourself.

	Activate it, so we can start sending and receiving data.



Add this code to Connectivity.swift now:

@Observable
class Connectivity: NSObject, WCSessionDelegate {   
    override init() {
        super.init()

        if WCSession.isSupported() {
            let session = WCSession.default
            session.delegate = self
            session.activate()
        }
    }
}

Now, even though our Connectivity class is pretty simple, you’ll see quite a few errors because WCSessionDelegate requires us to add some empty method stubs. Cunningly, these method stubs will be different on iOS than watchOS, so we’re going to use a compiler directive to control which parts of our code are used on each platform.

In Swift, compiler directives look like this:

#if os(iOS)
// code that is only compiled for iOS apps
#else
// code that is compiled on all other platforms
#end

As you can see, they allow us to put two different pieces of code in the same file, so when that file gets built for different operating systems (#if os(…)) Swift will automatically use only part of the code.

For now, I want to do just enough work to make our code compile, which means adding stubs for three methods on iOS and one on iOS. Xcode’s auto-fixing tools won’t really help us here because we need to support them differently on both platforms – watchOS can’t have two of the three, and the remaining one will be implemented differently shortly. 

So, I want you to start by adding this code to the Connectivity class:

#if os(iOS)
func session(_ session: WCSession, activationDidCompleteWith activationState: WCSessionActivationState, error: Error?) {
}

func sessionDidBecomeInactive(_ session: WCSession) {

}

func sessionDidDeactivate(_ session: WCSession) {

}
#else
func session(_ session: WCSession, activationDidCompleteWith activationState: WCSessionActivationState, error: Error?) {

}
#endif

As you can see, on iOS we have two methods that don’t exist on watchOS, and that’s because they are there to allow users to switch between multiple Apple Watches – something that only iOS has to deal with.

The one method they both need is activationDidCompleteWith, which tells us the result of a request to activate a connectivity between phone and watch. If you have a watchOS app that really needs to communicate with another device, you should put some code in here to print out an error message if activation fails – that’s pretty easy, though, so I’ll leave that up to you.

With all those empty methods in place, our code should finally compile cleanly again.

Now that our session is up and running, let’s add one more piece of code to test that everything is working. When we call activate() on the session, iOS or watchOS go ahead and prepare a connection to the other device, ready for us to send or receive data. When that work finishes, activationDidCompleteWith will be called, and you can query the activationState parameter to see if everything worked.

To prove that communication is working correctly, we’re going to modify our iOS app so that it shows a message in the “Response Text” text view if activation was successful and our watchOS app is installed. If both of those are true, we’re in pretty good shape to start communication.

There’s one catch you need to be aware of: when WCSession is telling us the result of our activation request, our code may be run on any thread – not necessarily the main thread. On iOS, as with other Apple platforms, it is usually A Very Bad Idea to try to change the user interface from a background thread, so the first thing we’re going to do is push our work to the main thread using @MainActor.

Once on the main thread, we can check the activationState parameter against the value .activated to make sure the session was setup successfully, then read the isWatchAppInstalled property of our session to check the watchOS app is installed on the Apple Watch simulator. If both those are true, we’ll show a message in the iOS text view.

First, add this new property to Connectivity, so we can send string updates to any views that are watching:

var receivedText = ""

Second, adjust the iOS version of activationDidCompleteWith to this:

func session(_ session: WCSession, activationDidCompleteWith activationState: WCSessionActivationState, error: Error?) {
    Task { @MainActor in
        if activationState == .activated {
            if session.isWatchAppInstalled {
                self.receivedText = "Watch app is installed!"
            }
        }
    }
}

Finally, we need to make both the iOS and watchOS apps create an instance of that Connectivity class and show its receivedText property in their text view.

That means adding a property to both ContentView structs:

@State private var connectivity = Connectivity()

And then replacing the Text("Response Text") text view for both iOS and watchOS with this:

Text(connectivity.receivedText)

With those changes, both sides of our app create and activate a WCSession when they launch, and the iOS app has the extra behavior of showing if its watchOS companion app is installed.

To try it out, you should first change your schema to the WatchKit App and run it, then switch to the iOS app and run that. All being well, you should see “Watch app is installed!” in the iOS simulator once everything finishes – communication is established and ready to go!

[image: Our 'Response Text' label now reads 'Watch app is installed!']

	Sending messages
There are three different ways of sending dictionaries of data using WatchConnectivity. They all work similarly, and all are easy enough to use, but they produce different results.


	Sending a message is a way of immediately transferring data from one device to the other. If either device is not reachable, this fails and you’ll need to try again later. If you call this from watchOS it will launch your iOS app in the background if it isn’t already running. If you call this repeatedly, new data will be delivered after old data.

	Transferring user info is a way of guaranteeing data gets delivered at some point in the future. It might not be now, and this won’t wake your iOS app in the background, but it does ensure your data gets delivered. If you call this repeatedly, new data will be delivered after old data.

	Updating your application context is for sending high-priority data that contains your core application settings and information. If you call this repeatedly, new data replaces the old data.



So, three ways: “deliver this thing now, but I’m okay if it fails,” “deliver this thing when possible, but don’t let it fail,” and “this is my application information; don’t keep old data.”

The code for all three of these are very similar, so let’s just dive in!

The first method we’re going to look at is called transferUserInfo(). This gives us guaranteed delivery of our data, but it might not happen immediately. I should say that in practice, if both apps are running right now, delivery will be very quick – if you’re sending small amounts of data, it will almost certainly be immediate. This makes transferUserInfo() the most common choice for sending data around: it’s guaranteed delivery, and fast enough for most people.

Sending data using transferUserInfo() is trivial: as long as your session is currently activated, you can send a dictionary of data in just one line of code.

To demonstrate this, we’re going to write a new method on our Connectivity class so that our iOS and watchOS apps can communicate. This will get hold of the app’s shared WCSession, check that it’s activated, then send a dictionary of data over the connection. 

First, add this method to the Connectivity class, somewhere outside the #if os(…) compiler directives:

func transferUserInfo(_ userInfo: [String: Any]) {
    let session = WCSession.default

    if session.activationState == .activated {
        session.transferUserInfo(userInfo)
    }
}

And now we can update the iOS sendMessage() method so that it creates a dictionary of data and sends it using the connectivity property:

func sendMessage() {
    let data = ["text": "User info from the phone"]
    connectivity.transferUserInfo(data)
}

As you can see, using transferUserInfo() is just a matter of passing it a dictionary of data – WatchConnectivity does all the work of sending that over the wireless connection and ensuring delivery.

