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getting started
A Quick Dip

Kotlin is making waves.

From its first release, Kotlin has impressed programmers with its friendly syntax,
conciseness, flexibility and power. In this book, we'll teach you how to build your
own Kotlin applications, and we'll start by getting you to build a basic application and
run it. Along the way, you'll be introduced to some of Kotlin’s basic syntax, such as

statements, loops and conditional branching. Your journey has just begun...
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There’s one thing all code depends on—yvariables.

So in this chapter, we’re going to look under the hood, and show you how Kotlin

variables really work. You'll discover Kotlin’s basic types, such as Ints, Floats and

Booleans, and learn how the Kotlin compiler can cleverly infer a variable’s type from

the value it’s given. You'll find out how to use String templates to construct complex

Strings with very little code, and you'll learn how to create arrays to hold multiple

values. Finally, you'll discover why objects are so important to life in Kotlinville.

Your code needs variables
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The variable holds a reference to the object
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How to explicitly declare a variable’s type
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functions
Getting Out of Main

It’s time to take it up a notch, and learn about functions.

So far, all the code you've written has been inside your application’s main function. But
if you want to write code that's better organized and easier to maintain, you need to
know how to split your code into separate functions. In this chapter, you'll learn how
to write functions and interact with your application by building a game. You’ll discover
how to write compact single expression functions. Along the way you'll find out how

to iterate through ranges and collections using the powerful for loop.

Let’s build a game: Rock, Paper, Scissors 60

A high-level design of the game 61

Get the game to choose an option 63

How you create functions 64

’—"2;::«- ‘:.,E‘L \9 You can send more than one thing to a function 65
- _A\ You can get things back from a function 66
P Functions with single-expression bodies 67

/j - . Add the getGameChoice function to Game.kt 68
ﬁ‘\ The getUserChoice function 75

P How for loops work 76
-3#* ﬁ\ Ask the user for their choice 78
Mixed Messages 79

We need to validate the user’s input 81

Add the getUserChoice function to Game.kt 83
Add the printResult function to Game .kt 87
Your Kotlin Toolbox 389
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classes and objects
A Bit of Class

It’s time we looked beyond Kotlin’s basic types.

Sooner or later, you're going to want to use something more than Kotlin’s basic
types. And that's where classes come in. Classes are templates that allow you
to create your own types of objects, and define their properties and functions.
Here, you'll learn how to design and define classes, and how to use them

to create new types of objects. You'll meet constructors, initializer blocks,
getters and setters, and you'll discover how they can be used to protect your
properties. Finally, you'll learn how data hiding is built into all Kotlin code,

saving you time, effort and a multitude of keystrokes.

One c]_ ass Object type.s are defined using classes 92
How to design your own classes 93
Let’s define a Dog class 94
How to create a Dog object 95
How to access properties and functions 96
Create a Songs application 97
The miracle of object creation 98
How objects are created 99

Behind the scenes: calling the Dog constructor 100

Many ohjects

Going deeper into properties 105
Flexible property initialization 106
How to use initializer blocks 107
You MUST initialize your properties 108
. How do you validate property values? 111
How to write a custom getter 112
How to write a custom setter 113
The full code for the Dogs project 115
Your Kotlin Toolbox 120
$ <7 name: “Fido”
R weight: 79 —~
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subclasses and superclasses
Using Your Inheritance

Ever found yourself thinking that an object’s type would be
perfect if you could just change a few things?

Well, that's one of the advantages of inheritance. Here, you'll learn how to create
subclasses, and inherit the properties and functions of a superclass. You'll discover
how to override functions and properties to make your classes behave the way
you want, and you’ll find out when this is (and isn’t) appropriate. Finally, you'll see how

inheritance helps you avoid duplicate code, and how to improve your flexibility with

polymorphism.

Inheritance helps you avoid duplicate code 122
Animal What we’re going to do 123
image Design an animal class inheritance structure 124
foot':i Use inheritance to avoid duplicate code in subclasses 125
Eagg:ﬁ What should the subclasses override? 126
- We can group some of the animals 127
:_:latl(()ENOISe() Add Canine and Feline classes 128
roam() Use IS-A to test your class hierarchy 129
sleep() The IS-A test works anywhere in the inheritance tree 130
We’ll create some Kotlin animals 133
Declare the superclass and its properties and functions as open 134
Hippo Canine How a subclass inherits from a superclass 135
image How (and when) to override properties 136
food Overriding properties lets you do more than assign default values 137
habitat How to override functions 138
makeNoise() An overridden function or property stays open... 139
eat() Add the Hippo class to the Animals project 140
Add the Canine and Wolf classes 143
image Which function is called? 144
L(;i)?t at When you call a function on the variable, it’s the object’s version
that responds 146
makeNoise() You can use a supertype for a function’s parameters and return type 147
eat() The updated Animals code 148
Your Kotlin Toolbox 153
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abstract classes and interfaces
Serious Polymorphism

A superclass inheritance hierarchy is just the beginning.

If you want to fully exploit polymorphism, you need to design using abstract classes
and interfaces. In this chapter, you'll discover how to use abstract classes to control
which classes in your hierarchy can and can’t be instantiated. You'll see how they can
force concrete subclasses to provide their own implementations. You'll find out how
to use interfaces to share behavior between independent classes. And along the

way, you'll learn the ins and outs of is, as, and when.

(interface)

Roamable The Animal class hierarchy revisited 156
Some classes shouldn’t be instantiated 157

Abstract or concrete? 158

An abstract class can have abstract properties and functions 159

The Animal class has two abstract functions 160

How to implement an abstract class 162

Veh. icle You MUST implement all abstract properties and functions 163
Let’s update the Animals project 164

Independent classes can have common behavior 169

roam() An interface lets you define common behavior OUTSIDE

a superclass hierarchy 170

Let’s define the Roamable interface 171

How to define interface properties 172

Declare that a class implements an interface... 173

How to implement multiple interfaces 174

Treat me like the
Wolf you know T am.

How do you know whether to make a class, a subclass,

an abstract class, or an interface? 175

o Update the Animals project 176

Q Interfaces let you use polymorphism 181

Where to use the is operator 182

Use when to compare a variable against a bunch of options 183

The is operator usually performs a smart cast 184

Use as to perform an explicit cast 185

val Roamable Wolf Update the Animals project 186
Your Kotlin Toolbox 189
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data classes
Dealing with Data

Nobody wants to spend their life reinventing the wheel.

Most applications include classes whose main purpose is to store data, so to make
your coding life easier, the Kotlin developers came up with the concept of a data class.
Here, you'll learn how data classes enable you to write code that's cleaner and more
concise than you ever dreamed was possible. You'll explore the data class utility
functions, and discover how to destructure a data object into its component parts.
Along the way, you'll find out how default parameter values can make your code

more flexible, and we’ll introduce you to Any, the mother of all superclasses.

== calls a function named equals 192
equals is inherited from a superclass named Any 193
The common behavior defined by Any 194

equals() We might want equals to check whether two objects are equivalent 195

hashCode()

toString() A data class lets you create data objects 196
Data classes override their inherited behavior 197
Copy data objects using the copy function 198
Data classes define componentN functions... 199
YourClassHere Create the Recipes project 201
Mixed Messages 203
Generated functions only use properties defined in the constructor 205
Initializing many properties can lead to cumbersome code 206
How to use a constructor’s default values 207
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are considere o
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nulls and exceptions
Safe and Sound

Everybody wants to write code that’s safe.

And the great news is that Kotlin was designed with code-safety at its heart. We'll

start by showing you how Kotlin’s use of nullable types means that you'll hardly ever

experience a NullPointerException during your entire stay in Kotlinville. You'll discover

how to make safe calls, and how Kotlin’s Elvis operator stops you being all shook up.

And when we’re done with nulls, you'll find out how to throw and catch exceptions like

a pro.

Thank you
very much.

This is the Elvis operator.

I'm gonnha TRY this
risky thing, and CATCH
myself if I fail.

How do you remove object references from variables?
Remove an object reference using null

You can use a nullable type everywhere you can use
a non-nullable type

How to create an array of nullable types

How to access a nullable type’s functions and properties
Keep things safe with safe calls

You can chain safe calls together

The story continues...

You can use safe calls to assign values...

Use let to run code if values are not null

Using let with array items

Instead of using an if expression...

The !! operator deliberately throws a NullPointerException
Create the Null Values project

The code continued...

An exception is thrown in exceptional circumstances
Catch exceptions using a try/catch

Use finally for the things you want to do no matter what
An exception is an object of type Exception

You can explicitly throw exceptions

try and throw are both expressions

Your Kotlin Toolbox

220
221
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223
224
225
226
227
228
231
232
233
234
235
236
239
240
241
242
244
245
250
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collections
Get Organized

Ever wanted something more flexible than an array?

Kotlin comes with a bunch of useful collections that give you more flexibility and
greater control over how you store and manage groups of objects. \Want to keep

a resizeable list that you can keep adding to? Want to sort, shuffle or reverse its
contents? Want to find something by name? Or do you want something that will
automatically weed out duplicates without you lifting a finger? If you want any of these

things, or more, keep reading. It’s all here...

Arrays can be useful... 252

S q “Tea” ...but there are things an array can’t handle 253
When in doubt, go to the Library 254

String List, Set and Map 255

> /-\ Fantastic Lists... 256
L s “Coffee” Create a MutableList... 257
. <o A List allows You can remove a value... 258

String duylica{:c values. You can change the order and make bulk changes... 259

Create the Collections project 260

Lists allow duplicate values 263

How to create a Set 264

How a Set checks for duplicates 265

Hash codes and equality 266

O“Va‘lueA” O“Va‘lueB” Rules for overriding hashCode and equals 267
How to use a MutableSet 268

D 5 Update the Collections project 270
—_ 2 Time for a Map 276

Qg%l Q,é\/, How to use a Map 277

T/ T/ Create a MutableMap 278

i | — | - You can remove entries from a MutableMap 279
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generics
Know Your Ins from Your Outs

Everybody likes code that’s consistent.

And one way of writing consistent code that’s less prone to problems is to use
generics. In this chapter, we’ll look at how Kotlin’s collection classes use generics
to stop you from putting a Cabbage into a List<Seagull>. You'll discover when and how
to write your own generic classes, interfaces and functions, and how to restrict

a generic type to a specific supertype. Finally, you'll find out how to use covariance

and contravariance, putting YOU in control of your generic type’s behavior.

WITH generics, objects Collections use generics 290

go IN as a reference to How a MutableList is defined 291
only Duck objects... Using type parameters with MutableList 292
Things you can do with a generic class or interface 293

Here’s what we’re going to do 294

O O O O Create the Pet class hierarchy 295
Duck Duck Duck Duck Define the Contest class 296
\l, J, \l, J, Add the scores property 297
Create the getWinners function 298

Create some Contest objects 299

Create the Generics project 301

O O O O The Retailer hierarchy 305
Duck Duck Duck Duck Define the Retailer interface 306

We can create CatRetailer, DogRetailer and FishRetailer objects... 307

.and come OUT as a
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Update the Generics project 309
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Create Vet objects 314
{%ﬁ Use in to make a generic type contravariant 315
Vet<T: Pet> A A generic type can be locally contravariant 316
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lambdas and higher-order functions
Treating Code Like Data

Want to write code that’s even more powerful and flexible?

If so, then you need lambdas. A lambda—or lambda expression—is a block of code

that you can pass around just like an object. Here, you'll discover how to define

a lambda, assign it to a variable, and then execute its code. You'll learn about

function types, and how these can help you write higher-order functions that use

lambdas for their parameter or return values. And along the way, you'll find out how a

little syntactic sugar can make your coding life sweeter.

]
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tombines two
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single lambda.

combine()

(|
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T take two Int
parameters named x and
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Introducing lambdas

What lambda code looks like

You can assign a lambda to a variable

Lambda expressions have a type

The compiler can infer lambda parameter types
Use the right lambda for the variable’s type

Create the Lambdas project

You can pass a lambda to a function

Invoke the lambda in the function body

What happens when you call the function

You can move the lambda OUTSIDE the ()’s...
Update the Lambdas project

A function can return a lambda

Write a function that receives AND returns lambdas
How to use the combine function

Use typealias to provide a different name for an existing type
Update the Lambdas project
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built-in higher-order functions
Power Up Your Code

Kotlin has an entire host of built-in higher-order functions.
And in this chapter, we’ll introduce you to some of the most useful ones. You'll meet
the flexible filter family, and discover how they can help you trim your collection down
to size. You'll learn how to transform a collection using map, loop through its
items with forEach, and how to group the items in your collection using groupBy.
You'll even use fold to perform complex calculations using just one line of code. By
the end of the chapter, you'll be able to write code more powerful than you ever

thought possible.

Kotlin has a bunch of built-in higher-order functions 364
The min and max functions work with basic types 365
These items have no natural .
order. To Lind the hi 5HCS‘{: A closer look at minBy and maxBy’s lambda parameter 366
or lowest value, we need to The sumBy and sumByDouble functions 367
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\/\‘/ Use map to apply a transform to your collection 372
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The story continues... 374
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coroutines
Running Code in Parallel

Some tasks are best performed in the background.

If you want to read data from a slow external server, you probably don’t want the

rest of your code to hang around, waiting for the job to complete. In situations such

as these, coroutines are your new BFF. Coroutines let you write code that’s run
asynchronously. This means less time hanging around, a better user experience,
and it can also make your application more scalable. Keep reading, and you'll learn the

secret of how to talk to Bob, while simultaneously listening to Suzy.

Bam! Bam! Bam! Bam! Bam! Bam!
Tish! Tish!
4\

This time, the toms and
eymbals play in pavalle.

testing
Hold Your Code to Account

Everybody knows that good code needs to work.

But each code change that you make runs the risk of introducing fresh bugs that stop
your code from working as it should. That’s why thorough testing is so important: it
means you get to know about any problems in your code before it’s deployed to the live
environment. In this appendix, we’'ll discuss JUnit and KotlinTest, two libraries which

you can use to unit test your code so that you always have a safety net.
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lettovers
The Top Ten Things (We Didn’t Cover)

Even after all that, there’s still a little more.

There are just a few more things we think you need to know. We wouldn’t feel right
about ignoring them, and we really wanted to give you a book you’d be able to lift
without training at the local gym. Before you put down the book, read through these
tidbits.

1. Packages and imports 416
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how to use this book
Who is this book for?
If you can answer “yes” to all of these:

o Have you done some programming?
This is NOT a vefevence book.

e Do you want to learn Kotlin? Head Fivst Kotlin is a book
designcd ‘('\o\' lca\rhing, not an
9 Do you prefer actually doing things and applying the stuff cnc\/cloycdia of Kotlin facts.

you learn over listening to someone in a lecture rattle on
for hours on end?

this book is for you.

Who should probably back away from this book?

If you can answer “yes” to any of these:

o Is your programming background limited to HTML only,
with no scripting language experience?

(If you’'ve done anything with looping, or if/then logic,
you’ll do fine with this book, but HTML tagging alone
might not be enough.)

e Are you a kick-butt Kotlin programmer looking for a
reference book?

e Would you rather have your toenails pulled out by 15
screaming monkeys than learn something new? Do you
believe a Kotlin book should cover everything, especially
all the obscure stuff you'll never use, and if it bores the
reader to tears in the process, then so much the better?

this book is not for you.

[Note from Markc'l:ingr this
book is for anyone with 3 tredit
tard or 3 PayPal actount]
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We know what youte thinking

“How can thus be a serious Kotlin book?”
“What’s with all the graphics?”
“Can I actually learn it this way?”

“Do I smell pizza?”

We know what your brainis thinking e

Your brain craves novelty. It’s always searching, scanning, wazting for
something unusual. It was built that way, and it helps you stay alive.

So what does your brain do with all the routine, ordinary, normal things
you encounter? Everything it can to stop them from interfering with the
brain’s real job—recording things that matter. It doesn’t bother saving
the boring things; they never make it past the “this is obviously not
important” filter.

How does your brain know what’s important? Suppose you’re out for a day
hike and a tiger jumps in front of you—what happens inside your head and
body?

Neurons fire. Emotions crank up. Chemicals surge. Great. Only 450
And that’s how your brain knows... more dull, dry,
boring pages.

This must be important! Don’t forget it!

_ - . i LS
But imagine you’re at home or in a library. It’s a safe, warm, tiger-free zone. \four \3*3:'1; wor
You're studying. Getting ready for an exam. Or trying to learn some tough TS ** °
technical topic your boss thinks will take a week, ten days at the most. savindy \

Just one problem. Your brain’s trying to do you a big favor. It’s trying to
make sure that this obviously unimportant content doesn’t clutter up scarce
resources. Resources that are better spent storing the really bzg things.
Like tigers. Like the danger of fire. Like how you should never have
posted those party photos on your Facebook page. And there’s no
simple way to tell your brain, “Hey brain, thank you very much, but
no matter how dull this book is, and how little I'm registering on the
emotional Richter scale right now, I really do want you to keep this
stuff around.”

you are here » xxiii
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how to use this

We think of a “Head First’ reader as a learner.

So what does it take to learn something? First, you have to get it, then make sure
you don’t forget it. It's not about pushing facts into your head. Based on the latest
research in cognitive science, neurobiology, and educational psychology, learning

takes a lot more than text on a page. We know what turns your brain on.

some of the Head First learning principles:

Make it visual. Images are far more memorable than words alone, and make learning much

more effective (up to 89% improvement in recall and transfer studies). It also makes things more

understandable. Put the words within or near the graphics they relate to, rather than on

the bottom or on another page, and learners will be up to twice as likely to solve problems related to the

content.

Use a conversational and personalized style. In recent studies, students performed up

to 40% better on post-learning tests if the content spoke directly to the reader, using a first-person,

conversational style rather than taking a formal tone. Tell stories instead of lecturing. Use casual language.

Don't take yourself too seriously. Which would you pay more attention to:a stimulating dinner-party

companion, ora lecture?

Get the learner to think more deeply. In other words, unless you actively flex your neurons,

nothing much happens in your head. A reader has to be motivated, engaged, curious, and inspired to

solve problems, draw conclusions, and generate new knowledge. And for that, you need challenges,

exercises, and thought-provoking guestions, and activities that involve both sides of the brain and

multiple senses.

Get—and keep—the reader’s attention. Wwe've all had the”l really want to learn this, but | can't

stay awake past page one” experience. Your brain pays attention to things that are out of the ordinary,

interesting, strange, eye-catching, unexpected. Learning a new, tough, technical topic doesn't have to be

boring. Your brain will learn much more quickly if it's not.

Touch their emotions. We now know that your ability to remember something is largely dependent

on its emotional content. You remember what you caré about. You remember when you feel something.

No, we're not talking heart-wrenching stories about a boy and his dog. We're talking emotions like

surprise, curiosity, fun, “what the...?", and the feeling of "l rule!” that comes when you solve a puzzle, learn

something everybody else thinks is hard, or realize you know something that“I'm more technical than

thou” Bob from Engineering doesn't.




the

Metacognition: thinking about thinking

If you really want to learn, and you want to learn more quickly and more

T wonder how
T can trick my brain
info remembering
this stuff...

deeply, pay attention to how you pay attention. Think about how you think.
Learn how you learn.

Most of us did not take courses on metacognition or learning theory when we
were growing up. We were expected to learn, but rarely laught to learn.

But we assume that if you’re holding this book, you really want to learn how o
to code in Kotlin. And you probably don’t want to spend a lot of time. If you '
want to use what you read in this book, you need to remember what you read.

And for that, you've got to understand it. To get the most from this book, or any
book or learning experience, take responsibility for your brain. Your brain on
this content.

The trick is to get your brain to see the new material you’re learning as
Really Important. Crucial to your well-being. As important as a tiger.
Otherwise, you're in for a constant battle, with your brain doing its best to
keep the new content from sticking.

So just how DO you get your brain to treat Kotlin like
it was a hungry tiger?

There’s the slow, tedious way, or the faster, more effective way. The
slow way 1s about sheer repetition. You obviously know that you are able to learn
and remember even the dullest of topics if you keep pounding the same thing into your
brain. With enough repetition, your brain says, “This doesn’t fee/ important to him, but
he keeps looking at the same thing over and over and over, so I suppose it must be.”

The faster way is to do anything that increases brain activity, especially different
types of brain activity. The things on the previous page are a big part of the solution,
and they’re all things that have been proven to help your brain work in your favor. For
example, studies show that putting words within the pictures they describe (as opposed to
somewhere else in the page, like a caption or in the body text) causes your brain to try to
makes sense of how the words and picture relate, and this causes more neurons to fire.
More neurons firing = more chances for your brain to get that this is something worth
paying attention to, and possibly recording.

A conversational style helps because people tend to pay more attention when they
perceive that they’re in a conversation, since they’re expected to follow along and hold up
their end. The amazing thing is, your brain doesn’t necessarily care that the “conversation”
is between you and a book! On the other hand, if the writing style is formal and dry, your
brain perceives it the same way you experience being lectured to while sitting in a roomful
of passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning. ..

XXV



how to use this

Here’s what WE did:

We used pictures, because your brain is tuned for visuals, not text. As far as your brain’s
concerned, a picture really s worth a thousand words. And when text and pictures work
together, we embedded the text i the pictures because your brain works more effectively
when the text is within the thing it refers to, as opposed to in a caption or buried in the body
text somewhere.

We used redundancy, saying the same thing in different ways and with different media types,
and multiple senses, to increase the chance that the content gets coded into more than one area
of your brain.

We used concepts and pictures in unexpected ways because your brain is tuned for novelty,
and we used pictures and ideas with at least some emotional content, because your brain

1s tuned to pay attention to the biochemistry of emotions. That which causes you to fee/
something is more likely to be remembered, even if that feeling is nothing more than a little
humor, surprise, or interest.

We used a personalized, conversational style, because your brain is tuned to pay more
attention when it believes you’re in a conversation than if it thinks you’re passively listening
to a presentation. Your brain does this even when you’re reading.

We included activities, because your brain is tuned to learn and remember more when
you do things than when you read about things. And we made the exercises challenging-yet-
doable, because that’s what most people prefer.

We used multiple learning styles, because you might prefer step-by-step procedures, while
someone else wants to understand the big picture first, and someone else just wants to see

an example. But regardless of your own learning preference, everyone benefits from seeing the
same content represented in multiple ways.

We include content for both sides of your brain, because the more of your brain you
engage, the more likely you are to learn and remember, and the longer you can stay focused.
Since working one side of the brain often means giving the other side a chance to rest, you
can be more productive at learning for a longer period of time.

And we included stories and exercises that present more than one point of view,
because your brain is tuned to learn more deeply when it’s forced to make evaluations and
judgments.

We included challenges, with exercises, and by asking questions that don’t always have

a straight answer, because your brain is tuned to learn and remember when it has to work at
something, Think about it—you can’t get your body in shape just by watching people at the
gym. But we did our best to make sure that when you’re working hard, it’s on the right things.
That you’re not spending one extra dendrite processing a hard-to-understand example,
or parsing difficult, jargon-laden, or overly terse text.

We used people. In stories, examples, pictures, etc., because, well, you’re a person. And your
brain pays more attention to people than it does to things.
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// o5 Here’s what YOU can do to bend
vyour brain into subwmission

So, we did our part. The rest is up to you. These tips are a
starting point; listen to your brain and figure out what works
for you and what doesn’t. Try new things.

Cut this out and stick it

" on Your refvigerator.

a Slow down. The more you understand, the G Drink water. Lots of it.

less you have to memorize. Your brain works best in a nice bath of fluid.

Don’t just read. Stop and think. When the book asks Dehydration (which can happen before you ever

you a question, don’t just skip to the answer. Imagine feel thirsty) decreases cognitive function.

that someone really s asking the question. The

more deeply you force your brain to think, the better 0 Listen to your brain.

chance you have of learning and remembering. Pay attention to whether your brain is getting

. i overloaded. If you find yourself starting to skim

e Do the exercises. Write your own notes. the surface or forget what you just read, it’s time

We put them in, but if we did them for you, that for a break. Once you go past a certain point, you

would be like having someone else do your workouts won’t learn faster by trying to shove more in, and

for you. And don’t just look at the exercises. Use a you might even hurt the process.

pencil. There’s plenty of evidence that physical

activity w/z/e learning can increase the learning e Feel something.

6 Read “There Are No Dumb Questions.” Your brain needs to know that this matters. Get
’ involved with the stories. Make up your own

captions for the photos. Groaning over a bad joke
1s still better than feeling nothing at all.

That means all of them. They’re not optional
sidebars, they’re part of the core content!

Don’t skip them.

e Make this the last thing you read before bed. e Write a lot of code!
Or at least the last challenging thing. There’s only one way to learn Kotlin: write a
Part of the learning (especially the transfer to lot of code. And that’s what you’re going to do
long-term memory) happens ¢/ you put the book throughout this book. Coding is a skill, and the
down. Your brain needs time on its own, to do more only way to get good at it is to practice. We’re
processing. If you put in something new during that going to give you a lot of practice: every chapter
processing time, some of what you just learned will has exercises that pose a problem for you to solve.
be lost. Don’t just skip over them—a lot of the learning

happens when you solve the exercises. We included

e Talk about it. Out loud. a solution to each exercise—don’t be afraid to
Speaking activates a different part of the brain. If peek at the solution if you get stuck! (It’s easy to
you’re trying to understand something, or increase get snagged on something small.) But try to solve
your chance of remembering it later, say it out loud. the problem before you look at the solution. And
Better still, try to explain it out loud to someone else. definitely get it working before you move on to the
You’ll learn more quickly, and you might uncover next part of the book.

ideas you hadn’t known were there when you were
reading about it.
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Read wme

This is a learning experience, not a reference book. We deliberately stripped out everything
that might get in the way of learning whatever it is we’re working on at that point in the
book. And the first time through, you need to begin at the beginning, because the book
makes assumptions about what you’ve already seen and learned.

We assume you’re new to Kotlin, but not to programming.

We assume that you've already done some programming. Maybe not a lot, but we’ll assume
you've already seen things like loops and variables in some other language. And unlike a lot
of other Kotlin books, we don’t assume that you already know Java.

We begin by teaching some basic Kotlin concepts, and then we
start putting Kotlin to work for you right away.

We cover the fundamentals of Kotlin code in Chapter 1. That way, by the time you make
it all the way to Chapter 2, you are creating programs that actually do something. The rest
of the book then builds on your Kotlin skills, turning you from Rotlin newbie to Kotlin ninja
master in very little time.

The redundancy is intentional and important.

One distinct difference in a Head First book is that we want you to really get it. And we
want you to finish the book remembering what you’ve learned. Most reference books don’t
have retention and recall as a goal, but this book 1s about learning, so you’ll see some of the
same concepts come up more than once.

The code examples are as lean as possible.

We know how frustrating it is to wade through 200 lines of code looking for the two lines
you need to understand. Most examples within this book are shown within the smallest
possible context, so that the part you’re trying to learn is clear and simple. So don’t expect
the code to be robust, or even complete. That’s your assignment for after you finish the
book, and it’s all part of the learning experience.
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The exercises and activities are NOT optional.

The exercises and activities are not add-ons; they’re part of the core content of the book.

Some of them are to help with memory, some are for understanding, and some will help
you apply what you’ve learned. So don’t skip the exercises! Your brain will thank you for

1t.

The Brain Power exercises don’t have answers.

Not printed in the book, anyway. For some of them, there is no right answer, and for
others, part of the learning experience is for you to decide if and when your answers are
right. In some of the Brain Power exercises, you will find hints to point you in the right

direction.

the

XXix



the review team

The technical review team

Technical reviewers:

Ingo Krotzky is a trained health information Ken Kousen is the author of the books Modern
technician who has been working as a database Java Recipes (O’Reilly), Gradle Recipes for Android
programmer/software developer for contract research (O’Reilly) and Making Java Groovy (Manning), as
nstitutes. well as O’Reilly video courses in Android, Groovy,

Gradle, advanced Java and Spring. He is a regular
speaker on the No Fluff] Just Stuff’ conference tour
and a 2013 and 2016 JavaOne Rock Star, and has
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1 getting started

*
+ A Quick Dip *

Come on, the water's great! We'll
jump right in, write some code,
and look at some basic Kotlin
syntax. You'll be coding in no time.

Kotlin is making waves.

From its first release, Kotlin has impressed programmers with its friendly syntax,
conciseness, flexibility and power. In this book, we’ll teach you how to build your own
Kotlin applications, and we'll start by getting you to build a basic application and run it.
Along the way, you'll be introduced to some of Kotlin’s basic syntax, such as statements,

loops and conditional branching. Your journey has just begun...

this is a new chapter



kotlin

Welcome to Kotlinville

Kotlin has been taking the programming world by storm.
Despite being one of the youngest programming languages in
town, many developers now view it as their language of choice.
So what makes Kotlin so special?

A language that's
designed for computers
AND humans? Awesomel!

Kotlin has many modern language features that make it
attractive to developers. You’ll find out about these features
in more detail later in the book, but for now, here are some of
the highlights.

It’s crisp, concise and readable

Unlike some languages, Kotlin code is very concise, and you can
perform powerful tasks in just one line. It provides shortcuts for
common actions so that you don’t have to write lots of repetitive
boilerplate code, and it has a rich library of functions that you can
use. And as there’s less code to wade through, it’s quicker to read,
write and understand, leaving you more time to do other things.

You can use object-oriented AND functional programming

Can’t decide whether to learn object-oriented or functional

programming? Well, why not do both? Kotlin lets you

create object-oriented code that uses classes, inheritance and

polymorphism, just as you can in Java. But it also supports ¢ =
functional programming, giving you the best of both worlds. j, ‘

The compiler keeps you safe
Nobody likes unsafe, buggy code, and Kotlin’s compiler

Kotlin virtually

puts a lot of effort into making sure your code is as clean as eliminates tlle kiﬂ(}[s 0‘[
possible, preventing many of the errors that can occur in other

programming languages. Kotlin is statically typed, for example, errors tllat re gutar ly

so you can’t perform inappropriate actions on the wrong type of .

variable and crash your code. And most of the time, you don’t occur 1n Otllel"

even need to explicitly specify the type yourself as the compiler . l

can infer it for you. Pr Ogl" ammlng anguageSO

So Kotlin is a modern, powerful and flexible programming Tllat means sa{el", more

language that offers many advantages. But that’s not the end relial)le COC[e, al'l(l less
of the story.

time sPent cltasing l)ugs.
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You can use Kotlin nearly everywhere

Kotlin is so powerful and flexible that you can use it as a
general-purpose language in many different contexts. This
is because you can choose which platform to compile
your Kotlin code against.

Java Virtual Machines (JVMs)

Kotlin code can be compiled to JVM (Java Virtual Machine)
bytecode, so you can use Kotlin practically anywhere that you
can use Java. Kotlin is 100% interoperable with Java, so you

Bcing able to thoose
which Flaf‘("orm ) tompile

can use existing Java libraries with it. If you’re working on an z:ui ?dzl.aﬁa'"sf means
application that contains a lot of old Java code, you don’t have at Ko " tode tan vun
to throw all the old code away; your new Kotlin code will work on sevvers, in the ¢loud,

in browse\rs, on mobile

alongside it. And if you want to use the Kotlin code you’ve .
devites, and more.

written from inside Java, you can do so with ease.

Awndroid

Alongside other languages such as Java, Kotlin has first-class —.
support for Android. Kotlin is fully supported in Android \
Studio, and you can make the most of Kotlin’s many

advantages when you develop Android apps.

Client-side and server-side JavaSeript

You can also transpile—or translate and compile—Kotlin code —| /% .\_/
into JavaScript, so that you can run it in a browser. You can use - ‘ J
it to work with both client-side and server-side technology, such

as WebGL or Node.js. -~

Native apps

If you want to write code that will run quickly on less powerful
devices, you can compile your Kotlin code directly to native
machine code. This allows you to write code that will run, for
example, on 108 or Linux.

In this book, we’re going to focus on creating Kotlin Even {‘)\ough we've bui|d'm3 aﬂ?l,ica{:nons for
applications for JVMs, as this is the most straightforward way &— Java Virtual Machines, you don't hCCd. to
of getting to grips with the language. Afterwards, you’ll be know Java to gc{: the most out of this
able to apply the knowledge you've gained to other platforms. book. We've assuming Yyou have some 3"‘"31

programming expevience, but that's it

Let’s dive in.
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steps

What we’ll do in this chapter

In this chapter, we’re going to show you how to build a basic
Kotlin application. There are a number of steps we’re going to
go through to do this:

o Create a new Kotlin project.
We’ll start by installing Intelli] IDEA (Community Edition), a free IDE
that supports Kotlin application development. We’ll then use the IDE to
build a new Kotlin project:

5 MyFirstApp

[=] Project + D= 5 -
v g MyFirstApp ~/ldeaProjects/MyFirstApp
» o lidea
[ sre

1 A, | Add Configuration... | = & 0. B Q B

pingiuy #  uasew 3

() Event Log

' MyFirstApp.iml
» Il External Libraries
gy Scratches and Consoles
. )
£ This is the project well
2 ereate with the [DE.
il
*
o
E
]
£
&
~1
B Terminal  i= 6: TODO

|IZ Configure Kotlin: Added /Users /dawna/Library/Applicatien Support/IdealC2018.3/Kotlin/kotling/lib/kotlin-stdlib-jdk7 jar to library c... (2 minutes ago)

e Add a function that displays some text.
We’ll add a new Kotlin file to the project, then write a simple main
function that will output the text “Pow!”

