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Part 1: Introduction
Getting Started

This first section of the book will guide the reader in the world of iOS app development using

Swift. We will first learn how to install and use Xcode and iPad Swift Playgrounds, we are going to

get familiar with the tools and ecosystem, not only to create applications but to be able to debug

them effectively.
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Chapter 1. Introduction to Swift
This chapter presents an introduction to Swift, its usage and background in the context of

application software development.

1.1. Introduction

Swift is the name of a programming language created by Apple, primarily targeted towards the

creation of software applications. The chief architect and creator of the language is Chris Lattner

[http://www.nondot.org/sabre/ ], an engineer previously involved in the creation of a suite of software

known as LLVM  [http://llvm.org ].

Swift has many characteristics associated with "modern" programming languages:

¥ Safe: Swift code is compiled following strict rules, thanks to a compiler that reports errors

early during the development of the application, instead of during runtime.

¥ Fast: applications written in Swift are compiled into native code, running without the help of

virtual machines or other interfaces.

¥ Expressive: the language enforces readability of the code, using simple constructions which

make it approachable to the beginner developer, and powerful for more advanced

developers.

1.2. History and Authors

Chris Lattner started working on Swift around 2010, and released version 1.0 of the language in

2014, during AppleÕs annual World Wide Developers Conference.  [https://developer.apple.com/wwdc/ ]

The Swift programming language is now a major project driven and funded by Apple, with the

collaboration of other industry players such as IBM.

1.3. Open Source

Following an enthusiastic reception from the developer community, Apple decided to open source

the Swift programming language. The main website of the project is Swift.org  [https://swift.org ]. The

decision process for new features is completely open, and can be tracked through the official
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Swift evolution website  [http://apple.github.io/swift-evolution/ ].

At the time of this writing (October 2018) the current version of Swift is 4.2, and the language is

available for all of AppleÕs operating systems (macOS, iOS, tvOS, watchOS) as well as Linux.

1.4. Paradigms and Interoperability

Swift is a "multi-paradigm" programming language, allowing developers to write code following

different styles and approaches:

¥ Procedural or imperative

¥ Object-oriented

¥ Functional

Swift also allows developers to interface their code with libraries written in other programming

languages, such as C and Objective-C. In particular, in the case of macOS and iOS, Swift code can

leverage all the functionality available in the Cocoa frameworks, used to create applications for

these operating systems.

Lately, Swift has been making progress as well in other domains, such as the creation of server-

side applications, running on both macOS and Linux. Frameworks such as Perfect

[https://www.perfect.org ], Kitura  [http://www.kitura.io ], Zewo [http://www.zewo.io ] and Vapor

[http://vapor.codes ] are opening roads to new ways to use Swift.

1.5. Similarities with Other Programming Languages

The history of programming languages shows how much languages influence each other; during

their evolution, they "borrow" features from one another, and as a result they evolve through

time.

Swift is a "modern" language in the sense that it borrows and shares many features with many

programming languages created in the past fifteen years, such as:

¥ C# [http://swiftcomparsion.qiniudn.com ] is a programming language created by Microsoft, used to

create applications running on PCs using Windows, as well as server-side applications.
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¥ Scala [https://leverich.github.io/swiftislikescala/ ] is a programming language created in the Ecole

Polytechnique Fédérale de Lausanne  [http://epfl.ch ], used to create server-side applications

running in an environment known as the Java Virtual Machine (JVM), originally created for

the Java programming language.

¥ Kotlin  [https://nilhcem.github.io/swift-is-like-kotlin/ ] is a programming language that also runs in the

JVM, and shares many features with Swift.

¥ Ruby and Python have been very popular scripting programming languages in the past 25

years, and Swift has been inspired by them as well.

1.6. Discussion: The App Economy (10 minutes)

Arguably, the two most important trends in the technological world we are living in is the raise in

importance of both Social Media (Facebook, Twitter, Snapchat, etc.) and smartphones (iOS and

Android) since 2008. These two factors have changed the way people communicate, relate to each

other and exchange information and collaborate in projects.

Swift has become a very important way to create applications for this new economy, and virtually

every single iPhone and iPad user is interacting with things created with Swift every day, even

without noticing it.

This rise of the importance of apps and smartphones in our world raises concerns about privacy

and security, many of which are totally new for our society at large.

Some questions to discuss in groups:

¥ What are your favorite apps? Enumerate them.

¥ Why do you think the are they so popular?

¥ How often do you use them?

¥ Do you allow your apps to know your location or to access your contacts? If so, why? Are you

aware of the dangers?

¥ Do you know how apps are made? Do you know somebody who makes apps for iOS or

Android?
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¥ What are the main differences of applications in iOS and Android? Do you know anyone

using other types of smartphones?

¥ Can you imagine (or do you remember) how people used to communicate news to relatives

or friends before the age of social media?
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Chapter 2. Playgrounds
There is no better way to learn a new programming language than by writing code. However,

setting up the environment required to write, compile and execute code can be challenging for

newcomers or for novice programmers.

On the other hand, experienced developers usually neeed to test new language features, and this

requires in most cases to create a sample project, which can be a lengthy or cumbersome

operation.

This is the problem solved precisely by Swift Playgrounds. They can be created and executed

directly on the Mac using Xcode, but they can also be used in the iPad thanks to the eponymous

application.

Playgrounds allow both novice and experienced developers to learn Swift with minimum hassle,

in an interactive environment that executes code as soon as the user types it.

This chapter will provide instructions of use for both macOS and iOS.

2.1. Playgrounds on macOS

You can create Swift playgrounds on macOS using Xcode [https://developer.apple.com/xcode/ ], freely

available on the Mac App Store  [https://itunes.apple.com/ch/app/xcode/id497799835?l=en&mt=12 ].

Open Xcode and select File Ý New Ý Playground , or type the Command+Option+Shift +N shortcut.

You will be greeted with the screen shown below:
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After choosing a name for your new Playground, just hit Enter and you will see a screen like the

one below:
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Swift Playgrounds appear to be simple text files, just as they would appear in any other editor; the

real power of Playgrounds, however, appears when you hit the ÒPlayÓ button at the bottom left of

the window.

Let us learn a little bit more about Playgrounds by writing a little bit of Swift code in the window.

First erase the contents and write the following code in its place:
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let  pi  = 3.14
var  radius  = 20.56
let  surface  = pi  *  radius  *  radius

print ( surface )

Pay attention when writing the code, so that you do not forget any periods or operators.

After doing this, you should see the following:

ThatÕs right! The code has been executed and the intermediate results are shown on a gutter at
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the rightmost edge of the window. If you do not see the output area at the bottom, select View Ý

Debug Area Ý Show Debug Area , or hit the Shift +Command+Y shortcut.

Swift Playgrounds show the result of all the intermediate execution steps of your code, including

the number of times that a particular line of code was executed.

2.2. Playgrounds on iOS

Playgrounds for iOS is a free application available on the iOS App Store  [https://www.apple.com/swift/

playgrounds/ ] that works in a very similar way to the one in Xcode.

Files created with the iOS application are 100% compatible with those created by the macOS app,

and vice-versa. The interface of the iOS version, however, is optimized for touch input, and only

allows for a limited experience, mostly aimed for learning purposes. Unlike with Xcode, iPad Swift

Playgrounds cannot be used to create fully-fledged apps.
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2.3. Exercises: Create Swift Playground

You can use either the iPad or Xcode on a Mac for this exercise.

Create a new Swift Playground and erase the default code appearing in the new document.

Write the following code:
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import  UIKit
import  PlaygroundSupport

let  label  = UILabel()
label . frame = CGRect( x: 50, y: 100, width : 250, height : 100)
label . text  = "This is a label!"
label . textColor  = . white
label . backgroundColor = . blue
label . font  = UIFont. boldSystemFont( ofSize : 30)

let  controller  = UIViewController ()
controller . view. backgroundColor = . lightGray
controller . view. addSubview( label )

PlaygroundPage. current . liveView  = controller

If you are using Xcode, after writing this code, select View Ý Assistant Editor Ý Show Assistant

Editor , or hit the Command+Option+Enter  shortcut. You should be able to see the screen shown

below:
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Questions:

1. Can you explain in your own words what the code above does?

2. Did you make any mistakes while writing the code? If so, try clicking on the error icon at the

left side of the window. What does the error message say?

3. Modify the values in the frame property of the label; can you tell what the different

parameters do?

4. Play with different font sizes, colors and texts; can you tell what each property does?

5. What do you think the difference between view.addSubview()  and view.backgroundColor  is?
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Chapter 3. Elements of the Swift
Programming Language
Let us begin our exploration of the Swift programming language with the most basic elements:

variables and constants.

3.1. Variables and Constants

Computers are very special machines, built with one specific feature: memory. Remembering stuff

is done through variables and constants.