So, that’s sending user data, but you’ll be pleased to know that receiving it is just as easy: we need to implement the didReceiveUserInfo method in our Connectivity class. This will be given a dictionary of the data that was transferred, so we can attempt to pull out the keys we care about and use them.

There is one small hiccup, though: this method might be called on a background thread, so we should push our work back to the main thread so we can update the user interface safely.

The dictionary we sent had precisely one key, text, so we can pull out its value and safely typecast it to a string, then use it to update the content of our receivedText property.

Head back to Connectivity.swift and add this new method to our class:

func session(_ session: WCSession, didReceiveUserInfo userInfo: [String: Any] = [:]) {
    Task { @MainActor in
        if let text = userInfo["text"] as? String {
            self.receivedText = text
        }
    }
}

Build and run both apps, and you should be able to tap “Message” in the iOS app to have “User info from the phone” appear in the watchOS app.

[image: Our watch app showing 'User info from the phone'.]

Warning: At the time of writing, transferUserInfo() works only on real devices – a physical iPhone connected to a physical Apple Watch. While the simulator phone will appear to successfully send data, I only had the data received on a watch when I was using a real device.

Like I said, WatchConnectivity is almost identical on watchOS and iOS, and to demonstrate that we’re going to send user data the other way – from watchOS to iOS.

Change the sendMessage() method of the watchOS app to this:

func sendMessage() {
    let data = ["text": "Hello from the watch"]
    connectivity.transferUserInfo(data)
}

Yes, that code is the same – hurray for uniform APIs!

A second way to send data is using sendMessage() – this is the “instant but not guaranteed” option. At its most simple this is only slightly different from transferUserInfo(), but because it’s designed to be immediate you can also send a response back from the other device.

First, we’re going to write a new method in our Connectivity class, which will check whether the current session is reachable before sending the message immediately. The reachability part is important, because in order to receive these messages your watchOS app must either be running in the foreground or be running in the background as a high-priority task such as performing an active workout.

Just like transferUserInfo(), sending a message can handle a [String: Any] dictionary, but it’s also capable of receiving a response from the other device that will also be given a [String: Any] dictionary. This all happens asynchronously to avoid either the iOS or watchOS app freezing up, so when we send our message we also provide a completion closure that will receive the response.

To show this working, we’re going to write a sendMessage() method in Connectivity that handles sending a message of our choosing, but also updates receivedText on the main thread so we can see the response in our UI.

Add this to Connectivity now:

func sendMessage(_ data: [String: Any]) {
    let session = WCSession.default

    if session.isReachable {
        session.sendMessage(data) { response in
            Task { @MainActor in
                self.receivedText = "Received response: \(response)"
            }
        }
    }
}

When it comes to receiving that message, this means implementing another delegate method in Connectivity, this time called didReceiveMessage. This will be called on a background thread, so we’ll need to use @MainActor to move our work to the main thread, then read the text that was sent and assign it to receivedText.

As well as receiving a [String: Any] message dictionary, didReceiveMessage is also sent a reply handler function that we must call when we’ve finished whatever work we have done. 

To try this out, add the following implementation to the Connectivity class, which updates our UI with whatever was received and sends back another message:

func session(_ session: WCSession, didReceiveMessage message: [String: Any], replyHandler: @escaping ([String: Any]) -> Void) {
    Task { @MainActor in
        if let text = message["text"] as? String {
            self.receivedText = text
            replyHandler(["response": "Be excellent to each other"])
        }
    }
}

Tip: Receiving a message back is a good idea, because it lets you send back a confirmation so you know everything worked as you intended. However, if you don’t want one then you’ll find you can call sendMessage() with a nil reply handler. If you take this approach, make sure you implement the second form of didReceiveMessage, which also doesn’t have a reply handler parameter.

To try this out, change the sendMessage() method in the iOS app to this:

func sendMessage() {
    let data = ["text": "A message from the phone"]
    connectivity.sendMessage(data)
}

The last way to send data between devices is to transfer your application context using the updateApplicationContext() method. This is best thought of as all the data required to synchronize your iOS and watchOS apps – it’s the really important stuff. As a result, the updateApplicationContext() method differs from the others in three important ways:


	Delivery is guaranteed. It might not happen immediately, but it will happen. WatchConnectivity tries to ensure the data is received and ready by the time the other app is launched.

	This is a throwing method: if the application context cannot be sent for some reason, you’ll get an error you need to catch.

	Anything you send replaces what was previously sent. So if you call this method three times and send A, B, C, by the time the recipient app is opened they will just receive C.



In terms of actual API, updateApplicationContext() is the same as transferUserInfo(): yes, it throws, but apart from that you can just provide it a dictionary of data and have it do all the work you need. You need to check that the session is activated, but it doesn’t need to be reachable right now.

To test this out, first we’re going to write a new method on Connectivity that will accept a [String: Any] dictionary and use it to update the application context. As with our other calls we should always check whether the session is currently active before continuing, but this time we’re going to update our UI if the app context transfer failed for some reason.

Add this to Connectivity now:

func setContext(to data: [String: Any]) {
    let session = WCSession.default

    if session.activationState == .activated {
        do {
            try session.updateApplicationContext(data)
        } catch {
            receivedText = "Alert! Updating app context failed"
        }
    }
}

As you can see, I’ve wrapped the call to updateApplicationContext() in do/catch because this is important data. If it can’t be sent for some reason, we need to take emergency action – “the other device is not reachable right now” is not an error, that’s just a delay.

Of course, we also need to receive that application context update, so we’ll add a second method to Connectivity just for that purpose. This delegate method is called didReceiveApplicationContext, and will contain another [String: Any] dictionary that we can use to update our UI on the main thread.

Add this method to Connectivity now:

func session(_ session: WCSession, didReceiveApplicationContext applicationContext: [String: Any]) {
    Task { @MainActor in
        self.receivedText = "Application context received: \(applicationContext)"
    }
}

That’s the main chunk of work done, so all that remains is to fill in sendContext() in the iOS app so that we call our new method:

func sendContext() {
    let data = ["text": "Hello from the phone"]
    connectivity.setContext(to: data)
}

That’s two of our iOS buttons complete, and you’ve seen several ways of sending your data. It can be confusing remember which option you need to use, but in practice most apps will be fine with just transferUserData. If you do have application state to transfer then you’ll need updateApplicationContext() too, and if you want replies to your communication then you’ll need the full set!