9 Update the function to make it do more.
Kotlin includes basic language structures such as statements, loops and
conditional branching. We’ll use these to change our function so that it
does more.

e Try out code in the Kotlin interactive shell.
Finally, we’ll look at how to try out snippets of code in the Kotlin
interactive shell (or REPL).

We’ll install the IDE after you've tried the following exercise.
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_ @G harpen your pencil

X We know we've not taught you any Kotlin code yet, but see if you
can guess what each line of code is doing. We've completed the
first one to get you started.

val name = "Misty" _ Detlare a variable named ‘name’ and give it a value of “Misty”. ..
val height = 9

val a =

val b =

val c

val str

I
Q
.
©]
0
t
o]
-
o]

Q

val numlList = arrayOf(l, 2, 3) _

var x = 0

while (x < 3) {

println("Item $x is S{NUMLISE LRI I™) e eeeeeeeeesesssseeeeeeee e .
X = x + l .......................................................................................................................................................................................
d e eee ettt et ettt ettt
val myCat = Cat(name, NeIgih) oo s e e s s ee e eeeson
VB L = A g = 3 e e ee e s eseeeee oottt
1E (Y < 5) MYCATIIAOW (4) | oo seeeeee e esseeeee s eseee e seneeess e seennens
W L (Y B ) oo e eeesee e eese e .
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_ @%harpen your perci

& solutlon We know we've not taught you any Kotlin code yet, but see if you
can guess what each line of code is doing. We've completed the
first one to get you started.

val name = "Misty" Declare a variable named ‘name’ and aive it a value of “Misty.”-

val height = 9 Detlave a variable named ‘heiaht’ and give it a value of 9.

val a =
val b =

val ¢ =

val str

val numList = arrayOf(1l, 2, 3) _ Create an array tontaining values of I, 2 and 3.

var x = 0

while (x < 3) { chf looping as lonq as x is less than 3.

val myCat = Cat (name, height) Detlare a variable named ‘mYCA‘E' and eveate a Cat obec{:.
val y = height - 3

if (y < 5) myCat.miaow(4) £ yis less than 5, the Cat should miaow 4 times.

while (y < 8) { Keep looping as long as Y.is less than 8.

myCat.play () Make the Cat ?lay.

y =y +1 Add'fo\/

}  This is the end of the loop.

6
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Install Intellid IPEA (Community Edition)

The easiest way of writing and running Kotlin code is to use
Intelli] IDEA (Community Edition). This is a free IDE from
JetBrains, the people who invented Kotlin, and it comes with
everything you need to develop Kotlin applications, including:

A code editor /\
The code editor offers code completion Kotlin REPL

to help you write Kotlin code, and
formatting and color highlighting to
make your code easier to read. It also
gives you hints for improving your code.

Build tools /\

You can compile and run your code
using quick and easy shortcuts.

There ave many more featuves too, all
there 1o make Your toding life easier.

To follow along with us in this book, you need to install Intelli]
IDEA (Community Edition). You can download the IDE here:

hitps:/ /www.jetbrains.com/idea/ download / index.html <— Mak

Once you've installed the IDE, open it. You should see the Intelli]
IDEA welcome screen. You're ready to build your first Kotlin

e sure You thoose the op

the free Commumﬂ:\/ Edition

getting started
Build application
Add function
Update function
Use REPL

You have easy access to the Kotlin
REPL, which lets you try out code
snippets outside your main code.

Version control
Intelli] IDEA interfaces with major

version control systems such as Git,
SVN, CVS and more

{jon ‘{'p download
of In{‘,c“i\) IDEA

application.
800 Welcome to Intelli) IDEA
This is the I—J
Intelli) IDEA —
weleome sereen. Intellid IDEA

Version 2018.3.3

+ Create New Project
1¥ Import Project
&= Open

H Check out from Version Control ~

£ Configure ~  Get Help ~
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create project

Let’s build a basic application

Now that you’ve set up your development environment, you’re
ready to create your first Kotlin application. We’re going

to create a very simple application that will display the text
“Pow!” in the IDE.

Whenever you create a new application in Intelli] IDEA, you
need to create a new project for it. Make sure you have the
IDE open, and follow along with us.

1. Create a new project

The Intellif IDEA welcome screen gives you a number of
options for what you want to do. We want to create a new
project, so click on the option for “Create New Project”.

Build application
Add function
Update function
Use REPL

800 Welcome to Intelli) IDEA

1J

so this avea is
eurrently empty.

¥ Import Project

& Open

8 Chapter 1

Intellid IDEA

Ah\/ P\ro‘)ccfs You

eveate will appear Version 2018.3.3

heve. This is our

fiest project, + Create New Project /

|+ Check out from Version Control =

Cliek on the option to
eveate a new project

£x Configure * Get Help =




getting started
Build application
Add function
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Building a basic application (continued)

2. Specify the type of project

Next, you need to tell Intelli] IDEA what sort of project you want to
create.

Intelli] IDEA allows you to create projects for various languages and
platforms, such as Java and Android. We’re going to create a Kotlin
project, so choose the option for “Kotlin”.

You also need to specify which platform you want your Kotlin project

to target. We’re going to create a Kotlin application with a JVM gTh eve ave other options too, but

target, so select the Kotlin/JVM option. Then click on the Next we've going to fotus on eveating

button. applications that vun against a VM.
® 00 New Project
= Java <
2 Java FX I Kotlin/Js well Kotlin applicat J
. . . el vun our Kotlin application in a VUM,
Android I, Kotlin/Native so seleet the Kotlin/JVM option.
Intelli) Platform Plugin IIZ Kotlin (IS Client/JVM Server)
7 Maven I, Kotlin (Multiplatform Library)
Cradle I, Kotlin (Mobile Android/i0S)

'_.1" Kotlin (Mobile Shared Library)
& Groovy

N
= Empty Project

We've treating a Kotlin
projett, so thoose the
Ko‘glin o?{:'lon

Kotlin module for JVM target

9 Cancel Previous m

Click on the Next
button to proteed
o the next step.
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3. Configure the project

You now need to configure the project by saying what you want to

call it, where you want to store the files, and what files should be used

by the project. This includes which version of Java should be used by

the JVM, and the library for the Kotlin runtime.

Name the project “MyFirstApp”, and accept the rest of the defaults.

When you click on the Finish button, Intelli] IDEA will create your

project.

X )
Name the project “MyFiestApp’
/
8 .00 ‘/ New Project
| =
Project name: MyFirstApp
Project location: | ~/ldeaProjects /MyFirstApp
Project SDK: = 1.8 (java version "1.8.0_102") B New...
Kotlin runtime ‘; Accept the default values.
Use library: | Il KotlinJavaRuntime B Create...
Project level library KotlinJavaRuntime with 3 files will be created Configure...

¥ More Settings

? Cancel Previous m

Click on the FihiSh]\

button, and the IDE
will eveate Your Pro)cc{:-

10 Chapter 1



We've completed this step, so we've cheeked it
\L, getting started

Build application
Add function

You've just created your first Kotlin project Update function

After you've finished going through the steps to create a new Use REPL

project, Intelli] IDEA sets up the project for you, then displays
it. Here’s the project that the IDE created for us:

[ A | Add Configuration... | b & 0. W Q B

[= Project + B = o —
v g MyFirstApp ~/IdeaProjects/MyFirstApp
b Bm .idea
[wsre
{'m MyFirstApp.iml
» Il External Libraries
g Scratches and Consoles

pingiuy s  uanew 3

£ This is a folder

5% explorer. Use it to

% navigate the Liles and
folders in your project.

13 The tontents of any

i Kotlin files You open

will be displayed here.

M Terminal = 6: TODO () Event Log
Configure Kotlin: Added /Users /dawng/LibraryfApplicatien Support/ldealC2018.3/Kotlin/kotlinc/lib/kotlin-stdlib-jd k7 jar to library c... (2 minutes ago) LI

a

As you can see, the project features an explorer
which you can use to navigate the files and folders
that make up your project. Intelli] IDEA creates this
folder structure for you when you create the project.

I3 MyFirstApp

[ Project v D & —
v I=MyFIrstApp ~fldeaProjects/MyFirstApp
v Bbm.idea
» W codeStyles
» B libraries
iam encodings.xml
e kotline.xml

The folder structure is comprised of configuration
files that are used by the IDE, and some external
libraries that your application will use. It also includes
a src folder, which is used to hold your source code.
You’ll spend most of your time in Kotlinville working
with the src folder.

.
i Misc.xml

a1

@ modules.xml
i Workspace.xml

Any KO‘Hih sourte
Files You eveate— |
need to be added Fsre

# 2: Favorites

fa MyFirstApp.iml
» Il External Libraries
P Scratches and Consoles

The src folder is currently empty as we haven’t added to the sre folder-.
any Kotlin files yet. We’ll do this next.

7:Structure

B Terminal = 6:TODO

]

you are here » 1"
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Add a new Kotlin file to the project

Before you can write any Kotlin code, you first need to create a
Kotlin file to put it in.

To add a new Kotlin file to your project, highlight the sr¢ folder
in Intelli] IDEA’s explorer, then click on the File menu and
choose New — Kotlin File/Class. You will prompted for the
name and type of Kotlin file you want to create. Name the file
“App”, and choose File from the Kind option, like this:

800 New Kotlin File/Class
Name the ‘cilc “APF"'“&

Name:  App il

Choose a file kind of “File”. —>Kind: L File

When you click on the OK button, Intelli] IDEA creates a new
Kotlin file named App.kt, and adds it to the src folder in your
project:

6 O O B MyFirstApp [~/ldeaProjects/MyFirstApp] - .../
= MyFirstApp src 1 A, | Add Config

i Project = D T [ —  ipAppk
g = MyFirstApp ~/IdeaProjects/MyFirstApp
| JIdea

A new file called Appkt has |8

been added to our sre folder- > ik Aopkt

u MyFirstApp.iml
|l External Libraries
o Scratches and Consoles

¥ 2: Favorit

i

M Terminal = 6 TODO

IOl Configure Kotlin: A 1:

sers/dawng/L... (10 minutes ago)

Next, let’s look at the code we need to add to App.kt to get it to
do something

12 Chapter 1
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Anatowmy of the main function

We’re going to get our Kotlin code to display “Pow!” in the IDE’s
output window. We’ll do this be adding a function to App.kt.

Whenever you write a Kotlin application, you must add a function to it
called main, which starts your application. When you run your code,
the JVM looks for this function, and executes it.

The main function looks like this:

“fun” means The name of this function.
it's a function. | L
&| fun”main ||(args: Array<String>) | 4— Opening brace

of the funttion.

The “//” denotes a The function’s parameters, enclosed
tomment. Replace the —.—>| //Your code goes here | in parentheses. The funetion is given

tomment with any an avvay of Strings, and the array is
tode You want the named “a\rgs".

funetion to exetute. /<“ Closing brace of the funttion.

The function begins with the word £un, which is used to
tell the Kotlin compiler that it’s a function. You use the fun

keyword for each new Kotlin function you create. Paf amefer less

2. o]
N funefien
The fun keyword is followed by the name of the function, in mal Fu clion5

this case main. Naming the function main means that it will

be automatically executed when you run the application. If you're using Kotlin 1.2, or

an earlier version, your main

The code in the braces () after the function name tells the function must take the following
compiler what arguments (if’ any) the function takes. Here, the form in order for it to start your
code args: Array<String> specifies that the function application:

accepts an array of Strings, and this array is named args. fun main(args: Array<String>) |

You put any code you want to run between the curly braces //Your code goes here
{} of the main function. We want our code to print “Pow!” in }

the IDE, and we can do that using code like this:
From Kotlin1.3, however, you can omit

fun main(args: Array<string>) { main's parameters so that the function

This says to looks like this:

print to the -\_>| println”("Pow! ")| fun main() {

standard 23 //Your code goes here
output. } The text You want to ?rin{} )

Through most of this book, we're going to
use the longer form of the main function
because this works for all versions of
Kotlin.

println ("Pow!") prints a string of characters, or String,
to the standard output. As we’re running our code in an IDE,
it will print “Pow!” in the IDE’s output pane.

Now that you’ve seen what the function looks like, let’s add it
to our project.

you are here » 13
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Add the main function to App.kt

. . . Use REPL
To add the main function to your project, open the file App.kt
by double-clicking on it in Intelli] IDEA’s explorer. This opens
the code editor, which you use to view and edit files:
800 MyFirstApp [~/ldeaProjects/MyFirstApp] - .../src/App.kt [MyFirstApp] g"
2 MyFirstApp sre 1 A, | Add Configuration... Q e
g Project « € = & — | [pAppkt —
3 s MyFirstApp ~/ldeaProjects/MyFirstApp v g
2 .idea This shows you whith 5
[ voesc | file you've editing—in »
" r App.-kt '{')\is case A k{‘, =
& . .
E w MyFirstApp.iml ) 11PP a
. . =
E Il External Libraries =
il © 5cratches and Consoles
* L .
This is Intellid [DEA’s eode
g editor pane. [£'s currently
=1 .
g empty as our version of Appkt
‘%. doesn't tontain any tode \/C‘{',
[
M Terminal = 6: TODO () Event Log
IC1 Configure Kotlin: Added fUsers/dawng/Library/Application Support/idealC2018.... (12 minutes ago) 1:1 n/a UTF-8 % 4spaces * 'im %

Then, update your version of App.kt so that it matches ours
below:

MyFirstApp

fun main(args: Array<String>) {

println("Pow!") rc k—\/ou ¢an find App-kt in this folder.

App.kt
Let’s try running our code to see what happens.

therejare no
Dumb Questions

Q} Do | have to add a main function to every Kotlin file | AZ No. A Kotlin application might use dozens (or even hundreds)
create? of files, but you may only have one with a ma i n function—the one
that starts the application running.

14 Chapter 1
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Test drive
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You run code in Intelli] IDEA by going to the Run menu,
and selecting the Run command. When prompted, choose
the AppKt option. This builds the project, and runs the code.

After a short wait, you should see “Pow!” displayed in an
output window at the bottom of the IDE like this:

HCVC)S fhc ou'f:Fu{: —
text in the [DE.

[
Run: AppKt
> /Library/Java/JavaVirtualMachines/jdkl.8.0_102.jdk/Contents /Home/bin/java
| ., | objcl154@]: Class JavalLaunchHelper is implemented in both /Library/Javas)
E Pow!
3
& = Process finished with exit code @
~|
I=
e e
Terminal = 0: Messages b 4:Run = 6: TODO
Ll Compilation completed successfully in 6 s 852 ms (moments ago)

What the Run command does

When you use the Run command, Intelli] IDEA goes through
a couple of steps before it shows you the output of your code:

o

It speeifically compiles

our sourte tode into
The IDE compiles your Kotlin source code into JVM bytecode. &« /M bykecode because

. i~ h
Assuming your code has no errors, compiling the code creates one or more th?‘ Vf (‘rea{r‘i J’ dc
class files that can run in a JVM. In our case, compiling App.kt creates a class proyect, we selecte

the JVM option. Had
file called AppAi.class. we thosen Lo vun it in

another envivonment,
the compiler would have
compiled it into code
for that environment
instead.

Kotlin compiler

App.kt AppKt.class

The IDE starts the JVM and runs AppKt.class.

The JVM translates the AppKi.class bytecode into something the underlying
platform understands, then runs it. This displays the String “Pow!” in the
IDE’s output window.

AppKft.class

Now that we know our function works, let’s look at how we
can update it to make it do more.

you are here »
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statements, branches

What can you say in the main function?

Once you're inside the main function (or any other function, for that
matter), the fun begins. You can say all the normal things that you say in
most programming languages to make your application do something.

You can get your code to:

o Do something (statements)

var x = 3

val name = "Cormoran"
x = x * 10

print ("x is $x.")

//This is a comment

O Do something again and again (loops)

while (x > 20) {

x =x -1

print (" x is now $x.")
}
for (1 in 1..10) {

X =x + 1

print (" x is now $x.")

° Do something under a condition (branching)

if (x == 20) {
println(" x must be 20.")
} else {
println(" x isn't 20.")
}
if (name.equals ("Cormoran")) {

println ("$name Strike")

We’ll look at these in more detail over the next few pages.

16
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Syntax Up Clese

Here are some general syntax
hints and tips for while you're finding
your feet in Kotlinville:

* A single-lined comment begins with
two forward slashes:

//This is a comment

* Most white space doesn’t matter:

X = 3

* Define a variable using var or val,
followed by the variable’s name. Use
var for variables whose value you
want to change, and val for ones
whose value will stay the same. You'll
learn more about variables in Chapter
2:

var x = 100

val serialNo = "AS498HG"
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Loop and loop and loop... Update function

Kotlin has three standard looping constructs: while, do-while and for. Use REPL

For now we’ll just focus on while.

The syntax for while loops is relatively simple. So long as some condition is . line of
true, you do everything inside the loop block. The loop block is bounded by a 1€ you J“S{" have one line

pair of curly braces, and whatever you need to repeat needs to be inside that €— tede in the loop blotk, you
block. tan omit the curly braces.

The key to a well-behaved while loop is its conditional test. A conditional test
is an expression that results in a boolean value—something that is either true
or false. As an example, if you say something like “While slceCreamInTub is
true, keep scooping” you have a clear boolean test. There is either ice cream
in the tub, or there isn’t. But if you say “While Fred, keep scooping”, you
don’t have a real test. You need to change it to something like “While Fred is
hungry, keep scooping” in order for it to make sense.

Simple boolean tests

You can do a simple boolean test by checking the value of a variable using a
comparison operator. These include:

< (less than)

> (greater than)

== (equality) €— You use two eaquals signs to fest for equality, not one.
<= (less than or equal to)

>= (greater than or equal to)

Notice the difference between the assignment operator (a single
equals sign) and the equals operator (two equals signs).

Here’s some example code that uses boolean tests:

var x = 4 //Assign 4 to x

while (x > 3) {
//The loop code will run as x is greater than 3
println (x)

x =x -1
}
var z = 27
while (z == 10) {

//The loop code will not run as z is 27
println(z)
z =2z + 6

you are here » 17



going loopy

A loopy example

Let’s update the code in App.kt with a new version of the main
function. We’ll update the main function so that it displays a
message before the loop starts, each time it loops, and when
the loop has ended.

Update your version of App.kt so that it matches ours below
(our changes are in bold):

fun main(args: Array<String>) {

Build application
Add function

[ T KK

~priasin P Reutry—C— Delete this line, as it's no longer needed.

var x = 1

println("Before the loop. x = $x.")
while (x < 4) {
println("In the loop. x = $x.")
x=x+1
}
println("After the loop. x = $x.")

}

Let’s try running the code.

Test drive

Run the code by going to the Run menu, and selecting the
Run ‘AppKt’ command. The following text should appear
in the output window at the bottom of the IDE:

Before the loop. x = 1.
In the loop. x = 1.

In the loop. x=2.

In the loop. x = 3.
After the loop. x =4.

Now that you've learned how while loops and boolean
tests work, let’s look at i f statements.

18 Chapter 1

This prints out the value of x.

> Update function
Use REPL
MyFirstApp
L
src
-
App.kt

print vs. pring[n

You've probably noticed us
switching between print and
println. What's the difference?

printlninserts a new line

(think of println as print new

line) while print keeps printing to the
same line. If you want each thing to print
out on its own line, use println. If you
want everything to stick together on the
same line, use print.
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Conditional branching

. S . . Use REPL

An 1if test is similar to the boolean test in a while loop except

instead of saying “while there’s still ice cream...” you say “if there’s

still ice cream...”

So that you can see how this works, here’s some code that prints a

Stringif one number is greater than another:

fun main(args: Array<String>) {

,‘(: You J“S{" have val x = 3

one line of tode i 1

. . va =

in the if bloek, Y

You €an leave out if (x> y) _{

the eurly braces. println("x is greater than y") <— [ his line is only exetuted

\} if % is greater than y.

println("This line runs no matter what")

The above code executes the line that prints “x is greater than

" only if the condition (x is greater than y) is true. Regardless

of whether it’s true, though, the line that prints “This line runs
no matter what” will run. So depending on the values of x and vy,
either one statement or two will print out.

We can also add an else to the condition, so that we can say
somthing like, “7f there’s still ice cream, keep scooping, else
(otherwise) eat the ice cream then buy some more”.

Here’s an updated version of the above code that includes an else:

fun main(args: Array<String>) {
val x = 3
val v =1
if (x > y) {
println("x is greater than y")
} else {
println("x is not greater than y") <=— This line is only exetuted if
} the tondition % >y is not met.

println("This line runs no matter what")

In most languages, that’s pretty much the end of the story as far as
using 1 £ 1s concerned; you use it to execute code if conditions have
been met. Kotlin, however, takes things a step further.

you are here » 19



if expressions

Using if to return a value

In Kotlin, you can use if as an expression, so that it returns a
value. It’s like saying “if there’s ice cream in the tub, return one
value, else return a different value”. You can use this form of i f
to write code that’s more concise.

Let’s see how this works by reworking the code you saw on the
previous page. Previously, we used the following code to print a
String:

if (x > y) |
println("x is greater than y")
} else {
println("x is not greater than y")

}

We can rewrite this using an i f expression like so:

Build application
Add function
Update function
Use REPL

[ T KK

When you use if as an
expression, you MUST

include an else clause.

println(if (x > y) "x is greater than y" else "x is not greater than y")

The code:

if (x > y) "x is greater than y" else "x is not greater than y"

is the 1 £ expression. It first checks the 1£’s condition: x > y.

If this condition is true, the expression returns the String “xis
greater than y”. Otherwise (e1se) the condition is false, and the
expression returns the String “x is not greater than y” instead.

The code then prints the value of the 1 f expression using
println:

println(if (x > y) "x is greater than y" else "x is not greater than y")

So if x is greater than y, “x is greater than y” gets printed. If it’s
not, “x is not greater than y” gets printed instead.

As you can see, using an if expression in this way has the same
effect as the code you saw on the previous page, but it’s more
concise.

We’ll show you the code for the entire function on the next page.
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Let’s update the code in App.kt with a new version of the Use REPL

main function that uses an if expression. Replace the
code in your version of App.kt so that it matches ours below:

fun main(args: Array<String>) {
N T
Wwhite—Ee< 4T

— Delete these lines.

~N—

val x = 3
val y = 1
println(if (x > y) "x is greater than y" else "x is not greater than y")

println("This line runs no matter what")

Let’s take the code for a test drive.

Test drive

Run the code by going to the Run menu, and selecting the
Run AppKt’ command. The following text should appear
in the output window at the bottom of the IDE:

x is greater than y
This line runs no matter what

Now that you’ve learned how to use i £ for conditional
branching and expressions, have a go at the following
exercise.

you are here » 21



code magnets

Code Magnets

Somebody used fridge magnets to write a useful new main
function that prints the St ring“YabbaDabbaDo". Unfortunately, a
freak kitchen whirlwind has dislodged the magnets. Can you piece
the code back together again?

You won't need to use all of the magnets.

fun main(args: Array<String>) {

var x = 1

(1if (x == ) "Yab" else "Dab")

if (x == ) println("Do")

1
ER iy S
J )

— Answers on page 29.
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Using the Kotlin interactive shell Update function

Use REPL

We’re nearly at the end of the chapter, but before we go, there’s one
more thing we want to introduce you to: the Kotlin interactive shell,

or REPL. The REPL allows you to quickly try out snippets of code < REPL stands for Read—Eval—Print
outside your main code. Loop, but nobod\/ ever ealls it that.

You open the REPL by going to the Tools menu in Intelli] IDEA
and choosing Kotlin — Kotlin REPL. This opens a new pane at the
bottom of the screen like this:

To use the REPL, simply type the code you want to try out into the
REPL window. As an example, try adding the following:

println("I like turtles!")

Once you've added the code, execute it by clicking on the large green
Run button on the left side of the REPL window After a pause, you
should see the output “I like turtles!” in the REPL window:

—

? Run: » Kotlin REPL (in module MyFirstApp) o —

E c [Erd .-’Lihrary.’JavaiJi?vav:i.rtqall"lach:i.nes.-’jdkl.a.&_laz.jdk.’tontents.’Hnme.’hin.-'java

= Welcome to Kotlin version 1.3.8-rc-146 (JRE 1.8.0_102-bld4)

~i| Type :help for help, :quit for quit

* x

) x S —Type any code you want to try out into the REPL here. Ours

£ is showing hint text telling us what keys to press to exetute

;:_: the tode in the REPL, but You Jus{: overwrite this text.

B Terminal = 0: Messages b 4:Run = 6:TODD ) Event Log
I Compilation completed successfully in 12 s 161 ms (2 minutes ago) 32 njfa UTF-8% & @

Run: . Kotlin REPL (in module MyFirstApp) o -
Cliek s EF  /Library/Java/JavaVirtualMachines/jdk1.8.8_102.jdk/Contents/Home/bin/java ...
on {:his E(,L Welcome to Kotlin version 1.3.8-rc-146 (JRE 1.8.0_1082-bl4)
ﬁ" S Type :help for help, :quit for guit
button to 22 ) '
cxcéu{:c :" x| » println{"I like turtles!")
tode in I like turtles!
the REPL | S Here's our output
. -]
=1 )
g Once you've executed the code you want to
3 ‘E\r\/ out, the REPL’s rcady for You to add
™ a new snippet. We'll do that next.
M Terminal = 0: Messages P, 4:Run i= B TODD ) Event Log
O] Compilation completed successfully in 12 s 161 ms (4 minutes ago) 1:1 nja UTF-8% ‘i %

you are here »
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You can add wulti-line code e o
snippets to the REPL Use REPL

As well as adding single-line code snippets to the REPL, as We've tompleted all the
we did on the previous page, you can try out code segments steps for this ehapter-.
that take up multiple lines. As an example, try adding the

following lines to the REPL window:

val x = 6
val vy = 8 d
println (if (x > y) % else y) eT‘“S ?Y‘.lnb {')\C largcr O‘C £W° numbcrs, * an \/

When you execute the code, you should see the output 8 in
the REPL like this:

Run: . Kotlin REPL (in module MyFirstApp) o —

c [ /Library/Java/JavaVirtualMachines/jdk1.8.0_102.jdk/Contents/Home/bin/java ...
- Welcome to Kotlin version 1.3.8-rc-146 (JRE 1.8.0_102-b14)

Type :help for help, :quit for quit
These look like | | * ’

smal| versions E X/(P println{"I like turtles!")
S I like turtles!
of the exee s
; u{:cqi )
IA‘H:on, but ol $ 2 val x = 6
) * val vy = 8
_"f:_:cy rcd"°££ println{if (x > y) x else y)
ey inditate - 8 -
whic);\ blocks 3 Y This is the output of our
tode \/ou'vc £ setond tode scgmcn‘l:-
w1
exetuted. ~

M Terminal = 0: Messages I-. 4: Run = B TODOD 0 Event Log

Ll Compilation completed successfully in 12 s 161 ms (7 minutes agao) 11 njfa UTF-8% T &

It’s exercise time

Now that you've learned how to write Kotlin code and seen
some of its basic syntax, have a go at the following exercises.
Remember, if you’re unsure, you can try out any code
snippets in the REPL.
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BE ﬂy@ Com 11@1?

Each of the Kotlin files on this page

' represents a complete source file. Your

.\ job is to play like you're the compiler
g and determine whether each

of these files will compile.

If they won’t compile, how

wou]d you fix them?

Q fun main(args: Array<String>) {
var x = 1
while (x < 10) {
if (x > 3) {
println("big x")

G fun main(args: Array<String>) {
val x = 10
while (x > 1) {

x =x -1

if (x < 3) println("small x")

G fun main(args: Array<String>) {
var x = 10
while (x > 1) {
x=x -1

print (if (x < 3) "small x")

getting started
Build application
Add function
Update function
Use REPL
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be the compiler solution

BE the Compiler Sofution
Each of the Kotlin files on this page
g represents a complete source file. Your

\ job is to play like you're the compiler

) and determine whether each
of these files will compile.
If they won’t compile, how
wou]d you fix them?

Q fun main(args: Array<String>) {

Va% x =1 This will compile and vun with no output, but
Whlli _fi:_ }O) { without a line added to the program, it will

vun forever in an infinite “while” loop.
I ever in a te “while” loop

println("big x")

G fun main(args: Array<String>) {

L VI x = 10 This won't compile. % has been defined
while (x > 1) { using val, which means that its value
x =x -1 can't thange. The code therefore can't
if (x < 3) println("small x") update the value of x inside the “while”

loop. To fix, thange val to var.

G fun main(args: Array<String>) {

var x = 10

while (x > 1) { This won't tompile as it uses an if
x = x - 1 expression with no else ¢lause. To
print (if (x < 3) "small x" else “big ) fix, add the else ¢lause.
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getting started

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the

Mixed candidate blocks of code with their matching output.
Messages
fun main(args: Array<sString>) {
var x = 0
var y = 0
while (x < 5) {
é/Thc tandidate
tode goes heve.
print ("$xSy ")
x=x+1
}
}
Candidates: Possible output:
Yy=X-Y 00 11 23 36 410
VSRV 00 11 22 33 44
Mateh eath
cazdidaiccmc T
with one : - 00 11 21 32 42
the possble  (AE(y >4y =y =2
ou{:\?u{35~
x=x+2 03 15 27 39 411
= + X
. 22 57
if (y <5) {
x=x+1
if (y<3) x=x-1 02 14 25 36 47
}
y=y + 3 03 26 39 412

you are here » 27



mixed messages solution

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the

Mixed candidate blocks of code with their matching output.
Messages
Solution | |
fun main(args: Array<String>) {
var x = 0
var y = 0
while (x < 5) {
print ("S$xSy ")
x =x + 1
}
}
Candidates: Possible output:
y=X-Y 00 11 23 36 410
y=y +x
00 11 22 33 44
y=y + 3
if (y>4) y=y -1 00 11 21 32 42
= 2 03 15 27 39 411
y =y +x \
. 22 57
if (y < 5) {
x=x+1
if (y<3) x=x-1 02 14 25 36 47
} \
y=y + 3 03 26 39 412
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Code Magnets Solution

Somebody used fridge magnets to write a useful new main
function that prints the St ring“YabbaDabbaDo". Unfortunately, a
freak kitchen whirlwind has dislodged the magnets. Can you piece
the code back together again?

You won't need to use all of the magnets.

fun main(args: Array<String>) {

var x = 1

while (x < ) {
(if (x == ) "Yab" else "Dab")

x =x + 1

if (x == ) println ("Do")

-
= 2 9

You didn't need to -

use these magnets.

getting started

you are here »
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QBUI.I.ET POINTS

Your Kotlin Toolbox

You’ve got Chapter 1 under
your belt and now you’ve

added Kotlin basic syntax to
your toolbox.

You ¢an download
the full code for
the ehapter from
htps// Linyurl- tom/
HFKotlin.

——————————————

Use fun to define a function.

Every application needs a function named
main.

Use // to denote a single-lined comment.

A stringis a string of characters. You
denote a St ring value by enclosing its
characters in double quotes.

Code blocks are defined by a pair of curly
braces { }.

The assignment operator is one equals
sign =.
The equals operator uses two equals signs

Use var to define a variable whose value
may change.

Use val to define a value whose value
will stay the same.

Awhile loop runs everything within its
block so long as the conditional test is true.

If the conditional test is false, the while
loop code block won't run, and execution
will move down to the code immediately
after the loop block.

Put a conditional test inside parentheses
().

Add conditional branches to your code
using i f and else. The else clause is
optional.

You can use 1if as an expression so that
it returns a value. In this case, the e1se
clause is mandatory.




2 basic types and variables

*
+ Being a Variable *

T don't think
you're my type.

T'd love fo take you
out, but Mommy says I
must be home by 6pm.

There’s one thing all code depends on—variables.

So in this chapter, we’re going to look under the hood, and show you how Kotlin
variables really work. You'll discover Kotlin’s basic types, such as Ints, Floats and
Booleans, and learn how the Kotlin compiler can cleverly infer a variable’s type from
the value it’s given. You'll find out how to use String templates to construct complex
Strings with very little code, and you'll learn how to create arrays to hold multiple values.
Finally, you’ll discover why objects are so important to life in Kotlinville.

this is a new chapter
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variable declarations

Your code needs variables

So far, you've learned how to write basic statements, expressions,
while loops and 1if tests. But there’s one key thing we need to look
at in order to write great code: variables.

You've already seen how to declare variables using code like:

var x = 5

The code looks simple, but what’s going on behind the scenes?

A variable is like a cup

When you think of a variable in Kotlin, think of a cup. Cups come
in many different shapes and sizes—big cups, small cups, the giant
disposable cups that popcorn comes in at the movies—but they all
have one thing in common: a cup holds something,

Declaring a variable is like ordering a drink from Starbucks. When
you place your order, you tell the barista what type of drink you want,
what name to shout out when it’s ready, and even whether to use a
fancy reusable cup instead of one that just gets thrown away. When
you declare a variable using code like:

var x = 5
you're telling the Kotlin compiler what value the variable should

have, what name to give it, and whether the variable can be reused
for other values.

In order to create a variable, the compiler needs to know three things:

o What the variable’'s name is.

This is so we can use that name in our code.

o Whether or not the variable can be reused.

,k— A variable is like a eup.
[£ holds something,

If we initially set your variable to 2, for example, can we later set it to 3?

Or should it remain 2 forever?

o What type of variable it is.

Is it an integer? A String? Or something more complex?