The most important difference between these is that variables can change their value during the

execution of the code, while constants cannot be changed. In Swift, constants are created using

the let  keyword, while variables are created with the var  keyword:

let  pi  = 3.14
var  name = "Robert"
let  answer = true
var  age = 34

Swift has another very important feature; when creating variables and constants, the language is

able to figure out the "type" of the data being stored. For example, in the case of the variables

above, we can ask Swift to tell us the type of the data stored by the variables:

type( of : pi )
type( of : name)
type( of : answer)
type( of : age)

The code above shows how to query any object for its type. Sometimes, however, developers want

to be able to specify the type of a variable, instead of relying in the type inference mechanism of

Swift; one can do that very easily:
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var  number : Float  = 45
type( of : number)

In the example above, the variable number is explicitly typed as a container to receive floating-

point numbers of single precision, otherwise known as Float . If we did not use a type annotation,

Swift would evaluate this variable to be an integer instead, just like the variable age shown

previously.

3.2. Importance of Types

Types are a very important mechanism in programming languages; they allow computers to

restrict the number of allowed operations on data, and they allow other developers to understand

the intentions of the author of the code. This last point is very important, because software is

more expensive to maintain than to write in the first place.

Any fool can write code that a computer can understand. Good

programmers write code that humans can understand.

Ñ Martin Fowler, Refactoring: Improving the Design of Existing Code

Programs should be written for people to read, and only incidentally for

machines to execute.

Ñ Abelson and Sussman, Structure and Interpretation of Computer Programs

Types are used to determine at compile time whether operations are permitted or not, depending

on the type of the data being stored; for example, we can ask for the length of a string and add

floating point numbers together, but it does not make sense to add strings or to ask for the

"length" of a number:
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// Valid operations
name. lengthOfBytes ( using: . utf8 )
number. distance ( to : 34)

// Invalid operations

//name.add("Smith")
//number.lengthOfBytes(using: .utf8)

Swift stops the execution of the playground when such errors appear, and provides the required

feedback information to allow the developer to correct those errors. This immediate feedback

helps developers write better, safer code.

3.3. The "Any" Type

If you need a variable that can hold any kind of data, just use the Any type, as shown below:

var  whatever : Any = 45
type( of : whatever)
whatever = true
type( of : whatever)
whatever = "A String"
type( of : whatever)

This type should only be used when you are certain that you need to bypass the type checking

mechanisms in place.

3.4. Type Coercion

Sometimes developers need to bypass the compiler typing rules, and they use a technique called

"type coercion" to make the language think that a particular variable actually holds values of

another type. This is a potentially unsafe operation, and as a consequence it must be used with

care to avoid crashes.

To perform type coercion, do the following:
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var  view : UIView = UILabel()
var  label  = view as! UILabel
label . text  = "Type coerced!"

This code works well because it turns out that UILabel and UIView are related to each other; Swift

is very picky when it comes to type coercion, and you are very likely to encounter compiler or

even runtime errors when using type coercion.

3.5. Operators

Swift follows the standard conventions for mathematical operators, as shown by the code below:

let  a = 10
let  b = 2
let  c = 4

let  result1  = a + b *  c
let  result2  = ( a + b) *  c
let  result3  = a + ( b *  c)

The code above shows that result1  and result3  hold the same value, "18" because Swift has

applied the standard operator precedence rules used in mathematics: the multiplication always

has higher priority than the addition, and thus it is executed first.

The following table provides the list of operator categories available in Swift, ordered by their

relative precedence order, from the highest to the lowest precedence.

Category Operators

Primary Expression ()  []  .  expr++

Unary *  & + -  !  ~ É

Binary & `

` ^ Ternary

?: Assignment

= += /=  %= >>= É Comma
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Swift allows developers to create their own operators, something we are going to learn later on

this course.

3.6. Exercise: Understanding let  and var

This exercise can be done on either Xcode on the Mac or on the Swift Playground for iPad.

Open a new playground file and type the following code in it:

let  pi  = 3.14
var  name = "Robert"

Try now to change the values of pi  and name after they have been set:

let  pi  = 3.14
var  name = "Robert"

pi  = 1234567.89
name = "John"

Can you explain what is happening here? Why canÕt the value of pi  be changed?

Exercise: Types

Try now to assign values of other types to name, such as a boolean or a number:

let  pi  = 3.14
var  name = "Robert"

name = true

What is happening here? Why does the playground show an error? Explain the problem using

your own words, remembering the role of types in the Swift programming language.

Can you think of a situation where assigning values of different types to the same variable makes
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sense? How could you make the variable name accept values of different types without

complaining?
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Chapter 4. Strings
Experience shows that the most important data type you will ever manipulate as a developer is

text. In the 21st century this means using UTF-8 [http://stackoverflow.com/a/15128103/133764 ] as the

universal encoding for text. This encoding for allows efficient storage and display of virtually any

language, alphabet or script ever created by mankind, including Klingon and, of course, Emoji.

The good news is that Swift includes full support for UTF-8, even in the most bizarre of ways. This

section will provide an overview of the many capabilities offered by Swift for manipulating

strings.

4.1. String Interpolation

With many languages, developers must concatenate long strings using the + operator, merging

arrays of strings or using special string building classes. In Swift, the approach is slightly different

but very flexible and efficient:

var  name = "John"
var  age = 45
var  greeting  = "Name is \( name); age is \( age)"

print ( greeting )

The code above should display the text Name is John; age is 45  in the console.

4.2. Querying Strings

When you have a string, you might be interested in knowing some details about it, like its length,

or to get a substring with the characters located in a particular portion of it.

The following code shows how to use some standard, simple operations on strings:
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// Length of a string
let  count = greeting . count

// Enumerate each character on a string
for  ( i , c) in  greeting . enumerated() {
Ê   print ( "\( i ): \( c)" )
}

// Get the last 10 characters
let  suffix  = greeting . suffix ( 10)
String ( suffix )

// Get the first 10 w
let  prefix  = greeting . prefix ( 10)
String ( prefix )

4.3. Unicode Support

Swift strings are able to display any character, including those from the fictional Klingon

language, or emoji. Not only that, but Swift also accepts emoji characters as valid variable and

constant names!

The example below shows how to build NoahÕs Ark using emojis with Swift:

// Adapted from
// https://twitter.com/futurepaul/status/473902211463118848

let  !  =
" "#$%&'()*+,-./0123456789:;<=>?@A
BCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_ "

var  `  : [ String ] = []

for  a  in  !  {
Ê   ` . append( "\( a )\( a )" )
}

print ( ` )
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As shown above, you can use emojis Ð or any other Unicode character Ð any where on Swift, either

as the value of a string or as the name of a variable or constant.

!
Inserting emojis in Xcode

If you want to quickly insert emojis in Xcode, just hit the Control +Command+Space

keyboard shortcut, and a handy menu with all the available emojis will appear

on the screen.

4.4. Exercise: Playing with Strings

In this exercise we are going to get familiar with string manipulation. The three most common

operations with strings are usually:

1. Inspecting them to find the location of particular letters;

2. Replacing the first occurrence of a character with another;

3. Replacing all the occurrence of a particular character;

4. Reversing strings and comparing them.

Inspecting Strings

Swift uses the type String.Index  to represent the location of individual characters inside of a

string. This is a major difference compared to other languages, which usually use integer

variables for this. The use of the String.Index  type is explained by the need to cater for emojis and

other complex Unicode characters.

Write a small program in Swift that takes the phrase "Guten Tag!" and returns the following

information:

1. The first character.

2. The last character.

3. The second-to-last character.

4. The second character.
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5. The location of the character "a".

The code below is a possible solution:

// Inspecting strings
let  greeting  = "Guten Tag!"
greeting [ greeting . startIndex ]
greeting [ greeting . index( before : greeting . endIndex)]
greeting [ greeting . index( after : greeting . startIndex )]
let  index = greeting . index( greeting . startIndex , offsetBy : 7)
greeting [ index]

Replacing the first occurrence of a character

Take a long string with lots of asterisks ("*") and replace the first one with an ampersand ("&").

The code below is a possible solution.

// Replacing first occurrence
var  original  = "Here's an asterisk *, an ampersand &, another asterisk ** and more
***"
if  let  theIndex  = original . index( of : "*" ) {
Ê   original . remove( at : theIndex )
Ê   original . insert ( "&" , at : theIndex )
}
print ( original )

Replacing all occurrences of a character

Take the same string as the previous exercise and this time replace all of the asterisks with

ampersands.
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// Replacing all occurrences
var  correctedString  = ""
for  char in  original  {
Ê   if  char == "*"  {
Ê       correctedString  = correctedString  + "&"
Ê   }
Ê   else  {
Ê       correctedString  += char. description
Ê   }
}
print ( correctedString )

Reversing a string

A palindrome is a word or phrase that can be read in any direction. Write a program that takes

palindromes (you can find some on Wikipedia, for example) and inverts them, and then compares

both the original and its inversion to make sure that they are the same. Hint: you will need to

remove some characters, like punctuation or whitespace, for this to work.