	Sending files
As well as data dictionaries, you can also send binary files between your apps, although it requires a little more thought.

To try this out, we’re going to create a file in iOS, then send it over to watchOS and save it there. Sending files doesn’t happen immediately, so we need to check that the connection is activated rather than reachable. If everything is working, we can pass a URL to the WatchConnectivity session along with any metadata, and it will be sent over.

Add this to the Connectivity class now:

func sendFile(_ url: URL) {
    let session = WCSession.default

    if session.activationState == .activated {
        session.transferFile(url, metadata: nil)
    }
}

When it comes to receiving a file the code is a lot more complex, so I want to pause for a moment and instead fill in the sendFile() method of our iOS app so you can see what’s actually happening.

In this method we will:


	Call URL.documentsDirectory and add the path component “saved_file”.

	If there isn’t already a file at that location, write a test file so we have something to work with.

	Call sendFile() on that URL, so it gets sent to the watch.



Add this to the iOS app now:

func sendFile() {
    let fm = FileManager.default
    let sourceURL = URL.documentsDirectory.appending(path: "saved_file")

    if fm.fileExists(atPath: sourceURL.path) == false {
        try? "Hello, from a phone file".write(to: sourceURL, atomically: true, encoding: .utf8)
    }

    connectivity.sendFile(sourceURL)
}

Now let’s return to how we receive files. We need to implement a didReceive delegate method, which will be called when the file has been transferred fully. At this point, the file will be in a temporary holding area for us to use, but as soon as the didReceive method ends the file will be deleted. This means if you want to use the file afterwards, you need to copy it somewhere else for safekeeping.

The first step to receiving a file is the same as sending: we need to create a URL representing where the file should be placed. If we already have a file at that location – i.e., if you sent the file more than once – then we’ll remove it so we can copy it again. Once the file has been copied from its temporary location, we’ll read it into a String and print it out so you can be sure everything has worked.

Deleting files, copying files, and loading files into a string are all throwing operations, so we’ll wrap it all in a big do/catch block. So, add this new method to the Connectivity class now:

func session(_ session: WCSession, didReceive file: WCSessionFile) {
    let fm = FileManager.default
    let destURL = URL.documentsDirectory.appending(path: "saved_file")

    do {
        if fm.fileExists(atPath: destURL.path) {
            try fm.removeItem(at: destURL)
        }

        try fm.copyItem(at: file.fileURL, to: destURL)
        let contents = try String(contentsOf: destURL)
        receivedText = "Received file: \(contents)"
    } catch {
        receivedText = "File copy failed."
    }
}

That completes all our file transfer code, so go ahead and build and run the iOS app, then build and run the watchOS app. All being well you should be able to tap “File” in iOS and see a message the watchOS app saying “Hello, from a phone file”.

	WatchConnectivity: Wrap up
Sending data between paired devices isn’t hard, but neither is it what I’d call easy – it’s one of those things where you might only use of the transfer options in your own code, but you need to at least be aware of the others because you never know when they might be useful.

I don’t tend to use sendMessage() in my own code, but there is one fairly obvious exception: if the user takes some action and expects to see it immediately mirrored on their other device. Yes, transferUserInfo() will get it there sooner or later, and indeed it might be as fast as sendMessage(), but you want to avoid the situation where the user presses “Start Workout” on their phone and your watchOS app pretends nothing happened.

So: be aware of all of them, and be prepared to choose whichever makes sense on a case-by-case basis.

Challenges

Go back to the NoteDictate app in project 1 and add support for WatchConnectivity so that notes can be transferred to and from an iOS app. If you’re not already an iOS developer, perhaps just make the iOS app print() out the values; if you are an iOS developer, this is your chance to create a companion app that lets users read and delete notes from iOS.

	Afterword

	Thank you!
You’ve made it to the end of this book: I hope you feel much more confident in your skills than when you started it, and I hope you also had fun too.

But while you’ve finished the book, you haven’t finished learning. Programming is an art, so you shouldn’t spend all your time sharpening your pencil when you should be drawing. That means you need to put what you’ve learned into practice, both soon and often. Remember, just joining a gym isn’t enough to make you fit!

And there’s more to learn from me too, whether that’s more of my books, or joining Hacking with Swift+ to learn how to build the Ultimate Portfolio App, score discounts on my books, and get access to my monthly app building livestreams.

The most important thing to say, though, is thank you, even if this book is the only thing of mine you ever buy. Your support has directly contributed to me being able to share more knowledge for free on hackingwithswift.com, where the world learns Swift.

And so, one last time: thank you.

What next?

Level up your skills with the the most popular books from Hacking with Swift:


	Pro Swift

	Pro SwiftUI

	Swift Design Patterns

	Testing Swift

	Swift Coding Challenges



Or better yet, try my bundles to get a great selection of knowledge and also save money: the Swift Power Pack, the Swift Platform Pack, and the Swift Plus Pack can really help take your skills to the next level.

You can buy all these and more at https://www.hackingwithswift.com/store.

Hacking with Swift+

Make the ultimate investment in your iOS career, with HWS+:


	Build the Ultimate Portfolio App

	Downloadable projects and learning challenges

	20% discount on all my books year-round

	Access to monthly app building livestreams

	Support Hacking with Swift so I can share more learning

	Free gifts and more!