You've already seen how to name a variable, and how to use the
val and var keywords to specify whether it can be reused for other
values. But what about a variable’s type?
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basic types and variables

What happens when you declare a variable

The compiler really cares about a variable’s type so that it can
prevent bizarre or dangerous operations that might lead to bugs.

It won’t let you assign the String “IFish” to an integer variable, TO Create a Varia]:)le,
for example, because it knows that it’s inappropriate to perform .

mathematical operations on a String. tlle COmpller nee({s
For this type-safety to work, the compiler needs to know the type 10 l(l'lOW lts name

of the variable. And the compiler can infer the variable’s ’
type from the value that’s assigned to it. tyPe anc[ Wlletllel" it

Let’s see how this works.

can he reused.
The valuve is transformed into an object...

When you declare a variable using code like:

var x = 5

the value you’re assigning to the variable is used to create a new

object. In this example, you’re assigning the number 5 to a new

variable named x. The compiler knows that 5 is an integer, and

so the code creates a new Int object with a value of 5: <<—__ )
AWc e going to look at some d'..ﬁ'crcn{: ‘{:\/Pcs
in more detail a couple of pages ahead.

5

Int

..and the compiler infers the variable’s type from that of the object

The compiler then uses the type of the object for the type of the
variable. In the above example, the object’s type is Int, so the
variable’s type 1s Int as well. The variable stays this type forever.

'<_‘ The tompiler knows that You need a

X vaviable with a {:\/?c of Int so that
[ it matehes the type of the object
var Int

Next, the object is assigned to the variable. How does this
happen?
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val and var

The variable holds a reference to the object

When an object is assigned to a variable, the object itself doesn’t go
into the variable. A reference to the object goes into the variable instead:

iﬂ
Q?—“
@

varx=5

Int

var Int

As the variable holds a reference to the object, this gives it access to the
object.

val vs. var revisited

If you declare the variable using val, the reference to the object stays
in the variable forever and can’t be replaced. But if you use the var

keyword instead, you can assign another value to the variable. As an
example, if we use the code:

X = 6
to assign a value of 6 to x, this creates a new Int object with a value of 6,
and puts a reference to it into x. This replaces the original reference:

x=6

We tan veplace the
vefevente held by the
vaviable because it's been

detlaved using var. This S var Int
wouldn't be possible if

we'd declaved the variable

us'm5 val.

Int

Int

Now that you’ve seen what happens when you declare a variable, let’s

look at some of Kotlin’s basic types for integers, floating points, booleans,
characters and Strings.
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basic types and variables

Kotlin’s basic types

Integers

Kotlin has four basic integer types: Byte, Short, Int and Long.
Each type can hold a fixed number of bits. Bytes can hold 8 bits, for
example, so a Byte can hold integer values from -128 to 127. Ints,
on the other hand, can hold 32 bits, so an Int can hold integer
values from -2,147,483,648 to 2,147,483,647.

By default, if you declare a variable by assigning an integer to it using
code like this:

var x = 1
. . . . ]

you will create an object and variable of type Int. If the integer — Hexade(ﬂmal and
you assign is too large to fit into an Int, it will use a Long B°n 1 loel’S
instead. You will also create a Long object and variable if you 1 al’}’ N m
add an “L” to the end of the integer like this: * Assign a binary number

var hugeNumber = 6L by prefixing the number

with Ob.

Here’s a table showing the different integer types, their bit sizes % = 0b10

and value ranges:

* Assign a hexadecimal number by

Type Bits Value range prefixing the number with 0x.
Byte 8 bits -128 to 127 y = OxAB
Short 16 bits -32768 to 32767
Int 32 bits -2147483648 to 2147483647

* ! .
Long 64 bits -huge to (huge - 1) Octal numbers aren’t supported

Floating points

There are two basic floating-point types: Float and Double. Floats
can hold 32 bits, whereas Doubles can hold 64 bits.

By default, if you declare a variable by assigning a floating-point number
to it using code like: ,

var x = 123.5 f
— S—m®

you will create an object and variable of type Double. If you add an “F Float Double

or “f” to the end of the number, a Float will get created instead:

var x = 123.5F

you are here » 35



basic

Booleans

Boolean variables are used for values that can either be true
or false. You create a Boolean object and variable if you
declare a variable using code like this:

var isBarking = true

var isTrained = false

Characters and Strings

There are two more basic types: Char and String.

Char variables
are used for single

Char variables are used for single characters. You create a Char

variable by assigning a character in single quotes like this: Cllaracters. Strlng

var detrer = variables are used for
String variables are usedlto hold .multlple chgrgcters strung mUItl Ple Cllaractel"s
together. You create a String variable by assigning the
characters enclosed in double quotes: strung togetllel".

var name = "Fido"

You said the compiler decides what the variable's
type should be by looking at the type of value
that's assigned to it. So how do I create a Byte or
Short variable if the compiler assumes that small
integers are Ints? And what if T want to define a
variable before I know what value it should have?

In these situations, you need to
explicitly declare the variable’s type.

We’ll look at how you do this next.
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basic types

How to explicitly declare a variable’s type

So far, you've seen how to create a variable by assigning a value

to it, and letting the compiler infer the type from the value. But
there are times when you need to explicitly tell the compiler what type
of variable you want to create. You may want to use Bytes or Shorts
instead of Ints, for example, because they are more efficient. Or
you may want to declare a variable at the start of your code, and
assign a value to it later on.

You explicitly declare a variable’s type using code like this:

var smallNum: Short

Instead of letting the compiler infer the variable’s type from its
value, you put a colon (:) after the variable’s name, followed by the
type you want it to be. So the above code 1s like saying “create a
reusable variable named smallNum, and make sure it’s a Short”.

Similarly, if you want to declare a Byte variable, you use code like
this:

var tinyNum: Byte

Peclaring the type ANP assigning a value

The above examples create variables without assigning values to
them. If you want to explicitly declare a variable’s type and assign
a value to it, you can do that too. As an example, here’s how you
create a Short variable named z, and assign it a value of 6:

var z: Short = 6

This example creates a variable named z with a type of Short.
The variable’s value, 6, is small enough to fit into a Short, so

a Short object with a value of 6 is created. A reference to the
Short object is then put into the variable.

Short

var Short

When you assign a value to a variable, you need to make sure that
the value is compatible with the variable. We’ll look at this in more
detail on the next page.

By explicitly detlaring a
'k——— vaviable’s type, you give

smally the compiler just enough

Nunig information to eveate the

~...-’ vaviable: its name, its ’c\/yc
var Short and whether it ¢an be veused:

var Byte

Assigning an initial value
to a variable is called

initialization. You MUST

initialize a variable hefore

you use it, or you’ll get

a COmPiI.et' error. The

Jr'ollowing coJe, for example,

won't c0m]oile as x hasn't

heen heen assignecl a value:
var x: Int % hasn't been

assigned a value,
] =+ the tom il

vary =x+6 el
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type

Use the right value for the variable’s type

As we said earlier in the chapter, the compiler really cares

about a variable’s type so that it can stop you from performing

inappropriate operations that may lead to bugs in your code. As
an example, if you try to assign a floating-point number such as
3.12 to an integer variable, the compiler will refuse to compile

your code. The following code, for example, won’t work:

var x: Int = 3.12

The compiler realizes that 3.12 won’t fit into an Int without

The Kotlin compiler

will only let you assign
a value to a variable if
the value and variable

some loss of precision (like, everything after the decimal point), so

it refuses to compile the code.

Similarly, if you try put a large integer into a variable that’s too
small for it, the compiler will get upset. If you try to assign a value
of 500 to a Byte variable, for example, you’ll get a compiler

€rror:

//This won't work

var tinyNum: Byte = 500

So in order to assign a literal value to a variable, you need to

are com]oatil)le. If the
value is too large or it's
the wrong ty])e, the

code won't com]oile.

make sure that the value is compatible with the variable’s type.
This is particularly important when you want to assign the value

of one variable to another. We’ll look at this next.

Dum

Q,: In Java, numbers are primitives, so a variable holds the
actual number. Is that not the case with Kotlin?

A: No, it's not. In Kotlin, numbers are objects, and the variable
holds a reference to the object, not the object itself.

Q: Why does Kotlin care so much about a variable’s type?

A: Because it makes your code safer, and less prone to bugs. It
might sound picky, but trust us, it's a good thing.

38
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Questions

Q: In Java, you can treat char primitives as numbers. Can
you do the same for Chars in Kotlin?

A: No, Chars in Kotlin are characters, not numbers. Repeat
after us, Kotlin isn’t Java.

Q,: Can | name my variables anything | want?

A: No. The rules are a little flexible, but you can't, say, give your
variable a name that's a reserved word. Naming your variable while,
for example, is just asking for trouble. But the great news is that if
you try and give a variable a name that's illegal, IntelliJ IDEA will
immediately highlight it as a problem.



basic types and variables

Assigning a value to another variable

When you assign the value of one variable to another, you need
to make sure that their types are compatible. Let’s see why by
working through the following example:

var x = 5
var y = x
var z: Long = x
O verxes .
. . @& 5
This creates an Int variable named x, and |
an Int object with a value of 5. x holds a X
reference to that object. | Int
var Int
e vary = x
$
The compiler sees that x is an Int object, so o> | 5
it knows that y must also have a type of Int. X
Rather than create a second Int object, the |
value of variable x is assigned to variable y. But var Int Int
what does this mean? It’s like saying “Take the Q}Q\'
bits in x, make a copy of them, and stick that 2 “,
copy into y.” This means that both x and y ‘
contain references to the same object. y i
var Int
e var z: Long = x
- . I'm sorry, you're
This line tells the compiler that you want to 'u?’r noo 1'er'\ yiy e
create a new Long variable, z, and assign it the J Y Type.
value of x. But there’s a problem. The x variable o o
contains a reference to an Int object with a
value of 5, not a Long object. We know that the '
object has a value of 5, and we know that 5 fits N f 8
into a Long object. But because the z variable is e >
a different type to the Int object, the compiler var Long Int

gets upset and refuses to compile the code.

So how do you assign the value of one variable to another if the
variables are of different types?
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type

We need to convert the value

Suppose you want to assign the value of an Int variable to a

Long. The compiler won’t let you assign the value directly as the
two variables are different types; a Long variable can only hold a
reference to a Long object, so the code won’t compile if you try and
assign an Int to it.

In order for the code to compile, you first have to convert the value
to the right type. So if you want to assign the value of an Int
variable to a Long, you first have to convert its value to a Long.
And you do this using the Int object’s functions.

An object has state and behavior

Being an object means that it has two things: state and behavior.

An object’s state refers to the data that’s associated with the object: its
properties and values. A numeric object, for example, has a numeric
value, such as 5, 42 or 3.12 (depending on the object’s type). A Char
object has a value that’s a single character. A Boolean is either
trueor false.

An object’s behavior describes the things the object can do, or that can
be done to it. A String can be capitalized, for example. Numeric
objects know how to perform basic math, and convert their value
into an object of a different numeric type. The object’s behavior is
exposed through its functions.

How to convert a numeric value to another type

In our example, we want to assign the value of an Int variable to
a Long. Every numeric object has a function called toLong (),
which takes the object’s value, and uses it to create a new Long
object. So if you want to assign the value of an Int variable to a
Long, you use code like this:

var x = 5

var z: Long = x.toLong()  Thisis the dot ovcrahoh

The dot operator (.) allows you to call an object’s functions. So
x.toLong () 1s like saying “Go to the object that variable x has a
reference to, and call its toLong () function”.

We’ll walk through what the code does on the next page.
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I have state and
behavior: my value is
5, and I know how to
do basic sums.

Int

Every numeric type has
the Jf'ollowing conversion
functions: toByte(),
toShort(), tolnt(), toLong(),
toFloat() and toDoublel).



basic types and variables
What happens when you convert a value
o varx =95

This creates an Int variable named x, and an Int object with a value of 5. x holds a
reference to that object.

Int
var Int

e var z: Long = x.toLong )

This creates a new Long variable, z. The toLong () function on x’s object is called, and

this creates a new Long object with a value of 5. A reference to the Long object gets put
mto the z variable.

5
The {',oLong() ("unc{:ion
eveates a new Long
toLong() ob\')cé‘[', with the same
value as the [nt.
5

var Long

This approach works well if you want to convert a value into an

object that’s larger. But what if the new object is too small to contain
the value?
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more

Watch out for overspill

Trying to put a large value into a small variable is like trying
to pour a bucket-load of coffee into a tiny teacup. Some of the
coffee will fit into the cup, but some will spill out.

Suppose you want to put the value of a Long into an Int.
As you saw earlier in the chapter, a Long can hold larger
numbers than an Int.

If the Long’s value is within the range of values that an Int
will hold, converting the value from a Long to an Int isn’t a
problem. As an example, converting a Long value of 42 to an
Int will give you an Int with a value of 42:

var x = 42L

var y: Int = x.toInt() //Value is 42

But if the Long’s value is too big for an Int, the compiler chops .
up the value, and you’re left with some weird (but calculable) &— |£ involves signs, bits, binary and other geekery

number. As an example, if you try to convert a Long value that we've not going into hc:c- IFI Yyoure rca”\/"
of 1234567890123 to an Int, your Int will have a value of curious, however, searth for “two's complement”.
1912276171:

var x = 1234567890123
var y: Int = x.toInt() //Value is 1912276171!

The compiler assumes this is deliberate, so the code compiles. And
let’s say you have a floating-point number, and you just want the
whole number part of it. If you convert the number to an Int, the
compiler will chop off everything after the decimal point:

var x = 123.456
var y: Int = x.toInt() //Value is 123

The key thing is that when you’re converting numeric values from
one type to another, make sure the type is large enough for the
value or you may get unexpected results in your code.

Now that you’ve seen how variables work and have some
experience with Kotlin’s basic types, have a go at the following
exercise.
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basic types and variables

_ G harpen your pencil
X The following main function doesn’t compile. Circle the lines that
are invalid, and say why they stop the code from being compiled.
fun main(args: Array<String>) {
var x: Int = 65.2
var isPunk = true
var message = 'Hello'

var y = 7

var z: Int =y

var s: Short

var bigNum: Long = y.toLong()
var b: Byte = 2

var smallNum = b.toShort ()

b = smallNum

isPunk = "false"

var k = y.toDouble ()

b = k.toByte ()

0b10001

0]
Il
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sharpen solution

_ G harpen your pencil

X SOIutmn The following main function doesn’t compile. Circle the lines that
are invalid, and say why they stop the code from being compiled.

fun main(args: Array<String>) {

var x: Int = 65.2 65.2 isn't a valid [nt value.

var isPunk = true

m Single quotes ave used to define Chas,

whith hold sihglc thavacters.

var y = 7

var z: Int =y

y =y + 50

var s: Short

var bigNum: Long = y.toLong()
var b: Byte = 2

var smallNum = b.toShort ()

smallNum is a Short, so its value tan't be assianed to a Byte variable.
isPunk is @ Boolean vaviable, so false shouldn't be entlosed in double quotes.

var k = y.toDouble ()
b = k.toByte()

0b10001

0]
Il
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basic types and variables

Store wmultiple values in an array

There’s one more type of object we want to introduce you to—the
array. Suppose you wanted to store the names of fifty ice cream
flavors, or the bar codes of all the books in a library. To do that with
variables would quickly get awkward. Instead, you can use an array.

Arrays are great if you want a quick and dirty group of things. They’re
easy to create, and you get fast access to each item in the array.

You can think of an array as being like a tray of cups, where each item

in the array is a variable:
f?: f?: f?: f?: f?:
| | | ;' | | | ;‘ | [ | &<—Think of an avray as

— — being like a tray of Cups.

S S— | S—

How to create an array

You create an array using the arrayOf () function. As an example,
here’s how you use the function to create an array with three items (the
Ints 1, 2 and 3), and assign the array to a variable named myArray:

var myArray = arrayOf(l, 2, 3) O 1 O 2

You can get the value of an item in the array by referencing Notice that the avvay is
the array variable with an index. As an example, here’s how an obiett, and the vaviable
you print the value of the first item: holds a veferente to it.

println (myArray[0])
And if you want to get the size of the array, use

myArray.size

On the next page, we’ll put this together to write a serious
business application—the Phrase-O-Matic.
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create project

Create the Phrase-0-Matic application

We’re going to create a new application that generates useful
marketing slogans.

First, create a new project in Intelli] IDEA. To do this:

o Open Intelli] IDEA and choose “Create New Project” from the
welcome screen. This starts the wizard you saw in Chapter 1.

When prompted, choose the options to create a Kotlin project that

targets the JVM.

Name the project “PhraseOMatic”, accept the rest of the defaults, and
click on the Finish button.

© 0 O

When your new project appears in the IDE, create a new Kotlin file
named PhraseOMatic.kt by highlighting the s7¢ folder, clicking on the File
menu and choosing New — Kotlin File/Class. When prompted, name
the file “PhraseOMatic”, and choose File from the Kind option.

e 800 New Project
= Java Kotlin/JVM
2 Java FX I Kotlin/Js
Android %, Kotlin/Native

Intelli) Platform Plugin %, Kotlin (S Client/JVM Server)
IZ, Kotlin (Multiplatform Library)

M Maven
Gradle % Kotlin (Mobile Android/i0OS)
800 New Project
¢ Groovy Praject name: PhraseOMatic

Project location:

~[ldeaProjects /PhraseOMatic

Praject SDK: "= 1.8 (java version "1.8.0_102") B New...

= Empty Proje

Kotlin runtime

Use library: il KotlinJavaRuntime B Create...

Project level library KotlinJavaRuntime with 3 files will be created Configure...

800 New Kotlin File/Class

Name: PhraseOMatic

Kind: g File

Cancel

46 Chapter 2



basic types and variables

Add the code to PhraseQMatic.kt

The Phrase-O-Matic code consists of a main function that creates
three arrays of words, randomly picks one word from each, and then
joins them together. Add the code below to PhraseOMatic.kt:

fun main(args: Array<String>) {

val wordArrayl arrayOf ("24/7", "multi-tier", "B-to-B", "dynamic", "pervasive")
val wordArray2 = arrayOf ("empowered", "leveraged", "aligned", "targeted")

val wordArray3 = arrayOf ("process", "paradigm", "solution", "portal", "vision")

val arraySizel = wordArrayl.size

val arraySize2 = wordArray2.size

PhraseOMatic

val arraySize3 = wordArray3.size LD
src

val randl = (Math.random() * arraySizel).tolInt() I—

val rand?2 (Math.random () * arraySize2).tolnt()

PhraseOMatic.kt
val rand3 = (Math.random() * arraySize3).tolInt()

val phrase = "${wordArrayl[randl]} ${wordArray2[rand2]} ${wordArray3[rand3]}"
println (phrase)

You've already seen what most of the code does, but there are a

: X We need a...
couple of lines we want to draw your attention to.
First, the line =  multi-tier leveraged
’ solution

val randl = (Math.random() * arraySizel).toInt() »  dynamic targeted vision

generates a random number. Math. random () returns a random " 24/7 aligned paradigm

number between 0 and (almost) 1, so we have to multiply it by the = B-to-B empowered
number of items in the array. We then use toInt () to force the portal
result to be an integer.

Finally, the line

val phrase = "${wordArrayl[randl]} ${wordArray2[rand2]} ${wordArray3[rand3]}"
uses a String template to pick three words and put them together.

We’ll look at String templates on the next page, and then we’ll
show you more stuff you can do with arrays.
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String Templates Up Close

String templates provide a quick and easy way of referring
to a variable from inside a String.

To include the value of a variable inside a String, you
prefix the variable name with a $. To include the value of an
Int variable named x inside a String, for example, you

would use:
var x = 42
var value = "Value of x is $x"

You can also use String templates to refer to an object’s
properties, or call its functions. In this case, you enclose the
expression in curly braces. As an example, here’s how you
include an array’s size in a String, and the value of its first
item:

var myArray = arrayof(l, 2, 3)

var arraySize = "myArray has ${myArray.size} items"

var firstItem = "The first item is ${myArray[O0]}"

You can even use String templates to evaluate more
Linside Notice how {}'s entlose

the expression we want to
evaluate inside the String.

complex expressions from inside a String. Here’s how, for
example, you would use an if expression to include different
text depending on the size of the array myArray:

var result = "myArray is ${if (myArray.size > 10) "large" else "small"}"

So String templates allow you to construct complex
Strings with very little code.

therejare no
Dumb Questions

If you're using version 1.3 or above, you can use Kotlin's built-in
Random functions instead. The following code, for example, uses
Random's nextInt () function to generate a random Int:

Q: IsMath.random/() the standard way of getting a
random number in Kotlin?

A: It depends which version of Kotlin you're using. kotlin.random.Random. nextInt ()

Before version 1.3, Kotlin didn’t have a built-in way of generating
its own random numbers. For applications running on a JVM,
however, you could use the random () method from the Java
Math library, as we have.

In this book, we've decided to continue using
Math.random () to generate random numbers, as this
approach works with all versions of Kotlin running on the JVM.
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The compiler infers the array’s type from its values

You've seen how to create an array and access its items, so let’s look at
how you update its values.

Suppose you have an array of Intsnamed myArray:

var myArray = arrayOf(l, 2, 3)

If you want to update the second item so that it has a value of 15, you
use code like the following:

myArray[l] = 15

But there’s a catch: the value has to be the right type.

The compiler looks at the type of each item in the array, and infers
what type of items the array should contain forever. In the above
example, we've declared an array using Int values, so the compiler
infers that the array can only hold Ints. If you try and put anything
other than an Int into the array, your code won’t compile:

myArray[l] = "Fido" //This won't compile

How to explicitly define the array’s type

Just as we did with other variables, you can explicitly define what type
of items an array should hold. As an example, suppose you wanted to
declare an array that holds Byte values. To do this, you would use
code like the following:

var myArray: Array<Byte> = arrayOf(l, 2, 3)

The code Array<Byte> tells the compiler that you want to create
an array that holds Byte variables. In general, simply specify the

type of array you want to create by putting the type between the angle
brackets (<>).

Arrays hold items of
a specific type. You
can either let the
COmPiler infer the
type from the array’s
values, or explicitly
define the type using
Array(Type).

Byte

The vaviable has a type of
Awa\/<B\/Jcc>, so the arvay
contains veferentes to B\/{C
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var arrays

var means the variable can point to a different array

There’s one final thing we need to look at: what effect val and var
have when you declare an array:.

As you already know, a variable holds a reference to an object.
When you declare a variable using var, you can update the
variable so that it holds a reference to a different object instead. If
the variable holds a reference to an array, this means that you can
update the variable so that it refers to a different array of the same
type. As an example, the following code is perfectly valid and will
compile:

var myArray = arrayOf(l, 2, 3)

myhrray = arrayOf (4, 5)—This is a brand-new arvay.

Let’s walk through what happens.

o var myArray = arrayOf(1, 2, 3) 1 O 2
This creates an array of Ints, and a O
variable named myArray that holds a
reference to it.

>
( ek ?@?

var Array<iInt>

e myArray = array0f(4, 5)

This creates a new array of Ints. A reference
to the new array gets put into the myArray
variable, replacing the previous reference.

So what happens if we use the variable using val instead?
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val means the variable points to the same array forever...

When you declare an array using val, you can no longer update
the variable so that it holds a reference to a different array. The
following code, for example, won’t compile:

val myArray = arrayOf(l, 2, 3) ) )
1€ you declave an arvay vaviable using val, you

myArray = arrayof(4, 5, & eant get it to vefer to a diffevent avray.

Once the variable is assigned an array, it holds a reference to that
array forever. But even though the variable maintains a reference

to the same array, the array itself can still be updated. D eClar lng a var lal)le

..but you can still update the variables in the array using val means that

9
When you declare a variable using val, you're telling the you cant reuse tl‘e
compiler that you want to create a variable that can’t be reused for .
other values. But this instruction only applies to the variable itself. var lal)l’e {OI' aﬂotllel'
If the variable holds a reference to an array, the items in the array

can still be updated. ol’]‘*Ct You can,

As an example, suppose you have the following code: however ’ stlu, UPC[ate
val myArray = arrayOf (1, 2, 3) tlle Ol)ject itsel{.

myArray[2] = 6 <—This updates the third item in the array.

This creates a variable named myArray that holds a reference

to an array of Ints. It’s declared using val, so the variable must
hold a reference to the same array for the duration of the program.
The third item in the array is then successfully updated to 6, as the
array itself can be updated:

S “,
my . Int
Array
6
N —
val Array<Int>
Int

The arvay itself can still be
u?da‘{:cd, even {')\ough the

Now that you know how arrays work in Kotlinville, have a go at _
vaviable is declared using val.

the following exercises.
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be the compiler

BE t}y@ (om ﬂe}?

Each of the Kotlin files on this page
' Trepresents a complete source file. Your
.\ job is to play like you're the compiler
‘ and determine whether each
of these files will compile
and run without errors. If
they won't, how would you
fix them?

e fun main(args: Array<String>) {

val hobbits = arrayOf ("Frodo", "Sam", "Merry", "Pippin")

var x = 0

We want to print a line for

eath name in the hobbits array.
while (x < 5) {

println("${hobbits[x]} is a good Hobbit name")

x =x + 1

e fun main(args: Array<String>) {

val firemen = arrayOf ("Pugh", "Pugh", "Barney McGrew", "Cuthbert", "Dibble", "Grub")
var firemanNo = 0

while (firemanNo < 6) {

println("Fireman number $firemanNo is S$firemen[firemanNo]")

firemanNo = firemanNo + 1

/ We want to print a line for eath
Liveman in the Livemen array:

—— Answers on page 55.
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( @gf“ Code Magnets

N
/—_@ A working Kotlin program is all scrambled up on the fridge. Can
you reconstruct the code snippets to make a working Kotlin
function that produces the following output:
Fruit = Banana
Fruit = Blueberry
Fruit = Pomegranate
Fruit = Cherry
in this space.
fun main(args: Array<String>) { \/Thc magncﬁs need to 9o in this sp

inds = arrayOf (1, 3, 4, 2) - -
lw println("Fruit = §{fruit[yl}")

val fruit = arrayOf ("Apple", "Banana", "Cherry", "Blueberry",

"Pomegranate")

— Answers on page 56.
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mixed references

A short Kotlin program is listed below. When the line / /Do stuffis
reached, some objects and variables have been created. Your task is to
determine which of the variables refer to which objects by the time the
/ /Do stuff lineis reached. Some objects may be referred to more
than once. Draw lines connecting the variables to their objects.

Mixed
Refel‘ences fun main(args: Array<String>) {
val x = arrayOf (0, 1, 2, 3, 4)
x[3] = x[2]
x[4] = x[0]
x[2] = x[1]
x[1] = x[0]
x[0] = x[1]
x[4] = x[3]
x[3] = x[2]
x[2] = x[4]
//Do stuff
}
Variables: Objects:
Mateh each variable 8
. . 1> 0
to its ob\)cc{:- ,
x[0]
|
$
TQ@», O 1
x[1]
|
x[2] .‘
|
x[3]
|
S
5 O
x[4]
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BE the Compiler Sefufion
Each of the Kotlin files on this page
. represents a complete source file. Your
L job is to play like you're the compiler

‘ and determine whether each
of these files will compile
and run without errors. If

they won't, how would you
fix them?

Q fun main(args: Array<String>) {

val hobbits = arrayOf ("Frodo", "Sam", "Merry", "Pippin")

=0 . .
var The tode tompiles, but produces an error when it vuns. Remember

. that arays start with item O, and end with item (size - |).
while (x <-5~4) {

println("${hobbits[x]} is a good Hobbit name")

x =x + 1

e fun main(args: Array<String>) {

val firemen = arrayOf ("Pugh", "Pugh", "Barney McGrew", "Cuthbert", "Dibble", "Grub")
var firemanNo = 0

while (firemanNo < 6) {

println("Fireman number $firemanNo is ${firemen[firemanNo]}W

firemanNo = firemanNo + 1

You need tu\rl\/ braces around fivemenlfivemanNoJ in
order 4o print the name of eath fireman.
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Code Magnets Solution

A working Kotlin program is all scrambled up on the fridge. Can
you reconstruct the code snippets to make a working Kotlin
function that produces the following output:

Fruit = Banana
Fruit = Blueberry
Fruit = Pomegranate
Fruit = Cherry

fun main(args: Array<String>) {

val index = arrayOf(l, 3, 4, 2)

val fruit = arrayOf ("Apple"

var y: Int !

while (x < 4) {

, "Banana", "Cherry", "Blueberry", "Pomegranate")

Y = index[x]

println("Fruit = ${fruitlyl}")
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A short Kotlin program is listed below. When the line / /Do stuffis
reached, some objects and variables have been created. Your task is to
determine which of the variables refer to which objects by the time the
/ /Do stuff lineis reached. Some objects may be referred to more
than once. Draw lines connecting the variables to their objects.

Mixed
Refel‘ences fun main(args: Array<String>) {
SOllI'tiOIl val x = arrayOf (0, 1, 2, 3, 4)
x[3] = x[2] //x[3] is now 2
x[4] = x[0] //x[4] is now O
x[2] = x[1] //x[2] is now 1
x[1] = x[0] //x[1] is now O
x[0] = x[1] //x[1] is 0, so x[0] is still O
x[4] = x[3] //x[3] is 2, so x[4] is now 2
x[3] = x[2] //x[2] is 1, so x[3] is now 1
x[2] = x[4] //x[4] is 2, so x[2] is now 2
//Do stuff
}
Variables: Objects:
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toolbox

%BULLET POINTS

Your Kotlin Toolbox

You’ve got Chapter 2 under
your belt and now you’ve
added basic types and
variables to your toolbox.

You tan down\oad
the £ull eode for
4he ehapter from
Witps:// Linyurl. tom/
HFKotlin.

———————————————

In order to create a variable, the compiler needs
to know its name, its type, and whether it can be
reused.

If the variable’s type isn't explicitly defined, the
compiler infers it from its value.

A variable holds a reference to an object.

An object has state and behavior. Its behavior is
exposed through its functions.

Defining the variable with var means the
variable’s object reference can be replaced.
Defining the variable with va1 means the
variable holds a reference to the same object
forever.

Kotlin has a number of basic types: Byte,
Short, Int, Long, Float, Double,
Boolean, Char and String.

Explicitly define a variable’s type by putting a
colon after the variable’s name, followed by the
type:

var tinyNum: Byte

You can only assign a value to a variable that has
a compatible type.

You can convert one numeric type to another.
If the value won't fit into the new type, some
precision is lost.

Create an array using the arrayOf function:
var myArray = arrayOof(l, 2, 3)

Access an array’s items using, for example,
myArray [0]. The firstitem in an array has an
index of 0.

Get an array’s size using myArray.size.

The compiler infers the array’s type from its items.
You can explicitly define an array’s type like this:
var myArray: Array<Byte>

If you define an array using va1, you can still
update the items in the array.

String templates provide a quick and easy
way of referring to a variable or evaluating an
expression from inside a St ring.
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3 Yunctions

*
+ Getting Out of Main +

You said you wanted something
fun, so I bought you a brand-
new set of functions.

It’s time to take it up a notch, and learn about functions.

So far, all the code you've written has been inside your application’s main function. But if
you want to write code that’s better organized and easier to maintain, you need to know
how to split your code into separate functions. In this chapter, you'll learn how to write
functions and interact with your application by building a game. You’ll discover how to
write compact single expression functions. Along the way you'll find out how to iterate

through ranges and collections using the powerful for loop.

this is a new chapter
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rock paper scissors

Let’s build a game: Rock, Paper, Scissors

In all the code examples you'’ve seen so far, we’ve added code to

the application’s main function. As you already know;, this function
launches your application as it’s the function that gets executed when
you run it.

This approach has worked well while we’ve been learning Kotlin’s
basic syntax, but most applications in the real-world split the code
across multiple functions. This is because:

o It makes your code more organized.
Instead of having all your code in one long main function, it’s split into
more manageable chunks. This makes the code much easier to read and
understand.

Theve are other veasons

{:oo, bu{: these are {:wo

o It makes your code more reusable. of the most important

By splitting the code into separate functions, you can reuse it elsewhere.

Each function is a named section of code that performs a specific
task. As an example, you could write a function named max that
determines the highest value out of two values, and then call this
function at various stages in your application.

In this chapter, we’re going to take a closer look at how functions
work by building a game of Rock, Paper, Scissors.

How the game will work

Goal: Make a guess that beats the computer’s, and win!

Setup: When the application is launched, the game chooses Rock,
Paper or Scissors at random. It then asks you to choose one of these
options.

The rules: The game compares the two choices. If they are the
same, the result is a draw. If the choices are different, however, the
game determines the winner using the following rules: "l

Choices Result

Scissors, Paper [ The Scissors choice wins, as Scissors can cut Paper.

_/6

Rock, Scissors | The Rock choice wins, as Rock can blunt Scissors.

Paper, Rock The Paper choice wins, as Paper can cover Rock.

The game will be run in the IDE’s output window. ’—M
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A high-level design of the game

Before we start writing the code for the game, we need to
draw up a plan of how it will work.

First, we need to figure out the general flow of the game.
Here’s the basic idea:

o

functions

A tivele vepresents

L— the start or end

of the protess.

0 You start the game.
The application randomly chooses one of the
options: Rock, Paper or Scissors.

A veetangle

Get computer choice < vepresents

an action.

\

e The application asks for your choice. e

You type your choice in the IDE’s output Get user choice

window. l

9 The application validates your choice.
If you haven’t chosen a valid option, it goes
back to step 2, and asks you for another e
choice. The game does this repeatedly until
you enter a valid option.

Is
choice
valid?