// Thanks Wikipedia for these examples!
let  palindrome = "Die Liebe ist Sieger; stets rege ist sie bei Leid."
// let palindrome = "In girum imus nocte et consumimur igni"
// let palindrome = "A man, a plan, a canal: Panama!"
// let palindrome = "Doc, note: I dissent. A fast never prevents a fatness. I diet
on cod."
var  reversed = ""
var  simplified  = ""
let  ignore : Set<Character> = [ "!" , "-" , " " , ";" , ":" , "," , "." ]
for  char in  palindrome {
Ê   if  !ignore . contains ( char) {
Ê       simplified  += char. description . lowercased()
Ê       reversed = char. description . lowercased() + reversed
Ê   }
}
print ( simplified  == reversed)
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Chapter 5. Optionals
Programming languages have to deal with unexpected situations all the time. A program can run

for years and then crash, trying to cope with some data format never before seen in the lifetime of

the application. Although predicting the future is not a particularly good skill of software

developers, a certain amount of foresight is required to build solid, resiliant software that will

pass the test of time.

The most common source of errors in running applications is failing to check whether a variable

holds a value or not; that is, in Swift speak, whether its value is nil  or not. In other programming

languages, the nil  value can be called NULL or Nothing, but the idea behind is always the same: an

indication that the variable holds an empty value holding nothing but air.

In those languages, as for example in the code snippet below (written in a language called C) the

developer is expected to check the value for NULL before using it:

if  ( p !=  NULL) {
Ê   printf ( "%s\n", p->text );
}

The truth is that developers tend to forget to perform these checks, and they also tend to clutter

the source code, making it more complex to read and to maintain.

5.1. Optionals To The Rescue

An optional is like a box that may or may not contain a value inside. Swift treats optionals as first-

class objects, and forces developers to deal with possibly nil values directly during the

development of the application.

To create an optional, just append the ? sign at the end of a type name. For example, hereÕs an

optional String value:
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// Optionals are defined using the desired type
// together with an interrogation mark at the end:
var  opt  : String ? = nil

Once the variable is created, one can assign values to it; but only optional variables can hold nil

values!

opt  = "This is `opt`, a non-nil value!"

// Variables typed with as optional can hold "nil"
// This is not true for non-optional variables!
// Remove the comment below and see how the code reacts:

// opt = nil

5.2. Conditional binding if let

Swift provides a very simple statement that allows to "unbox" the value inside of the optional, and

to branch the execution of the code depending on this:

if  let  temp = opt  {
Ê   // The variable "temp" is local to this block,
Ê   // and is a non-optional variable of String type
Ê   // which contains the non-nil value stored inside of
Ê   // the "opt" variable.
Ê   print ( temp)
}
else  {
Ê   print ( "Value is nil!" )
}

The print(temp)  statement will only be executed if the optional opt  variable does not hold a nil

value. As easy as that. We are ensuring at compile time that the correct code will be executed at

the right moment.
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5.3. Nil Coalescing Operator

Swift also offers the ?? operator to simplify the operation shown above:

// The construction above can be simplified using the
// nil coalescing operator "??"
print ( opt  ?? "Value is nil!" )

5.4. Guard

A guard statement is the opposite of the conditional binding (if let). It transfers program control

out of scope if the condition is NOT met:

func verify ( _ o: String ?) {
Ê   guard o !=  nil  else  {
Ê       print ( "Value is nil!" )
Ê       return  // You must `return` or `throw` here!
Ê   }
Ê   print ( "Verified not nil: '\( o! )'" )
}

verify ( opt )

A guard statement cannot fallthrough, and thus it is mandatory for it to include a return  or a throw

inside, so that the execution of the code skips the rest of the function.

"
guard inside Swift Playgrounds

Because of their requirement to have a return  or a throw, guard statements

cannot exist by themselves in Swift Playgrounds, and must always be inside

functions.

5.5. Instant Unboxing

You can make optionals out of any type, including your own. These types might contain methods,

and to simplify the execution of the code depending on whether the value is nil  or not, the ?
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operator can be used as well:

// You can make optionals out of any type, including your own:
class  Something {
Ê   func execute() {
Ê       print ( "execute()" )
Ê   }
}

// The ? operator after the instance name is used to
// make sure that the method execution only happens
// when the "thing" variable is not nil
var  thing  : Something? = Something()
thing ?. execute()

// If thing were nil, then the method would not be executed
thing  = nil
thing ?. execute()

5.6. Exercises: Playing with Optionals

Create a new playground using Xcode or your iPad, and write the following code:

var  name1 = "John"

1. Can you assign nil  to the name variable? Why not?

2. What should you do to be able to assign nil  to name?

The solution consists in making your variable an optional:

var  name2 : String ? = "John"
name2 = nil

Use this optional in your code. Write an if  statement in which you provide different behavior for

your code depending on whether the name is nil or not.
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if  let  name = name2 {
Ê   print ( "Your name is \( name)" )
}
else  {
Ê   print ( "We do not know your name!" )
}

Then write another if  statement, but make sure this time to also check whether the name variable

is empty.

name2 = ""

if  let  name = name2 {
Ê   if  name. isEmpty {
Ê       print ( "Again, what was your name?" )
Ê   }
Ê   else  {
Ê       print ( "AhhhhÉ  welcome \( name)" )
Ê   }
}
else  {
Ê   print ( "Still no idea who you are!" )
}

Questions:

1. What is the difference between nil  and the empty string "" ?

2. What would happen if you had an optional Int?  variable? How would you distinguish

between 0 (zero) and nil ? Are they different? How?

3. What scenarios can you imagine where the distinction between "empty value" and nil

becomes important? Hint: online shopping.
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Chapter 6. Control Statements & Operators
The Swift programming language provides most standard control statements, very similar to

those available in other languages. This section will provide a short overview of them.

6.1. if

An if  statement is used to control the flow of the program following the result of a boolean

decision. The else  statement is used to provide an optional code path, which would be executed

should the test return a false value.

if  age < 20 {
Ê   print ( "minor" )
}
else  {
Ê   print ( "adult" )
}

When there are many possible options, one can use an else if  statement instead:

if  age < 10 {
Ê   print ( "child" )
}
else  if  age < 20 {
Ê   print ( "teenager" )
}
else  if  age < 30 {
Ê   print ( "young adult" )
}
else  {
Ê   print ( "adult" )
}

Please pay attention to the fact that if  statements can complexify your code very quickly, and

should be used with care.
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6.2. switch

An alternative to the else if  statement above, usually much more readable and clear, is the

switch  statement, which allows the code to fork in different directions depending on the

evaluation of a value.

switch  age {
case 0. .. 9:
Ê   print ( "child" )
case 10. .. 19:
Ê   print ( "teenager" )
case 20. .. 29:
Ê   print ( "young adult" )
default :
Ê   print ( "adult" )
}

An important difference of Swift, when compared to other languages, is the fact that you do not

need to add a break statement at the end of each case. Swift automatically breaks at the end of

each statement, which makes the code much more intuitive and easy to read.

The default  keyword fills the same role as the else  statement previously seen; it is the option that

is executed when the supplied value does not match any of the supplied options. The Swift

compiler will automatically prompt for one if the programmer forgot to cover one of the possible

values.

The switch  statement allows for even more complex evaluations, as shown below:
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switch  age {
case 0. .. 9:
Ê   print ( "child" )
case 10. .. 19:
Ê   print ( "teenager" )
case let  x where x >= 31 && x <= 40:
Ê   print ( "the golden age: \( x)" )
default :
Ê   print ( "adult" )
}

In the code above, when the value of the age variable falls between 31 and 40, the value is

assigned to the local x variable and is used inside of the corresponding block.

6.3. while  and repeat

The while  and repeat  statements allows you to repeat a series of statements while or until a

certain condition becomes true. The difference between both is that repeat  will execute the block

of code at least once, and then check the condition; the while  statement will always check the

condition first, and execute the block of code afterwards.

while  age < 30 {
Ê   print ( age)
Ê   age += 1
}

The example below shows how to use the repeat  statement in a similar fashion. If the value of the

age variable is 10, for example, the associated block of code would only be executed once.

age = 10
repeat  {
Ê   print ( age)
Ê   age += 1
} while  age < 11
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6.4. for

The for  statement allows the developer to repeat a block of code a predefined number of times,

once per each element of a sequence or array:

let  countries  = [ "Switzerland" , "Italy" , "Germany", "France" , "Austria" ,
"Liechtenstein" ]

for  country  in  countries  {
Ê   print ( country )
}

You can also use the for statement with sequences:

for  number in  1. .. 5 {
Ê   print ( number)
}

6.5. Infinite Loops!

As the astute reader might see, it is possible to create infinite loops using the while , repeat  and for

statements; always remember to check the conditions of your loop, to avoid those situations! If an

infinite loop happens, you might have to kill the application right away.

while  true  {
Ê   print ( "boom")
}

If you execute the code above on a playground, you will see that the counter will rapidly increase

without ever stopping. You can close the playground or halt the execution in this case; but in a

real application, the code would stop responding to user events and your application would crash

very quickly.
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6.6. Operators

Operators in Swift work pretty much as you would expect in any other programming language, or

as they would work in pure mathematical expressions. All the expressions below yield the same

value you would expect:

print ( 1 + 2)      // 3
print ( 4 *  5 + 20) // 40, and not 100!
print ( 10 % 3)     // 1

The second operation above shows that the usual rules of operator precedence apply in Swift: the

multiplication is performed before the addition.