Find out more and subscribe at https://www.hackingwithswift.com/plus.
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(10 times)

Line: 6 Col: 1
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< $420.00 11:16

Fetch failed
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

for i in @..<people.count {
print("\(peopleli]) gonna \(actions[i])")
}

Line: 10 Col: 1

players gonna play

haters gonna hate
heart-breakers gonna break
fakers gonna fake
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[ XN ] s MyPlayground.playground
B2 < > 3 MyPlayground

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

print("\(peopleli]) gonna \(actions[i])")
}

3
A
5
6 for i in 0...3 {
7
8
9

players gonna play

haters gonna hate
heart-breakers gonna break
fakers gonna fake

Line: 4 Col: 47
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< $500.00 114

CA$1.35

CN¥7.02






OEBPS/loops-9.png
s MyPlayground.playground

3 MyPlayground

var people = ["players", "haters", "heart-breakers", "fakers"]
var actions = ["play", "hate", "break", "fake"]

for i in 0..<people.count {
var str = "\(people[il) gonna"

for _ in 1...5 {
str += " \(actions[i])"
}

print(str)

players gonna play play play play play

haters gonna hate hate hate hate hate
heart-breakers gonna break break break break break
fakers gonna fake fake fake fake fake

& =0

["players", "haters", "...
["play", "hate", "brea... [@)

(4 times)

(20 times)

(4 times)

Line: 15 Col: 1

@

@

(=
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[ RGN ] Elj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

3 MyPlayground
import UIKit
var stayOutToolLate = true
stayOutTooLate

IstayOutTooLate

Line: 4 Col: 16
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B2 < > 3 MyPlayground

s MyPlayground.playground

3 func albumReleased(year: Int) -> String? {

switch year {

case 2006: return
case 2008: return
case 2010: return
case 2012: return
case 2014: return

"Taylor Swift"
"Fearless"
"Speak Now"

n Red n

"1989"

default: return nil

}
}

14 let album = albumReleased(year: 2006)

15 print("The album is \(album)") A Stringinterpolation producesad.. "Thealbumi.. @

The album is Optional("Taylor Swift")

"Taylor Swift" (@)

"Taylor Swift" (@)

Line: 13 Col: 1






OEBPS/optional-chaining-4.png
[ XN ) s MyPlayground.playground

B2 < > 3 MyPlayground

3 func albumReleased(year: Int) -> String? {
switch year {
case 2006: return "Taylor Swift" "Taylor Swift" @
case 2008: return "Fearless"
case 2010: return "Speak Now"
case 2012: return "Red"
case 2014: return "1989"
default: return nil

}

}

14 let album = albumReleased(year: 2006) ?? "unknown"  "Taylor Swift" @
15 print("The album is \(album)") "The album is Tayl... @

Line: 16 Col: 1 )

The album is Taylor Swift
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o000 < MyPlayground.playground

B2 < > 3 MyPlayground

func getHaterStatus(weather: String) -> String? {
if weather == "sunny" {
return nil nil
} else {
return "Hate" "Hate"

getHaterStatus(weather: "sunny") nil
getHaterStatus(weather: "stormy") "Hate"

Line: 13 Col: 1






OEBPS/optional-chaining-2.png
[ XN ] 3 MyPlayground.playground

B8 < > 3 MyPlayground

import UIKit

let str = "Hello world" "Hello world" @
print(str.uppercased()) "HELLO WORLD\n" @

Line: 5 Col: 1

HELLO WORLD






OEBPS/optional-chaining-3.png
[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

3 func albumReleased(year: Int) -> String? {
switch year {
case 2006: return "Taylor Swift" "Taylor Swift" @
case 2008: return "Fearless"
case 2010: return "Speak Now"
case 2012: return "Red"
case 2014: return "1989"
default: return nil

}

}

14 let album = albumReleased(year: 2006)7?.uppercased() "TAYLOR SWIFT" @

15 print("The album is \(album)") A String interpolation produces a debug descri..  "The album is Opti... @

Line: 16 Col: 1 )

The album is Optional("TAYLOR SWIFT")
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oo s MyPlayground.playground

B2 < > 3 MyPlayground

func getHaterStatus(weather: String) -> String? {
if weather == "sunny" {
return nil
} else {
return "Hate"

func takeHaterAction(status: String) {
if status == "Hate" {
print("Hating") "Hating\n" @

if let haterStatus = getHaterStatus(weather: "rainy") {
takeHaterAction(status: haterStatus)
}

Line: 20 Col: 1
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B2 < > 3 MyPlayground

s MyPlayground.playground

3 func yearAlbumReleased(name: String) -> Int {

if name ==
if name ==
if name ==
if name ==
if name ==

return ©

}

"Taylor Swift" { return 2006 }
"Fearless" { return 2008 }
"Speak Now" { return 2010 }
"Red" { return 2012 }

"1989" { return 2014 }

yearAlbumReleased(name: "Lantern")

Line: 14 Col: 1
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e

s MyPlayground.playground

g8 S MyPlayground
z

3 var uhoh: String! = nil
4 print("Here comes a crash: " + uhoh)

® © error: Execution was interrupted, reason:
EXC_BAD_INSTRUCTION (code=EXC_I386_INVOP,
subcode=0x0).
The process has been left at the point where it was
interrupted, use "thread return -x" to return to the
> Line: 4 Col:
__11db_expr_82/MyPlayground.playground:4: Fatal error:

Unexpectedly found nil while implicitly unwrapping an Optional
value






OEBPS/optionals-2.png
s MyPlayground.playground

3 MyPlayground

func getHaterStatus(weather: String) -> String? {
if weather == "sunny" {
return nil
} else {
return "Hate"

var status: String
status = getHaterStatus(weather: "rainy")

Value of optional type 'String?' must be unwrapped to €3
a value of type 'String'

Coalesce using '??' to provide a default when the Fix
optional value contains 'nil'

Force-unwrap using '!' to abort execution if the Fix
optional value contains 'nil'

Line: 10 Col: 1
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B2 < > 3 MyPlayground

s MyPlayground.playground

3 func countLetters(in string: String) {

print("The string \(string) has \(string.count) letters.")
}

countLetters(in: "Hello")

4
5
6
7
®

Line: 8 Col: 1

The string Hello has 5 letters.
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[ XN ] s MyPlayground.playground
B2 < > 3 MyPlayground

& =

func countLettersInString(_ str: String) {

print("The string \(str) has \(str.count) letters.")
}

3

4

5

6

7 countLettersInString("Hello")
®

Line: 7 Col:

The string Hello has 5 letters.
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" Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help

New > Editor ANRT
_ Editor Below AXET
Add Files... XA _
Window Tab ®’T
Add Packages... _
Window SRT
Open... #0 i
File... #N
Open Recent >
q Target...
Open Quickly... 480
Playground... XS #EN
Close Tab W .
Project... 4 #N
Close Document NEW
_ Package... NS EN
Close Editor ANGEW
) Workspace... ~EN
Close Window Tab CHW 8
Close Workspace AXEBW Group X &8N
Group from Selection
Save #¥S
Welcome to Xcode

Revert to Saved...
Unlock...