S A diamond vepresents

a detision Poih{‘,-

9 The game displays the result.

It tells you what choices you and the o Display result
application have made, and whether you've

won, lost, or the result is a draw.

Game
Now that we have a clearer idea of how the application will over
work, let’s look at how we’ll code 1it.

A legit flowehart.
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steps

Here’s what we’re going to do

There are a number of steps we’re going to go through to build
the game:

o Get the game to choose an option.
We’ll create a new function named getGameChoice which will
choose one of “Rock”, “Paper” or “Scissors” at random.

9 Ask the user for their choice.

We’ll do this by writing another new function named
getUserChoice, and this will ask the user to enter their choice. We’ll
make sure they’ve entered a valid choice, and if they haven’t, we’ll keep
asking them until they do.

Please enter one of the following: Rock Paper Scissors.

Errr.. dunno

You must enter a valid choice.

Please enter one of the following: Rock Paper Scissors.

Paper

e Print the result.
We’ll write a function named printResult, which will figure out
whether the user won or lost, or whether the result is a tie. The function
will then print the result.

You chose Paper. I chose Rock. You win!

Get started: create the project

We’ll start by creating a project for the application. You do this in
exactly the same way you did in previous chapters.

Create a new Kotlin project that targets the JVM, and name the
project “Rock Paper Scissors”. Then create a new Kotlin file named
Game.kt by highlighting the sr¢ folder, clicking on the File menu and
choosing New — Kotlin File/Class. When prompted, name the file
“Game”, and choose File from the Kind option.

Now that you've created the project, let’s start writing some code.
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Get the game to choose an option

functions
> Game choice
User choice
Result

The first thing we’ll do is get the game to choose one of the options

(Rock, Paper or Scissors) at random. Here’s what we’ll do:

a Create an array that contains the Strings “"Rock”, “Paper” and

“Scissors”.
We’ll add this to the application’s main function.

e Create a new getGameChoice function that will choose one of

the options at random.

e Call the getGameChoice function from the main function.

We’ll start by creating the array.

Create the Rock, Paper, Scissors array

We’ll create the array using the arrayOf function, just as we did

in the previous chapter. We’ll add this code to the application’s
main function so that it gets created when the application

launches. This also means that we’ll be able to use it in the rest of

the code we’ll write later in the chapter.

To create the main function and add the array, update your
version of Game.kt to match ours below:

fun main(args: Array<String>) {

val options = arrayOf ("Rock", "Paper",

Now that we’ve created the array, we need to define the new
getGameChoice function. Before we can do this, we need to
understand more about how you create functions.

Rock Paper Scissors

-

"Scissors") src

Game.kt
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functions are fun

How you create functions

As you learned back in Chapter 1, you define new functions using
the fun keyword, followed by the name of the function. As an
example, if you wanted to create a new function named foo,
you’d write code like this:

Con’ tells Koklin © > fun foo() {

that it's a funttion. //Your code goes here
}

Once you've written the function, you can call it from elsewhere
in your application:

fun main(args: Array<String>) {

£ = .
oo () Ths Yuns 3 ‘('\W\Cﬁoh hamcd “FOO'-

You can send things to a function

Sometimes, a function needs extra information in order for it
to perform a task. If you’re writing a function to determine the
highest of two values, for example, the function needs to know
what these two values are.

You tell the compiler what values a function can accept by
specifying one or more parameters. Fach parameter must have
a name and type.

As an example, here’s how you specify that the foo function
takes a single Int parameter named param:

K\You detlave
fun foo (param: Int) { yaramclccrs
inside the

pumd:ionjs
paventheses.

println ("Parameter is S$param")

You can then call the function and pass it an Int value:
foo (g\Wc)Yc passing ‘6" to the foo funttion.

Note that if a function has a parameter, you must pass it
something. And that something must be a value of the appropriate
type. The following function call, for instance, won’t work because the
foo function accepts an Int value, nota String:

foo ("Freddie™) We can”c pass a S{:\ring {'p Foo
as it onl\/ aCCc‘?{:S an Int.
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User choice
Result

——  Parameters and

Arguments

Depending on your

programming background

and personal preferences, you

might use the term arguments

or parameters for the values passed
into a function. Although there are
formal computer science distinctions
that people who wear lab coats make,
we have bigger fish to fry. You can call
them whatever you like (arguments,
parameters, donuts...) but we're doing
it like this:

A function uses parameters. A caller
passes it arguments.

Arguments are the things you pass
into the functions. An argument (a
value like 2 or “Pizza") lands face-down
into a parameter. And a parameter is
nothing more than a local variable: a
variable with a name and type that'’s
used inside the body of the function.




You can send more than one thing fo a function

If you want your function to have multiple parameters, you
separate them with commas when you declare them, and
separate the arguments with commas when you pass them to the
function. Most importantly, if a function has multiple parameters,
you must pass arguments of the right type in the right order.

Calling a two-parameter function, and sending
it two arguments

fun main(args: Array<String>) {

printSum(5, 6) The argumcw{:s You pass land in the Lunetion in the
} same order You passed them. The fiest argumcn{:

lands in the fivst pavameter, the second argument

lands in the setond parameter, and so on.

fun printSum(intl: Int, int2: Int) {
val result = intl + int2

println(result)

You can pass arguments to a function so long as
the argument type matches the parameter type

fun main(args: Array<String>) {
val x: Int =7
val y: Int = 8
printSum(x, y)

) Each argument you pass must be the
same type as the pavameter it lands in.

fun printSum(intl: Int, int2: Int) {
val result = intl + int2

println(result)

As well as passing values to a function, you can also get things
back. Let’s see how.

functions
Game choice
User choice
Result
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return values
Game choice
User choice

You can getf things back from a function Result

If you want to get something back from a function, you need
to declare it. As an example, here’s how you declare that a
function named max returns an Int value: The : Ink tells the compiler that

ion returns an [nt value.
fun max(a: Int, b: Int): Int { {hcﬁun&bon et

val maxValue = if (a > b) a else b

return maxValue

T~ You veturn a value using the ‘retuen’ keyword,
} followed b\/ the value \/ou)\rc \r‘t'{:wrnihg-

If you declare that a function returns a value, then you must return
a value of the declared type. As an example, the following code is
invalid becuase it returns a String instead of an Int:

fun max(a: Int, b: Int): Int {
val maxValue = if (a > b) a else b

return "Fish"

S~ We've detlaved that the function veturns an Int value, so the compiler
} will get upset if you try and veturn something else, like a String,

Funetions with no return valve

If you don’t want your function to return a value, you can
either omit the return type from the function declaration,
or specify a return type of Unit. Declaring a return type
of Unit means that the function returns no value. As an

example, the following two function declarations are both
valid, and do the same thing:

fun printSum(intl: Int, int2: Int) {
val result = intl + int2

println(result)

} The : Unit heve means that the ‘Cunl.i ion
veburns no value. [£'s completely optional.

“

fun printSum(intl: Int, int2: Int): Unit {
val result = intl + int2
println(result)

}

If you specify that your function has no return value, then
you need to make sure that it doesn’t return one. If you try
to return a value in a function with no declared return type,
or a return type of Unit, your code won’t compile.
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> Game choice
User choice

Functions with single-expression bodies Result

If you have a function whose body consists of a single expression,
you can simplify the code by removing the curly braces and
return statement from the function declaration. As an example,
on the previous page, we showed you the following function to
return the higher of two values:

fun max(a: Int, b: Int): Int { The max funetion has a
val maxValue = if (a > b) a else b <€ Si'\ﬂlc €XPpression in its body,
return maxValue which we then veturn.

}

The function returns the result of a single 1 f expression, which ~ Use = to say what the Lunetion
. . . )
means that we can rewrite the function like so: veturns, and vemove the {Ys.

fun max(a: Int, b: Int): Int = if (a > b) a else b

And because the compiler can infer the function’s return type from
the 1 f expression, we can make the code even shorter by omitting

the : Int:
e n The tompiler knows that a

fun max(a: Int, b: Int) = if (a > b) a else b <—and b are |nts, so it can
work out the function’s
vetuen type from the

€Xpression.

Create the getGameChoice function

Now that you’ve learned how to create functions, see if you can
write the getGameChoice function for our Rock, Paper, Scissors
game by having a go at the following exercise.

Code Magnets

The getGameChoice function will accept one parameter,
an array of Strings, and return one of the array’s items.
See if you can write the function using the magnets below.

l Array<String> ' l oPtiouparam: D —
| Math.random() ' l optionsParam ' ‘
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Result

The funttion has one parameter,

{ Code M Soluti
o571 Lode Magnets dolution
27
/—_E The getGameChoice function will accept one parameter,
an array of Strings, and return one of the array’s items.
See if you can write the function using the magnets below.

f—— an array of Strings.

fun getGameChoice ( | optionsParam: H Array<String> i ) =

Choose one of

the a""fa)')s‘>optionsParam [ Math.random () optionsParam || .size ) -toInt() ]
items at : l; uu

vandom.

Add the getGameChoice function to Game.kt

Now that we know what the getGameCho1ice function looks
like, let’s add it to our application, and update our main function

so that it calls the new function. Update your version of Game.kt

so that it matches ours below (our changes are in bold):

fun main(args: Array<String>) {

val options = arrayOf ("Rock", "Paper", "Scissors")

val gameChoice = getGameChoice (options) Rock Paper Scissors
: Call the getGameChoice funttion, passing it the options array. g
L

fun getGameChoice (optionsParam: Array<String>) =

optionsParam|[ (Math.random() * optionsParam.size).toInt()] Game.kt

Now that we’ve added the getGameChoice function to our
application, let’s look at what’s going on behind the scenes

when the code runs.

Dum

Q,- Can | return more than one value from a function?

A: A function can declare only one return value. But if you want
to, say, return three Int values, then the declared type can be an
array of Ints (Array<Int>). Putthose Ints into the array,
and pass it back.
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there]gre no

Questions

You need to add the Lunction.

Q,: Do | have to do something with the return value of a
function? Can | just ignore it?

A: Kotlin doesn’t require you to acknowledge a return value. You
might want to call a function with a return type, even though you
don't care about the return value. In this case, you're calling the
function for the work it does inside the function, rather than for what
it returns. You don’t have to assign or use the return value.



Behind the scenes: what happens

When the code runs, the following things happen:

functions

Result

o val options = arrayOf ("Rock", "Paper", "Scissors")

This creates an array of Strings, and a variable named options that

holds a reference to it.

The o?‘l:ions
variable is
ereated in the
main ‘(:und:ion

val Array<String>

O "Rock" O "Paper"

O"Scissors“

String

e val gameChoice = getGameChoice (options)

The contents of the options variable get passed to the getGameChoice
function. The options variable holds a reference to an array of Strings,
so a copy of the reference gets passed to the getGameChoice function, and
lands in its opt ionsParam parameter. This means that the options and
optionsParam variables both hold a reference to the same array.

val Array<String>

The optionsParam Qﬁ‘gq

vaviable is a

parameter in the —>options,
etQameChoice Param,

2unt:tiov\, b

—

val Array<String>

O "ROCk" O "Pa‘peP"

O"Scissors“

String

The oF‘f:ions variable in the main funetion
and the optionsParam vaviable in the
getGameChoite funttion eath hold a
veferente to the same array.
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what the code does
Game choice

User choice

The story continves Result

9 fun getGameChoice (optionsParam: Array<String>) =
optionsParam [ (Math.random () * optionsParam.size).toInt()]

The getGameChoice function selects one of the optionsParam’s items at
random (for example, the “Scissors” item). The function returns a reference to this

item.

O "ROCk" O "Pa‘per'l

String String

> O"Scissors"

String

val Array<String>
The getGameChoite

Lunction seleets the

o val gameChoice = getGameChoice (options) Seissors” item.

This puts the reference returned by the getGameChoice function into a new
variable named gameChoice. If] for example, the getGameChoice function
returns a reference to the “Scissors” item of the array, this means that a reference
to the “Scissors” object is put into the gameCho1ice variable.

String String

O "Scissors"

String

val Array<String>

A veferente 1o the
| —"Seissors” S{Ving is
assigned to the new
gameChoite vaviable.
val String
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H
- Result

So when you pass a value to a function,
you're really passing it a reference to

an object. Does this mean you can make
changes to the underlying object?

Yes, you can.

As an example, suppose you have the following code:

fun main(args: Array<String>) {
val options = arrayOf ("Rock", "Paper", "Scissors")
updateArray (options)
println (options[2])

fun updateArray (optionsParam: Array<String>) {

optionsParam[2] = "Fred"

The main function creates an array containing the Strings “Rock”, “Paper”
and “Scissors”. A reference to this array is passed to the updateArray function,
which updates the third item of the array to “Ired”. Finally, the main function
prints the value of the array’s third item, so it prints the text “Ired”.

T~ X

The options
vaviable is
ereated in the

main ‘Fuhé‘{:ion. "Scissors"

The optionsParam "Fred"

vaviable is a i
parameter in — > ptions,
the updateprray Paramf
funetion. o<Stri Both vaviables hold a vefevente
val Array<String> to the same arvay, so when one
of its items is updated, both
vaviables see the thange.

String
String
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Loca] Variables Up Close

As we said earlier in the chapter, a local variable is one that’s used inside
the body of a function. They’re declared within a function, and they’re
only visible inside that function. If you try to use a variable that’s defined in
another function, you’ll get a compiler error, as in the example below:

fun main(args: Array<String>) {

var x = 6
}
fun myFunction() {
var y = x + 3 &— This tode won't tompile because myFunction
} can't see the x variable that’s detlared in main.

Any local variables must be initialized before they can be used. If you're
using a variable for a function’s return value, for example, you must
initialize that variable or the compiler will get upset:

fun myFunction(): String {

var message: String

return message YRR
9€ S You must initialize a variable if You want to use it as
. )
a function’s veturn value, so this tode won't tompile.

Function parameters are virtually the same as local variables, as they only
exist within the context of the function. They’re always initialized, however,
so you’ll never get a compiler error telling you that a parameter variable
might not have been initialized. This is because the compiler will give

you an error message if you try to invoke a function without sending the
arguments that the function needs; the compiler guarantees that functions
are always called with arguments that match the parameters declared in the
function, and the arguments are automatically assigned to the parameters.

Note that you can’t assign a new value to any of a function’s parameter
variables. Behind the scenes, the parameter variables are created as local
val variables that can’t be reused for other values. The following code, for
example, won’t compile because we’re trying to assign a new value to the
function’s parameter variable:

fun myFunction (message: String) {

message = "Hi!" &S Parameter variables are treated as local variables eveated
} using val, so you can't veuse them for other values.
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Here are three complete Kotlin
functions. Your job is to play like
you're the compiler and determine
whether each of these
functions wil] compile.
If they won't compile,
how would you fix them?

Q fun doSomething(msg: String, i: Int): Unit {
if (1 > 0) |
var x = 0
while (x < 1) {
println (msg)

x =x + 1

G fun timesThree (x: Int): Int {
X =x * 3

return x

G fun maxValue (args: Array<Int>) {

var max = args[0]

var x = 1

while (x < args.size) {
var item = args|[x]
max = if (max >= item) max else item
x =x + 1

}

return max
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be the compiler solution

Here are three complete Kotlin

@ functions. Your job is to play like
\ you're the compiler and determine

) whether each of these

If they won't compi]e,

doSomething (msg:
(1 > 0) {

String, 1i:
if
var x = 0
while (x < 1) {
println (msqg)

X =x + 1

timesThree (x: Int): Int {

‘:’ fun

\x~valy =x * 3

return q(\y

‘E’ fun

var max = args[0]

var x = 1

while (x < args.size) {
var item = args([x]
max = if
x=x+1

}

return max

}

74 Chapter 3

functions will compile.

BE the Combiler §olufion

how would you fix them?

Int): Unit {

This will tompile and vun sutécssfu"y. The
Lunetion has a Unit veturn {:\/?c, and this
means that it has no veturn value.

This won't tompile, as you're assigning a new value to the
function’s yaramc{:cr. ‘/ou would also need to consider the
function’s veturn fy?c, as mulfi?l\/ing an Int b\/ three may
vesult in a value that's too large for an Int value.

maxValue (args: Array<Int>): h{ {

This won't COm\?ilc betause the
Funt‘{:ion needs to detlave that
it veturns an [nt value.

(max >= item) max else item
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The getUserChoice function | Resut

Now that we’ve written the code to make the game choose an option,
we can move onto the next step: getting the user’s choice. We’ll write
a new function to do this called getUserChoice, which we’ll

call from the main function. We’ll pass the options array to the
getUserChoice function as a parameter, and we’ll get it to return
the user’s choice (a String):

fun getUserChoice (optionsParam: Array<String>): String ({

//Code goes here
}

Let’s go through what we need the getUserChoice function to do:

o Ask the user for their choice.

We’ll loop through the items in the options array, and ask the user to type
their choice into the output window.

e Read the user’s choice from the output window.

After the user’s entered their choice, we’ll assign its value to a new variable.

9 Validate the user’s choice.
We’ll check that the user has entered a choice, and that it’s in the array. If
the user has entered a valid choice, we’ll get the function to return it. If
they haven’t, we’ll keep asking until they do.

Let’s start with the code to prompt the user for their choice.

Ask for the user’s choice

To ask the user to input their choice of option, we’ll make the
getUserChoice function print the following message: “Please
enter one of the following: Rock Paper Scissors.”

One way of doing this would be to hard-code the message using the
println function like this:

println ("Please enter one of the following: Rock Paper Scissors.")

A more flexible approach, however, is to loop through each item in
the options array, and print cach item. This will be useful if we <<
ever want to change any of the options.

You might want to play Rock, Paper,
Geissovs, Lizard, Spotk instead.

Instead of using a while loop to do this, we’re going to use a new
type of loop called a for loop. Let’s see how it works.
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Game choice
User choice

How for loops work Result

A for loop is useful in situations where you want to loop through a fixed
range of numbers, or through every item in an array (or some other type of
collection—we’ll look at collections in Chapter 9). Let’s look at how you do this.

—  Math Shorteuts

The increment operator

Looping through a range of numbers

Suppose you wanted to loop through a range of numbers, from 1 to 10. ++ adds 1 to a variable.
You’ve already seen how to do this kind of thing using a while loop: So:
var x =1 o

. is a shortcut for:
while (x < 11) {

//Your code goes here x=x +1

X = x + 1 Similarly, the decrement operator

) ——subtracts 1 from a variable. Use:

o
But it’s much cleaner, and requires fewer lines of code, if you use a
for loop instead. Here’s the equivalent code:

as a shortcut for:

x =x -1

for (x in 1..10) { If you want to add a number other
//Your code goes here than 1 to a variable, you can use

} the += operator. So:

. . . X += 2

It’s like saying “for each number between 1 and 10, assign the number

. » does the same as:

to a variable named «, and run the body of the loop”.

. X =x t+ 2

To loop through a range of numbers, you first specify a name for

the variable the loop should use. In the above case, we’ve named the Similarly, you can use —=, *=and

variable x, but you can use any valid variable name. The variable gets /=as shortcuts for subtraction,

created when the loop runs. multiplication and division.

You specify the range of values using the . . operator. In the case
above, we’ve used a range of 1. .10, so the code loops through the
numbers 1 through to 10. At the beginning of each loop, it assigns the Wl‘lle lOOPs run

current number to the variable (in our case x).

while a given

Just like a while loop, if the loop body consists of a single statement,
you can omit the curly braces. As an example, here’s how you would
use a for loop to print the numbers 1 to 100:

condition is true.

for (x in 1..100) println(x)

Note that the . . operator includes the end number in its range. If you wanted FOI‘ lOOPs run

to exclude it, you would replace the . . operator with until. As an example, {

the following code prints the numbers from 1 to 99, and excludes 100: over a r aﬂg €o
for (x in 1 until 100) println(x) Values or items.
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Use downTo to reverse the range

If you want to loop through a range of numbers in reverse order, you
use downTo instead of .. or until. As an example, you'd use the
following code to print the numbers from 15 down to 1:

for (x in 15 downTo 1) println (x)4< “Si"ﬁ downTo instead of .. looPs
theough the numbers in veverse order.

Use step to skip numbers in the range

By default, the . . operator, until and downTo step through the range
one number at a time. If you want, you can increase the size of the step
using step. As an example, the following code prints alternate numbers
from 1 to 100:

for (x in 1..100 step 2) println(x)

Looping through the itewms in an array

You can also use a for loop to iterate through the items in an array. In our
case, for example, we want to loop through the items in an array named
options. To do this, we can use a for loop in this format:

for (item in optionsParam) |{ £— This loops through eath item in an arvay named o?{ionSParam
println("$item is an item in the array")

}

You can also loop through an array’s indices using code like this:

for (index in optionsParam.indices) {
println("Index $index has item ${optionsParam[index]}")

}

You can even simplify the above loop by returning the array’s index and
value as part of the loop:

for ((index, item) in optionsParam.withIndex()) { <— T} loops {:h\rough eath ikem in the

println("Index $index has item Sitem") array. It assigns the item’s index
} to the index vaviable, and the item
itself to the item vaviable.

Now that you know how for loops work, let’s write the code that will
ask the user to enter one of “Rock, “Paper” or “Scissors”.
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Game choice

Ask the user for their choice User choice

Result

We’re going to use a for loop to print the text “Please enter one of
the following: Rock Paper Scissors.” Here’s the code that will do this;
we’ll update Game.kt later in the chapter when we’ve finished writing
the getUserChoice function:

fun getUserChoice (optionsParam: Array<String>): String {
//Ask the user for their choice
print ("Please enter one of the following:")

for (item in optionsParam) print(" $item") gThis P\r‘in‘{:s Lhe vl 04(:
ue

println ( ", ") Cach i‘{:Cm in ‘Ehc ay-y-a\/.

Use the readline function to read the user’s input

After we’ve asked the user to enter their choice, we need to read their
response. We’ll do this by calling the readLine () function:

val userInput = readLine()

The readLine () function reads a line of input from the standard
input stream (in our case, the output window in the IDE). It returns
a String value, the text entered by the user.

If the input stream for your application has been redirected to a - ot abouk mull
file, the readLine () function returns null if the end of file has <— \{0“ I ?"‘d out Z bmzrz ° w, Lhis
been reached. null means that it has no value, or that it’s missing. values in Chapter 8 but Tor now,

is all You need o know about them.

Here’s an updated version of the getUserChoice function (we’ll ,
add it to our application when we’ve finished writing it): We'll update the getUserChoice
function a few pages ahead.
fun getUserChoice (optionsParam: Array<String>): String {

//Ask the user for their choice

print ("Please enter one of the following:")
for (item in optionsParam) print (" S$item")
println(".")

//Read the user input

val userInput = readLine()<T— This reads the user’s input from the standard input
) stream. [n our ase, this is the ou{:Pch window in the |DE.

Next, we need to validate the user input to make sure they’ve
entered an appropriate choice. We’ll do that after you’ve had a go
at the following exercise.
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A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

fun main(args: Array<String>) {
var x = 0
var y = 20
for (outer in 1..3) {

for (inner in 4 downTo 2) {

< The candidate

tode goes here.

println ("S$x $y")

Candidates: Possible output:
X += 6 4286 4275
27 23
x——
Mateh each
candidate - x4 27 6
with one o ¥ y
the possible 81 23
outputs. y =17
27 131
=x +y
y=x-17 18 23
x =y 35 32
yt++ 3728 3826
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Mixed
Messages
Solution

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

fun main(args: Array<String>)
var x = 0
var y = 20

for (outer in 1..3) {

{

é_/Thc tandidate

tode 9oes heve.

for (inner in 4 downTo 2) {
y++
X += 3

}

y —= 2

println ("S$x $y")

Candidates:
X +=
x——
y=x+y
y =17
=x +y
=x - 7
X=Yy
y++
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Possible output:

3728 3826
18 23

27 6

81 23

27 131
27 23

35 32

4286 4275
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The final code we need to write for the getUserChoice function needs
to validate the user’s input to make sure they’ve entered a valid option.
The code needs to do the following:

o Check that the user input isn't null.
As we said earlier, the readLine () function returns a null value if it’s reading
a line from a file, and it’s at the end of the file. Even though this isn’t the case
in our situation, we still need to check that the user input isn’t null in order to
keep the compiler sweet.

e Check whether the user's choice is in the options array.

We can do this using the in operator that you saw when we discussed for loops.

9 Loop until the user enters a valid choice.
We want to loop until a condition is met (the user enters a valid option), so we’ll
use a while loop for this.

You're already familiar with most of the code needed to do this, but

to write code that’s more concise, we’re going to use some boolean
expressions that are more powerful than the ones you've seen before.
We’ll discuss these next, and after that we’ll show you the full code for the
getUserChoice function.

‘And’ and ‘Or’ operators (66 and )

Let’s say you’re writing code to choose a new phone, with lots of rules
about which phone to select. You might, say, want to limit the price range
so that it’s between $200 and $300. To do this, you use code like this:

if (price >= 200 && price <= 300) {
//Code to choose the phone
}

The && means “and”. It evaluates to true if both sides of the && are true.
When the code gets run, Kotlin first evaluates the left side of the expression.
If this is false, Kotlin doesn’t bother evaluating the right side. As one side of
the expression is false, this means that the entire expression must be false. «— T}ic i< sometimes veferved

If you want to use an “or” expression instead, you use the | | operator: to as SHOV{—CirCuifing‘
if (price <= 10 || price >= 1000) {

//Phone is too cheap or too expensive

}

This expression evaluates to true if either side of the | | is true. This
time, Kotlin doesn’t evaluate the right side of the expression if the left side
is true.
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Result

Not equals (!= and !)

Suppose you wanted to run code for all phones except one model.
To do this, you’d use code like the following:
if (model != 2000) {
//Code that runs if model is not 2000
}

The !'=means “is not equal to”.

Similarly, you can use ! to indicate “not”. As an example, the
following loop runs while the i sBroken variable is not true:

while (!isBroken) {

//Code that runs if the phone is not broken

Use parentheses to make your code clear

Boolean expressions can get really big and complicated:

if ((price <= 500 && memory >= 16) ||
(price <= 750 && memory >= 32) ||
(price <= 1000 && memory >= 64)) {
//Do something appropriate
}
If you want to get really technical, you might wonder about the
precedence of these operators. Instead of becoming an expert

in the arcane world of precedence, we recommend that you use
parentheses to make your code clearer.

Now that you’ve seen some more powerful boolean expressions,
we’ll show you the remaining code for the getUserChoice
function, and add it to the application.
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Add the getUserChoice function to Game.kt " Result

Below is the revised code for the application, including the

complete getUserChoice function. Update your version
of Game.kt so that it matches ours (our changes are in bold):

fun

fun

fun

main(args: Array<String>) {
val options = arrayOf ("Rock", "Paper", "Scissors")

val gameChoice = getGameChoice (options) Rock Paper Scissors

val userChoice = getUserChoice (options) LD
: src
Call the 56{:“5&0\01&: Lunction. L

getGameChoice (optionsParam: Array<String>) = Gars Kt

optionsParam|[ (Math.random() * optionsParam.size).tolInt ()]

getUserChoice (optionsParam: Array<String>): String {
var isValidChoice = false S—— |\,/|| use the isValidChoice variable o indicate
var userChoice = "" whether the user has entered a valid thoice.
//Loop until the user enters a valid choice
while (!isValidChoice) { <———— Keep looping until isValidChoice is true.
//Ask the user for their choice
print ("Please enter one of the following:")
for (item in optionsParam) print(" $item")
println(".")

//Read the user input
Cheek that the user input isn't null,
and fha&{:’s in the options array.

val userInput = readLine()

//Validate the user input

if (userInput '= null && userInput in optionsParam) {
isValidChoice = true =" [£ the user in\?ch is 0K, we tan s{'p\? loo\?in5~
userChoice = userInput

}

//If the choice is invalid, inform the user

if ('isValidChoice) println("You must enter a valid choice.")

}

return userChoice

4\ ) .
£ the user input is invalid, we'll keep looping,

Let’s take the code for a test drive, and see what happens

when it runs.
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Test drive

Game choice
User choice
Result

Run your code by going to the Run menu, and selecting the Run
‘GameKt command. When the IDE’s output window opens, you’ll be
asked to enter one of “Rock”, “Paper” or “Scissors”:

Please enter one of the following: Rock Paper Scissors.

When you enter an invalid option and hit the Return key, you’re asked
to enter an option that’s valid. This is repeated until you enter one of
“Rock”, “Paper” or “Scissors”, at which point the program ends.

Fred

You must enter a valid choice.
We entered Please enter one of the following: Rock Paper Scissors.
a few invalid George
oy{:ions...

You must enter a valid choice.

Please enter one of the following: Rock Paper Scissors.

Ginny

You must enter a valid choice.

and then Please enter one of the following: Rock Paper Scissors.

enteved “Rotk”.—>Rock

We need to print the results

Game choice

The final thing we need our application to do is print the results. As a User choice
reminder, if the user and the game make the same choice, the result is a Result
tie. If the choices are different, however, the game determines the winner

using the following rules:

Choices

Result

Scissors, Paper

The Scissors choice wins, as Scissors can cut Paper.

Rock, Scissors

The Rock choice wins, as Rock can blunt Scissors.

Paper, Rock

The Paper choice wins, as Paper can cover Rock.

We’ll print the results in a new function named printResult. We’ll
call this function from main, and pass it two parameters: the user’s choice

and the game’s choice.

Before we show you the code for the function, see if you can figure it out
for yourself by having a go at the following exercise.
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Poo] Puzzle
/ \ Your job is to take code snippets from
the pool and place them into the

\ > blanklines in the printResult
£ function. You may not use the

same code snippet more than

once, and you won't need to use

all the snippets. Your goal is to

print the choices made by the user
and the game, and say who won.

fun printResult (userChoice: String, gameChoice: String) {

val result: String

//Figure out the result

if (userChoice gameChoice) result = "Tie!"
else if ((userChoice  "Rock”  gameChoice  "Scissors") _ .

(userChoice "Paper" gameChoice "Rock")

(userChoice | "Scissors" gameChoice | "Paper")) result = "You win!"
else result = "You lose!"

//Print the result

println("You chose SuserChoice. I chose $gameChoice. $result")

Note: each thing from
the pool can only be
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pool puzzle

- _ o _
P@@] PHZZIB Solutien
/ \ Your job is to take code snippets from
the pool and place them into the
\ > blanklines in the printResult
£ function. You may not use the
% same code snippet more than
once, and you won't need to use
all the snippets. Your goal is to

print the choices made by the user
and the game, and say who won.

fun printResult (userChoice: String, gameChoice: String) {

val result: String |§ the user and the game those the
I‘F any {/Flgure ou‘lI: the result | | [ came 0\7{:'107\, the vesult is a tie.
ocﬁhac if (userChoice == gameChoice) result = "Tie!"
tombos else if ((userChoice == "Rock" && gameChoice == "Scissors") || .
arc{rug (userChoice == "Paper" && gameChoice "Rock")mJLm
£bC““Y == "Paper")) result = "You win!"
wins.

else result = "You lose!"
//Print the result

println("You chose SuserChoice. I chose $gameChoice. $result")

You didn’t need to
use these snippets.
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Add the printResult function to Game.kt >

We need to add the printResult function to Game.kt, and call it from
the main function. Here’s the code: update your version of the code so
that it matches ours (our changes are in bold):

fun main(args: Array<String>) {
val options = arrayOf ("Rock", "Paper", "Scissors")
val gameChoice = getGameChoice (options)

val userChoice = getUserChoice (options)

| KK

functions
Game choice
User choice
Result

printResult (userChoice, gameChoice) <—C(all the printResult Lunction from main.

fun getGameChoice (optionsParam: Array<String>) =

optionsParam[ (Math.random() * optionsParam.size).toInt ()]

fun getUserChoice (optionsParam: Array<String>): String {
var isValidChoice = false
var userChoice = ""
//Loop until the user enters a valid choice
while (!isValidChoice) {
//Ask the user for their choice
print ("Please enter one of the following:")
for (item in optionsParam) print (" $item")
println(".")
//Read the user input
val userInput = readLine ()
//Validate the user input
if (userInput != null && userInput in optionsParam) ({
isValidChoice = true
userChoice = userInput
}

//If the choice is invalid, inform the user

if (!isValidChoice) println("You must enter a valid choice.

}

return userChoice

Rock Paper Scissors

-

src

L

Game.kt

n)

The ¢ode tontinues
on the next Fagc./’"f§
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test

Game choice
User choice

The Game.kt code continuved Result

fun printResult (userChoice: String, gameChoice: String) {
val result: String

//Figure out the result \/ou need to add this Lunction.
if (userChoice == gameChoice) result = "Tie!"
else if ((userChoice == "Rock" && gameChoice == "Scissors") ||
(userChoice == "Paper" && gameChoice == "Rock") ||
(userChoice == "Scissors" && gameChoice == "Paper'")) result = "You win!"
else result = "You lose!"
//Print the result Rock Paper Scissors
println("You chose $userChoice. I chose $gameChoice. $result") LD
} src

That’s all the code we need for our application. Let’s see what
happens when we run it. Game.kt

RN
=

Test drive

When we run the code, the IDE’s output window opens, enter one

of “Rock”, “Paper” or “Scissors” (we're choosing “Paper”):
Please enter one of the following: Rock Paper Scissors.
Paper

You chose Paper. I chose Rock. You win!

The application prints our choice, the option selected by the game,
and the result.

therejare no o
Dumb Questions

Q,: | entered an option of “paper” but the game told me I'd Q: Can | get Kotlin to ignore the case? Can | capitalize the
entered an invalid option. Why’s that? user input before checking whether it’s in the array?