The third operator % might be new for some; it is called the "modulo" operation, and represents

the remainder of the division of two integer values. In this case, 10 divided by 3 is equal to 3, but

the remainder of the operation is 1 (because 3 * 3 + 1 = 10.) The modulo operator is very

important in Swift, as it can be used for many mathematical functions, and it is also very common

to use it for cryptography and security purposes.

All of these operators are available for both integer and  floating point numbers, with the same

precedence rules.

6.7. Exercise: Control Statements & Operators

Create a new playground and write a small program that prints all the prime numbers between 2

and 100. You should use a very ancient and well-known algorithm, known as the "Sieve of

Eratosthenes." This algorithm works as follows:

1. Create a list  of integers from 2 to 100.

2. Create a variable called primes holding a Set and initialize it with the list created previously.

3. For each item in the list, iterate over each candidate prime number. If the current prime

number is not the item in the list, and if the prime number is a multiple of the item in the list,

then remove it from the primes set.

4. Sort and print the contents of the primes set. You should have the following output:
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[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73,
79, 83, 89, 97]

That is, the complete list of prime numbers smaller than 100. A possible solution is shown below:

var  list  = 2. .. 100
var  primes = Set( list )

for  n in  list  {
Ê   for  p in  primes {
Ê       if  p !=  n && p % n == 0 {
Ê           primes. remove( p)
Ê       }
Ê   }
}

print ( primes. sorted ())

Questions:

1. How many times does the primes.remove()  function get called?

2. Can you imagine a simple mechanism to make this algorithm go a little bit faster?

To make the algorithm a bit faster, instead of iterating over all the items in the list, you can iterate

until the square root of the maximum. This can be proven mathematically, and dramatically

reduces the number of iterations required to calculate the same result:
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import  Foundation // for sqrt()

var  max = 1000
var  primes = Set( 2. .. max)

// sqrt() takes and returns Double
var  limit  = Int ( sqrt ( Double( max)))

for  n in  2. .. limit  {
Ê   for  p in  primes {
Ê       if  p == n {
Ê           continue
Ê       }
Ê       if  p % n == 0 {
Ê           primes. remove( p)
Ê       }
Ê   }
}

Another solution, keeping track of the multiples and subtracting them from the primes array at

every iteration, thereby reducing the memory requirements at every iteration:
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import  Foundation // for sqrt()

var  max = 1000
var  primes = Set( 2. .. max)

// sqrt() takes and returns Double
var  limit  = Int ( sqrt ( Double( max)))

for  n in  2. .. limit  {
Ê   var  multiples  = Set<Int >()
Ê   for  p in  primes {
Ê       if  p == n {
Ê           continue
Ê       }
Ê       if  p % n == 0 {
Ê           multiples . insert ( p)
Ê       }
Ê   }
Ê   primes. subtract ( multiples )
}

primes. sorted ()
primes. count

Just as an indication, there are 4 prime numbers between 2 and 10, there are 25 between 2 and

100, 168 between 2 and 1'000, and 1229 between 2 and 10'000.

6.7. Exercise: Control Statements & Operators | 40



Chapter 7. Enumerations
Sometimes applications must handle values which can only take a discrete set of values:

¥ Faces of a dice

¥ Cards of a deck

¥ Rooms in a house

¥ Countries where a company is authorized to trade

¥ Shirt or dress sizes

¥ Ice cream flavors

In all of those cases, the Swift enum can help the developer create code that is easier to read and

understand.

7.1. Simple enum

For example, letÕs imagine a company that can only operate in a few countries; this situation can

be enumerated as follows:

enum Country {
Ê   case Switzerland
Ê   case Germany
Ê   case Italy
Ê   case Austria
Ê   case France
Ê   case England
}

This very simple list of countries can now be used all over the application, with immediate

benefits:
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var  country1  = Country. France
var  country2 : Country = . Austria

func greet ( _ country : Country) {
Ê   switch  country1  {
Ê   case . Switzerland :
Ê       print ( "Grüezi!" )
Ê   case . Germany:
Ê       print ( "Hallo!" )
Ê   case . France:
Ê       print ( "Salut!" )
Ê   case . Italy :
Ê       print ( "Ciao!" )
Ê   case . Austria :
Ê       print ( "Servus!" )
Ê   default :
Ê       print ( "Do you speak English?" )
Ê   }
}

greet ( country1 )
greet ( country2 )

As you can see, enum is a big friend of the switch  statement weÕve seen previously in this course.

7.2. Associated Values

Swift enum types can also store associated values and even methods, which make them very useful

artifacts to encapsulate logic related to them:
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enum Country : String  {
Ê   case Switzerland  = "Schweiz"
Ê   case Germany = "Deutschland"
Ê   case Italy  = "Italia"
Ê   case Austria  = " Österreich"
Ê   case France = "France"

Ê   func translate () {
Ê       print ( "\( self ) = \( self . rawValue)" )
Ê   }
}

var  country1  = Country. Switzerland
var  country2 : Country = . Austria

country1 . translate ()
country2 . translate ()

In the example above, we can see that the Country enumeration "inherits" from String, and can

have the localized names of each country associated to the generic name in English, used

throughout the code. We can also query each enumeration value for its translation, by calling the

translate()  method. You can print the associated values by using rawValue.

7.3. Exhaustive cases

You can enumerate switch cases on a single line, separated by comma. Switch statements must be

exhaustive , that means you must handle all cases either by listing all cases or by providing a

default  case.
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enum MessageType: String  {
Ê   case INFO = "This is an Info"
Ê   case WARNING = "This is a Warning"
Ê   case ERROR = "This is an Error!"
}

func sayIt ( _ messageType: MessageType) {
Ê   switch  messageType {
Ê   case . INFO, . WARNING:
Ê       print ( "\( messageType): \( messageType. rawValue)" )
Ê   case . ERROR:
Ê       print ( "ALERT!!! \( messageType): \( messageType. rawValue)" )
Ê   }
}

sayIt (. INFO)
sayIt (. WARNING)
sayIt (. ERROR)

In this example, INFO and WARNING are treated together to simplify the code, whereas ERROR is

handled separately.

7.4. Exercises: Enumerations

Open a playground and create the following enumerations following the instructions:

1. Ice cream flavors (inheritance not required)

2. Dress sizes: L, M, XXSÉ (inheriting from Int  where the associated number corresponds to

standard European size numbers.)

3. Famous numbers: pi, e, square root of 2, etcÉ (inheriting from Double; you can check the web

for examples.)
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Chapter 8. Functions
Functions are one of the basic building blocks of Swift applications. They allow developers to

group code into larger units, and to manipulate them as required, calling them repeatedly if

required, and chaining their execution.

#

Reusing code

One of the basic ideas behind functions (and this is not only true in Swift, but

in any programming language) is to reduce copy-pasting of code: if you find

yourself copying and pasting code all over the place, it is a better idea to create

a function instead!

8.1. Input and Output

A function is defined by what it takes and by what it returns. HereÕs a simple example:

func greet ( name: String ) -> String  {
Ê   return  "Hello \( name)!"
}

The function above takes a String  as an input representing a name, and returns another String

containing a greeting. The variable name is local to the function, and takes whatever input is

passed to it.

#
Function signatures

The types used for input and output form what is collectively known as the

function signature.  This term will be used throughout this text to refer to the

input and output types of a function.

The return  statement performs the inverse operation: it gives back to the caller code whatever

value created or modified during the execution of the code.

You can call this function from anywhere in your application using the following syntax:
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let  greeting  = greet ( name: "Roger")
print ( greeting )

As you can see, the variable name is used internally in the function to create the greeting.

Functions can take none, one or many parameters, as required. They can also return nothing, in

which case the return  statement is omitted.

func none() {
Ê   // do something here, do not return anything
}

// No input, just output
func justReturnOne() -> Int  {
Ê   return  1;
}

// No output, just input
func takeTwoReturnNone( first : Int , second: Double) {
Ê   // do something with `first` and `second`
}

Functions can also return multiple values, using a concept known as "tuples", which are just

values tied together in a small box; you can then "unbind" them, assigning them to individual

variables in just one pass:

func multipleOutput () -> ( String , Int ) {
Ê   return  ( "Stan" , 35)
}

let  ( name, age) = multipleOutput ()
print ( "\( name) is \( age) years old" )

8.2. "Black Boxes"

A common concept from systems theory, very useful in programming, is that of the Black Box.  A
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black box is any entity with input and output whose internal mechanisms are unknown, either

purposedly or accidentally.