Export...

Create a new Xcode project
Create an app for iPhone, iPad, Mac, Apple Watch, or Apple TV.

Clone an existing project

Show in Finder
Open in Tab X¥0

Open in New Window Start working on something from a Git repository.

Open with External Editor . .
Open a project or file

Open an existing project or file on your Mac.

Packages >

Save As Workspace...
Workspace Settings...

Page Setup... SCHP

[ as I
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
func albumIsTaylor(name: String) —> Bool {
if name == "Taylor Swift" { return true }
if name == "Fearless" { return true }
if name == "Speak Now" { return true }
if name == "Red" { return true }
if name == "1989" { return true }

return false

}

if albumIsTaylor(name: "Red") {

print("That's one of hers!") "That's one of hers!\n"
} else {

print("wWho made that?!")
}

if albumIsTaylor(name: "Blue") {

print("That's one of hers!")
} else {

print("wWho made that?!") "Who made that?!\n"
}

Line: 24 Col: 1

That's one of hers!
Who made that?!
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[ XN ] s MyPlayground.playground
B2 < > 3 MyPlayground 2 =@

3 var songs = ["Shake it Off", "You Belong with Me", "Look ["Shake it Off", "You @
What You Made Me Do"] Belong with Me", "Lo...

for song in songs {
if song == "You Belong with Me" {
continue

}

print("My favorite song is \(song)") (2 times)

4
5
6
7
8
9
0
1

1
1

Line: 13 Col: 1

My favorite song is Shake it Off
My favorite song is Look What You Made Me Do
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
3 var counter = 0

while true {
print("Counter is now \(counter)")
counter += 1

if counter == 556 {
break

now 552
now 553
now 554
now 555

(556 times)
(556 times)

Line: 12 Col: 2






OEBPS/how-to-install-xcode-and-create-a-playground-3.png
[ RGN ] Elj Ready to continue MyPlayground

B < > S MyPlayground.playground
3 MyPlayground
import UIKit

var greeting = "Hello, playground" "Hello, playground"

Line: 3 Col: 34
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Choose a template for your new playground:

No Selection ios macOS

Playground

@ Single View






OEBPS/loops-1.png
3 MyPlayground.playground

3 MyPlayground

10 is \ (1
10 is \(2
10 is \ (3
10 is \ (4
10 is \(5
10 is \ (6
10 is \(7
10 is \(8
10 is \(9

10)") "1 x 10is 10\n"
10)") "2x10is 20\n"
10)") "3x 10 is 30\n"
10)") "4 x 10 is 40\n"
10)") "5 x 10 is 50\n"
10)") "6 x 10 is 60\n"
10)") "7 x 10is 70\n"
10)") "8 x 10 is 80\n"
10)") "9 x 10 is 90\n"

print("1
print("2
print("3
print("4
print("5

print("é6
print("7
print("8
print("9
print("10 x 10 is \(10 % 10)") "10x10is 100\n"

X X X X X X X X X
¥ X ¥ X X X ¥ ¥ %

e E@@@

Line: 12 Col: 31 (&
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Watch app is installed!

Message

Context

File

Complication





OEBPS/extensions-2.png
o000 s MyPlayground.playground

B2 < > 3 MyPlayground
2
extension String {
mutating func trim() {
self = trimmingCharacters(in: .whitespacesAndNewlines) "Hello World!" @

var greeting = " Hello World! " Hello World! " @
greeting.trim() "Hello World!" @

3
4
5
6 }
7
8
9
0

®

Line: 11 Col: 1
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s MyPlayground.playground

B2 < > 3 MyPlayground

2

3
4
5
6
7
8
9
0

®

extension Int {
func plusOne() -> Int {
return self + 1

}

var myInt = 0
myInt.plusOne()

Line: 11 Col: 1
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[ XN ] s MyPlayground.playground
B2 < > 3 MyPlayground

2

func countLettersInString(string: String) {

print("The string \(string) has \(string.count) letters.") @
}

countLettersInString(string: "Hello")

3
4
5
6
7
®

Line: 8 Col: 1

The string Hello has 5 letters.
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

func printAlbumRelease(name: String, year: Int) {
print("\(name) was released in \(year)")

}

printAlbumRelease(name: "Fearless", year: 2008)
printAlbumRelease(name: "Speak Now", year: 2010)
printAlbumRelease(name: "Red", year: 2012)

Line: 10 Col: 1

Fearless was released in 2008
Speak Now was released in 2010
Red was released in 2012
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[ XN ) o s MyPlayground.playground

89 < > 3 MyPlayground

func countLettersInString(myString str: String) {
print("The string \(str) has \(str.count) letters.")

}

countLettersInString(myString: "Hello")

3
4
5
6
7

®

Line: 7 Col:

The string Hello has 5 letters.






OEBPS/functions-10.png
o000 s MyPlayground.playground

B2 < > 3 MyPlayground
import UIKit
func getMeaningOfLife() —-> Int {
42
}

getMeaningOflLife()

Line: 8 Col: 1






OEBPS/functions-1.png
[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

import UIKit

func favoriteAlbum() {
print("My favorite is Fearless")

Line: 6 Col: 1






OEBPS/functions-3.png
[ XN ) 3 MyPlayground.playground

B2 < > 3 MyPlayground
2
3 func favoriteAlbum(name: String) {
print("My favorite is \(name)")
}

favoriteAlbum(name: "Fearless")

My favorite is Fearless

Line: 8 Col: 1






OEBPS/functions-2.png
[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

2
3 func favoriteAlbum() {
print("My favorite is Fearless")

favoriteAlbum()

My favorite is Fearless

Line: 8 Col: 1






OEBPS/variables-and-constants-1.png
eoe (]

B <>

3 MyPlayground.playground

3 MyPlayground
import UIKit
var name = "Tim McGraw"

1

2
3
®

name

"Romeo"

Ready to continue MyPlayground

"Tim McGraw"

"Romeo"

Line: 4 Col: 1
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OEBPS/variables-and-constants-2.png
[ XN ] Elj Ready to continue MyPlayground

B < > S MyPlayground.playground

3 MyPlayground
1 import UIKit
2 let name = "Tim McGraw" "Tim McGraw"

3 name = "Romeo" @ Cannotassigntovalue: 'name'..