A: It's because you entered a lowercase String, instead of A: Kotlin includes toLowerCase, toUpperCase and

one that starts with an initial capital letter. The game requires youto  capitalize functions to create a lowercase, uppercase or

enter one of “Rock”, “Paper” or “Scissors”, and it doesn’t recognize capitalized version of a St ring. As an example, here’s how you

“paper” as one of the options. would use the capitalize function to capitalize the first letter
of the Stringnamed userInput:

userInput = userInput.capitalize()

So you could convert the user input to an appropriate format before
checking if it matches any of the values in the array.
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Your Kotlin Toolbox

You’ve got Chapter 3 under
your belt and now you’ve

added functions to your toolbox.

You ¢an download
the full code for
the ehapter from
Wttps://tinyurl- ecom/
HFKotlin.

——————————————

QBUI.I.ET POINTS

Use functions to organize your code and
make it more reusable.

= Afunction can have parameters, so you
can pass more than one value to it.

= The number and type of values you pass to
the function must match the order and type
of the parameters declared by the function.

= Afunction can return a value. You must
define the type of value (if any) it returns.

= AUnit return type means that the
function doesn’t return anything.

®m  Choose for loops over while loops
when you know how many times you want
to repeat the loop code.

The readLine () function reads a line
of input from the standard input stream. It
returns a St ring value, the text entered
by the user.

If the input stream has been redirected
to a file and the end of the file has been
reached, the readLine () function
returns null. null means it has no
value, or it's missing.

&& means “and”. | | means “or”. ! means
HnotYl.

functions

89







4 classes and objects

+
*ABit of Class ,
e g e x

myself a new Boyfriend class.

It’s time we looked beyond Kotlin’s basic types.

Sooner or later, you're going to want to use something more than Kotlin’s basic types. And
that's where classes come in. Classes are templates that allow you to create your own
types of objects, and define their properties and functions. Here, you’ll learn how to
design and define classes, and how to use them to create new types of objects. You'll
meet constructors, initializer blocks, getters and setters, and you'll discover how they
can be used to protect your properties. Finally, you'll learn how data hiding is built into

all Kotlin code, saving you time, effort and a multitude of keystrokes.

this is a new chapter
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classes

Object types are defined using classes

So far, you've learned how to create and use variables from
Kotlin’s basic types, such as numbers, Strings and arrays. You
know, for example, that when you write the code:

var x = 6

this creates an Int object with a value of 6, and a reference to
the object is assigned to a new variable named x:

Int

var Int

Behind the scenes, these types are defined using classes. A
class is a template that defines what properties and functions
are associated with objects of that type. When you create an
Int object, for example, the compiler checks the Int class and
sees that it requires an integer value, and has functions such as
toLong and toString.

You can define your own classes

If you want your application to deal with types of objects that
Kotlin doesn’t have, you can define your own types by writing
new classes. If you’re building an application that records This is £the Dog elass. [+
information about dogs, for example, you might want to define Lells the compiler that a
a Dog class so that you can create your own Dog objects, and
record the name, weight and breed of each dog:

/_\ name: “Fido”

Q
>

weight: 70
‘:—" | breed: “Mixed” SN
myDog"
|

Dog

Dog has a name, wcighﬁ and
breed, and a bark -Cunc{:ion.

——
var Dog

So how do you go about defining a class?
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How to design your own classes

When you want to define your own class, you need to think
about the objects that will be created from that class. You need
to consider:

©
©

The things an object knows about itself are its properties.
They represent an object’s state (the data), and each object of
that type can have unique values. A Dog class, for example,
might have name, weight and breed properties. A Song
class might have title and artist properties.

The things each object knows about itself.

The things each object can do.

The things an object can do are its functions. They
determine an object’s behavior, and may use the object’s
properties. The Dog class, for example, might have a bark
function, and the Song class might have a play function.

Here are some examples of classes with their properties and
functions:

Properties

Functions | Functions |
Alarm
alarmTime PfoPeIﬂties |
PI’OPEI‘ﬁeS alarmMode
alarmSound .
Functions ‘
. setAlarm()
Functlons isAlarmSet()
snooze()

When you know what properties and functions your class
should have, you’re ready to write the code to create it. We’ll
look at this next.

Properties |

classes and objects

The t]mings an ol)ject

knows about itself are

its pro]@ertie .

The t]mings an ol)ject

can do are its functions.

Song h

“— B

The properties are
the ‘U\ings an ob\')ccjc
knows about H‘,SCH: .
[n this example, a
Song knows its title
and artist.

title
artist

play()
stop()

The ‘Fuhd{:ions
are the {:hings an

ShoppingCart

cartContents

objcd: ¢an do. Here,
addToCart() a ShoppingCart
removeFromCart() knows how to add

checkout() items, vemove items

and theek out.
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Dog class

Let’s define a Pog class

We’re going to create a Dog class that we can use to create Dog
objects. Each Dog will have a name, weight and breed, so we’ll use
these for the class properties. We’ll also define a bark function so
that the size of the Dog’s bark depends on its weight.

Here’s what our Dog class code looks like: Opening brate

«
‘¢lass” means

The name of the class. The (ilzss properties. the ¢lass.

-1
it’s a elass.
ass $|c1ass||Dog||(val name: String, var weight: Int, val breed: String) |

The bark _—>|fun bark() { Dog
Lunttion. println(if (weight < 20) "Yip!" else "Woof!") 1 /name
} > weight

breed
’<‘ Closing brace of the ¢lass. K

> bark()

The code:

class Dog(val name: String, var weight: Int, val breed: String) {

defines the name of the class (Dog), and the properties that the Dog

5 ) : . . 9 .
class has. We’ll take a closer look at what’s going on behind the A {unctlon tllat s C[e‘[ll'le C[
scenes a few pages ahead, but for now, all you need to know is that
the above code deﬁnes the. name, weight and b?eed properties— inSiC[e a Class 1S callec[
and when the Dog object is created, values are assigned to these ,
properties. a member function. It's

You define any class functions in the class body (inside the curly
braces { }). We’re defining a bark function, so the code looks like
this:

sometimes called a method.

class Dog(val name: String, var weight: Int, wval breed: String) {
fun bark() {

This is just like the funetions you
println(if (weight < 20) "Yip!" else "Woof!")

saw in the previous thapter. The
} onl\/ difference is that it'’s defined
: inside the Dog elass bod)’-

Now that you've seen the code for the Dog class, let’s look at how
you use it to create a Dog object.
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classes and objects

How to create a Pog object

You can think of a class as a template for an object, as it tells the
compiler how to make objects of that particular type. It tells the
compiler what properties each object should have, and each object
made from that class can have its own values. Each Dog object, for
example, would have name, weight and breed properties, with
each Dog having its own values.

One class Dog
name
weight
breed

Many objects

bark()

We’re going to use the Dog class to create a Dog object, and assign it to
a new variable named myDog. Here’s the code:

‘/ou treate 3 DOS b‘/
?ass'mg it argumchJCS for
£he three properties.

var myDog = Dog("Fido", 70, "Mixed")

The code passes three arguments to the Dog object. These match the
properties we defined in the Dog class: the Dog’s name, weight and
breed:

class Dog(val name: String, var weight: Int, val breed: String) {

}

When the code runs, it creates a new Dog object, and the arguments
are used to assign values to the Dog’s properties. In our case, for
example, we’re creating a new Dog object where the name property is
“Iido”, the weight property is 70 pounds, and the breed property is

“Mixed”:
Q RN name: “Fido”

Q)‘@'“ weight: 70 -
‘ — | breed: “Mixed”
myDog’
L

Dog

——
var Dog

Now that you’ve seen how to create a new Dog object, let’s look at how
you access its properties and functions.
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accessing members

How to access properties and functions

Once you've created an object, you can access its properties using the
dot operator (.). If you wanted to print a Dog’s name, for example,
you would use code like this:

var myDog = Dog ("Fido", 70, "Mixed")

println (myDog.name) < m‘/Dog-namc is like sa\/in5 “30 to MYDOSI and 55'{: its name”.

You can also update any properties that you have defined using the
var keyword. As an example, here’s how you would update the
Dog’s weight property to 75 pounds:

myDog.weight = 75 <— Qo to m\/Dog, and set its weight to 5.

Note that the compiler won'’t let you update any properties that
you’ve defined using the val keyword. If you try to do so, you'll get a
compiler error.

You can also use the dot operator to call an object’s functions. If you
wanted to call the Dog’s bark function, for example, you would use
the following code:

myDog.bark () s=_ Go to '"‘/D°3; and eall its bavk function.

What if the Dog is in a Pog array?

You can also add any objects you create to an array. If you wanted to
create an array of Dogs, for example, you would use code like this:

var dogs = arrayOf (Dog("Fido", 70, "Mixed"), Dog("Ripper", 10, "Poodle"))

This defines a variable named dogs, and as it’s an array that This tode treates two Dog
you’re populating with Dog objects, the compiler makes its type obieets, and adds them to an
array<Dog>. Two Dog objects are then added to the array. arvay <D°5> avvay named dogs.

You can still access the properties and functions of each Dog object in
the array. As an example, suppose you wanted to update the second
Dog’s weight and make it bark. To do this, you would get a
reference to the second item in the dogs array using dogs [1], and
then use the dot operator to access the Dog’s weight property and
bark function:

dogs[1].weight = 15 ) The tompiler knows that dogsl1] is a Dog object, so You
dogs[1].bark () tan aetess the Dog’s properties and call its Functions.

This 1s like saying “get the second object from the dogs array, change
its weight to 15 pounds, and make it bark.”
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classes and objects

Create a Songs application

Before we go any further into how classes work, we’re going to give
you some more class practice by creating a new Songs project. We’ll Song
add a Song class to the project, and create and use some Song objects.

title
Create a new Kotlin project that targets the JVM, and name the artist
project “Songs”. Then create a new Kotlin file named Songs.k¢ by play()

highlighting the sr¢ folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Songs”,
and choose File from the Kind option.

stop()

Next, add the following code to Songs.kt:

class Song(val title: String, val artist: String) {é—DC‘CiV\C title and artist ‘:roycr{:ics.
fun play () {
println ("Playing the song $title by Sartist")

Add Fla\/ and S‘{JOF ‘cum‘,‘f:ions.

fun stop() { Songs
println ("Stopped playing $title") iD
} src
}
Songs.kt

fun main(args: Array<String>) {

val songOne = Song ("The Mesopotamians", "They Might Be Giants")
val songTwo = Song ("Going Underground", "The Jam")
Create three Songs.

val songThree = Song("Make Me Smile", "Steve Harley")

songTwo.play ()
songTwo.stop () Pla\/ song Two, st°? it,

songThree.play () then play songThree.

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

Playing the song Going Underground by The Jam
Stopped playing Going Underground
Playing the song Make Me Smile by Steve Harley

Now that you’ve seen how to define a class and use it to create objects,
let’s dive into the mysterious world of object creation.
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object creation

The wiracle of object ereation

When you declare and assign an object, there are three main steps:

1)

Declare a variable.

var myDog = Dog ("Fido", 70, "Mixed")

Create an object.
var myDog = Dog("Fido", 70, "Mixed")

name: “Fido”
weight: 70
breed: “Mixed”

Dog

Link the object to the variable by assigning a reference.

var myDog = Dog ("Fido", 70, "Mixed")

/_\ name: “Fido”

S
S weight: 70
| breed: “Mixed”
{nyDogf
Dog
e
var Dog

The big miracle happens at step two—when the object is created.

There’s a lot going on behind the scenes, so let’s take a closer look.
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classes and objects

How objects are created

When we define an object using code like: |
[+ looks like we've La“ihg a Lunetion
var myDog = Dog ("Fido", 70, "Mixed") named Dog because of the parentheses.

it looks like we’re calling a function named Dog. But even though
it looks and feels a lot like a function, it’s not. Instead, we’re calling
the Dog constructor.

A constructor contains the code that’s needed to initialize an
object. It runs before the object can be assigned to a reference,
which means that you get a chance to step in, and do things to

make the object ready for use. Most people use constructors to A constructor runs

define an object’s properties and assign values to them.

when you instantiate

Each time you create a new object, the constructor for that ,
object’s class is invoked. So when you run the code: an OL]eCt. It S usec[
var myDog = Dog ("Fido", 70, "Mixed")

to define properties
and initialize them.

the Dog class constructor gets called.

What the Dog constructor looks like

When we created our Dog class, we included a constructor; it’s the
parentheses and the code in between in the class header:

class Dog(val name: String, var weight: Int, val breed: String) {

: KTMS tode (intluding the parentheses)
|S)'f:hc tlass Cons{:\rucfo\r. chhniéa“\/,
The Dog constructor defines three properties—name, it’s called the primary onstructor.

weight and breed. Each Dog has these properties, and
when the Dog gets created, the constructor assigns a value
to each property. This initializes the state of each Dog, and
ensures that 1t’s set up correctly.

Let’s take a look at what happens behind the scenes when the
Dog constructor gets called.
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Dog construction

Behind the scenes: calling the Dog constructor

Let’s go through what happens when we run the code:

var myDog = Dog("Fido", 70, "Mixed")

0 The system creates an object for each argument that's passed to the
Dog constructor.

It creates a String with a value of “Fido”, an Int with a value of 70, and a String
with a value of “Mixed”.

“Fido” 70 “Mixed”

String Int String

e The system allocates the space for a new Dog object, and
the Dog constructor gets called.

Dog

9 The Dog constructor defines three properties: name, weight and breed.

Behine the scenes, each property is a variable. A variable of the appropriate type is
created for each property, as defined in the constructor.

class Dog(val name: String, {lame{“
var weight: Int, _—
val String

val breed: String) {

Dog 9
reed/

\

val String
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classes and objects

The story continves...

o Each of the Dog's property variables is assigned a reference to the
appropriate value object.
The name property, for example, is assigned a reference to the “Fido” String object, and so on.

Qdo“Fido”
&
‘ —4
name:

String
|

\
val String 70
$
Qo o,

weight

——

var Int

l

reed/ String
\ {
|

val String

e Finally, a reference to the Dog object is assigned to a new Dog variable

named myDog.
qu“Fido”
&
ﬂ:"‘ |

{]ame‘ Strlng

' var Int
{nyDog.‘ .
{ Dog <§ /_80“Mlxed”
— <>
var Dog ‘ |
breed String
v\
val String
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properties and variables

I get it. The Dog constructor defines properties,
and each property is really just a variable that's local to
the object. A value is then assigned to that variable.

That’s right—a property is a variable that’s
local to the object.

This means that everything you've already learned about
variables applies to properties. If you define a property
using the val keyword, for example, this means that you
can’t assign a new value to it. You can, however, update
any properties that have been defined using var.

In our example, we’re using val to define the name and
breed properties, and var to define the weight:

class Dog(val name: String, wvar weight: Int, wal breed: String) {

This means that we can only update the Dog’s weight
“) property, and not the Dog’s name or breed.

therejare no o
Dumb Questions

Q: Does the constructor allocate the memory for the
object that’s being created?

An ol)ject 1s sometimes

A: No, the system does. The constructor initializes the object,
so it makes sure that the object’s properties are created and that
they’re assigned their initial values. All memory is managed by

the system. a Partlcular class, so 1ts

known as an instance of

Q: Can | define a class without defining a constructor? PI'OPQI’tleS are sometimes

called instance variables.

A: Yes, you can. You'll find out how this works later in the
chapter.
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af;f ) Code Magnets

classes and objects

N
/—_@ Somebody used fridge magnets to write a noisy new DrumKit
class, and a main function that prints the following output:
ding ding ba-da-bing!
bang bang bang!
ding ding ba-da-bing!

Unfortunately, the magnets have got scrambled. Can you piece the

code back together again?

class DrumKit (var hasTopHat: Boolean, var hasSnare:

Boolean) {

} You need o put ’chcj\

magnets in these boxes.

fun main(args: Array<String>) {

| println("ding ding ba-da-bing!") '

l d.hasSnare = ' | fun playSnare() '

val d = DrumKit (true, true)

I (hasSnare) ' I fun playTopHat () .

l (hasTopHat) '

2]
l if '
if

false

d.playTopHat () d.playTopHat 0

d.playSnare () d.playSnare ()

l println("bang bang bang!") '
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magnets solution

Code Magnets Solution

Somebody used fridge magnets to write a noisy new DrumKit
class, and a main function that prints the following output:

ding ding ba-da-bing!
bang bang bang!
ding ding ba-da-bing!

Unfortunately, the magnets have got scrambled. Can you piece the
code back together again?

class DrumKit (var hasTopHat: Boolean, wvar hasSnare: Boolean) ({

The yla\/To?Haf
fun playTopHat () funetion prints

. " some {c%f'f
E__<____-—"< e hsTopht

Yro‘;gr{;\l [ ‘(’Xuc

The playSnare
e s e | b s
sSnave

property is true.

fun main(args: Array<String>) {

val d = DrumKit(true, true) f—- Create a DrumKit variable.

A

d.playTopHat () <’\-—has'ﬁaphla’c and hasSnare are both true, so
d.playSnare () playTopHat and playSnare both print text.

d.playTopHat ()

<—> Setting the hasSnave ?roycr{:\/ 4o false means
that onl\/ the ?layToyHaJc Function yrm{:s text.

d.playSnare ()
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classes and objects

Going deeper into properties

So far you've seen how to define a property by including it in the class
constructor, and how doing so assigns a value to that property when the
constructor is called. But what if you need to do something a little different?
What if you want to validate a value before assigning it to a property? Or what
if you want to initialize a property with a generic default value so that you
don’t need to add it to the class constructor?

To find out how you can do this kind of thing, we need to take a closer look at
constructor code.

Behind the scenes of the Pog constructor

As you already know, our current Dog constructor code defines three
properties for the name, weight and breed of each Dog object, and assigns
a value to each one when the Dog constructor is called:

class Dog(val name: String, var weight: Int, val breed: String) {

}

You can do this so concisely because the constructor code uses a shortcut
for performing this kind of task. When the Kotlin language was developed,
the brains behind it felt that defining and initializing properties was such a

common action that it was worth making the syntax to do it very concise and
e y The tonstruetor parameters no

simple. .

P longer have val and var prefines,
If you were to perform the same action without using the shortcut, here’s what so the tonstruttor no longer
the code would look like: treates properties for them.

class Dog(name_param: String, weight param: Int, breed param: String) ({

val name = name param

var weight = weight param Thzh!’“\’"fics are defined Dog
val breed = breed param in the ¢lass bod\/ "‘S{"cad' name
weight
breed
} bark()

Here, the three constructor parameters—name param, weight param
and breed param—have no val and var prefixes, which means that they
no longer define properties. They are plain old parameters, just like the ones
you see in function definitions. The name, weight and breed properties are
instead defined in the main body of the class. Each one is assigned the value of
the associated constructor parameter.

So how does this allow us to do more with our properties?
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property initialization

Flexible property initialization

Defining properties in the main body of the class gives you a
lot more flexibility than adding them to the constructor, as it
means that you no longer have to initialize each one with a
parameter value.

Suppose that you wanted to assign a default value to a
property without including it in the constructor. You might,
for example, want to add an activities property to the
Dog class, and initialize it with a default array containing a
value of “Walks”. Here’s the code to do this:

class Dog(val name: String, var weight: Int, val breed:

var activities = arrayOf ("Walks")

Eath Dog object that's eveated will have an
attivities property. [t's initial value will be
) an arvay ontaining a value of “Walks”.

Alternatively, you might want to tweak the value of a
constructor parameter before assigning it to a property. You
might, for example, want to record an uppercase String for
the breed property instead of the value that’s passed to the
constructor. To do this, you would use the toUpperCase
function to create an uppercase version of the String,
which you would then assign to the breed property like this:

Dog

name
weight
breed
activities

bark()

String) {

name: “Fido”
weight: 70

breed: “Mixed”
activities: “Walks”

Dog

class Dog(val name: String, var weight: Int, breed param: String) ({

var activities = arrayOf ("Walks")

val breed = breed param.toUpperCase ()

This takes the value of breed_param, makes it

Initializing a property in this way works well if you want to
assign a simple value or expression to it. But what if you need
to do something more complex?
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uppertase, and assigns it to the breed property.

name: “Fido”
weight: 70

breed: “MIXED”
activities: “Walks”

Dog



classes and objects

How to use initializer blocks

If you need to initialize a property to something more complex than a simple
expression, or if there’s extra code you want to run when each object is
created, you can use one or more initializer blocks. Initializer blocks are
executed when the object is initialized, immediately after the constructor is
called, and they’re prefixed with the init keyword. Here’s an example of an
initializer block that prints a message whenever a Dog object is initialized:

class Dog(val name: String, var weight: Int, breed param: String) {

var activities = arrayOf ("Walks")

val breed = breed param.toUpperCase () Dog
This is an name
initializer block. [£ weight
contains the tode breed

println("Dog $name has been created.")

that you want to activities
vuns when the D05 bark()
objcck is initialized.

Your class can have multiple initializer blocks. Each one runs in the order in
which it appears in the class body, interleaved with any property initializers.
Here’s an example of some code with multiple initializer blocks:

class Dog(val name: String, var weight: Int, breed param: String) ({

The properties defined in the constructor are eveated first.

init {

println("Dog $name has been created.") ) This initializer block vuns next.

var activities = arrayOf ("Walks") These properties are crca{:c.d. after the
fiest initializer block has finished.

val breed = breed param.toUpperCase ()

init {
println("The breed is $breed.") The setond initializer block vuns after
} the properties have been eveated.

}

As you’ve seen, there are various ways in which you can initialize your
variables. But is it necessary?
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You MUST initialize your properties

Back in Chapter 2, you learned that every variable you declare
in a function must be initialized before it can be used. This also
applies to any properties you define in a class: you must initialize

properties before you try to use them. This is so important

that if you declare a property without initializing it in either the
property declaration or the initializer block, the compiler will get
very upset and refuse to compile your code. The following code, for

example, won’t compile because we’ve added a new property named

temperament which hasn’t been initialized:

class Dog(val name: String, var weight: Int, breed param: String) ({

var activities = arrayOf ("Walks")

val breed =

breed param.toUpperCase ()

var temperament: String @Thc temperament property hasn't been
initialized, so the code won't tompile.

}

Nearly all of the time, you’ll be able to assign default values to your
properties. In the above example, for instance, your code will compile

if you initialize the temperament property to "":

var temperament = ""~<— This initializes the temperament property with an empty String.

Dum

Q,: In Java, you don’t have to initialize the variables that
you declare inside a class. Is there a way of not initializing
class properties in Kotlin?

A: If you're completely certain that you can’t assign an initial
value to a property when you call the class constructor, you can
prefix it with Lateinit. This tells the compiler that you're
aware that the property hasn’t been initialized yet, and you'll handle
it later. If you wanted to mark the temperament property for late
initialization, for example, you'd use:
lateinit var temperament: String
Doing so allows the compiler to compile your code. In general,
however, we strongly encourage you to initialize your properties.

108
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b Questions

Q,: What happens if | try to use a property value before it’s
been initialized?

A: If you don't initialize a property before you try and use it,
you'll get a runtime error when you run the code.

Q,: Can | use 1lateinit with any type of property?

A: You can only use 1ateinit with properties defined
using var, and you can'’t use it with any of the following types:
Byte, Short, Int, Long, Double, Float, Charor
Boolean. This is down to how these types are treated when the
code runs in the JVM. This means that properties of any of these
types must be initialized when the property is defined, or in an
initializer block.



classes and objects

Empty Constructers Up Close

If you want to be able to quickly create objects without passing
values for any of its properties, you can define a class with no
constructor.

Suppose, for example, that you wanted to quickly create Duck
objects. To do this, you could define a Duck class without a
constructor like this:

class Duck { ~“—There’s no () after the name of the elass, so the ¢lass has no defined constructor.

fun quack() {
println("Quack! Quack! Quack!")

}

When you define a class with no constructor, the compiler secretly
writes one for you. It adds an empty constructor (a constructor with
no parameters) to your compiled code. So when you compile the
above Duck class, the compiler treats it as though you’d written
the following code:

[V

class Duck() { This is an empty tonstruttor: a tonstruttor with no parameters.

Behind the stenes, whenever Yyou define a ¢lass with no onstructor,
the compiler adds an empty construttor to your compiled ¢ode.
fun quack () {

println ("Quack! Quack! Quack!")

}

This means that in order to create a Duck object, you use the code: & /—\
var myDuck = Duck () < (reates a Dutk vaviable named ‘Q&'"
q myDuck, and assigns ita \rc&rtncc-/-% '
and not: 4o a Dutk ob\")cc{:- ,inyDucl(’
var myDuck = Duck <— This tode won't tompile. ' ' Duck
N—
The compiler has created an empty constructor for the Duck var Duck

class on your behalf] so this means that you must call the empty
constructor in order to instantiate the Duck.
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be the compiler

BE ﬂ)@/ Com 11@]?
Each of the Kotlin files on this Pa%?
g Tepresents a complete source file. Your
% job is to play like you're the compiler
) and determine whether each

of these files will compile.
If they won't compile, how
would you fix them?

4] o

class TapeDeck { class DVDPlayer (var hasRecorder: Boolean) {
var hasRecorder = false

fun recordDVD () {

fun playTape () { if (hasRecorder) {
println ("Tape playing") println ("DVD recording")
} }
}
fun recordTape () { }

if (hasRecorder) {
println ("Tape recording") fun main(args: Array<String>) {
} val d = DVDPlayer (true)
} d.playDVD()
} d.recordDVD ()

fun main(args: Array<String>) {
t.hasRecorder = true
t.playTape ()

t.recordTape ()

—> Answers on page 119.
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How do you validate property values?

Earlier in the chapter, you learned how to directly get or set a
property’s value using the dot operator. You already know, for
example, that you can print the Dog’s name using:

println (myDog.name)
and that you can set its weight to 75 pounds using:

myDog.weight = 75

But in the hands of the wrong person, allowing direct access to
all our properties in this way can be quite a dangerous weapon.
Because what’s to prevent someone writing the following code:

myDog.weight = —lé—’Criycs.

A Dog with negative weight would be a Bad Thing.

To stop this kind of thing from happening, we need some way of
validating a value before it’s assigned to a property.

The solution: custom getfters and setters

If you want to tweak a property’s return value, or validate a value
before it gets assigned to a property, you can write your own
getters and setters.

Getters and setters let you, well, get and set property values. A <<___ If
getter’s sole purpose in life is to send back a return value, the

| you're into being all formal about
it, you might prefer to call them

value of whatever it is that particular getter is supposed to be
p 8 pp ateessors and mutators instead.

getting. And a setter lives and breathes for the chance to take an
argument value, and use it to set the value of a property.

Writing custom getters and setters lets you protect your property
values, and they give you more control over what values are
returned or assigned. We’ll show you how they work by adding
two new things to our Dog class:

° A custom getter to return the Dog's weight in kilograms.

c A custom setter to validate a proposed value for the Dog's weight
before we assign it.

Let’s start by creating a custom getter to return the Dog’s weight
in kilograms.

objects

111



custom gefters

How to write a custom getter

In order to add a custom getter that will allow us to return the Dog’s
weight in kilograms, we’re going to do two things: add a new property

to the Dog class named weightInKgs, and write a custom getter for it
which will return the appropriate value. Here’s the code to do both these

things:

class Dog(val name: String, var weight:

var activities = arrayOf ("Walks")

val breed = breed param.toUpperCase ()

val weightInKgs: Double

get() = weight / 2.2
This ¢ode adds a new wcighﬂnK
. 9s propert
with a custom getter. The getter {:akFes Jc;/\c
) value of the weight pavameter, and divides it

. by 2.2 40 9et the weight in kilograms.
The line:

get() = weight / 2.2

defines the getter. It’s a no parameter function named get that you add

to the property. You add it to the property by writing it immediately

below the property declaration. Its return type must match that of the €—
property whose value you want to return or the code won’t compile. In
the above example, the weight InKgs property is a Double, so the

property’s getter must also return a Double.

Each time you ask for the value of a property using code like:
myDog.weightInKgs

the property’s getter gets called. The above code, for example,
calls the getter for the weight InKgs property. The getter uses
the Dog’s weight property to calculate the Dog’s weight in
kilograms, and returns the result.

Note that in this example, we didn’t need to initialize the
weightInKgs property because its value is derived in the
getter. Each time the property’s value is required, the getter is
called, which figures out the value that should be returned.

Now that you know how to add a custom getter, let’s look at
how you add a custom setter by adding one to the weight

property.
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Int, breed param: String) {

Dog

name
weight
breed
activities
weightlnKgs

bark()

Teehnically, getters and
setters are optional parts
of the \No\?cr{:\/ detlavation.

therejare no
Dumb Questions —

Q,: Couldn’t we have written a normal
function to return the weight in kilograms?

A: We could, but sometimes it’s useful to
create a new property with a getter instead.
Many frameworks, for example, let you bind a
GUI component to a property, so creating a new
property in this sort of situation can make your
coding life a lot easier.




How to write a custom setter

We’re going to add a custom setter to the weight property so that the
weight can only be updated to a value greater than 0. To do this, we need
to move the weight property definition from the constructor to the class
body, and then add the setter to the property. Here’s the code to do that:

classes objects

class Dog(val name: String, weight param: Int, breed param: String) {

var activities = arrayOf ("Walks")
val breed = breed param.toUpperCase ()
var weight = weight param

set (value) {

if (value > 0) field = value

This tode adds a eustom setter to the weight property.
The setter means that the value of the weight property

vill only aet updated to a value greater than O.
}

The following code defines the setter:

set (value) {
if (value > 0) field = value
}

A setter 1s a function named set that’s added to the property by writing
it beneath the property declaration. A setter has one parameter—usually
named value—which is the proposed new value of the property.

In the above example, the value of the weight property is only
updated if the value parameter is greater than 0. If you try and update
the weight property to a value that’s less than or equal to 0, the setter
stops the property from being updated.

The setter updates the value of the weight property by means of the
field identifier. field refers to the property’s backing field, which
you can think of as being a reference to the underlying value of the
property. Using £ield in your getters and setters in place of the
property name is important, as it stops you getting stuck in an endless
loop. When the following setter code runs, for example, the system tries
to update the weight property, which results in the setter being called
again... and again... and again:

var weight = weight param
set (value) {
if (value > 0) weight = value

Don’t do this! You'll get stuck in
an endless loop. Use field instead.

A property’s setter
runs each time you

iry to set a property’s
value, The J:'ollowing
code, for example, calls
the weight pro]oerty’s
setter, Passing ita
value of 75:

myDog.weigllt =75
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Data Hiding Up Clese

As you've seen over the past few pages, writing custom getters
and setters means that you can protect your properties from
misuse. A custom getter lets you control what value is returned
when the property value is requested, and a custom setter lets
you validate a value before asigning it to a property.

Behind the scenes, the compiler secretly creates getters and

setters for all properties that don’t already have one. If a A val ?VOYCY{:\/ doesn't
property is defined using val, the compiler adds a getter, and if <— need 3 setter bccaus.c onte
a property is defined using var, the compiler adds both a getter 's been nitialized, its
and a setter. So when you write the code: value tan't be updated.

var myProperty: String

the compiler secretly adds the following getters and setters when
the code is compiled:

var myProperty: String
get() = field
set (value) {

field = value

This means that whenever you use the dot operator to get
or set a property’s value, behind the scenes its always the

property’s getter or setter that gets called. Removing c[irect access

So why does th il his? 9
o why does the compiler do this 1o a proPertys Value

Adding a getter and setter to every property means that there’s

a standard way of accessing that property’s value. The getter l)y Wl"aPPIIIg it 1n
handles any requests to get the value, and the setter handles any .
requests to set it. So if you want to change your mind about how getters al’lJ setters 15
these requests are implemented, you can do so without breaking 1( (I 11 c[
anybody else’s code. nown as data hi lﬂg .

114



classes and objects

The full code for the Dogs project

We’re nearly at the end of the chapter, but before we go, we thought
we’d show you the entire code for the Dogs project.

Create a new Kotlin project that targets the JVM, and name the
project “Dogs”. Then create a new Kotlin file named Dogs.kt by
highlighting the sr¢ folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Dogs”,
and choose File from the Kind option.

Next, add the following code to Dogs.kt: Dog
class Dog(val name: String, name
weight
weight param: Int, breed
breed param: String) { activities
weightinKgs
init { bark()

print ("Dog $name has been created. ")

var activities = arrayOf ("Walks") E::]
val breed = breed param.toUpperCase () Doii
init { src

println ("The breed is S$breed.™)

var weight = weight param
set (value) {

if (value > 0) field = value

val weightInKgs: Double
get () = weight / 2.2

fun bark() {
println(if (weight < 20) "Yip!" else "Woof!")
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test drive

The code continved...

fun main(args: Array<String>) { E::]
val myDog = Dog ("Fido", 70, "Mixed") Doas
myDog.bark () iD
myDog.weight = 75 Src
println ("Weight in Kgs is ${myDog.weightInKgs}")
myDog.weight = -2 Dogs.kt
println ("Weight is ${myDog.weight}")
myDog.activities = arrayOf ("Walks", "Fetching balls", "Frisbee")
for (item in myDog.activities) {

println("My dog enjoys $item")

val dogs = arrayOf (Dog ("Kelpie", 20, "Westie"), Dog("Ripper", 10, "Poodle"))
dogs[1l] .bark()
dogs[1l].weight = 15
println ("Weight for ${dogs[1l].name} is ${dogs[l].weight}")
}

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:
Dog Fido has been created. The breed is MIXED.
Woof!
Weight in Kgs is 34.090909090909086
Weight is 75
My dog enjoys Walks
My dog enjoys Fetching balls
My dog enjoys Frisbee
Dog Kelpie has been created. The breed is WESTIE.
Dog Ripper has been created. The breed is POODLE.
Yip!
Weight for Ripperis 15
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Poo] Puzzle Jdvateatiet

/\ Your job is to take code snippets from the pool K .

and place them into the blank lines in the Rectangle O has area 15. It is not a square.
\ | code. You may not use the same code Rectangle 1 has area 36. It is a square.