A common example is the engine of a car. It has an input (gas or petrol) and an output (an exhaust

port for combustion gases.) Car drivers do not need to know exactly how an engine works to be

able to drive a car Ð but of course, it is a knowledge that can be useful in many cases!

The same happens in software: very often you are going to work with code written by somebody

else, and you are going to think of that code as a black box as much as possible. The

documentation of that code will specify the inputs and outputs, and you will create in your mind a

set of expectations around that code, without having a real idea of how things are implemented

internally.

#
Abstraction layers

Code that uses a "black box" library is often referred to as belonging to a

higher abstraction layer  than the black box itself.

8.3. Function Parameters

As stated earlier, a function is defined by what it takes as input, and by what it returns. Swift

functions can take parameters in many different ways, and you should be familiar with all of

them.

In its simplest form, each of the arguments of a function has a name. This name is required each

time that the function is called, and inside of the function the name is used to refer to the value

passed by the caller.

func parameterName( param: String ) {
Ê   print ( "Parameter is: '\( param)'" )
}

parameterName( param: "First" )

A function can receive any number of parameters, of any type, and they can be optional or not;

Swift will verify the types of the parameters when you call the function to ensure that you are not
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passing values of the wrong type.

func manyParameters( first : String , second: Double?, third : Bool) {
Ê   print ( "Parameters are: '\( first )', '\( String ( describing : second))', '\( third
)'" )
}

manyParameters( first : "First" , second: 123.45, third : false )

In some situations you might want to use a different name for the caller and for the

implementation in the function, and you can do that using parameter aliases; in the example

below, the outside world uses with  as a parameter name, but the value inside of the function is

referred to with the param name.

func aliasedName( with  param: String ) {
Ê   print ( "Aliased parameter is: '\( param)'" )
}

aliasedName( with : "Second")

Of course, sometimes you just want to omit the parameter name, because the parameter is self-

explanatory or there is only one or two. In that case, you can use the _ alias, and the callers can

omit the parameter name.

func withoutName( _ param: String ) {
Ê   print ( "Parameter passed without name: '\( param)'" )
}

withoutName( "Third" )

You can also have functions who take an unspecified number of parameters; in that case, just add

an ellipsis (three dots) after the type name, and inside of the function the code will refer to those

parameters as if they were an array.
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func multipleParameters ( like  numbers: Int ...) {
Ê   print ( "The parameters are: \( numbers)" )
}

multipleParameters ( like : 1, 56, 78, 43, 574)

#
Variadic functions

Functions that take unspecified numbers of parameters are called variadic

functions , and they are common in many programming languages.

"
Variadic parameters always last!

Variadic arguments must always be the last one in the list of parameters.

Another handy feature of Swift are default parameter values; if your code always uses the same

values when calling a function, you might want to add that value as a default parameter and

simplify your code. You can specify default values for all parameters, and you can use the

parameter names to provide other values only to the arguments you want to change.

func printPerson ( name: String  = "John" , age: Int  = 32) {
Ê   print ( "Person: \( name), \( age) years old" )
}

printPerson ()
printPerson ( age: 45)
printPerson ( name: "Peter" )
printPerson ( name: "Peter" , age: 56)

By default, functions cannot modify the values they receive as parameters; they are constant. In

some cases, however, it might be useful for functions to be able to change the state of those

parameters, so that callers can use that information too, and Swift offers the inout  keyword for

that purpose.

In the code below, we create a variable price  and the function will change its value, adding the 8%

of Swiss VAT.
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func addVAT( _ price : inout  Double) {
Ê   // Add the VAT
Ê   price  = price  + ( price  *  0.08)
}

var  price  = 100.0;
addVAT(&price )
print ( "The price with VAT is: \( price )" )

Using inout  parameters can sometimes be seen as having a function returning many different

values.

"
Dangerous

Please be aware that inout  parameters can be sometimes the source of obscure

bugs; if your function has to return multiple values, consider using a tuple

instead.

8.4. Side Effects

The purpose of an engine is to move the car around; it burns petrol, it generates gases, but it also

generates kinetic energy for the car to speed up. This energy is what is called a side effect,  that is,

a modification in the environment of the black box, not directly provided by the return  statement.

For example, the print()  function, which we have repeatedly used in this course, does not return

anything, but instead modifies the state of the console in Xcode; this is a side effect. Other side

effects are, for example, modifying the state of a global variable, or playing audio through the

speakers.

Danger of Side Effects

Of all the side effects mentioned earlier, programmers must avoid modifying the state of

global variables.  This can lead to errors in your code and should be avoided at all costs. By the

way, this is another tip that is useful not only in Swift, but in pretty much any programming

language.
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8.5. Composing Functions

One of the most interesting characteristic about Swift functions is that they can be stored in

variables, passed as parameters andÉÊreturned from functions! That is right, functions can build

other functions.

This requires to define the "type" of a function; well, it turns out that, as stated above, a function is

defined by its input and output types; hence we can define a function type using a typealias

statement:

// Generic type for functions that take and return strings
typealias  Transformation  = ( String ) -> String

The typealias  above defines a shortcut name to refer to functions which take and return objects

of type String . Some examples of such functions could be the following:

func uppercase( _ string : String ) -> String  {
Ê   return  string . uppercased()
}

func lowercase( _ string : String ) -> String  {
Ê   return  string . lowercased()
}

func sort ( _ string : String ) -> String  {
Ê   var  arr  = Array( string )
Ê   arr . sort ()
Ê   return  String ( arr )
}

This means that we can now assign these functions to variables:
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// Variables holding functions
var  func1 : Transformation  = uppercase
var  func2 : Transformation  = sort
var  empty = { ( string  : String ) in
Ê   return  ""
}

Pay attention to the empty variable above; it shows how to define a function with a different

syntax, one that we have not seen yet. It is, however, a completely valid syntax and it is useful to

define functions "on the fly," for example inside other functions.

#
The in  keyword

The in  keyword simply separates the specification of the input parameters

from the block of functionality.

Speaking about which, now we can also create a function that takes two Transformation  and

returns another one:

// This is a function that takes functions as a parameter
// and returns another function!
func compose( _ func1: @escaping Transformation ,
Ê            _ func2: @escaping Transformation ) -> Transformation  {
Ê   return  { string  in
Ê       return  func1( func2( string ))
Ê   }
}

The @escaping attribute is used to tell Swift that the function passed as parameter has to be stored

in a memory so that it can be called later. Otherwise, the function will not available when needed.

Now we can compose string transformations!

// Let us compose some functions now
var  composed = compose( func1, func2)
composed( "Roger Federer" )
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The code above returns the following: FRDEEEEGORRR, that is, the name of our national tennis glory,

all in uppercase, and with its letters sorted in alphabetical order.

# The order in which the functions are applied is very important here. The same

functions, applied in different order, will yield radically different results!

We can use now create a function that takes an unspecified number of transformations:

func compose( _ functions : Transformation  ...) -> Transformation  {
Ê   var  operation  : Transformation  = identity
Ê   for  function  in  functions  {
Ê       operation  = compose( function , operation )
Ê   }
Ê   return  operation
}

And now we can do even more complex compositions:

composed = compose( stripWhitespace , lowercase, uppercase, sort , uniq, identity ,
shuffle )
composed( "Stan Wawrinka")

And this will yield something similar to "ANTRKIWS" or "SAINRKWT" (of course, your actual

result will most probably be different, because we are using the shuffle()  function in the mix.)

Composing functions is a very powerful technique to create reusable software, easy to maintain.

8.6. Closures

Closures are blocks of functionality that can be passed around in your code. The concept of

functions show before is basically a special case of a closure. Closures are similar to blocks in

Objective-C or lambdas in other languages.
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// taken from https://docs.swift.org/swift-book/LanguageGuide/Closures.html
let  names = [ "Dänu", "Tinu" , "Röschu"]

func backward( _ s1: String , _ s2: String ) -> Bool {
Ê   return  s1 > s2
}
var  reversedNames = names. sorted ( by: backward)
print ( "\( reversedNames)" )

The function sorted(by:)  takes a closure, which has two arguments of the same type and returns a

Bool. The returning value tells us if the first argument should appear before (true) or after (false)

the second value when sorted.