® |

Line: 4 Col: 1






OEBPS/variables-and-constants-3.png
[ XN ] Elj Ready to continue MyPlayground

B < > S MyPlayground.playground

3 MyPlayground
1 import UIKit
var name = "Tim McGraw" "Tim McGraw"

var name = "Romeo" | @ Invalid redeclaration of ...

2
3
®

Line: 3 Col: 19






OEBPS/why-modifier-order-matters-1.png
12:58
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Hello, world!






OEBPS/views-as-properties-1.png
Draco dormiens
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OEBPS/ending-the-game-2.png
7:41

Safe Crack






OEBPS/ending-the-game-1.png
You win!
You took 65 seconds.

Play Again
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1112

Gryffindor
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Ravenclaw
Slytherin
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1
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Watch app is installed!

Message

Context

File

Complication





OEBPS/environment-modifiers-3.png
1113






OEBPS/enumerations-2.png
[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
3 enum WeatherType {
case sun
case cloud
case rain
case wind
case snow

func getHaterStatus(weather: WeatherType) —-> String? {
switch weather { @
case .sun:
return nil
case .cloud, .wind:
return "dislike"
case .rain:
return "hate"

22 getHaterStatus(weather: .cloud) ‘Hate" @
> Line: 23 Col: 1

MyPlayground.playground:12:5: note: add missing case: '.snow'

switch weather {
A
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
enum WeatherType {
case sun, cloud, rain, wind, snow

}

func getHaterStatus(weather: WeatherType) —-> String? {
if weather == WeatherType.sun {
return nil
} else {
return "Hate" "Hate"

getHaterStatus(weather: WeatherType.cloud) "Hate"

Line: 16 Col: 1
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground 2
3 func knockKnock(_ caller: String?) {
print("who's there?") (2 times) @

switch caller {
case .none:

print("x silence x") "* silence *\n" @
case .some(let person):

print(person) "Orange\n" @)
}

14 knockKnock(nil)
15 knockKnock("Orange")

Line: 4 Col: 5

Who's there?
% silence *
Who's there?
Orange
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
3 enum WeatherType {
case sun
case cloud
case rain
case wind(speed: Int)
case show

func getHaterStatus(weather: WeatherType) —-> String? {
switch weather {
case .sun:
return nil
case .wind(let speed) where speed < 10:
return "meh"
case .cloud, .wind:
return "dislike"
case .rain, .snhow:
return "hate"

24 getHaterStatus(weather: WeatherType.wind(speed: 5)) "meh" @
Line: 9 Col: 2






OEBPS/ending-and-restarting-1.png
Cancel 12:31

You win!

You finished in
26 seconds.

Play Again
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Hacking with Swift
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OEBPS/dictionaries-1.png
LX X BNin} Ready to continue MyPlayground

8 < 3 MyPlayground.playground

S Myplayground
1 import UIKit
2 var person = ["first": "Taylor", ["middle": "Alison", "last":
"middle": "Alison", "last": "Swift", "website":

"Swift", "month": "December", “taylorswift.com’, "first":

"website": "taylorswift.com"] LRt ERbEeen e )

3 person["middle"] "Alison"

4 person["month"] "December”
o\

(m]

Line:s Col1 | @)
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7:46

Tap Me
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Tap Me
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OEBPS/conditional-statements-4.png
[ XX ) \ MyPlayground.playground

B2 < > 3 MyPlayground

var action: String
var stayOutToolLate = true
var nothingInBrain = true

if !stayOutToolLate && !nothingInBrain {
action = "cruise"

}

Line: 9 Col: 2






OEBPS/conditional-statements-1.png
s MyPlayground.playground

B2 < > 3 MyPlayground

1
2
3
4
5
6
7
8

®

import UIKit

var action: String
var person = "hater"

if person == "hater" {
action = "hate"

"hate"

Line: 6 Col: 23
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o000 s MyPlayground.playground

B2 < > 3 MyPlayground

var action: String
var stayOutToolLate = true
var nothingInBrain = true

if stayOutTooLate && nothingInBrain {
action = "cruise" "cruise”

}

Line: 10 Col: 1






OEBPS/conditional-statements-2.png
[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

var action: String
var person = "hater"

if person == "hater" {

action = "hate" "hate"
} else if person == "player" {

action = "play"
} else {

action = "cruise"

Line: 13 Col: 1
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
17 class CountrySinger: Singer {
18 override func sing() {
19 print("Trucks, guitars, and liquor") "Trucks, guit... [@)
20 }
}

var taylor = CountrySinger(name: "Taylor", age: 25) CountrySinger@I
taylor.sing() CountrySinger @)

Line: 25 Col: 1 )

Trucks, guitars, and liquor






OEBPS/types-of-data-3.png
@ [0 Ready to continue MyPlayground

g8 MyPlayground.playground

import UIKit
var name: String
name = "Tim McGraw" "Tim McGraw"

var age: Int
age = 25 @

Line: 4 Col: 1 | (=)
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LN s MyPlayground.playground

B2 < > 3 MyPlayground

17 class CountrySinger: Singer {

18

19 %}

20 |
21 var taylor = CountrySinger(name: "Taylor", age: 25)  CountrySinger @
22 taylor.name "Taylor" @
23 taylor.age 25 O]
24 taylor.sing() CountrySinger [@

Line: 25 Col: 1 )

la la
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[ ] [ ] El:] Ready to continue MyPlayground

88 3 MyPlayground.playground

3 MyPlayground
import UIKit
var name: String
name = "Tim McGraw" Tim McGraw

name = 25 @ Cannot assign value of type 'Int' to typ...
age = "Tim McGraw" @ Cannot find 'age' in scope

Line: 6 Col: 19 (&
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[ XN ] Elj Ready to continue MyPlayground

B < > S MyPlayground.playground

3 MyPlayground
1 import UIKit
var name: String
name = "Tim McGraw" "Tim McGraw"

2
3
®

Line: 4 Col: 1
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Ready to continue MyPlayground

MyPlayground.playground

var longitude: Double
longitude = -86.783333 -86.783333
longitude = -186.783333 -186.783333

)
)
longitude = -1286.783333 -1286.783333 @
longitude = -12386.783333 -12386.783333 @
longitude = -123486.783333 -123486.783333 @
longitude = -1234586.783333 -1234586.783333 @