P snippet more than once, and you won't

- . Rectangle & has area 63. It is not a square.
need to use all the snippets. Your goal is

to create the code that will produce the Rectangle 3 has area 96. It is not a square.
output listed.

class Rectangle(var width: Int, var height: Int) {
val isSquare: Boolean
(width == height)
val area: Int

fwidth * height)

fun main(args: Array<String>) {
val r = arrayOf (Rectangle(l, 1), Rectangle(l, 1),
Rectangle(l, 1), Rectangle(l, 1))

for (x in O.. ) |

.width = (x + 1) * 3

.height = x + 5

Note: each thing from
the pool can only be
used once!

area

r[x] isSquare 3

rix] . get() = set() =

get()=  set()=
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pool puzzle

Poo] Puzzle Jolution

\ Your job is to take code snippets from the pool .
/ and place them into the blank lines in the Rectangle O has area 15. It is not a square.
\ | code. You may not use the same code Rectangle 1 has area 36. It is a square.
: # snippet more than once, and you won't Rectangle 2 has area 63. It is not a square.
o need to use all the snippets. Your goal is ]
to create the code that will produce the Rectangle 3 has area 96. It is not a square.

output listed.

class Rectangle(var width: Int, var height: Int) {

val isSquare: Boolean

get()= (width == height) &— [hisis a getter that says
................. ’ whether a vectangle is square.

val area: Int

.get() = (width * height) <——This s 5 getter that caleulates
} the vectangle’s area.

fun main(args: Array<String>) {
val r = arrayOf (Rectangle(l, 1), Rectangle(l, 1),
Rectangle(l, 1), Rectangle(l, 1))

for (x in 0.. 3 ) { é\Thc v array has 4 items, so we'll

Set the width | ¥X] .width = (x + 1) * 3 loop Lrom index O to index 3.

and height of | rIxl.neight = x + 5 — Print the veetangle’s area.
the vectangle.

print ("Rectangle $x has area ${ r[x].area .o

println ("It is ${if (_rIxl.isSquare ) "" clse "not "}a square.")

Print whether or not
} the veetangle is a square.

You didn't need to
use these snippets.
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BE the Compiler Sofution
Each of the Kotlin files on this page
g represents a complete source file. Your

\ job is to play like you're the compiler

) and determine whether each
of these files will compile.
If they won’t compile, how
wou]d you fix them?

4] o

class TapeDeck { class DVDPlayer (var hasRecorder: Boolean) {
var hasRecorder = false
fun playDVDO {
fun playTape () { FYih‘Uh("DVD Pla\/'lhgn)
println ("Tape playing") }

fun recordDVD() {

fun recordTape () { if (hasRecorder) {

if (hasRecorder) { println ("DVD recording")

println ("Tape recording") }

fun main(args: Array<String>) {

fun main(args: Array<String>) { val d = DVDPlayer (true)
val t = TapeDeek() d.playDVD ()
t.hasRecorder = true d.recordDVD ()
t.playTape () }

t.recordTape ()

This won't tompile because the DVDPlayer ¢lass
This won't tompile betause Yyou needs to have a playDVD funetion.

need to treate a TapeDeck
objcé‘t before You tan use it
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QBULLET POINTS

Your Kotlin Toolbox

You’ve got Chapter 4 under
your belt and now you’ve

added classes and objects to
your toolbox.

You ¢an download
the full code for
the ehapter from
htps// Linyurl- tom/
HF K otlin.

——————————————

Classes let you define your own types.

Aclass is a template for an object. One
class can create many objects.

The things an object knows about itself are
its properties. The things an object can do
are its functions.

A property is a variable that's local to the
class.

The class keyword defines a class.

Use the dot operator to access an object’s
properties and functions.

A constructor runs when you initialize an
object.

You can define a property in the primary
constructor by prefixing a parameter with
val or var. You can define a property
outside the constructor by adding it to the
class body.

Initializer blocks run when an object is
initialized.

You must initialize each property before
you use its value.

Getters and setters let you get and set
property values.

Behind the scenes, the compiler adds a
default getter and setter to every property.




5 subclasses and superclasses

. *
+ Using Yo*ur Inheritance *

T inherited my
dashingGoodLooks().

e

7 /
b 4

Ever found yourself thinking that an object’s type would be
perfect if you could just change a few things?

Well, that's one of the advantages of inheritance. Here, you'll learn how to create
subclasses, and inherit the properties and functions of a superclass. You'll discover how
to override functions and properties to make your classes behave the way you want,
and you'll find out when this is (and isn’t) appropriate. Finally, you’ll see how inheritance

helps you avoid duplicate code, and how to improve your flexibility with polymorphism.
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understanding inheritance

Inheritance helps you avoid duplicate code

When you develop larger applications with multiple classes, you

need to start thinking about inheritance. When you design with
inheritance, you put common code in one class, and then allow other
more specific classes to inherit this code. When you need to modify
the code, you only have to update it in one place, and the changes are
reflected in all the classes that inherit that behavior.

The class that contains the common code is called the superclass, <— A

and the classes that inherit from it are called subclasses.

An inheritance example

Suppose you have two classes named Car and ConvertibleCar.

The Car class includes the properties and functions required
to create a generic car, such as make and model properties,
and functions named accelerate, applyBrake and
changeTemperature.

The ConvertibleCar class is a subclass of the Car class, so it
automatically inherits all the Car properties and functions. But the
ConvertibleCar class can also add new functions and properties
of its own, and override the things it inherits from the Car superclass:

Car

make
model

accelerate()
applyBrake()
changeTemperature()

We've using this type of
é_,.f——~ arrow to indicate an

inhevitante velationship.

ConvertibleCar

changeTemperature()
openTop()
closeTop()

The ConvertibleCar class adds two extra functions named openTop
and closeTop. It also overrides the changeTemperature function
so that if the car gets too cold when the roof is open, it closes the roof.
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supevclass is sometimes talled a base
tlass, and a subtlass is somc{jmt}s ealled
2 devived ¢lass. [n this book, weve
sticking with supertlass and subelass.

A superclass contains
common properties
and functions that
are inherited I)y one
or more subclasses.

A subclass can include
extra Properties and
functions, and can
override the tllings
that it inherits.



subclasses and superclasses

What we’re going to do

In this chapter, we’re going to teach you how to design and code an
inheritance class hierarchy. We’re going to do this in three stages:

o Design an animal class hierarchy.
We’ll take a bunch of animals, and design an inheritance structure for
them. We’ll take you through a set of general steps for designing with
mheritance which you can then apply to your own projects.

e Write the code for (part of) the animal class hierarchy.
Once we’ve designed the inheritance, we’ll write the code for some of
the classes.

Animal

Hippo

6 Write code that uses the animal class hierarchy.
We’ll look at how to use the inheritance structure to write more flexible
code.

Wolf
val Animal

We’ll start by designing the animal inheritance structure.

you are here »
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designing for inheritance
Design classes
Build classes

Pesign an animal class inheritance structure Uoe claseos

Imagine you’ve been asked to design the class structure for an
animal simulation program that lets the user add a bunch of We've not going to code the whole application,
different animals to an environment to see what happens. << ¢'ve mos{-,l\/ intevested in the class design.

We know some of the types of animal that will be included in the
application, but not all. Each animal will be represented by an
object, and it will do whatever it is that each particular type of
animal is programmed to do.

We want to be able to add new kinds of animals to the
application later on, so it’s important that our class design is
flexible enough to accommodate this.

Before we start thinking about specific animals, we need to figure

out the characteristics that are common to all the animals. We

can then build these characteristics into a superclass that all the We've 90ing ) quide You {:h\rough the
animal subclasses can inherit from. gcncral s{cps for dcsighing a tlass

inheritance hicrarchy. This is the fivst s{;q:.

o Look for attributes and behaviors that the objects
have in common.
Look at these types of animal. What do they have in common?

This helps you to abstract out attributes and behaviors that can
be added to the superclass.
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Use inheritance to avoid
duplicate code in subclasses

We’re going to add some common properties and functions to
an Animal superclass so that they can be inherited by each of
the animal subclasses. This isn’t meant to be an exhaustive list,
but it’s enough for you to get the general idea.

We’ll have four properties:
image: The file name representing an image of this animal.
food: The type of food this animal eats, such as meat or grass.

habitat: The animal’s primary habitat, such as woodland,
savannah or water.

hunger : An Int representing the hunger level of the animal. It
changes depending on when (and how much) the animal eats.

subclasses and superclasses

>

e Design a superclass that
represents the common state

and behavior.

We’ll put properties and functions
common to all the animals into a new
superclass named Animal. All of the

animal subclasses will inherit these
properties and functions.

Animal
And four functions: -
image
makeNoise (): Lets the animal make a noise. food
habitat
eat () : What the animal does when it encounters its preferred hunger
food source.
. . . . makeNoise()
roam () : What the animal does when it’s not eating or sleeping. eat()
sleep (): Makes the animal take a nap. roam()
sleep()
A
Lion
Hippo Wolf
Fox

Cheetah

you are here »

Design classes
Build classes
Use classes
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designing for inheritance

What should the subclasses override?

Next, we need to think about which properties and functions the
animal subclasses should override. We’ll start with the properties.

The animals have different property valves...

The Animal superclass has properties named image, food,
habitat and hunger, and all of these properties are inherited
by the animal subclasses.

All of our animals look different, live in different habitats, and have
different dietary requirements. This means that we can override
the image, food and habitat properties so that they’re
initialized in a different way for each type of animal. We can
initialize the Hippo habitat property with a value of “water”,
for example, and set the Lion’s food property to “meat”.

..ahd different function implementations

Each animal subclass inherits functions named makeNoise,
eat, roamand sleep from the Animal superclass. So which
of these functions can we override?

Lions roar, wolves howl and hippos grunt. All of the animals
make different noises, which means that we should override the
makeNoise function in each animal subclass. Each subclass will
still include a makeNoise function, but the implementation of
this function will vary from animal to animal.

Similarly, each animal eats, but fow it eats can vary. A hippo
grazes on grass, for example, while a cheetah hunts meat. To
accommodate these different eating habits, we’ll override the eat
function in each animal subclass.

We'll override Animal

the imagc, ‘("ood ’s image
and habitat food

(5]

FV'OPCY‘{‘,iCS, and habitat

the makeNoise hunger For now, we'll keep the

and eat funetions. makeNoise() I hunger property and
eat() the sleep and voam
roam() funttions genevic.

sleep()
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Decide if a subclass needs
default property values or
function implementations that
are specific to that subclass.
In this example, we’ll override

the image, food and habitat
properties, and the makeNoise and
eat functions.

If you think I'm
eating Hippo food
you've got to be joking.




subclasses and superclasses
> Design classes
Build classes

We can group sowme of the animals Use classes

The class hierarchy is starting to shape up.

We have each subclass overriding a bunch of o
properties and functions, so that there’s no

mistaking a wolf’s howl for a hippo’s grunt.

Look for more opportunities to abstract out
properties and functions by finding two or
more subclasses with common behavior.

When we look at our subclasses, we see that we have two

design with inheritance, you can build a whole canines, three felines and a hippo (which is neither).
hierarchy of classes that inherit from each

other, starting with the topmost superclass and
working down. In our example, we can look at

But there’s more that we can do. When you

the animal subclasses, and see if two or more Animal
can be grouped together in some way, and given image

code that’s common to only that group. A wolf food

and fox are both types of canine, for example, habitat

so there may be common behavior that we can hunger

abstract out into a Canine class. Similarly, a makeNoise()

lion, cheetah and lynx are all types of feline, so eat()
it might be helpful to add a new Feline class. roam()
sleep()
A
Cheetah
Lion
- image
image food
food habitat
habitat
makeNoise()
makeNoise() eat()
eat()
Wolf
o
image Lynx Fox habitat
food ; .
- Image image .
habitat food food zzlaeNmse()
makeNoise() habitat habitat
eat() makeNoise() makeNoise()
eat() eat()
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designing for inheritance

Design classes
Build classes

Add Canine and Feline classes

Animals already have an organizational hierarchy, so we
can reflect this in our class design at the level that makes
most sense. We’ll use the biological families to organize the
animals by adding Canine and Feline classes to our
class hierarchy. The Canine class will contain properties
and functions common to canines such as wolves and foxes,
and the Feline class will contain the properties and
functions that cats such as lions, cheetahs and lynx have in

yroycrjcics and fu
conCChJCY‘G‘UV\S on

Each subclass tan also define its own )
netions, but here weve \')usjc
the animals’ t,ommonali‘{:\/-

common. Animal
. image
e Complete the class hierarchy. foodg
We’ll override the roam function in both habitat
the Canine and Feline classes because hunger

these groups of animal tend to roam
in ways that are similar enough for the

simulation program. We’ll let the Hippo eat() 0
class continue to use the generic roam ?I):er; 0
function it inherits from Animal.
Feline
Hippo
roam() image
food
y habitat
mb
Li makeNoise()
ion eat()
image
food -
habitat Image
food
makeNoise() Lynx habitat
eat ;
4 ;r:;ge makeNoise()
t
Cheetah habitat eat()
image ] image
food makeNoise() food
habitat eat() habitat

makeNoise()
eat()
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subclasses and superclasses

>/ Design classes
B Build classes

Use IS-A to test your class hierarchy | Use classes

When you’re designing a class hierarchy, you can test if one
thing should be a subclass of another by applying the IS-A test.
Simply ask yourself: “Does it make sense to say type X IS-A type
Y?” If it does, then both classes should probably live in the same |
inheritance hierarchy, as the chances are, they have the same or &< — good 5""_1
overlapping behaviors. If it doesn’t make sense, then you know that tlass desiy
you need to think again.

Theve's more to it than this, but it’s a
eline ('\or Nnow. We'll look at movre
n issues in the next chapter.

It makes sense, for example, for us to say “a Hippo IS-A Animal”. Animal

A hippo is a type of animal, so the Hippo class can sensibly be a
subclass of Animal.

Keep in mind that the IS-A relationship implies that if X IS-A Y,
then X can do anything that a Y can do (and possibly more), so
the IS-A test works in only one direction. It doesn’t make sense,
for example, to say that “an Animal IS-A Hippo” because an
animal is not a type of hippo.

Hippo

Use HAS-A to test for other relationships

If the IS-A test fails for two classes, they may still be related in
[t makes sense +o

some way. e

say “a Hippo [S-A
Suppose, for example, that you have two classes named Fridge Animal”, so Hi??°
and Kitchen. Saying “a Iridge IS-A Kitchen” makes no sense, ¢an sensibly be 3
and neither does “a Kitchen IS-A Fridge.” But the two classes are subelass of Animal.

still related, just not through inheritance.

Kitchen and Fridge are joined by a HAS-A relationship.
Does it make sense to say “a Kitchen HAS-A Iridge”? If yes, then
it means that the Kitchen class has a Fridge property. In
other words, Kitchen includes a reference to a Fridge, but
Kitchen is not a subclass of Fridge, and vice versa.

Kitchen Fridge

fridge: Fridge size: Int

openDoor()
closeDoor()

Kitthen HAS-A Fridae,
so there’s a velationship.
But neither tlass is a
subelass of the other.
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IS-A

The 1S-A test works anywhere
in the inheritance tree

If your inheritance tree is well-designed, the IS-A test should
make sense when you ask any subclass if it IS-A any of its
supertypes.

If class B is a subclass of class A, class B IS-A class A. This
is true anywhere in the inheritance tree. If class C is
a subclass of B, class C passes the IS-A test for both B
and A.

With an inheritance tree like the one shown here, you're
always allowed to say “Wolf is a subclass of Animal”, or

“Wolf IS-A Animal”. It makes no difference if Animal is the
superclass of the superclass of Wolf. As long as Animal is
somewhere in the inheritance hierarchy above Wolf,
Wolf IS-A Animal will always be true.

The structure of the Animal inheritance tree tells the world:

“Wolf IS-A Canine, so Wolf can do anything a Canine can do.
And Wolf IS-A Animal, so Wolf can do anything an Animal
can do.”

It makes no difference if Wol f overrides some of the
functions in Animal or Canine. As far as the code is
concerned, a Wolf can do those functions. How Wolf
does them, or in which class they’re overridden, makes

no difference. A Wolf can makeNoise, eat, roam and
sleep because Wolf is a subclass of Animal.

Now that you’ve seen how to design a class hierarchy, have
a go at the following exercise. After that, you’ll learn how to
code the Animal class hierarchy.

Design classes
Build classes
Use classes

Animal

image
food
habitat
hunger

makeNoise()
eat()

roam()
sleep()

Canine
Canine I1S-A Animal

image Wolf 1S-A Canine
food

habitat

Wolf 1S-A Animal

makeNoise()
eat()

Don't use inheritance if the IS-A test fails, just so
that you can reuse code from another class.

code to an Alarm class, which you want to reuse in a Kettle class.

Watch it’ As an example, suppose you added special voice activation

A Kettle is not a specific type of Alarm, so Kettle should not be
a subclass of Alarm. Instead, consider creating a separate VoiceActivation
class that all voice activation objects can take advantage of using a HAS-A
relationship. (You'll see more design options in the next chapter.)
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_ % harpen your pencil

subclasses superclasses

Below is a table containing a list of class names. Your job is to
figure out the relationships that make sense, and say what the
superclasses and subclasses are for each class. Then draw an
inheritance tree for the classes.

Class

Superclasses | Subclasses

Person

Musician

RockStar

BassPlayer

ConcertPianist
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_ G harpen your pencil

& solutlon Below is a table containing a list of class names. Your job is to
figure out the relationships that make sense, and say what the
superclasses and subclasses are for each class. Then draw an
inheritance tree for the classes.

Class Superclasses | Subclasses

Person Musitian, RockS’car, BASst\/CV', ContertPianist
Musician Pevson RotkStar, BassPlayer, ContertPianist
RockStar Musitian, Person

BassPlayer Musician, Person

ConcertPianist | Musi¢ian, Pevson

All the elasses

inherit from Pevson. s Person

The Musician elass is
a subclass o«c Pcrson,

and a superelass -

of the RotkStar, Musitian

ContertPianist and

BassPlayer classes.

Don’t worry if your
inheritance tree
looks different to
ours.

: Any inheritance hierarchies and class

: designs that you come up with will

. depend on how you want to use them, so
. there’s rarcly a single correct solution. An
. animal design hierarchy, for example,

. will probably be different depending on

© whether you want to use it for a video :
© game, a pet store, or a museum of zoology.
© The key thing is that your design meets
© the requirements of your application.

RoekStar ContertPianist

BassPlayer

RotkStav, ContertPianist and

BassPlayer ave

subctlasses of Musitian. This means that H\c\/
pass the [S—A test for Musician and Person.
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We'll ereate some Kotlin animals

Now that we’ve designed an animal class hierarchy, let’s write the
code for it.

Animal
First, create a new Kotlin project that targets the JVM, and name the image
project “Animals”. Then create a new Kotlin file named Animals.kt food
by highlighting the src folder, clicking on the File menu and choosing habitat
New — Kotlin File/Class. When prompted, name the file “Animals”, hunger

and choose File from the Kind option. i
makeNoise()

We’ll add a new class named Animal to the project, which will eat()
provide the default code for creating a generic animal. Here’s the roam()
code—update your version of Animals.kt to match ours: sleep()

class Animal {
val image = ""
val food = ""

val habitat = ""

The Animal ¢lass has ?\roycrﬁcs named
imaoe, £ood, habitat and hunger.

var hunger = 10

Animals

fun makeNoise () {
src

println ("The Animal is making a noise")
Animals.kt
fun eat () {

println("The Animal is eating")

We've defined default
im?lcmcn{:&{ions O‘F the makeNoise,

eat, voam and sleep funetions.
fun roam() {

println("The Animal is roaming")

fun sleep() {

println("The Animal sleeping™)

Now that we have an Animal class, we need to tell the compiler that
we want to use it as a superclass.
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open classes

Peclare the superclass and its
properties and functions as open

Before a class can be used as a superclass, you have to explicitly tell the
compiler that this is allowed. You do this by prefixing the name of the
class—and any properties or functions you want to override—with the
keyword open. This tells the compiler that you’ve designed the class to
be a superclass, and that you’re happy for the properties and functions
you've declared as open to be overridden.

In our class hierarchy, we want to be able to use Animal as a
superclass, and override most of its properties and functions. Here’s the
code to allow us to do that—update your version of Animals.kt to reflect
our changes (in bold):

We want to —> open class Animal {

use the elass open val image = ""

as a su\?cvtlass, open val food = ""

Design classes
Build classes
Use classes

To use a class as a
superclass, it must
be declared as open.
Everything you
want to override
must also be open.

We want o overvide the image,

so we need to food and habitat properties, so

. open val habitat = ""
declave it open. P

var hunger = 10

open fun makeNoise () { Animal
println("The Animal is making a noise™) image
} food
habitat
We've detlared the hunger

makeNoise, eat and | open fun eat() {

voam funttions )as println ("The Animal is eating")
open betause we'll )
overvide them in

our subtlasses.
open fun roam() {

println("The Animal is roaming")

fun sleep() {

println("The Animal is sleeping")

Now that we’ve declared the Animal superclass as open, along with
all the properties and functions we want to override, we can start
creating animal subclasses. Let’s see how to do this by writing the code
for the Hippo class.
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makeNoise()
eat()

roam()
sleep()
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How a subelass inherits from a superclass

To make a class inherit from another, you add a colon (:) to the
class header followed by the name of the superclass. This makes
the class a subclass, and gives it all the properties and functions of
the class it inherits from.

In our case, we want the Hippo class to inherit from the Animal Animal
superclass, so we use the following code:
class Hippo : Animal() { <— Thisis like saying “elass Hiﬂ;o
//Hi d h is a suH:\/?c o"‘ tlass Ahimal .
TPPO €008 9988 BEEE Well add the Hippo class to
: our tode a few pages ahead.
Hippo

The Animal () after the : calls the Animal’s constructor. This
ensures that any Animal initialization code—such as assigning
values to properties—gets to run. Calling the superclass constructor is
mandatory: if the superclass has a primary constructor, then
you must call it in the subclass header or your code won’t
compile. And even if you haven’t explicitly added a constructor to
your superclass, remember that the compiler automatically creates an < We didn't add a tonstruetor to our

empty one for you when the code gets compiled. Animal elass, so the Lomyﬂcr added an
; cm?{:\/ one when it Com?ilcd the tode.
If the superclass constructor includes parameters, you must pass values This tonsbruttor is called wsing ArimalQ).

for these parameters when you call the constructor. As an example,
suppose you have a Car class that has two parameters in its constructor
named make and model:

open class Car(val make: String, val model: String) {

//Code for the Car class The Car tonstruetor defines two properties: make and model.

}

To define a subclass of Car named ConvertibleCar, you would
have to call the Car constructor in the ConvertibleCar class

The ConvertibleCar construttor has two
pavameters: make_pavam and model_param.
[t passes the values of these pavameters to
the Car construttor, whith initializes the
make and model properties.

header, passing in values for the make and model parameters. In this
situation, you would normally add a constructor to the subclass that
asks for these values, and then pass them to the superclass constructor,
as in the example below:

class ConvertibleCar (make param: String, (Z-

model param: String) : Car (make param, model param) {

//Code for the ConvertibleCar class

Now that you know how to declare a superclass, let’s look at how you
override its properties and functions. We’ll start with the properties.
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overriding properties

Design classes
Build classes

How (and when) to override properties Uce clasoos

You override a property that’s been inherited from a superclass
by adding the property to the subclass, and prefixing it with the
override keyword.

. . Animal
In our example, we want to override the image, food and

habitat properties that the Hippo class inherits from the Animal image
superclass so that they’re initialized with values that are specific to food

i ) . habitat
the Hippo. Here’s the code to do that: ( We'll add the Hiﬂ?o tlass to hanger
This overrides class Hippo : Animal () { ouvr ?vo\')cc{: a few pages ahead.
the image, food override val image = "hippo.jpg"
and habitat override val food = "grass"
properties from ) .
the Animal ¢la override val habitat = "water"

ss.
}
image
In this example, we’ve overridden the three properties in order to food

initialize each with a different value to the superclass. This is because habitat

each property is defined in the Animal superclass using val.

As you learned on the previous page, when a class inherits from a
superclass, you have to call the superclass constructor; this is so that
it can run its initialization code, including creating its properties
and initializing them. This means that if you define a property
in the superclass using val, you must override it in the
subclass if you want to assign a different value to it.

If a superclass property has been defined using var, you don’t need
to override it in order to assign a new value to it, as var variables
can be reused for other values. You can instead assign it a new value
in the subclass’s initializer block, as in this example:

open class Animal {

var image = "" <— Here, image is defined using
L{{{}

var, and initialized with

class Hippo : Animal () {
init { We've using the Hippo's
image = "hippo.jpg" <— initializer block to assign
a new value to the 1mage
property. [n this case,
theve was no need to
: overvide the property.
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Overriding properties lets you do
more than assign default valves

So far, we’ve only discussed how you can override a property to
mitialize it with a different value to the superclass, but this isn’t the
only way in which overriding properties can help your class design:

o You can override a property's getter and setter.
In the previous chapter, you learned how to add custom getters and setters to
properties. If you want a property to have a different getter or setter to the one it
inherits from the superclass, you can define new ones by overriding the property
and adding the getter and setter to the subclass.

subclasses superclasses
Vi Design classes
> | Build classes

. Use classes

o You can override a val property in the superclass with a var
property in the subclass.
If a property in the superclass has been defined using val, you can override it with
a var property in the subclass. To do this, simply override the property and declare
it to be a var. Note that this only works one way; if you try to override a var
property with a val, the compiler will get upset and refuse to compile your code.

o You can override a property's type with one of the superclass

version's subtypes.

When you override a property, its type must match the type of the superclass
version of the property, or be one of its subtypes.

Now that you know how to override properties, and when you

should do it, let’s look at how you override functions.

Q: Can | override a property
that’s been defined in the superclass

constructor?

A: Yes. Any properties you define in
the class constructor can be prefixed

with open or override, so you can
overide properties that have been defined
in the superclass constructor.

therejare no R
Dumb Questions

Q: Why do | have to prefix classes,
properties and functions with open if
| want to override them? You don’t in
Java.

A: In Kotlin, you can only inherit from
superclasses and override their properties
and functions if they've been prefixed with
open. This is the opposite way round to
how it works in Java.

In Java, classes are open by default, and
you use £inal to stop other classes
inheriting from them or overriding their
instance variables and methods.

Q,: Why does Kotlin take the opposite
approach to Java?

A: Because the open prefix makes

it much more explicit as to which classes
have been designed to be used as
superclasses, and which properties and
functions can be overridden. This approach
corresponds to one of the principles

from Joshua Bloch’s book Effective Java:

“Design and document for inheritance or

else prohibit it.”
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overriding functions

How to override functions

You override a function in a similar way to how you override a
property: by adding the function to the subclass, prefixed with
override.

In our example, we want to override the makeNoise and eat
functions in the Hippo subclass so that the actions they perform are
specific to the Hippo. Here’s the code to do that:

class Hippo : Animal () { we'll add the HiFFo
tlass to our project a

override val image = "hippo.jpg"

. COMFIC of pages ahead.
override val food = "grass"
override val habitat = "water"

override fun makeNoise() {

println("Grunt! Grunt!")

override fun eat() {

println("The Hippo is eating $food")

}

The rules for overriding functions

When you override a function, there are two rules that you must
follow:

° The function parameters in the subclass must match
those in the superclass.
So if; for example, a function in the superclass takes three Int
arguments, the overridden function in the subclass must also take
three Int arguments or the code won't compile.

o The function return types must be compatible.

Whatever the superclass function declares as a return type, the

overriding function must return either the same type, or a subclass type.

A subclass type 1s guaranteed to do anything its superclass declares, so
it’s safe to return a subclass where the superclass s expected.

Design classes
Build classes
Use classes

Animal

food

image

habitat
hunger

eat()
roam()
sleep()

We've overriding the makeNoise
and eat Lunetions so that their
implementations ave Hippo—specific.

Grunt! Grunt!
eat()

makeNoise()

image
food
habitat

makeNoise()

) .
In our Hippo code above, the functions we’re overriding have no You'll £ind out more about
parameters and no return types. This matches the function definitions using 3 subtlass in place of a
in the superclass, so they follow the rules for overriding functions. supertlass later in the thapter.
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An overridden function or property stays open...

As you learned earlier in the chapter, if you want to override a function
or property, you have to declare it open in the superclass. What we
didn’t tell you is that the function or property stays open in each of its
subclasses, even if it’s overridden, so you don’t have to declare it as
open further down the tree. The code for the following class hierarchy,
for example, is valid:

open class Vehicle {

open fun lowerTemperature () { Vehicle

println ("Turn down temperature")

! &Thc Vehitle ¢lass defines an open
} lowchCvnFcra{:wc() ('\unc{:ion.

lowerTemperature()

open class Car : Vehicle() {

override fun lowerTemperature () {

println("Turn on air conditioning")

) R

The |owchcmycra{:wc() Lunttion vemains open in
the Cav subtlass, even though we've overviding it...

lowerTemperature()

class ConvertibleCar : Car() { ConvertibleCar

override fun lowerTemperature () {

println("Open roof")
lowerTemperature()

} ~-whith means that we tan override it
} again in the ConvertibleCar ¢lass.

..until it’s declared final

If you want to stop a function or property from being overridden further
down the class hierarchy, you can prefix it with £inal. If, for example,
you wanted to prevent subclasses of the Car class from overriding the
lowerTemperature function, you would use the following code:

Dcclarin5 the open class Car : Vehicle() {

Funb{:ion as final inﬁ final override fun lowerTemperature () {
the Car ¢tlass means
that it ¢an no |on5cr
be overridden in an

of Car's subelasses. !

println("Turn on air conditioning")

Now that you know how to inherit properties and functions from a
superclass and override them, let’s add the Hippo code to our project.
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add class

Add the Hippo class to the Animals project

We want to add the Hippo class code to the Animals project, so
update your code in Animals.kt so that it matches ours below (our

changes are in bold):

open class Animal {

open val image = ""

open val food = ""

open val habitat = ""

var

hunger = 10

open fun makeNoise () {

println("The Animal is

open fun eat () {

println("The Animal is

open fun roam() {

fun

class Hippo

println ("The Animal is

sleep () |
println("The Animal is

/\/—-Thc Animal class hasn't ¢hanged.

Animals

making a noise")

eating")

roaming")

sleeping")

The Hiﬂ;z tlass is a subelass of Animal.

: Animal () {

override val image = "hippo.jpg"
override val food = "grass"
TMC*“FPO override val habitat = "water"
subelass
overrides override fun makeNoise() {
these println("Grunt! Grunt!")
P\roFtV"l:ics }
and
ihntﬁons override fun eat() {
println("The Hippo is eating $food")
}
}

Now that you’ve seen how to create the Hippo class, see if you can

create the Canine and Wolf classes in the following exercise.
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Animals.kt

Animal

image
food

habitat
hunger

makeNoise()
eat()

roam()
sleep()

image
food
habitat

makeNoise()
eat()




subclasses and superclasses

223 | Code Magnets
‘ See if you can rearrange the magnets below to create the Canine and Wolf classes.

The Canine classis a subclass of Animal, and overrides its roam function.

—— TheWolf classisasubclass of Canine, and overrides the image, food and habitat
properties, and the makeNoise and eat functions, from the Animal class.

You won't need to use all of the magnets.

class Canine {

println ("The is roaming")

|
}
e == )

)

override

=)
Canine ()

val habitat = "forests" : ' -m
................................ fun makeNoise () {

. " I ‘
println ("Hooooowl!") ‘ Wolf ' l Animal () '
}

|override' I Animal .
................................ fun eat () {

println("The Wolf is eating $food")

Canine

val image = "wolf.jpg"

val food = "meat"

override

override

—
—
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magnets solution

{ de M Soluti
= Code agnets dolution
/—_@ See if you can rearrange the magnets below to create the Canine and Wolf classes.
The Canine class is a subclass of Animal, and overrides its roam function.

—— TheWolf classis asubclass of Canine, and overrides the image, food and habitat
properties, and the makeNoise and eat functions, from the Animal class.

You won't need to use all of the magnets.
. U
Canine is a subtlass of Animal. [t's

. ‘ ; ' l : . £— declared open so that we tan use it
: An
””” class Canine i sk Ul 3 as a supevtlass for the Wolf elass.
‘ override i fun | roam () '{ e*' Overvide the voam() -Fun{;{;ion.
println("The ’ is roaming")

Wolf is a subtlass of Canine.