Closure expressions are a way to write inline closures in a simple, clean way. They are unnamed

and can capture values from their surrounding context.

reversedNames = names. sorted ( by: { ( s1: String , s2: String ) -> Bool in  return  s1 >
s2 } )
print ( "\( reversedNames)" )

// inferring types
reversedNames = names. sorted ( by: { ( s1, s2) in  return  s1 > s2 } )
print ( "\( reversedNames)" )

// shorthand argument names
reversedNames = names. sorted ( by: { $0 > $1 } )
print ( "\( reversedNames)" )

The second version shows a simplified notation thanks to swiftÕs inferring types. The types

(String, String)  and Bool donÕt need to be written because the type is defined by the array of

Strings. The third version shows how to simplify the code on single-expression closures. Because

the closureÕs body contains a single expression that returns a Bool, the compiler knows enough

that the return statement can be omitted.

If you need to pass a closure expression to a function as the last argument, it can be a good idea to

write it as a trailing closure. A trailing closure is written after the function callÕs parentheses, even

though it is still an argument to the function. When you use the trailing closure syntax, you donÕt
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write the argument label for the closure as part of the function call.

// trailing closure
reversedNames = names. sorted () { $0 > $1 }
print ( "\( reversedNames)" )

Closures are often used in an asynchronous context, where i.e. a service in the cloud gets called

and the result is parsed in a closure. Calling the service takes some time, so the closure isnÕt

executed until the operation of the caller is completed. The closure needs to escape, to be called

later. We can use the keyword @escaping before the parameterÕs type to indicate that the closure is

allowed to escape.

func getMessages( completionHandler : @escaping ( Data?, Error ?) -> Void) {

Ê   // this remote call takes a long time
Ê   api . getRemoteMessages() { data, response, error  in
Ê       guard let  gotData = data, error  == nil  else  {
Ê           completionHandler ( nil , error )
Ê       }
Ê       // do something with response
Ê       completionHandler ( data, nil )
Ê   }
}

Closures can capture and store references to any constants and variables from the context in

which they are defined. The used variables inside the closure must be accessible inside the code

of the closure by the time of the possibly delayed execution. Swift handles all of the memory

management of capturing of these variables for you.

8.7. Exercises: Functions

iOS contains a very useful speech synthesizer system, which can speak aloud any kind of text, in

many different languages. In this exercise we are going to create a playground which will use

functions to encapsulate this functionality.

First of all create a new playground and import the following frameworks:
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import  AVFoundation
import  PlaygroundSupport

Then add, at the bottom of the playground, the following statement:

PlaygroundPage. current . needsIndefiniteExecution  = true

In between these two things, let us create an instance of a speech synthesizer:

let  synthesizer  = AVSpeechSynthesizer()

Let us create now a function that will speak any text in English that we pass to it:

func say( english : String ) {
Ê   let  utterance  = AVSpeechUtterance( string : english )
Ê   synthesizer . speak( utterance )
}

Questions:

1. How do you call the say()  function?

2. How can you make this function simpler?

You can change the voice by passing a language parameter to the utterance  above:

func say( german: String ) {
Ê   let  utterance  = AVSpeechUtterance( string : german)
Ê   utterance . voice  = AVSpeechSynthesisVoice( language: "de-CH")
Ê   synthesizer . speak( utterance )
}

Questions:
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1. Create a function sagen()  which calls say(german:)  above.

2. Create a function dire()  which talks in either French or Italian.
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Chapter 9. Introduction To Xcode Projects
So far we have only seen Xcode as a tool to create playgrounds. The truth is, as fun as playgrounds

are, they cannot be used to create full applications, like the ones you can download from the App

Store.

Thankfully, Xcode can do much more than just playgrounds, and in this chapter we are going to

learn exactly how to do that.

9.1. Creating A New Project

Xcode is an "Integrated Development Environment" or IDE, as these kinds of applications are

commonly referred to in the software industry. Examples of IDEs like Xcode are MicrosoftÕs Visual

Studio, GoogleÕs Android Studio, IntelliJ IDEA, or the open source project called Eclipse.

An IDE enables a developer to do much more than just writing the source code of an application;

with an IDE you can:

¥ Write the code of the application

¥ Debug it, either on a device or a simulator

¥ Make it run faster and using less memory

¥ Analyse its security, to make sure that it protects the privacy of its users

¥ Analyse and reduce its power consumption

¥ Upload the application to the App Store

¥ Éand much more!

Open Xcode, for example by double-clicking its icon in the Dock or the Applications folder on your

Mac. Selecting File Ý New Ý Project  (or hitting the equivalent keystroke: Command+Shift +N) brings

the screen shown in the image below:
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The "New Project" dialog is quite complex, and shows the breadth of projects that can be created

with Xcode. First of all, the bar at the top of the dialog shows that Xcode allows to create iOS,

watchOS, tvOS, macOS and cross-platform projects. In this course we are going to pay attention

only to iOS projects, but you now know that you can use your knowledge to build apps for your

Apple Watch or Apple TV, as well as your Mac, using this very same tool.

In the middle of that dialog, depending on the selected option, you are going to see different kinds

of templates; let us select, under the "iOS" category, the "Single View Application" template, and

hit the "Next" button. This template allows developers to create a skeleton of an application, a

scafflold, ready to be customized and extended with your own code.

In the following screen, enter the text that is shown in the image below:
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Make sure to uncheck all the checkboxes at the bottom, as shown. We will learn later what they

do. Also, make sure that the language of your application is Swift! There is another programming

language available, called "Objective-C", a language that has been used by Apple since 2000 but

which is not longer recommended for new applications.

Finally, hit the "Next" button and in the following screen, uncheck the checkbox about creating a

"Git repository" and hit the "Save" button. You should see a screen similar to the one below:
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This last screen is your actual Xcode project; this is the environment where you are going to

spend the longest time in your life as an iOS developer.

9.2. The Xcode Window

The Xcode window is divided in several panes, always located on the same region of the screen:

¥ On the left there are various "navigators"; the first one you can see is the "Project navigator"

which shows the hierarchy of folders and files that constitute your project. There is a toolbar

at the top of the navigator pane, allowing you to toggle to other views of your project:

! Symbol navigator, showing functions, classes and other bricks of your code.

! Find navigator, which can be used to search for text, and eventually to replace it with

other text throughout the project.

! Issue navigator, which displays the lists of problems currently found in your code, either

during compilation or during execution.
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! Test navigator, displaying the tests of your project, which can help you ensure the quality

of your application before sending it to the App Store.

! Debug navigator, which is used during debugging sessions, to troubleshoot problems in

your code.

! Breakpoint navigator, displaying the currently available breakpoints in your code, that

is, the locations in your application where debugging sessions will automatically halt,

allowing you to inspect the current state of your variables and objects in memory.

! Report navigator, which displays the results of past executions of your code for future

reference.

¥ On the center of the window there is the "Editor pane," which appears differently depending

on the kind of item selected on the project explorer. It is there that you are going to edit your

application code, draw your user interfaces or perform any other changes to your project.

¥ Finally, on the right side, we have the "Utilities pane", divided in two sections:

! At the top, the "Inspector pane," which allows you to change the properties of the item

currently being edited on the Editor pane.

! At the bottom, the "Library pane" displays several useful object and file libraries, with

snippets of code and other items that can accelerate your development.

9.3. Keyboard Shortcuts

Xcode is usually mostly used with the mouse, but there are quite a few useful keyboard shortcuts

which can accelerate your work:

¥ Command+Shift +O (uppercase "oh", not zero) allows you to quickly open any file in your project.

This is useful to navigate from file to file without having your hands leaving your keyboard.

¥ Command+1 through Command+8 display the different navigators, from the File navigator to the

Report navigator.

¥ Command+0 instead toggles the navigator pane completely.

¥ Option+Command+1 and Option+Command+0 perform the same operations but on the Utilities

pane.
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¥ Command+Shift +J allows you to move the focus back to the editor, in case you need to keep

editing text and your currently selected item is not there.

9.4. Preferences

You can customize the look and feel of the editor to suit your preferences. Just open Xcode Ý
PreferencesÉ , or hit the Command+,  (comma) keystroke to bring the preferences window up. There

are several categories of preferences available, but one particularly useful is shown in the figure

below, under the "Text Editing" category:

Turning on "Line numbers" will help you find your way around in your code, and will make

debugging easier.
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9.5. Exercises: Getting Familiar with Xcode

Some exercises to warm up the keyboard.

Creating a new project

1. Locate Xcode in the Applications folder and drag its icon to the Dock.

2. Create a new iOS "single view" application project, called "Exercise", without unit tests or UI

tests or a Git repository.