Line: 9 Col: 26 = [
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[ XN ] Elj Ready to continue MyPlayground

B <o

3 MyPlayground.playground

3 MyPlayground

2

var stayOutToolLate: Bool
stayOutToolLate = true

var nothingInBrain: Bool
nothingInBrain = true

var missABeat: Bool
missABeat = false

Line: 10 Col: 1
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@ [0 Ready to continue MyPlayground

g8 MyPlayground.playground

import UIKit
var latitude: Double
latitude = 36.166667 36.166667

var longitude: Float
longitude = -86.783333 -86.78333 @

Line: 6 Col: 23 | [
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[ XN ] Elj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

3 MyPlayground

var longitude: Float
longitude = -86.783333 -86.78333
longitude = -186.783333 -186.7833

longitude = -1286.783333| -1286.783
longitude = -12386.783333 -12386.78
longitude = -123486.783333 -123486.8
longitude = -1234586.783333 -1234587

Line: 8 Col: 25
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s MyPlayground.playground

3 MyPlayground

import UIKit

class Person { © Class 'Person' has no initializers
var clothes: String
var shoes: String

> Line:7 Col: 1 | (=)
expression failed to parse:
error: MyPlayground.playground:3:7: error: class 'Person' has no
initializers
class Person {

A
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Hello, World!






OEBPS/classes-2.png
L O N < MyPlayground.playground

B2 < > 3 MyPlayground
3 class Singer {
4 var name: String
var age: Int

init(name: String, age: Int) {
self.name = name
self.age = age

}

func sing() {
print("La la la la") "Lalalala\n" @
}

var taylor = Singer(name: "Taylor", age: Singer
taylor.name "Taylor"
taylor.age 25
taylor.sing() Singer

Line: 21 Col: 1

La la la la
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OEBPS/arrays-7.png
[ XN ] ﬁj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

9 MyPlayground
1 import UIKit
2 var songs: [Any]l = ["Shake it Off",
"You Belong with Me", "Back to
December", 3]

®

["Shake it Off", "You

Belong with Me", "Back to

December", 3]

Line: 3 Col: 1
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eoe [J Build Succeeded | Today at 6:50 PM

BB < > 3 MyPlayground.playground

3 MyPlayground
1 import UIKit
2 var songs: [Stringl] = ["Shake it Off", "You Belong
with Me", "Back to December", 3]

® g Cannot convert value of type 'Int' to Q ‘

expected element type 'String'

Line: 3 Col: 1
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o000 Elj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

3 MyPlayground
1 import UIKit
2 var songs: [Stringl = []

®

Line: 3 Col: 1
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eoe (]

Build Succeeded | Today at 6:52 PM
B8 < 3 MyPlayground.playground

3 MyPlayground

2 var songs: [Stringl

<>
You Belon... @

Shake it Off
3 songs[@] = "Shake it Off"

® ©® Variable 'songs' passed by reference Q
>

before being initialized

Line: 4 Col: 1 (=)
expression failed to parse:
error: MyPlayground.playground:3:1: error: variable 'songs'
passed by reference before being initialized
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Build Succeeded | Today at 6:48 PM

o0 ]

B8 < 3 MyPlayground.playground

3 MyPlayground
2 var songs = ["Shake it Off", "You
Belong with Me", "Back to

December"]
3 songs[3] @ error: Execution was interrupted,...

> Line: 3 Col: 9 (=)
Swift/ContiguousArrayBuffer.swift:575: Fatal error: Index out of

range
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[ N ] ﬁj Ready to continue MyPlayground +

BB < > 3 MyPlayground.playground 2 =@

3 MyPlayground
2 var songs = ["Shake it Off", "You ["Shake it Off", "You Belong (@)

Belong with Me", "Back to with Me", "Back to
December"] December"]

3 songsl[o] "Shake it Off" @
4 songsl[1] "You Belong with Me" @
5 songsl[2] "Back to December" @

®

Line: 6 Col: 1
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—;]

n

[ XN ] El:] Build Succeeded | Today at 6:50 PM

B8 < 3 MyPlayground.playground
3 MyPlayground <>

2 var songs = ["Shake it Off", © | ["Shake it Off", "You Belong @
"You Belong with Me", "Back with Me", "Back to

to December", 3] December
@

3 type(of: songs)

®

Line: 3 Col: 16 | (=)

>

expression failed to parse:

error: MyPlayground.playground:2:13: error: heterogeneous
collection literal could only be inferred to '[Any]'; add
explicit type annotation if this is intentional
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+

& =0

Ready to continue MyPlayground

eoe (]

BB < > 3 MyPlayground.playground

3 MyPlayground

2 var songs = ["Shake it Off", "You
Belong with Me", "Back to

["Shake it Off", "You Belong (@)
with Me", "Back to
December"]

December"]
@

3 type(of: songs) Array<String>.Type

®

Line: 4 Col: 1
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eoe0e [J Ready to continue MyPlayground
B < 3 MyPlayground.playground
0 MyPlayground
2 var songs = ["Shake it Off", "You Belong with
Me", "Love Story"l]

"Shake it Off"
"You Belong with Me"
"Love Story"

3 var songs2 = ["Today was a Fairytale", "Welcome
to New York", "Fifteen"]

"Today was a Fairytale"
"Welcome to New York"
"Fifteen"

4 var both = songs + songs2

"Shake it Off"

"You Belong with Me"
"Love Story"

"Today was a Fairytale"
"Welcome to New York"
"Fifteen"

5 both += ["Everything has Changed"]

"Shake it Off"

"You Belong with Me"
"Love Story"

"Today was a Fairytale"
"Welcome to New York"
"Fifteen"

"Everything has Changed"

+

& =0

["Shake it (@)
Off", "Yo...

["Today (@
was a Fai...

["Shakei...

["Shakei...

Line: 5 Col: 35 (o)
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o000 Elj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

3 MyPlayground
1 import UIKit
2 var songs = [Stringl()

®

Line: 3 Col: 1
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[ RGN ) ﬁj Ready to continue MyPlayground

B < > S MyPlayground.playground

3 MyPlayground
var name = "Tim McGraw"
var age = 25
var latitude = 36.166667

"Your name is \(name), your age is
\(age), and your latitude is
\(latitude)"

"Tim McGraw"
25
36.166667

"Your name is Tim McGraw,
your age is 25, and your
latitude is 36.166667"

Line: 7 Col: 1
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[ RGN ] ﬁj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

0 MyPlayground
1 import UIKit
2 var age = 25 25
3 "You are \(age) years old. In "You are 25 years old. In

another \(age) years you will be another 25 yearsyou will be

\(age % 2)." 50."