}

4
Overvide ;
these .val image = "wolf.jpg" You didn't need to

properties. use these magnc{cs‘ extends
' val food = "meat"
val habitat = "forests"

extends

override _fun makeNoise () { Canine

: " (Rl
println ("Hooooowl!™)

Overvide these two Lunctions.

println("The Wolf is eating $food")

Animal

—

override
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Add the Canine and Wolf classes

Now that you’ve created the Canine and Wolf classes, let’s add
them to the Animals project. Update the code in Animals.kt to add
these two classes (our changes are shown below in bold):

open class Animal {

) We've not thanged the code for
/ the Animal or HiFFo tlasses.
class Hippo : Animal () {
}
[Add the Canine ¢tlass...

open class Canine : Animal () {
override fun roam() {

println("The Canine is roaming")

“ .and also the Wolf ¢lass.

class Wolf : Canine() {

override val image = "wolf.]jpg"
override val food = "meat"
override val habitat = "forests"

override fun makeNoise() {

println ("Hooooowl!")

override fun eat() {

println("The Wolf is eating $food")

Next, we’ll look at what happens when we create a Wol £ object
and call some of its functions.

Animals

subclasses and superclasses
Design classes
Build classes
Use classes

Animals.kt
Animal
image
food
habitat
hunger
makeNoise()
eat()
roam()
sleep()
Hippo Canine

image

food

habitat

makeNoise()

eat()
image
food
habitat

_ makeNoise()
s X eat()
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calling functions

Which function is called?

The Wolf class has four functions: one inherited from
Animal, one inherited from Canine (which is an overridden
version of a function in the Animal class), and two overridden
in the Wolf class. When you create a Wolf object and assign
it to a variable, you can use the dot operator on that variable

to invoke each of the four functions. But which version of those
functions gets called?

When you call a function on an object reference, you're calling
the most specific version of the function for that
object type: the one that’s lowest on the inheritance tree.

When you call a function on a Wolf object, for example, the
system first looks for the function in the Wolf£ class. If the
system finds the function in this class, it executes the function.
If the function sn’t defined in the Wo 1 f class, however, the
system walks up the inheritance tree to the Canine class. If
the function is defined here, the system executes it, and if it’s
not, the system continues up the tree. The system continues
to walk up the class hierarchy until it finds a match for the
function.

To see this in action, imagine that you decide to create a new
Wolf object and call its makeNoise function. The system
looks for the function in the Wolf class, and as the function
has been overridden in this class, the system executes this
version:

val w = Wolf () Calls the makeNoise() ‘cunc{:ion
w.makeNoise () €— defined in the Wolf ¢lass.

What if you then decide to call the Wol£f’s roam function?
This function isn’t overridden in the Wol f class, so the
system looks for it in the Canine class instead. As it’s been
overridden here, the system uses this version.

w.roam () §— Calls the Lunction in the Canine elass.

Finally, suppose you call the Wolf’s sleep function. The
system looks for the function in the Wolf class, and as it hasn’t
been overridden here, the system walks up the inheritance tree
to the Canine class. The function hasn’t been overridden

in this class either, so the system uses the version that’s in
Animal.

w.sleep () — Calls the funt{:ion in the Animal ¢lass.
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Design classes
Build classes
Use classes

Animal

image
food

habitat
hunger

makeNoise()
eat()

roam()
sleep()

Canine

image
food
habitat

makeNoise()
eat()




subclasses and superclasses
Design classes
Build classes
Use classes

Inheritance guarantees that all
subclasses have the functions and
properties defined in the superclass

When you define a set of properties and functions in a superclass, you're
guaranteeing that all its subclasses also have these properties and
functions. In other words, you define a common protocol, or contract,
for a set of classes that are related by inheritance.

The Animal class, for example, establishes a common protocol for all
animal subtypes that says “any Animal has properties named image, food, <=_

. X X W « . n
habitat and hunger, and functions named makeNoise, eat, roam and sleep”: hen we say any Animal”, we mean the

Animal ¢lass, or any subclass of Animal.
Animal

image
food
habitat
hunger

You've telling the world that
<— any Animal has these properties
makeNoise() and tan do these things.
eat()
roam()
sleep()

Any place where you can use a superclass, you can
use one of its subclasses instead

When you define a supertype for a group of classes, you can use any
subclass in place of the superclass it inherits from. So when
you declare a variable, any object that’s a subclass of the variable’s

type can be assigned to it. The following code, for example, defines

an Animal variable, and assigns it a reference to a Wolf object. The
compiler knows that a Wolf is a type of Animal, so the code compiles:

val animal: Animal = Wolf() The tode tveates a Wolf

objett, and assigns it to a
Animal and Wolf ave variable of type Animal.
explieitly diffevent types,

but because Wolf |S-A type

of Animal, the ¢ode Lom?ilcs. Wolf

val Animal
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the object responds to a function call

Design classes
Build classes

When you call a function on the variable, Use clacoos
it’s the object’s version that responds

As you already know; if you assign an object to a variable, you can
use the variable to access the object’s functions. This 1s still the
case if the variable is a supertype of the object.

Suppose, for example, that you assign a Wol £ object to an
Animal variable and call its eat function using code like this:

val animal: Animal = Wolf ()

animal.eat ()

When the eat function gets called, it’s the version that’s in the eat()
Wolf class that responds. The system knows that the underlying

objectis a Wolf, so it gets to respond in a Wol f-like way.
Wolf

You can also create an array of different types of animal, and get -

each one to behave in its own way. As each animal is a subclass val Animal

of Ar}imal, we can sirr.lply add each one to an array, and call £ You have an Animal that’s 3

functions on each item in the array: Wolf, {:c”'mg it 4o eat will eall
the Wolf’s eatO) funetion.

val animals = arrayOf (Hippo (),
Wolf (),
Lion(), The compiler spots that these are

Cheetah (), all {;\/ycs of Animal, so it eveates an

Lynx (), array of b/yc Avra\/<Animal>.

Fox ())

for (item in animals) {

item.roam/()

This loops through the animals, and calls the roam() and
eat() funetions of eath one. Each animal responds in a
way that's appropriate to its type.

item.eat ()

So designing with inheritance means that you can write flexible
code in the safe knowledge that each object will do the right thing
when its functions are called.

But that’s not the end of the story.
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You can use a supertype for a function’s
parameters and return type

If you can declare a variable of a supertype (say, Animal), and
assign a subclass object to it (say, Wol£), what do you think might
happen when you use a subtype as an argument to a function?

Suppose, for example, that we create a Vet class with a function
named giveShot:

an Animal parameter.
class Vet { A v

v

fun giveShot (animal: Animal) {

subclasses and superclasses
Vi Design classes
/] Build classes
> | Use classes

The Vet's 31vc§ho£ Funetion has

//Code to do something medical to the Animal that it won't like

animal .makeNoise ()

giveShot calls the Animal’s makeNoise funetion

The Animal parameter can take any Animal type as the
argument. So when the Vet’s giveShot function is called, it
executes the Animal’s makeNoise function, and whatever type
of Animal it is will respond:

val vet = Vet ()
val wolf = Wolf ()
val hippo = Hippo ()

Wolf and Hi\?\?o ave both {:\/Ves of Animal,
5o You £an pass Wolf and HiWo ob\')cd:s
as avguments to the giveShot Lunttion.

vet

.giveShot (wolf)
vet.giveShot (hippo)
So if you want other types of animal to work with the Vet class,
all you have to do 1s make sure that each one is a subclass of the
Animal class. The Vet’s giveShot function will still work,
even though it was written without any knowledge of any new
Animal subtypes the Vet may be working on.

Being able to use one type of object in a place that explicitly
expects a different type is called polymorphism. It’s the ability
to provide different implementations for functions that have been
inherited from somewhere else.

We’ll show you the full code for the Animals project on the next
page.

Vet

giveShot()

Polymor]oltism means

"many forms”. It allows

different subclasses
to have different
implementations of the
same function.
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project code

The updated Animals code

Here’s an updated version of Animals.kt that includes the Vet
class and a main function. Update your version of the code to
match ours below (our changes are in bold):

open class Animal {
open val image = ""
open val food = "" We've not thanged any

open val habitat = ""

var hunger = 10

open fun makeNoise () {
println ("The Animal is making a noise")

open fun eat () {
println("The Animal is eating")

open fun roam() {
println ("The Animal is roaming")

fun sleep() {
println("The Animal is sleeping")

class Hippo: Animal () {
override val image = "hippo.jpg"
override val food = "grass"
override val habitat = "water"

override fun makeNoise () {

println ("Grunt! Grunt!")

override fun eat () {
println ("The Hippo is eating $food")

open class Canine: Animal () {
override fun roam() {
println ("The Canine is roaming")
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of the tode on this page.

Animals

Hind

src

L

Animals.kt

giveShot()

Design classes
Build classes
Use classes

Animal

image
food

habitat
hunger

makeNoise()
eat()

roam()
sleep()

Hippo

Canine

image
food
habitat

makeNoise()
eat()

image
food
habitat

makeNoise()
eat()

The tode tontinues * D
on the next page.



The code continued...

class Wolf: Canine() {

}

override val image = "wolf.jpg"
override val food = "meat"
override val habitat = "forests"

override fun makeNoise () {
println ("Hooooowl!")

}

override fun eat () {
println("The Wolf is eating $food")
}

v Add the Vet ¢tlass.

class Vet {

}

fun giveShot(animal: Animal) {
//Code to do something medical
animal .makeNoise ()

v

Add the main (:uncjcion-

fun main(args: Array<String>) {

}

=

Test drive

val animals = arrayOf (Hippo (), Wolf())

for (item in animals) {
item.roam/()
item.eat ()

Loop fhrough an
arvay of Animals.

val vet = Vet()

val wolf = Wolf()
val hippo = Hippo ()
vet.giveShot (wolf)
vet.giveShot (hippo)

Call the Vet's giveShot
cunCHOh,?asﬁngin two
Animal suH‘,\/?cs.

When we run the code, the following text gets printed in the IDE’s
output window:

The Animal is roaming <— Hippo inherits the Animal’s voam

The Hippo is eating grass

The Canine is roaming <= p,|{

The Wolf is eating meat

Hooooowl!
Grunt! Grunt!

Eath Animal makes its own noise when
the Vet's giveShot Lunction vuns.

function. food

inherits the Canine’s voam funetion.

subclasses and superclasses
Design classes
Build classes
Use classes

Animals

i
src
Animals.kt
Animal
Vet :
image
food
hunger
giveShot() habitat

makeNoise()
eat()

roam()
sleep()

Hippo Canine

image
food
habitat

makeNoise()
eat()

image

habitat

makeNoise()
eat()
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no dumb

therelgre no

Q} Why does Kotlin let me override a
val property with a var?

A: Back in Chapter 4, we said that when
you create a val property, the compiler
secretly adds a getter for it. And when you
create a var property, the compiler adds
both a getter and a setter.

When you override a val property with a
var, you're effectively asking the compiler
to add an extra setter to the property in

the subclass. This is valid, so the code
compiles.

Q: Can | override a var property
with a val?

A: No. If you try to override a var
property with a va 1, your code won't
compile.

When you define a class hierarchy, you're
guaranteeing that you can do the same
things to a subclass that you can do to

a superclass. And if you try to override a
var property with a val, you're telling
the compiler that you no longer want to
be able to update a property’s value. This
breaks the common protocol between the
superclass and its subtypes, so the code
won't compile.

150

Dumb Questions

Q,: You said that when you call a
function on a variable, the system walks
up the inheritance hierarchy looking for
a match. What happens if the system
doesn’t find one?

A: You don't have to worry about the
system not finding a matching function.

The compiler guarantees that a particular
function is callable for a specific variable
type, but it doesn’t care from which class
that function comes from at runtime. If we
were to call the s1eep function on a
Wolf£, for example, the compiler checks
that the s 1eep function exists, but it
doesn'’t care that the function is defined in
(and inherited from) class Animal.

Remember that if a class inherits a function,
it has the function. Where the inherited
function is defined makes no difference to
the compiler. But at runtime, the system will
always pick the right one, the most specific
version of the function for that particular
object.

Q- Can a subclass have more than
one direct superclass?

A: No. Multiple inheritance isn’t allowed
in Kotlin, so each subclass can have only
one direct superclass. We'll look at this in
more detail in Chapter 6.

Q,: When | override a function in

a subclass, the function parameter
types must be the same. Can | define a
function that has the same name as the
one in the superclass but with different
parameter types?

A: Yes, you can. You can define multiple
functions with the same name, just so long
as the parameter types are different. This
is called overloading (not overriding) and it
has nothing to do with inheritance.

We'll ook at overloading functions in
Chapter 7.

Q: Can you explain polymorphism
again?

A: Sure. Polymorphism is the ability

to use any subtype object in place of its
supertype. As different subclasses can
have different implementations of the same
function, it allows each object to respond
to function calls in the way that's most
appropriate for each object.

You'll find out more ways in which you can
take advantage of polymorphism in the
next chapter.



BE the Compiler

The code on the left represents a source file. Your
. job is to play like you're the compiler and say which of
\ the A-B pairs of functions on the right would compile

) and produce the required output when
inserted into the code on the left. The A
function fits info c]ass Monster, and the
B function fits into class Vampyre.

subclasses and superclasses

The tode needs to
OUpr‘t.' \Zyroducc this output.

Fancy a bite?
Fire!
Aargh!

This is the tode.

v

open class Monster {

4]

class Vampyre : Monster () {

o

class Dragon : Monster () {

override fun frighten(): Boolean {

println("Fire!")

return true

fun main(args: Array<String>) {
val m = arrayOf (Vampyre (),
Dragon (),
Monster ())
for (item in m) {

item.frighten()

These are the pairs of funetions.

open fun frighten(): Boolean {
println ("Aargh!")

return true

override fun frighten(): Boolean {
println("Fancy a bite?")

return false

fun frighten(): Boolean {
println ("Aargh!")

return true

override fun frighten(): Boolean {
println("Fancy a bite?")

return true

open fun frighten(): Boolean {
println ("Aargh!")

return false

fun beScary(): Boolean {
println("Fancy a bite?")

return true

you are here »
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be the compiler solution

BE the Compiler Sefufion

The code on the left represents a source file. Your
. job is to play like you're the compiler and say which of Output:
\ the A-B pairs of functions on the right would compile

and produce the required output when gf‘rnefy abite?
inserted into the code on the left. The A Aargh!
function s into e]ass Monster, and the

B function fits into class Vampyre.

@ open fun frighten(): Boolean {

open class Monster { println ("Aargh!") This ¢ode Comyilcs
return true

(a) } and produtes the
corvect ou'f:?u{:
@ override fun frighten(): Boolean {

class Vampyre : Monster () { println("Fancy a bite?")

(B) }

}
@ fun frighten(): Boolean { This tode won,{‘,

return false

println ("Aargh!") .
class Dragon : Monster () { COMFIIC betause '[:hc
return true F 1(.' L.
override fun frighten(): Boolean { } Y‘lgh‘(',cho uhd‘{:lon n ‘H\C
println ("Fire!") Monster ¢lass isn't open.
return true @ override fun frighten(): Boolean {
} println("Fancy a bite?")

} return true

fun main(args: Array<String>) {

val m = arrayOf (Vampyre (), @ open fun frighten(): Boolean {
rintln ("Aargh!") . . .
bragon (), P J This Lom?||cs but it produces
Monster () ) return false .
incorvett output as Vampyve
for (item in m) { } ) . .
doesn't overvide «cwsh{:cn().

item.frighten()
} @ fun beScary(): Boolean {

println("Fancy a bite?")

return true
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Your Kotlin Toolbox

You’ve got Chapter 5 under
your belt and now you’ve
added superclasses and
subclasses to your toolbox.

subclasses superclasses

You ¢an download
the full code for
the ehapter from
htps// Linyurl- tom/
HF K otlin.

—————————

%BUI.I.ET POINTS

A superclass contains common properties
and functions that are inherited by one or
more subclasses.

= Asubclass can include extra properties and
functions that aren't in the superclass, and
can override the things it inherits.

= Use the IS-A test to verify that your
inheritance is valid. If X is a subclass of Y,
then X IS-A Y must make sense.

®  The IS-Arelationship works in only one
direction. AHippo isan Animal, but not
all Animals are Hippos.

= [fclass B is a subclass of class A, and class
C is a subclass of class B, class C passes
the IS-A test for both B and A.

= Before you can use a class as a superclass,
you must declare it open. You must also
declare any properties and functions you
want to override as open.

= Use : to specify a subclass’s superclass.

= [fthe superclass has a primary constructor,
then you must call it in the subclass header.

Override properties and functions in

the subclass by prefixing them with
override. When you override a property,
its type must be compatible with that of the
superclass property. When you override a
function, its parameter list must stay the
same, and its return type must be compatible
with that of the superclass.

Overridden functions and properties stay
open until they're declared final.

When a function is overridden in a subclass,
and that function is invoked on an instance
of the subclass, the overridden version of the
function is called.

Inheritance guarantees that all subclasses
have the functions and properties defined in
the superclass.

You can use a subclass in any place where
the superclass type is expected.

Polymorphism means “many forms”. It
allows different subclasses to have different
implementations of the same function.
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6 abstract classes and interfaces

*
+ Serious Polymorphism *

Great news! Sam just
implemented all his
abstract functions!

A superclass inheritance hierarchy is just the beginning.

If you want to fully exploit polymorphism, you need to design using abstract classes
and interfaces. In this chapter, you'll discover how to use abstract classes to control
which classes in your hierarchy can and can’t be instantiated. You'll see how they can
force concrete subclasses to provide their own implementations. You'll find out how
to use interfaces to share behavior between independent classes. And along the way,

you'll learn the ins and outs of is, as, and when.
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animal hierarchy

The Animal class hierarchy revisited

In the previous chapter, you learned how to design an
inheritance hierarchy by creating the class structure for
a bunch of animals. We abstracted out the common
properties and functions into an Animal superclass,
and overrode some of the properties and functions

in the Animal subclasses so that we’d have subclass-
specific implementations where we thought it was
appropriate.

By defining the common properties and functions in
the Animal superclass, we’re establishing a common
protocol for all Animals, which makes the design
nice and flexible. We can write code using Animal
variables and parameters so that any Animal subtype
(including ones we didn’t know about at the time we
wrote our code) can be used at runtime.

Here’s a reminder of the class structure:

Feline
roam()
image
food
habitat
makeNoise() Lynx
eat() image
food
Cheetah habitat
image
food makeNoise()
habitat eat()

makeNoise()
eat()
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Animal

image
food
habitat
hunger

makeNoise()
eat()

roam()
sleep()

Canine

Hippo

image
food
habitat

makeNoise()
eat()

image
food
habitat

eat()

makeNoise()

image
food
habitat

makeNoise()
eat()




abstract classes and interfaces

Some classes shouldn’t be instantiated

The class structure, however, needs some improvement. It
makes sense for us to create new Wolf, Hippo or Fox objects,
but the inheritance hierarchy also allows us to create generic
Animal objects. This is a Bad Thing because we can’t say
what an Animal looks like, what it eats, what sort of noise it
makes, and so on.

We know what Wou:, Hiﬂ?o and Fox ob\')c(,{:s

look like, but what about an Animal
= :l:')cc{? Does it have fur? Does it have
legs? And how does it eat and voam?

Animal

val Animal

How do we deal with this? We need an Animal class for
inheritance and polymorphism, but we only want to be able to
instantiate the less abstract subclasses of Animal, not Animal
itself. We want to be able to create Hippo, Wolf and Fox
objects, but not Animal objects.

Peclare a class as abstract to stop it from being instantiated

If you want to prevent a class from being instantiated, you can
mark the class as abstract by prefixing it with the abstract
keyword. Here’s how, for example, you turn Animal into an
abstract class:

abstract class Animal { <— Prefix class with “abstract” to
make it an abstracet elass.

}

Being an abstract class means that nobody can create any objects
of that type, even if you've defined a constructor for it. You can
still use that abstract class as a declared variable type, but you I { a supercl ass is

don’t have to worry about somebody creating objects of that
type—the compiler stops it from happening:

marked as alastract,

var animal: Animal ’
animal = Wolf () This line won't compile betause you C[Oﬂ 1 neeJ 1o
animal = Animal ()&YW ean't treate Ahima| ob\')ec{‘,s.

declare that it's open.

Think about the Animal class hierarchy. Which classes do
you think should be declared abstract? In other words, which
classes do you think shouldn’t be instantiated?
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abstract classes

Abstract or concrete?

In our Animal class hierarchy, there are three classes
that need to be declared abstract: Animal, Canine and
Feline. While we need these classes for inheritance, we

don’t want anyone to be able to create objects of these types.

A class that’s not abstract is called concrete, so that leaves
Hippo, Wolf, Fox, Lion, Cheetah and Lynx as the
concrete subclasses.

In general, whether a class should be abstract or concrete
depends on the context of your application. A Tree class,
for example, might need to be abstract in a tree nursery
application where the differences between an Oak and

a Maple really matter. But if you were designing a golf
simulation, Tree might be a concrete class because the
application doesn’t need to distinguish between different
types of tree.

Abstract
Feline
roam()
image
food
habitat
makeNoise() Lynx
eat() image
food
Cheetah habitat

image

food makeNoise()

habitat eat()

makeNoise()
eat()
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We've marking the Pnimal, Canine
and Feline ¢lasses as abstract b\/
giving eath one 3 9ray background.

Animal

food

image

habitat
hunger

<~ Abstvact

eat()

makeNoise()

roam()
sleep()

Abstraet

\

Canine

Hippo

image
food
habitat

makeNoise()

eat()

image
food
habitat

eat()

makeNoise()

image
food
habitat

eat()

makeNoise()



An abstract class can have
abstract properties and functions

In an abstract class, you can choose to mark properties and
functions as abstract. This is useful if the class has behaviors that
don’t make sense unless they’re implemented by a more specific
subclass, and you can’t think of a generic implementation that
might be useful for subclasses to inherit.

Let’s see how this works by considering what properties and
functions we should mark as abstract in the Animal class.

We can mark three properties as abstract

When we created the Animal class, we decided to initialize the
image, food and habitat properties with generic values and
override them in the animal-specific subclasses. This was because
there was no value we could assign to these properties that would
have been useful to the subclasses.

Because these properties have generic values that must be
overridden, we can mark each one as abstract by prefixing it with
the abstract keyword. Here’s the code to do that:

abstract class Animal { Animal
abstract val image: String Heve, we've marked the image
abstract val food: String image, food and habitat ——Si< food
abstract val habitat: String yroycr{ics as abstract S
hunger
var hunger = 10

Notice that in the above code, we haven’t initialized any of the
abstract properties. If you try to initialize an abstract property,
or define a custom getter or setter for it, the compiler will refuse
to compile your code. This is because by marking a property as
abstract, you've decided that there’s no useful initial value it can
have, and no useful implementation for a custom getter or setter.

Now that we know what properties we can mark as abstract, let’s
consider the functions.

abstract classes interfaces

An abstract class can
contain abstract and
non-abstract properties
and functions. It's
Possil)le for an abstract
class to have no
abstract members.

Abstract
Properties and
functions don’t
need to be
marked as open.
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abstract

The Animal class has two abstract functions

The Animal class defines two functions—makeNoise and
eat—that are overridden in every concrete subclass. As these two
functions are always overridden and there’s no implementation
we can provide that would help the subclasses, we can mark the
makeNoise and eat functions as abstract by prefixing each one
with the abstract keyword. Here’s the code to do this:

abstract class Animal { ;
Animal
. image
abstract fun makeNoise () food
habitat
abstract fun eat() hunger
\‘ makeNoise()
open fun roam() { > eat()
roam()
println ("The Animal is roaming") sleep()

fun sleep() {

println("The Animal is sleeping")

In the above code, neither of the abstract functions have function
bodies. This is because when you mark a function as abstract,
you're telling the compiler that there’s no useful code you can write
for the function body.

If you try to add a body to an abstract function, the compiler will
get upset and refuse to compile your code. The following code, for
example, won’t compile because there are curly braces after the

function definition: The Lwl\/ brates form an

abstract fun makeNoise() {}<— cmy‘{:\/ (:unl_{:i?n bod\/: so
the tode won't compile.

In order for the code to compile, you must remove the curly braces
so that the code looks like this:

abstract fun makeNoise ()

As the abstract function no longer has a function body, the code
compiles.
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If you mark a
property or
function as
Watch it! abstract, you
: must mark the
: class as abstract too.

If you put even one abstract
property or function in a class,
you have to mark the class as
abstract or your code won't
compile.



abstract classes interfaces

I don't get it. If you can't add code to an
abstract function, what's the point in having
it? T thought the whole point in having an
abstract class was to have common code that
could be inherited by subclasses.

Abstract properties and functions define a common
protocol so that you can use polymorphism.

Inheritable function implementations (functions with actual bodies)
are useful to put in a superclass when it makes sense. And in an abstract
class, it often doesn’t make sense because you may not be able to come
up with any generic code that the subclasses would find useful.

Abstract functions are useful because even though they don’t contain
any actual function code, they define the protocol for a group of
subclasses which you can use for polymorphism. As you learned in
the previous chapter, polymorphism means that when you define a
supertype for a group of classes, you can use any subclass in place
of the superclass it inherits from. It gives you the ability to use a
superclass type as a variable type, function argument, return type or
array type, as in the following example:

val animals = arrayOf (Hippo (),

Create an array Wolf (),

of diffevent Lion(),

Animal objeets. Cheetah (),
Lynx (),
Fox())

for (item in animals) {

item.roam/ () £ _
item.eat () ach Ammal in the awa\/

vesponds in its own way.

This means that you can add new subtypes (such as a new Animal
subclass) to your application without having to rewrite or add new
functions to deal with those new types.

Now that you’ve seen how (and when) to mark classes, properties and
functions as abstract, let’s see how you implement them.
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implement an absfract class

How to implement an abstract class

You declare that a class inherits from an abstract superclass in the
same way that you say that a class inherits from a normal superclass:
by adding a colon to the class header followed by the name of the
abstract class. Here’s how, for example, you say that the Hippo class
inherits from the abstract Animal class:
class Hippo : Animal() {  Just like when You inherit from a normal
supevelass, you must call £he abstract
} tlass eonstruetor in the subtlass header-

You implement abstract properties and functions by overriding each
one and providing an implementation. This means that you need to
initialize any abstract properties, and you need to provide a body for
any abstract functions.

In our example, the Hippo class is a concrete subclass of Animal.
Here’s the code for the Hippo class that implements the image,
food and habitat properties, along with the makeNoise and eat
functions:

class Hippo : Animal () {
override val image = "hippo.jpg"
override val food = "grass"
override val habitat = "water"
\/ou imflcmcn{: abS{'XaC‘{Z
override fun makeNoise () { pr oycr{:ics and functions
println("Grunt! Grunt!") b\/ overviding them. This
} is the same as if the

supevclass was contrete.
override fun eat() {
println("The Hippo is eating $food")

}

When you implement abstract properties and functions, you must
follow the same rules for overriding that you use for overriding normal
properties and functions:

0 When you implement an abstract property, it must have the same name, and
its type must be compatible with the type defined in the abstract superclass.
In other words, it must be the same type, or one of its subtypes.

° When you implement an abstract function, it must have the same function
signature (name and arguments) as the function that’s defined in the abstract
superclass. Its return type must be compatible with the declared return type.
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You MUST implement
all abstract properties and functions

The first concrete class in the inheritance tree below the abstract
superclass must implement all abstract properties and functions.

In our class hierarchy, for example, the Hippo class is a direct
concrete subclass of Animal, so it must implement all the abstract
properties and functions defined in the Animal class in order for
the code to compile.

With abstract subclasses, you have a choice: you can either
implement the abstract properties and functions, or pass the buck
to its subclasses. If both Animal and Canine are abstract, for
example, the Canine class can either implement the abstract
properties and functions from Animal, or say nothing about them
and leave them for its subclasses to implement.

Any abstract properties and functions that aren’t implemented
in Canine must be implemented in its concrete subclasses, like
Wolf. Andif the Canine class were to define any new abstract
properties and functions, the Canine subclasses would have to
implement these too.

Now that you’ve learned about abstract classes, properties and
functions, let’s update the code in our Animal hierarchy.

therejare no
Dumb Questions

Q; Why must the first concrete
class implement all the abstract
properties and functions it inherits?

A: Every property and function in a
concrete class must be implemented so

that the compiler knows what to do when
they’re accessed.

Only abstract classes can have abstract
properties or functions. If a class has any
properties or functions that are marked as

abstract, the entire class must be abstract.

Qj I want to define a custom getter
and setter for an abstract property.
Why can’t I?

A: When you mark a property as
abstract, you're telling the compiler that

the property has no useful implementation
that would help its subclasses. If the
compiler sees that an abstract property
has some sort of implementation, such

as a custom getter or setter, or an initial
value, the compiler gets confused and
won'’t compile the code.

abstract classes interfaces

image
food

habitat
hunger

makeNoise()
eat()

roam()
sleep()

Canine

image
food
habitat

makeNoise()
eat()

When a subclass

inherits from an
abstract superclass,
the subclass can
still define its

own functions and

pro])erties.
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update code

Let’s update the Animals project

In the previous chapter, we wrote the code for the Animal,
Canine, Hippo, Wolf and Vet classes, and added these to the
Animals project. We need to update this code so that we make
the Animal and Canine classes abstract. We’ll also make the
image, food and habitat properties in the Animal class
abstract, along with its makeNoise and eat functions.

Open the Animals project that you created in the previous chapter,
and then update your version of the code in file Animals.kt so that it
matches ours below (our changes are in bold):

v

abstract wepen class Animal {

Mark these
Froycr{:ics as |abstract-spew val food: String —=—"*-
abstraet..

Mavrk the Animal ¢lass as abstract instead of open.

abstract ~epsn val image: String -

abstract -epe# val habitat: String~—=—"*

var hunger = 10

abstract «oper- fun makeNoise () M

i P » o
...and also

these two
Lunctions.
X\abstract wpen fun eat ()

" : . 0 "

-

open fun roam() {

println("The Animal is roaming")

fun sleep() {

println("The Animal is sleeping")
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Animals

src

L

Animals.kt

giveShot()

Animal

image
food

habitat
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makeNoise()
eat()

roam()
sleep()

Hippo

image
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makeNoise()
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makeNoise()
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abstract classes and interfaces

The code continued...

class Hippo : Animal () {

override val image = "hippo.jpg"

override val food = "grass" Animals
override val habitat = "water" m
T

override fun makeNoise () {

println ("Grunt! Grunt!") Animals.kt

override fun eat() { Animal
println("The Hippo is eating $food") Vet image
} food
} habitat
Mavrk the Canine tlass as abstract. giveShot() hunger

e

abstract epes~class Canine : Animal () {

makeNoise()
eat()

roam()
sleep()

override fun roam() {

println("The Canine is roaming")

Hippo Canine
class Wolf : Canine() { .
image
override val image = "wolf.jpg" food
override val food = "meat" habitat
override val habitat = "forests" makeNoise()
eat()

override fun makeNoise () {

println ("Hooooowl!") image
food

habitat

makeNoise()

override fun eat () { t()
ea

println("The Wolf is eating $food")

The tode tontinues ° >
on the next page.
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test drive

The code continved...

class Vet {
fun giveShot (animal: Animal) {
//Code to do something medical

animal .makeNoise ()

fun main(args: Array<String>) {
val animals = arrayOf (Hippo (), Wolf())
for (item in animals) {
item.roam()

item.eat ()

We've not changcd any of
} the tode on this page.

val vet = Vet ()

val wolf = Wolf ()
val hippo = Hippo ()
vet.giveShot (wolf)
vet.giveShot (hippo)

Let’s take the code for a test drive to see what happens.

Sie

Test drive

Run your code. The following text gets printed in the IDE’s output
window as before, but now we’re using abstract classes to control
which classes can be instantiated.

The Animal is roaming
The Hippo is eating grass
The Canine is roaming
The Wolf is eating meat
Hooooowl!

Grunt! Grunt!
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abstract classes interfaces

Poo] Puzzle

\ Your job is to take code snippets from

/ the pool and place them intothe ... . class Appliance ({

\ | blanklines in the code. You may var pluggedIn = true
P not use the same code snippet

i val color: String
more than once, and youwon't e -

need to use all the snippets.
Your goal is to create the code fun
that matches the class inheritance
hierarchy shown below.

Appliance ........................... Val COlor = "
pluggedin var coffeeleft = false
color
consumePower() fun {

println ("Consuming power")

CoffeeMaker

color fun fillWithWater () {

coffeeleft println("Fill with water")

consumePower()
fillWithWater()
makeCoffee()

fun makeCoffee () {

println ("Make the coffee")

Note: each thing from
the pool can only be
used once!

abstract

override abstract

override abstract consumePower()

open
implements extends consumePower()
implements consumePower() { } Appliance()
implements Appliance

open

o
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pool puzzle

Mavk the Appliance class as abstract,
along with %he tolor property and the

Péjé)l Puzzle S@Iuti@n \( tonsumePower() funetion.

\ Your job is to take code snippets from

/ the pool and place them into the .abstract class Appliance ({

\ " blanklines in the code. You may var pluggedIn = true
o not use the same code snippet

more than once, and youwon't e

" need to use all the snippets.
Your goal s to create the code .abstract fun consumePower() .
that matches the class inheritance
hierarchy shown below. } CoffeeMaker inherits from Appliance.
class CoffeeMaker : Appliance() {

Appliance Overvide the override  val color = ""
COIOY‘ vo cr e
pluggedin prop fy var coffeeleft = false
color
consumePower() Overvide the —> override  fun consumePower()

LmuumchwcrO println ("Consuming power")
£und{j0h- }

CoffeeMaker
fun fillWithWater () {
color
coffeeleft println("Fill with water")
consumePower() J
fillWithWater()
makeCoffee() fun makeCoffee () {

println("Make the coffee")

You didn't need to
use these snippets.

extends

implements

implements consumePower() { }

implements Appliance

open

o
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abstract classes and interfaces

Independent classes can have comwmon behavior

So far, you've learned how to create an inheritance hierarchy
using a mix of abstract superclasses and concrete subclasses.
This approach helps you to avoid writing duplicate code, and
it means that you can write flexible code that benefits from
polymorphism. But what if you want to include classes in
your application that share some of the behavior defined in the
inheritance hierarchy, but not all?