3. Open the "ViewController.swift" file by clicking on its name on the project navigator.

4. Below the viewDidLoad()  method add the following code:
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//    override func viewDidAppear(_ animated: Bool) {
//        print("viewDidAppear")
//    }

Ê   override  func viewDidAppear( _ animated: Bool) {

Ê       print ( "viewDidAppear")

Ê       super. viewDidAppear( animated)
Ê       let  msg = "This is an alert!"
Ê       let  ac = UIAlertController ( title : "Hello!" ,
Ê                                  message: msg,
Ê                                  preferredStyle : . alert )
Ê       let  ok = UIAlertAction ( title : "OK",
Ê                              style : . default ,
Ê                              handler : nil )
Ê       ac. addAction( ok)
Ê       self . present ( ac,
Ê                    animated: true ,
Ê                    completion : nil )

Ê       print ( "viewDidAppear")

Ê   }

Ê   override  func viewWillDisappear ( _ animated: Bool) {
Ê       print ( "viewWillDisappear" )
Ê   }

Launch the application. To do that, you can select Product Ý Run , hit the Command+R keystroke or

click on the "play" button on the toolbar.

In all cases, you should see the iOS simulator firing up, and then the application running, just

showing a small dialog box with an "OK" button. Hit it and the dialog will disappear.

Setting a breakpoint

Right at the left of the source code editor there is a thin white area; if you click there, a small blue

arrow appears. This is called a breakpoint  and it is used to stop the execution of the application
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at that particular point.

You can disable and enable breakpoints by clicking on them. You can see all the breakpoints by

using the Breakpoint Navigator pane, which can be seen by selecting View Ý Navigators Ý Show

Breakpoint Navigator , or pressing the Command+7 shortcut on the keyboard.

If your application is running, close it as explained in the previous section. Add a breakpoint at

the line that says super.viewDidAppear()  and run your application as previously explained. You

should see the application stopping, and a green bar should appear.

!
Enabling and disabling breakpoints

If the green bar does not appear, and the breakpoint is visible, it might be

because it is disabled. Click on it again and it will become enabled.

When your breakpoint is active, you can use the F6 key in your keyboard to "step over," that is, to

select the next instruction in the current context. In the bottom part of the screen you can see the

current values of all the variables.

Questions:

¥ What are the values of the variables that you see at the bottom of the screen?

¥ Can you "step back" in the execution of your code, that is, return to a previously executed

instruction? What do you think could happen if you do that?
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Chapter 10. GitHub, Git and Open Source
One of the most important trends in software engineering in the past 30 years is, without any

doubt, the raise and spread of Open Source software.

A lot of the code you are using in this very moment is freely available, including parts of the

operating system running PCs and smartphones. For example:

¥ Linux  [https://en.wikipedia.org/wiki/Linux ] is a freely available operating system for PCs.

¥ Android  [https://www.android.com ], the most widely distributed smartphone operating system, is

freely available to anyone, and is itself based on Linux.

¥ LibreOffice  [http://www.libreoffice.org ] is a free and open alternative to Microsoft Office, offering

word processing, spreadsheet and presentation software to the masses.

¥ Most of the most popular programming languages are open source these days: Ruby

[http://www.ruby-lang.org/en/ ], Python  [https://www.python.org ], Rust [https://www.rust-lang.org/ ], PHP

[http://php.net ], and even Swift  [https://swift.org ]!

¥ A large portion of macOS is available as open source software, through the Darwin

[https://opensource.apple.com ] project.

#

"Free" versus "gratis"

In the context of open source and free software, the word free refers to the

freedom to use, modify and redistribute the source code, not to the market

price. In this context, the word free relates to the French word libre  rather than

the word gratuit .

10.1. Licenses

Software is released as open source through the use of specific licenses  [https://opensource.org/

licenses ], which specify the legal boundaries of what can be done with the code.

The most common free and open source ("FOSS") licenses are the following:

¥ Apache License  [https://opensource.org/licenses/Apache-2.0 ]
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¥ Berkley Software Distribution (BSD) License  [https://opensource.org/licenses/BSD-2-Clause ]

¥ GNU General Public License  [https://opensource.org/licenses/gpl-license ]

¥ MIT License  [https://opensource.org/licenses/MIT ]

It is also possible to release open source software without a license, like in the case of the most

widely used database system in the world, namely SQLite [https://sqlite.org ], currently released on

the public domain, without any copyright claim from the original authors.

10.2. Git

Git  [https://git-scm.com ] is an open source distributed version control system, used to help

developers collaborate with each other. It was created by Linus Torvalds, the same developer who

started the Linux project mentioned previously.

A version control system allows developers to collaborate, managing the changes made to the

different files that are used to create a piece of software. With it, developers can integrate

changes, request other developers to review their work, and in case of trouble, to return to a

previous version. When a project uses Git, the folder is called a "repository."

Git is also distributed, which means that every developer has a copy of the repository in their

machines, which gives them the possibility to work offline, if required, and to browse all versions

of the project since the day it started.

Git is primarily available as a tool that can be used in the command line, but there are visual tools

available, both free and commercial, which allow to browse the story of the source code tree, such

as SourceTree  [https://www.sourcetreeapp.com ] from Atlassian.

10.3. GitHub

GitHub  [https://github.com/ ] is a popular website to share open source code. Many popular projects,

including Linux  [https://github.com/torvalds/linux ], Bootstrap  [https://github.com/twbs/bootstrap ], Node.js

[https://github.com/nodejs/node ], jQuery  [https://github.com/jquery/jquery ], Ruby on Rails  [https://github.com/

rails/rails ], CocoaPods [https://github.com/CocoaPods/CocoaPods ] and Homebrew  [https://github.com/

Homebrew/brew ] are hosted and freely available in GitHub.
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#

BitBucket

A common alternative to GitHub is BitBucket  [https://bitbucket.org/ ] from

Atlassian; the main difference with GitHub being that BitBucket allows

developers to host private projects for free, while GitHub requires a paid

subscription to do that.

10.4. Exercises: Git & GitHub

Create a GitHub Account

If you have not already done so, signup for a free account at GitHub.  [https://github.com/join ]

Open a GitHub Project from GitHub

1. Once you have your account, log in  [https://github.com/login ] and then open Xcode.

2. Select SourceControl Ý Check outÉ .

3. In the dialog that appears, enter the following text in the "repository location" field:

! github.com/ akosma/SwiftMoment.git

4. Xcode will ask you to choose a "branch" of the project; choose the one called "master."

5. Xcode should prompt you to save a copy of the project in your local computer; choose any

location that you prefer.

6. As soon as the project opens, open the file "SwiftMoment / Moment.swift" in the editor.

7. Select View Ý Version Editor Ý Show Version Editor . The screen should be split in two

screens.

8. At the bottom of the editor you can select previous revisions of the project, and you can even

see the names of the people involved in the project.

9. Selecting the View Ý Version Editor Ý Show Blame View  one can see, line by line, the names

of the authors responsible of each modification in the file.
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Chapter 11. Application Design: Introduction
to UX & UI Design
Every day, thousands of new applications are launched in the App Store and start competing for

attention in a really crowded market.

User engagement is a fancy term that defines the attention span that every user can give to any

given app. It is, also, the major objective of every application developer; to make sure that their

application not only is bought, but regularly used.

One of the most fundamental steps that every app developer team should undertake is to take the

time to make sure that their application is well designed.

11.1. UX Design

"UX" stands for "User Experience," an umbrella term referring to all the activities required to

define the emotions and possible satisfaction brought when using a new application of service. It

is a rather new activity, merely 10 years old at the time of this writing, but one that has taken a

major role in the industry.

UX Design encompasses the following activities:

¥ Visual design:  the coherent use of styles, colors, fonts and visual elements, used to give

personality to an application, and to make it easier and nicer to use.

¥ Information architecture:  the establishment of a structure of data, using hierarchies, labels,

metadata and animations to create a mental model to help the user manipulate data in the

application.

¥ Interaction design:  the definition of the flow of screens, setting up priorities and making

sure that users can adapt their mental models to the new application.

¥ Usability:  the analysis of the satisfaction and efficiency that a user can achieve through an

application.
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11.2. The UX Design Process

UX designers use a large set of tools and processes to gather information before any line of code is

written.

1. The first step consists in information collection  through interviews, meetings, surveys or

other means, to have an idea of the final user, and to create personas , that is, archetypes

representing that final user.

2. Once the personas are defined, the UX designer will start working in wireframes,

prototypes and other artifacts , which will represent typical scenarios in the upcoming

application.

3. The wireframes and the prototypes will then be tested  with sample users, their usage

patterns and eventual troubles providing very useful information to the designers.

4. Feedback  is collected from project sponsors, developers, sample users and other designers.

5. Through iteration , this process will repeat a few times, as required.

11.3. Deliverables

At the end of the process, a whole set of documentation will emerge:

¥ Visual guidelines:  typography, color tables, UI idioms.

¥ Wireframes:  showing the look and feel of each screen of the application.

¥ Storyboards:  defining the flow of interactions between screens.

These elements will be used by developers to begin work, that is, coding. However, it is foolish to

think that UX design is limited to the beginning of the project; not only must the UX designer be

working together with the project sponsors, she or he must also keep close contact with the

developers at all times, to make sure that the designs are feasible, cost-effective and usable.