®

Line: 4 Col: 1
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eoe [

B <>

3 MyPlayground
1 import UIKit

var name = "Tim McGraw"
"Your name is \(name)"

Ready to continue MyPlayground

3 MyPlayground.playground

"Tim McGraw"

2
3 "Your name is Tim McGraw" (@
O,

Line: 4 Col: 1
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eoe [

B <>

3 MyPlayground
1 import UIKit

var name = "Tim McGraw"
"Your name is "

Ready to continue MyPlayground

3 MyPlayground.playground

"Tim McGraw"

+ name "Your name is Tim McGraw" (@

2
3
®

Line: 3 Col: 23
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
struct Person {
var clothes: String
var shoes: String

let taylor = Person(clothes: "T-shirts", shoes: "sneakers")
let other = Person(clothes: "short skirts", shoes: "high heels")

var taylorCopy = taylor
taylorCopy.shoes = "flip flops"

print(taylor)
print(taylorCopy)

Person(clothes: "T-shirts", shoes: "sneakers")
Person(clothes: "T-shirts", shoes: "flip flops")

Person
Person

Person
Person

"Person(clot... @)
"Person(clot... @)

Line: 16 Col: 1
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
struct Person {
var clothes: String
var shoes: String

func describe() {
print("I like wearing \(clothes) with \(shoes)") "l like wearin... [@)
}

let taylor = Person(clothes: "T-shirts", shoes: "sneakers") Person

taylor.describe() Person
Line: 15 Col: 1

I like wearing T-shirts with sneakers
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

import UIKit

struct Person {
var clothes: String
var shoes: String

let taylor = Person(clothes: "T-shirts", shoes: "sneakers") Person

@
let other = Person(clothes: "short skirts", shoes: "high heels") Person @

1
2
3
4
5
6
7
8
9

®

Line: 7 Col: 1
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
struct Person {
var clothes: String
var shoes: String

let taylor = Person(clothes: "T-shirts", shoes: "sneakers")
let other = Person(clothes: "short skirts", shoes: "high heels")

print(taylor.clothes)
print(other.shoes)

T-shirts
high heels

Person
Person

"T-shirts\n"
"high heels\n"

Line: 13 Col: 1
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i

3 MyPlayground.playground

3 MyPlayground

class TaylorFan {
private var name: String?

¥

let fan = TaylorFan()
fan.name = "Charles"

ﬂ © 'name' is inaccessible due to 'private' ()
L rotection level

> Line: 9 Col: 20 (o

expression failed to parse:

error: MyPlayground.playground:9:5: error: 'name' is
inaccessible due to 'private' protection level
fan.name = "Charles"

Amvnn
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[ RGN ] ﬁj Ready to continue MyPlayground

BB < > 3 MyPlayground.playground

3 MyPlayground
1 import UIKit
2 var evenNumbers = [2, 4, 6, 8] [2,4,6,8]
3 var songs = ["Shake it Off", "You ["Shake it Off", "You Belong (@)

Belong with Me", "Back to with Me", "Back to

December"] December"]

®

Line: 4 Col: 1
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground
switch liveAlbums {
case 0:
print("You're just starting out")

case 1:
print("You just released iTunes Live From SoHo")

case 2:
print("You just released Speak Now World Tour") "Youjustrele...@

default:
print("Have you done something new?")
17

Line: 18 Col: 1

You just released Speak Now World Tour
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[ XN ] s MyPlayground.playground

B2 < > 3 MyPlayground

let studioAlbums

switch studioAlbums {
case 0...1:
print("You're just starting out")

case 2...3:
print("You're a rising star")

case 4...5:
print("You're world famous!")

default:
print("Have you done something new?")
17

You're world famous!

"You're world famous!\n"

Line: 18 Col: 1
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[ XN ] Elj Ready to continue MyPlayground

B < > S MyPlayground.playground

3 MyPlayground

1 import UIKit
var name "Tim McGraw"

pane = "Ti McGraw' | [Foundanunepected..

2
3
®

Line: 3 Col: 20
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@ Project10 Watch App
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WatchOS Target Properties

Build Settings

Build Phases Build Rules

Key Type Value
Bundle version string (short) o] $(MARKETING_VERSION)
Bundle identifier o] $(PRODUCT_BUNDLE_IDENTIFIER)
InfoDictionary version o] 6.0
Bundle name o] $(PRODUCT_NAME)
App is only available as a standalone watchOS app o] YES o]
Bundle display name o] Project10
Development localization o] $(DEVELOPMENT_LANGUAGE)
Supported interface orientations o] (2 items)
Bundle OS Type code o] $(PRODUCT_BUNDLE_PACKAGE_TYPE)
Executable file o] $(EXECUTABLE_NAME)
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[ N ] s MyPlayground.playground
B2 < > 3 MyPlayground
extension BinaryInteger {
func clamp(low: Self, high: Self) —-> Self {
if self > high {
return high
} else if self < low {
return low

}
return self
}

let volume: UInt8 = 11
let sensibleVolume = volume.clamp(low: @, high: 10)

Line: 16 Col: 51
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[ XN ) s MyPlayground.playground

B2 < > 3 MyPlayground

protocol Employee {
var name: String { get set }
var jobTitle: String { get set }
func doWork()

}

extension Employee {
func doWork() {
print("I'm busy!") "I'm busy\n" @)
}
}

struct OfficeDrone: Employee {

var name: String = "Dwight"

var jobTitle: String = "Assistant (To The) Regional Manager"
}

let drone = OfficeDrone() OfficeDrone @
21 drone.doWork() OfficeDrone (@)

Line: 22 Col: 1 )

I'm busy!
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o000 s MyPlayground.playground

B2 < > 3 MyPlayground
27 let staff: [any Employeel] = [Executive(), Manager()] [{name "Stev... @
28
29 for person in staff {
30 person.doWork()
31}

®

Line: 32 Col: 1

I'm strategizing!
I'm turning it off and on again.
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