11.4. Exercises: UX Design

For this exercise you will not need to write code, but rather to imagine a new application from

scratch.
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Get some paper and a few pencils, and form teams of at most 4 people. You are going to work

together to design a brand new application: a photo sharing app.

The purpose of the application is to share pictures with your friends. You can log in and out,

people can upload pictures and leave comments on them, and even like them. You have probably

seen or used an app like this, so this is your opportunity: what would you do differently in your

application?

A few tips:

¥ Draw the screens of your application separately, in different pieces of paper. One per screen;

for example, one for the signup form and another for the photo comments screen.

¥ Use scissors to cut your prototypes around and glue to connect them in a larger paper, with

arrows showing the flow of navigation between the screens. Can you think of a better way to

display this flow?

¥ You can ask your instructor for details about the application, but let your imagination flow

and interact with your team members to try to get the best possible application.

At the end of the process, present your ideas to the other teams, and you will be surprised of the

incredible ideas that will come out spontaneously!
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Chapter 12. Testing and Software Quality
At the end of the Second World War, as Japan had to reindustrialize itself, the carmaker Toyota

embarked in a company-wide optimization process, called the Toyota Production Process.

At the heart of this process, many principles known collectively as the "Toyota Way" stood the test

of time and are still at the heart of the organization:

¥ Make only what is needed, avoiding waste, by not producing neither less nor more;

¥ Automate processes;

¥ Empower people;

¥ Quality first and always.

Thanks to this philosophy, Toyota grew powerful and strong, and their products have always been

a hallmark of safety and quality.

The idea behind this chapter is to show how some simple techniques help developers today to

deliver quality software to their customers.

Testing software is a rather large subject, well outside of the scope of this book; many techniques

are available today, but we will concentrate today on only two of them, directly available in

Xcode: Unit Testing  and UI Testing.

12.1. Unit Testing

To ensure the highest possible quality and the lowest number of defects, the first and most useful

technique available today are unit tests.

As the name implies, unit testing works at a micro level, making sure that each piece of a larger

software system works as expected. The concept of unit testing was coined by Kent Beck

[https://en.wikipedia.org/wiki/Kent_Beck ], creator of one of the first unit testing frameworks.
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12.2. UI Testing

The second possibility of testing offered by Xcode is UI Testing , which performs automated

actions on the UI elements of the application on behalf of a fictional user.

The advantage of this type of tests is that it can perform a complete simulation of the activity of

the application, at any time, without human intervention, all while providing feedback of any

errors that occurred during the test.

The major disadvantage of this type of tests is that even small changes in the UI can make these

tests fail, which make them usually a bit difficult to maintain, and it is usually only recommended

to use them later on the project, when the code is stable and ready to ship.

12.3. Other Related Concepts

The world of software testing is large and complex. This section will provide a short introduction

to two important concepts: Test Driven Design  and Continuous Integration.

Test Driven Design

Another very popular concept since 2000 is the adoption of Test Driven Design  or TDD in

software engineering.

This technique consists in writing first the tests of a particular piece of software, and later on

writing the software that actually satisfies those tests. Using this technique, teams achieve better

results and can deliver stronger software faster.

Continuous Integration

The idea behind Continuous Integration  (CI) consists in having a separate computer from those

used for development purposes, where the source code of the repository will be checked out

(using Git, most of the time) then built and tested (using Xcode.)

The results of this operation, which could repeat itself several times a day if needed, are

constantly available to the team, so that they can quickly react and correct mistakes as new

features are added. Usually the results of the CI system are displayed in a large screen in the
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development area, for all developers and project managers to see.

The idea behind CI is to make sure that at all times, the current state of the software is stable and

sound, and that all team members know this.

12.4. Unit and UI Testing in Xcode

Xcode bundles its own unit testing framework, called XCUnit. It allows developers to quickly

create tests for their applications.

When you create a new application, Xcode asks you whether you would like to create both unit

and / or UI tests for your application. These take the form of a separate project, which has access

to all the code of the app plus the test code, which is never shipped to end customers.

12.5. Code Documentation

Another very important part of software quality is documentation. There are several kinds of

possible documentation for software artifacts, but one that is very common is what is usually

referred to as "API Documentation."

API documentation is directly inserted in the flow of the code, and provides information about

behaviour, inclusing input and output options, as a well as a general, human-readable discussion

of the different components of the code.

This documentation looks like this:
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import  UIKit

/// Provides mathematical calculation services
public  class  Calculator : NSObject {

Ê   /// This method returns the sum of the two values passed as parameter.
Ê   ///
Ê   /// - Parameters:
Ê   ///   - a: The first value
Ê   ///   - b: The second value
Ê   /// - Returns: The sum of the first and second value
Ê   public  func add( _ a : Int , _ b : Int ) -> Int  {
Ê       return  a + b;
Ê   }
}

To help developers with the documentation process, place the cursor at any method, function,

enum, struct or class and hit the Command+Option+/  shortcut or use the menu Editor Ý Structure Ý
Add Documentation . As the time of writing, the shortcut unfortunately does not work wih any

keyboard that requires you to press the Shift-Button for the '/'. Using the menu, you will see a

documentation template ready to be filled with information.

In larger projects, this documentation is extremely important for developers to understand the

code written by their colleagues, and this becomes even more important as software ages and

team members come and go.

$
Keep the documentation up to date!

Keeping the documentation up to date is one of the most important jobs of a

software developer. All team members must ensure at all times that the

documentation is accurate and useful.

Xcode automatically displays the documentation, as shown in the image below. When the cursor

is on top of the add()  method, the Quick Help inspector on the right of the window shows the

information, while clicking on the method while holding the Option key opens a pop-up window

with the same information.
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Extracting Documentation with Jazzy

The API documentation can also be extracted from the project, for example using the

[Jazzy](github.com/realm/jazzy ) open source tool, which generates a website very similar to the

ones provided by Apple for the documentation of Swift and its frameworks.

For example, running the following command on the project yields the documentation shown in

the image below:

$ jazzy --clean --author "approppo and AKOSMA Training" --author_url akosma.training/
--output docs --theme fullwidth
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12.6. Exercises: Unit Testing

In this exercise we are going to create a small application using the TDD (Test Driven

Development) strategy.

1. Launch Xcode and create a new project for iOS, of type "Single View Application" and make

sure to check the "Include Unit Tests" checkbox. Call the application "TestableApp" and save

it.

2. Right click on the "TestableApp" group icon on the project navigator and select "New FileÉ"

Select an iOS > Cocoa Touch Class and hit "Next." Name it "Calculator" and make it a subclass

of NSObject. Of course, select "Swift" as the programming language. Finally, hit "Next" and

make sure that both targets are selected in the final screen, so that your code will be

available both to the tests and the normal application as well.

3. Before adding any code to the calculator class, we are going to add a test for it; right-click on

the "TestableAppTests" yellow group folder on the project navigator, and select "New FileÉ"

Add an item of type iOS Ý Unit Test Case Class  and hit Next. Name your class

"CalculatorTests" and hit Next. Make sure that this class is only available for the
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"TestableAppTests" target; we will not make this class a shippable part of our application.

You should see the following code on your screen now:

import  XCTest

class  CalculatorTests : XCTestCase {

Ê   override  func setUp() {
Ê       super. setUp()
Ê       // Put setup code here. This method is called before the invocation of each
test method in the class.
Ê   }

Ê   override  func tearDown() {
Ê       // Put teardown code here. This method is called after the invocation of
each test method in the class.
Ê       super. tearDown()
Ê   }

Ê   func testExample() {
Ê       // This is an example of a functional test case.
Ê       // Use XCTAssert and related functions to verify your tests produce the
correct results.
Ê   }

Ê   func testPerformanceExample() {
Ê       // This is an example of a performance test case.
Ê       self . measure {
Ê           // Put the code you want to measure the time of here.
Ê       }
Ê   }

}

The setUp()  and tearDown() methods are executed before and after the execution of every test in

your application. They are useful to create the required infrastructure, like database or network

connections to make the tests pass.

But for the moment we are not going to use any of this, and we will just remove all the methods.
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Your test class should look like this now:

import  XCTest

class  CalculatorTests : XCTestCase {
}

The important thing about test class is that they contain methods called "testXXXX()"; you can

create as many as you want and they will be executed automatically for you.

Let us add a test method to our calculator class:

func testAddition () {
Ê   let  calculator  = Calculator ()
Ê   let  result  = calculator . add( 1, 2)
Ê   XCTAssertEqual( 3, result , "1 + 2 = 3" )
}

If you look at the gutter (that column with numbers next to the left side of the source code) you

will see small gray icons, next to the name CalculatorTests  and another next to the test function,

testAddition() . They can trigger the execution of the tests, either the single method or all of the

methods from the class. If you hit them now, you can see that the tests do not pass.

This code will not even compile because the Calculator  app does not contain an add()  method yet.

Let us fix that, so that our calculator does it job. Open the Calculator.swift  file and add this code

inside the class:
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