Suppose, for example, that we want to add a Vehicle class
to our animal simulation application that has one function:
roam. This would allow us to create Vehicle objects that
can roam around the animals environment.

It would be useful if the Vehicle class could somehow
implement the Animal’s roam function, as this would
mean that we could use polymorphism to create an array of
objects that can roam, and call functions on each one. But
the Vehicle class doesn’t belong in the Animal superclass
hierarchy as it fails the IS-A test: saying “a Vehicle IS-A
Animal” makes no sense, and neither does saying “an Animal
IS-A Vehicle”.

Vehicle

Animal and Vehicle each have
3 voam() funttion, but neither

image
food

habitat
hunger

makeNoise()
eat()

When you have independent classes that exhibit common
behavior, you can model this behavior using an interface. So
what’s an interface?

sleepy) l tlass is a subtlass of the other.

Vehicle

roam()

If two classes fail
the IS-A test, this
indicates that they
prol)al)ly don’t
l)elong in the same
superclass lnierarclly.
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interfaces

An interface lets you define
common hehavior QUTSIPE
a superclass hierarchy

Interfaces are used to define a protocol for common
behavior so that you can benefit from polymorphism
without having to rely on a strict inheritance structure.
Interfaces are similar to abstract classes in that they
can’t be instantiated, and they can define abstract

or concrete functions and properties, but there’s one
key difference: a class can implement multiple
interfaces, but can only inherit from a single
direct superclass. So using interfaces can provide
the same benefits as using abstract classes, but with
more flexibility.

Let’s see how this works by adding an interface
named Roamable to our application, which we’ll
use to define roaming behavior. We’ll implement this
interface in the Animal and Vehicle classes.

We’ll start by defining the Roamable interface.

Feline
roam()
Lion
image
food
habitat
makeNoise() Lynx
eat() image
food
Cheetah habitat
image
food makeNoise()
habitat eat()

makeNoise()
eat()
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abstract classes and interfaces

Let’s define the Roamable interface

We’re going to create a Roamable interface that we can use to provide
a common protocol for roaming behavior. We’ll define an abstract
function named roam that the Animal and Vehicle classes will need
to implement (you’ll see the code for these classes later).

Here’s what our Roamable interface code looks like (we'll add it to our
Animals project a few pages ahead):

The name of the inteckace
‘.I’JCCYF&'CCJC v:ccans \J y— Opening brace of the interface.
$ an Inter acc‘$|interface”Roamable |

(interface)

The voam funetion. Roamable
e

Closing brate of =
the interfate.

S roam()

Interface functions can be abstract or concrete

You add functions to interfaces by including them in the interface body
(inside the curly braces {}). In our example, we’re defining an abstract
function named roam, so the code looks like this:

interface Roamable {

fun roam() ‘ This is how YYou dC‘FihC an abstvacet ‘("uhcjcion in an in‘{:crfaCc.
}

When you add an abstract function to an interface, there’s no need to
prefix the function name with the abstract keyword, as you would

if you were adding an abstract function to an abstract class. With an
interface, the compiler automatically infers that a function with no body
must be abstract, so you don’t have to mark it as such.

You can also add concrete functions to interfaces by providing the
function with a body. The following code, for example, provides a
concrete implementation for the roam function:

interface Roamable {

fun roam() {

println ("The Roamable is roaming") é'-To add a (,oncrc{:ch‘(:w.\c{:ion 4o an
intevface, simply give it a body.

}

As you can see, you define functions in an interface in a similar way to
how you define functions in an abstract class. So what about properties?
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interface properties

How to define interface properties

You add a property to an interface by including it in the interface
body. This is the only way in which you can define an interface
property, as unlike abstract classes, interfaces can’t have
constructors. Here’s how, for example, you would add an abstract
Int property to the Roamable interface named velocity:

interface Roamable { Just as with abstract ‘(:unc{:ions, (interface)
val velocity: Int <— there’s no need to prefix an abstract Roamable
} property with the abstract keyword.

velocity

Unlike properties in abstract classes, properties that are defined in
an interface can’t store state, and therefore can’t be initialized. You
can, however, return a value for a property by defining a custom
getter using code like this:

interface Roamable {

val velocity: Int This veturns a value of 20 whenever the property is
get() = 20 & attessed. But you ean still override the property in
} any tlass that implements the intecface.

Another restriction is that interface properties don’t have backing
fields. You learned in Chapter 4 that a backing field provides a
reference to the underlying value of a property, so you can’t, say,
define a custom setter that updates a property’s value like this:

interface Roamable {
var velocity: Int
get () = 20 o .
set (value) { £ you try to write code like this in an inteckace,

i = <—it won't compile. This is because You can't use '
e vatue ‘l{:hc “ficld" kc\/wov'd in an in‘{:cv‘(:a«‘.c, so You can't

) update the underlying value of the property.
You, however, define a setter so long as it doesn’t try and reference
the property’s backing field. The following code, for example, is valid:

interface Roamable ({
var velocity: Int
get () = 20

}

set (value) { This tode compiles because \/ou'rc not using

println("Unable to update velocity") < the field keyword. But it won't update
the underlying value of the property.

Now that you've learned how to define an interface, let’s see how to
implement one.
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abstract classes and interfaces

Declare that a class implements an interface...

You mark that a class implements an interface in a similar way to how
you mark that a class inherits from a superclass: by adding a colon to
the class header followed by the name of the interface. Here’s how,
for example, you declare that the Vehicle class implements the
Roamable interface:

(interface)
Roamable

class Vehicle : Roamable { <<— This is like saying “The Vehicle ¢lass
implements the Roamable intevface”.

}

Unlike when you declare that a class inherits from a superclass, you :
don’t put parentheses after the interface name. This is because the Vehicle
parentheses are only needed in order to call the superclass constructor,
and interfaces don’t have constructors.

..then override its properties and functions

Declaring that a class implements an interface gives the class all the

roam()

properties and functions that are in that interface. You can override
any of these properties and functions, and you do this in exactly the
same way that you would override properties and functions inherited
from a superclass. The following code, for example, overrides the
roam function from the Roamable interface:

class Vehicle : Roamable {

This tode overvides the
voam() funttion that the
Vehitle ¢lass inherits feom
fhe Roamable intevface.

override fun roam() {

println("The Vehicle is roaming")

}

Just like abstract superclasses, any concrete classes that implement
the interface must have a concrete implementation for any abstract

Concrete classes can't

properties and functions. The Vehicle class, for example, directly
implements the Roamable interface, so it must implement all the

contain abstract

abstract properties and functions defined in this interface in order

for the code to compile. If the cla.lss thzj\t implements the 1nter.face is Properﬁes an C[ {u l’lctio ns,
abstract, however, the class can either implement the properties and

functions itself, or pass the buck to its subclasses. SO tlley must implement
Note that a class that implements an interface can still define its ll { 1‘ l)

own properties and functions. The Vehicle class, for example, all ot the abstract

could define its own fuelType property and still implement the
Roamable interface.

pro]oerties and functions

Earlier in the chapter, we said that a class could implement multiple tllat tlley iﬂllerit.

interfaces. Let’s see how.
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multiple interfaces

How to implement multiple interfaces

You declare that a class (or interface) implements multiple interfaces
by adding each one to the class header, separating each one with a
comma. Suppose, for example, that you have two interfaces named
A and B. You would declare that a class named X implements both
interfaces using the code:

class X : A, B {
o S~ Class X im?'cn\cn{:s the A and B
}

A class can also inherit from a superclass in addition to implementing
one or more interfaces. Here’s how, for example, you specify that
class Y implements interface A, and inherits from class C:

class ¥ : C(), A {
= Class Y inherits from tlass C,

} and implements interface A.

If a class inherits multiple implementations of the same function

or property, the class must provide its own implementation, or
specify which version of the function or property it should use. If, for
example, the A and B interfaces both include a concrete function
named myFunction, and the X class implements both interfaces,
the X class must provide an implementation of myFunction so
that the compiler knows how to handle a call to this function:

interface A {

fun myFunction() { println("from A") }

interface B {

fun myFunction() { println("from B") }

class X : A, B {

override fun myFunction() { SMYCV‘<A> vefers

super<B>.myFunction ()

//Extra code specific to class X
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How do you know whether to
make a class, a subclass, an
abstract class, or an interface?

Unsure whether you should create a class, abstract class or

interface? Then the following tips should help you out:

©

Make a class with no superclass when your new class

doesn’t pass the IS-A test for any other type.

©

Make a subclass that inherits from a superclass when

you need to make a more specific version of a class

and need to override or add new behaviors.

©

Make an abstract class when you want to define a

template for a group of subclasses. Make the class

abstract when you want to guarantee that nobody can

make objects of that type.

©

Make an interface when you want to define common

behavior, or a role that other classes can play, regardless

of where these classes are in the inheritance tree.

Now that you’ve seen how to define and implement

interfaces, let’s update the code for our Animals project.

t}]erel;n*e no

Q: Are there any naming conventions
for interfaces?

A: Nothing is enforced, but because
interfaces specify behavior, words ending
in -ible or -able are often used; they give a
name to what something does, rather than
what it is.

Q: Why don't interfaces and abstract
classes need to be marked as open?

A: Interfaces and abstract classes

live to be implemented or inherited from.
The compiler knows this, so behind the
scenes, every interface and abstract class
is implicitly open, even if it isn’'t marked as
such.

Dumb Questions

Q,: You said that you can override
any of the properties and functions that
are defined in an interface. Don’t you
mean that you can override any of its
abstract properties and functions?

A: No. With an interface, you can

override any of its properties and functions.

So even if a function in an interface has
a concrete implementation, you can still
override it.

Q,- Can an interface inherit from a
superclass?

A: No, but it can implement one or more
interfaces.

abstract classes interfaces

ROSCS ave Y‘Cd)
Violets ave blue:
[nhexit from one:

Bu{: '\mY\emcn{‘. two:
have oh\\, one

and that

You are.

P( ¥otlin ¢tlass tan
pavent (suvcrc\ags), !
£ ¢lass dekines who Y%
Y;:En\lou tan '\m\’\emcn{: mv\{\v\cs
inteckates and those interyate oy
define 4he voles fhat you tan v

Q,: When should | define a concrete
implementation for a function, and when
should | leave it abstract?

A: You normally provide a concrete
implementation if you can think of one that
would be helpful to anything that inherits it.

If you can’t think of a helpful
implementation, you would normally
leave it abstract as this forces any
concrete subclasses to provide their own
implementation.
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update code

Update the Animals project

We’ll add a new Roamable interface and Vehicle class
to our project. The Vehicle class will implement the
Roamable interface, and so will the abstract Animal class.

Update your version of the code in file Animals.kt so that it
matches ours below (our changes are in bold):

Add the Roamable iw{:cr‘(:acc with an
abstvact funetion named voam().

v

interface Roamable {

fun roam()

abstract class Animal

abstract val
abstract val
abstract val

var hunger =
abstract fun

abstract fun

Override

the voam() \) override fun

‘Fun(:{:ion

from the

Roamable

interface.
fun sleep/()

The Animal ¢lass needs
to implement the
Roamable intev-face.

: Roamable {
image: String
food: String
habitat: String

: i
Animla_ls
makeNoise ()
src
eat () L
Animals.kt
roam () {

println("The Animal is roaming")

println("The Animal is sleeping")
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abstract classes and interfaces

The code continved...

Vet (interface)
class Hippo : Animal () { We've not Roamable
override val image = "hippo.jpg" u‘;da{cd any :
override val food = "grass" of the tode giveShot()
override val habitat = "water" mw{Ms?agb

override fun makeNoise () {

println ("Grunt! Grunt!") Vehicle Al
} image
food
habitat
override fun eat() { hunger

println ("The Hippo is eating $food") makeNoise()

} eat()
roam()
sleep()

abstract class Canine : Animal () {

override fun roam() {

println ("The Canine is roaming") Hippo Canine
} image
food
} habitat
makeNoise()
class Wolf : Canine() { eat()
override val image = "wolf.jpg"
override val food = "meat" .
image
override val habitat = "forests" food

habitat
Animals
override fun makeNoise () { makeNoise()
println ("Hooooowl!") !u! eat()
src
}
Animals.kt

override fun eat () {

println("The Wolf is eating $food")

The tode tontinues ° >
on the next page.
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test drive

The code continved...

class Vehicle : Roamable {é"f\dd the Vehicle class.

override fun roam() {

Vet (interface)
Roamable

println("The Vehicle is roaming")

giveShot()

class Vet {

fun giveShot (animal: Animal) { Vehicle Animal

//Code to do something medical :cmac?e
00
animal .makeNoise () habitat

hunger

makeNoise()
eat()
roam()

fun main(args: Array<String>) { | 0
sleep

val animals = arrayOf (Hippo (), Wolf())

for (item in animals) {

item.roam()

item.eat () s

} D image

Animals food

habitat
val vet = Vet()
src makeNoise()
val wolf = Wolf () eat()
val hippo = Hippo ()
Animals.kt

vet.giveShot (wolf) -
image

food
habitat

vet.giveShot (hippo)
}

makeNoise()

Let’s see what happens when we take our code for a test drive. eat()

Site

Test drive The Animal is roaming
. . . The Hippo is eatin ass
Run your code. Text gets printed in the IDE’s output window as 1p1.) 1. g.gr
before, but now the Animal class uses the Roamable interface The Canine is roaming
for its roaming behavior. The Wolf is eating meat
Hooooowl!

We still need to use Vehicle objects in our main function, but

first, have a go at the following exercise. Grunt! Grunt!
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abstract classes and interfaces

On the left you'll find sets of class diagrams. Your job is to turn these into valid Kotlin
declarations. We did the first one for you.

ExeRrcise

Diagram: Peclaration:
1 open elass Cliek { }
elass Claek : CliekO) { }

A
Baz
Key:
ﬁk Inherits from
) Fi
AN
Fee : Implements

Class

Abstract class

Interface
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exercise solution

On the left you'll find sets of class diagrams. Your job is to turn these into valid Kotlin
declarations. We did the first one for you.

Epencie
OLutioN
Diagram: Peclaration:

1 open elass Cliek { }

Tip implements the elass Claek : CliekO { }
Top abstract elass.

] abstract elass Top { }
elass Tip : Top() { }

Z Omcg,a inhevits

A
om Alpha. Th
ﬁ:c bcﬁcl: :bstvacZ£. 3  abstract elass Alpha { }

Tip abstract class Omega : AlphaQ) { }

Bav need
ma:k:;c az :c:c 4. interface Foo { }

so that Baz tan — > open tlass Bar : Foo { }
inhevit ‘("\rom it
¢lass Baz : BarO { }

5 intecface Fee { }
interface Fi { }
open ¢lass Fo: Fi { }
tlass Fum : Fo0), Fee { }

Baz . .
Fum inhevits from .
the Fo() elass and Key'
implements the Fee ﬁ& Inherits from
5 Fi intecface.
JAN
Fee : Implements

Class

>
,I,I

Abstract class

Fum
Interface
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Interfaces let you use polymorphism

You already know that using interfaces means that your code

can benefit from polymorphism. You can, for example, use
polymorphism to create an array of Roamable objects, and call
each object’s roam function:

This line treates an avvay of Roamable ob)cd{s.

val roamables = arrayOf (Hippo (), Wolf (), Vehicle()) Q ‘Qgﬁi‘
for (item in roamables) { <— As the roamables array holds
item.roam() Roamable objetts, this means that
} the item variable is of type Roamable. ——>
But what if you don’t just want to access functions and properties

defined in the Roamable interface? What if you want to call each
Animal’s makeNoise function too? You can’t just use:

var Roamable

item.makeNoise ()

because itemis a variable of type Roamable, so it doesn’t
recognize the makeNoise function.

Access uncommon behavior by checking an object’s type

You can access behavior that’s not defined by a variable’s type by
first using the is operator to check the type of the underlying object.
If the underlying object is of the appropriate type, the compiler

then lets you access behavior that’s appropriate for that type. The
following code, for example, checks whether the object referred to

by an Animal variable is a Wolf£, and if so, calls the eat function:

val animal: Animal = Wolf ()

eat()

if (animal is Wolf) {

animal.eat () <<——The tompiler knows that the ob\')ccjc

} is a Wol, so ealls its eat() ‘Cuhc{'jow Wolf

In the above code, the compiler knows that the underlying object is val Animal
aWolf, soit’s safe to run any code that’s Wol f-specific. This means

that if we want to call the eat function for each Animal object in

an array of Roamables, we can use the following:

val roamables = arrayOf (Hippo (), Wolf (), Vehicle()) Use tlle is OPeratOI'
for (item in roamables) { .

{tem. roan () to check if the

if (item is Animal) {

item.eat()@_ {‘F the item is an Animal ¢ )
'tem 1s an Animal, the ¢ompil ..
} knows it ean ¢all the iten's eat) furetion the speclfleJ type (or

unc[erlying o]oject 15

}

one of its sul)ty]oes).

You can use the is operator in a variety of situations. Let’s find out

more.
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Where to use the is operator

Here are some of the most common ways in which you might
want to usc the is operator:

As the condition for an if

As you've already seen, you can use the is operator as the condition Note that it must be possible Lor
for an 1 £. The following code, for example, assigns a String of Lhe uv\dcrl\/ihg ob\')cc{‘, o be the
“Wolf” to variable str if the animal variable holds a reference to a speti Fied ype o the code won't

Wolf object, and “not Wolf™ if it doesn’t: com\?ilc- ‘{ou can't, say) test £ an

val str = if (animal is Wolf) "Wolf" else "not Wolf" <&— fnimal vaviable holds.a vefevente
Jco an |n‘{: betause Ammal and lnf

In conditions using &€& and || ave intompatible types.

You can build up more complex conditions using && and | |. The
following code, for instance, tests whether a Roamable variable
holds a reference to an Animal object, and if so, it further tests if the

Animal’s hunger property is less than 5: The \righ{: side of the if condition

only vuns if voamable is an Animal, so

if (roamable is Animal && roamable.hunger < 5) {é—' ’
we tan ateess its hunger property.

//Code to deal with a hungry Animal
}

You can also use !is to testif an object is not a particular type. The

following code, for example, is like saying “if the roamable variable RCmc.m.bc\r, the ‘"iﬁhjt side of an ||
doesn’t hold a reference to an Animal, or if the Animal’s hunger _(’ozd't""‘ °"IY vuns if the left side
property is greater than or equal to 5”: is kalse. Thevefore, the vight side

K tan only vun if voamable is an Animal.
) A

if (roamable !is Animal || x.hunger >= 5
//Code to deal with a non-Animal, or with a non-hungry Animal

}

In a while loop

If you want to use the is operator as the condition for a while loop,
you can do so using code like this:
while (animal is Wolf) {
//Code that runs while the Animal is a Wolf
}

In the above example, the code continues to loop while the animal
variable holds a reference to a Wolf£ object.

You can also use the is operator with a when statement. Let’s

find
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Use when to compare a variable
against a bunch of options

A when statement is useful if you want to compare a variable
against a set of different options. It’s like using a chain of
if/else expressions, but more compact and readable.

Here’s an example of what a when statement looks like:

Check the value ﬁx) ( v When % is O, vun this tode.
of vaviable x.

0 -> println("x is zero")
1, 2 -> println("x is 1 or 2")<<— Run this tode when % is | or 2.

else —> {

Run this blotk of ecode

when % is some other value.

when s{:a’cmcn{:s Cah-7\ println("x is neither 0, 1 nor 2")

have an else tlause. println("x is some other value")

) — Using whenas
The above code takes the variable x, and checks its value an GXPI’ GSSi@)n

against various options. It’s like saying: “when « is 0, print “x
1s zero”, when x is 1 or 2, print “x is 1 or 2”7, otherwise print
some other text”.

You can also use when as an
expression, which means that you

can use it to return a value. The
following code, for example, uses

a when expression to assign a value to a
variable:

If you want to run different code depending on the underlying
type of an object, you can use the is operator inside a when

statement. The code below, for example, uses the is operator
to check the type of the underlying object that’s referenced by var y = when (x) {
the roamable variable. When the type is Wol£, it runs code
that’s Wol f-specific, when the type is Hippo, it runs Hippo-
specific code, and it runs other code if the type is some other else -> false
Animal (not Wolf or Hippo):

0 => true

}
h bl &— value of voamable. —_—
when (roamable) { Check the value o When you use the when operator in this
is Wolf -> { way, you must account for every value the
//Wolf-specific code variable you're checking can have, usually

) by including an e1se clause.

is Hippo -> {

//Hippo-specific code .
This tode will onl\/ vun if voamable is a

} type of Animal that's not Wolf or Hippo.

is Animal -> { Y

//Code that runs if roamable is some other Animal
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smart casts

usually
The s opera’ron; performs a smart cast

In most circumstances, the is operator performs a smart cast.
Casting means that the compiler treats a variable as though its type
is different to the one that it’s declared as, and smart casting means
that the compiler automatically performs the cast on your behalf.
The code below, for example, uses the is operator to smart cast the
variable named item to a Wolf, so that inside the body of the i f

Treat me like the
Wolf you know I am.

condition, the compiler can treat the item variable as though it’s a (?
Wolf:
if (item is Wolf) { item is smart Las’cJ:co a
item.eat () Wolﬁ «cor the duration
of this tode block.
item.makeNoise ()
//Other Wolf-specific code Wolf

} val Roamable

The is operator performs a smart cast whenever the compiler can
guarantee that the variable can’t change between checking the
object’s type and when 1t’s used. In the above code, for example,
the compiler knows that the item variable can’t be given a
reference to a different type of variable in between the call to the
is operator, and the Wol £-specific function calls.

But there are some situations in which smart casting doesn’t NS N :
happen. The is operator won’t smart cast a var property in a . You don’t need to
class, for example, because the compiler can’t guarantee that some r?member all t!'e
other code won’t sneak in and update the property. This means circumstances in
that the following code won’t compile because the compiler can’t :
smart cast the r variable to a Wolf: can’t be used.

which smart casting :

. If you try and use smart casting

. inappropriately, the compiler will tell you. :
var r: Roamable = Wolf ()

class MyRoamable {

fun myFunction () {
if (r is Wolf) {

r-eat () §—Ty, tompiler ean't smart east the Roamable property v to a
Wolf. This is because the compiler tan't quarantee that some

} other ode won't update the property in between thecking

} its type and its usage. The code therefore won't tompile.

So what can you do in this sort of situation?
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Use as to perform an explicit cast

If you want to access the behavior of an underlying object but the
compiler can’t perform a smart cast, you can explicitly cast the object
into the appropriate type.

Suppose you're sure that a Roamable variable named r holds

a reference to a Wolf object, and you want to access the object’s
Wolf-specific behavior. In this situation, you can use the as
operator to copy the reference that’s held in the Roamable variable,
and force it into a new Wolf variable. You can then use the Wolf
variable to access the Wolf behavior. Here’s the code to do this:

var wolf = r as Wolf <——This tode C%Pli(,i‘u\/ tasts the objeet 4o a
wolf.eat () Wolf so that You an call its Wolf funetions.

Note that the wolf and r variables each hold a reference to the
same Wolf object. But whereas the r variable only knows that

the object implements the Roamable interface, the wolf variable
knows that the object is actually a Wolf, so it can treat the object like
the Wolf it really is:

v holds a veferente 4o 3 Wolf
ob\)ccf, but betause r is a
Roamablc variablc, You tan onl\/
use it o access any Roamable
propevties and functions that

the underlying objccf has. Wolf

The wolf variable holds a vefevente
{o the same Wol§ ob\')cc{:, but as this
vaviable has a type of Wolf, you ean — 7\
use it 4o actess any Wolf properties

and functions. var Wolf

If you’re not sure that the underlying object is a Wol £, you can use
the is operator to check before you do the cast using code like this:
if (r is Wolf) {

val wolf = r as Wolf ) I visa Wolf, east it as a Wolf
wolf.eat () and eall its eat() cunc{;ion.

}

So now that you’ve seen how casting (and smart casting) works, let’s
update the code in our Animals project.
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test drive

Update the Animals project Vet

We’ve updated the code in our main function so that it includes an

(interface)
Roamable

array of Roamable objects. Update your version of the function in giveShot()
file Animals.kt so that it matches ours below (our changes are in bold):
— We've only ehanging the tode in the main funttion.
fun main(args: Array<String>) { Vehicle Animal
val animals = arrayOf (Hippo (), Wolf()) image
for (item in animals) { food
item.roam() habitat
item.eat () hunger
Animals
} makeNoise()
eat()
val vet = Vet () sre roam()
val wolf = Wolf () sleep()
val hippo = Hippo () Animals.kt
vet.giveShot (wolf)
t.gi Shot (hi
ver-giveshot (rippo) Create an arvay of Roamables. Hippo Canine

v

val roamables = arrayOf (Hippo (), Wolf(), Vehicle()) ifmac?e
for (item in roamables) { 0o

habitat
item.roam()
if (item is Animal) { makeNoise()
eat()

item.eat() < Call the eatd ‘Fum‘,‘tion for
eath Animal in the array.

}

Now that you’ve updated your code, let’s take it for a test drive.

=

T es-l- dl’ive The A_mmal is rqa.ming
The Hippo is eating grass
Run your code. When the code loops through the The Canine is roaming

roamables array, each item’s roam function is called, The Wolf is eating meat

but the eat function is only called if the underlying Hooooowl!

objectis an Animal. Grunt! Grunt!
The Animal is roaming
The Hippo is eating grass
The Canine is roaming
The Wolf is eating meat
The Vehicle is roaming
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BE the Compiler

The code on the left represents a source
file. Your job is to play like you're the
comfller and say which of the code

compile and produce the
into the code on the Jeft.

interface Flyable {

val x: String

fun fly() {
println("$x is flying")

class Bird : Flyable {
override val x = "Bird"

}

class Plane : Flyable {
override val x = "Plane"

class Superhero : Flyable ({

override val x = "Superhero"

fun main(args: Array<String>) ({
val £ = arrayOf (Bird(), Plane(), Superhero())
var x = 0

while (x in 0..2) {

x++

/t Eath ¢ode segment goes heve.

segments on the right would

required output when inserted

abstract classes and interfaces

The code needs to

OU‘l'pU‘l'.' v produce this ou{:\?uf-

Plane is flying
Superhero is flying

These are the tode scgmcn{:s.

V4
o when (f[x]) {

is Bird -> {
X++
£[x].£f1y()
}

is Plane, is Superhero ->
flx].£f1y()

e if (x is Plane || x is Superhero) {
fix].f1ly()
}

when (f[x]) {
Plane, Superhero -> f[x].fly()

e val y = when (f[x]) {
is Bird -> false
else -> true

if (y) {fix].fly()}

you are here » 187



be the compiler solution

BE the Compiler Sofufion

The code on the left represents a source
Bile. Your job is to play like you're the
compiler and say which of the code
segments on the right would
compile and produce the
required output when inserted
into the code on the left.

interface Flyable {

val x: String

fun fly () {
println("$x is flying")

class Bird : Flyable {
override val x = "Bird"

}

class Plane : Flyable {
override val x = "Plane"

class Superhero : Flyable {

override val x = "Superhero"

fun main(args: Array<String>) {
val f = arrayOf (Bird(), Plane(), Superhero())
var x = 0
while (x in 0..2) {

x++

}
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Output:

Plane is flying
Superhero is flying

o when (f[x]) {

is Bird -> This tode tompiles
K+ and produtes the

£lx].f1y0  corveet output.
}

is Plane, is Superhero ->
fix].£f1ly ()

This won't tompile as % is an [nt,
and ¢an't be a Plane or Superhero.

e if (x is Plane || x is Superhero) {
flx].f1ly ()
}

This won't compile because the is opevator is
vequived in order to theek the type of £[xJ.

when (f[x]) {
Plane, Superhero -> f[x].fly()

e val y = when (£[x]) {  |his tode
is Bird -> false tompiles and
else —-> true FYOduLCS{%C
) COY'Y‘CC{ ou‘{:?u‘b

if (y) {£[x].fly()}



Your Kotlin Toolbox

You’ve got Chapter 6 under
your belt and now you’ve
added abstract classes and
interfaces to your toolbox.

abstract classes

You ¢an download
the full code for
the chapter from
h-{-)qu [/ {‘,m\lwl tom/
HF K otlin.

—————————

interfaces

%BUL[ET POINTS

An abstract class can't be instantiated. It
can contain both abstract and non-abstract
properties and functions.

= Any class that contains an abstract property
or function must be declared abstract.

m  Aclass that's not abstract is called concrete.

= You implement abstract properties and
functions by overriding them.

= All abstract properties and functions must be
overridden in any concrete subclasses.

= Aninterface lets you define common
behavior outside a superclass hierarchy so
that independent classes can still benefit
from polymorphism.

= |nterfaces can have abstract or non-abstract
functions.

= |nterfaces properties can be abstract, or they
can have getters and setters. They can't be
initialized, and they don't have access to a
backing field.

A class can implement multiple interfaces.

If a subclass inherits from a superclass (or
implements an interface) named 2, you can
use the code:

super<A>.myFunction

to call the implementation of myFunction
that's defined in A.

If a variable holds a reference to an object,
you can use the is operator to check the
type of the underlying object.

The i s operator performs a smart cast
when the compiler can guarantee that
the underlying object can’t have changed
between the type check and its usage.

The as operator lets you perform an explicit
cast.

A when expression lets you compare a
variable against an exhaustive set of different
options.
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7 data classes

*
+ Dealing wiglg Data +

That copy() function
worked perfectly. I'm
just like you but taller.

Nobody wants to spend their life reinventing the wheel.

Most applications include classes whose main purpose is to store data, so to make your
coding life easier, the Kotlin developers came up with the concept of a data class. Here,
you'll learn how data classes enable you to write code that’s cleaner and more concise
than you ever dreamed was possible. You'll explore the data class utility functions, and
discover how to destructure a data object into its component parts. Along the way,
you'll find out how default parameter values can make your code more flexible, and we’ll

introduce you to Any, the mother of all superclasses.
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behind the scenes of the == operator

== ¢alls a function named equals

As you already know, you can use the == operator to check for
equality. Behind the scenes, each time you use the == operator, it
calls a function named equals. Every object has an equals
function, and the implementation of this function determines how
the == operator will behave.

By default, the equals function checks for equality by checking
whether two variables hold references to the same underlying object.

To see how this works, suppose that we have two Wolf variables
named wl and w2. If wl and w2 hold references to the same Wolf
object, comparing them with the == operator will evaluate to true:

val wl = Wolf () )&e——wl and w2 vefer 4o

val w2 = wl the same ob\)cc'{:, so
//wl == w2 is true Wl == w2 is true.
= D

=
ﬁ“ | 7 Wolf
o

val Wolf
varVToIf

If, however, w1l and w2 hold references to separate Wolf objects,
comparing them with the == operator will evaluate to false, even
if the objects hold identical property values.

val wl = Wolf () Wl and wL vefer +o

val w2 = Wolf () di‘C‘CCY‘C“k ob\')CC{lS; so
//wl == w2 is false wl == wl is false.

val Wolf val Wolf
As we said earlier, every object that you create automatically

includes an equals function. But where does this function
come from?
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equals is inherited from a superclass named Any

Each object has a function named equals because its
class inherits the function from a class named Any. Class
Any is the mother of all classes: the ultimate superclass

Every class is a subclass of

of everything. Every class you define is a subclass of Any . .
without you ever having to say it. So if you write the code tl‘e Any Class’ aﬂ(:[ lﬂllel"lts
for a class named myClass that looks like this: lts l)ellaViOI" Every Class

L]

class MyClass | IS-A type of Any without

you lnaving to say so.

behind the scenes, the compiler automatically turns it into this:

Any
class MyClass % Any () {
/tThc ompiler seevetly makes
} eath elass a subelass of Any.
MyClass
The importance of being Any

Having Any as the ultimate superclass has two key benefits:

o It ensures that every class inherits common behavior.
The Any class defines important behavior that the system relies on,
and as every class is a subclass of Any, this behavior is inherited by
every object you create. The Any class defines a function named
equals, for example, which means that every object automatically
inherits this function.

o It means you can use polymorphism with any object.
Every class is a subclass of Any, so every object you create has
Any as its ultimate supertype. This means that you can create a
function with Any parameters, or an Any return type, so that it
will work with all types of object. It also means that you can create

polymorphic arrays to hold objects of any type using code like this: The compiler spo Ls that

val myArray = arrayOf (Car(), Guitar(), Giraffe()) %—’C‘;d‘ °b3chc in Hm arra\/
has @ Lommon su\’cr{‘«‘/YC

of Any, so it ereates an

Let’s take a closer look at the common behavior inherited from arvay of {,\/yc Arvay<An\/>.
the Any class.
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Any

The comwmon behavior defined by Any

The Any class defines several functions that are inherited by
every class. Here are the ones we care about most, along with an
example of its default behavior:

o equals(any: Any): Boolean
Tells you if two objects are considered “equal”. By default, it
returns true if it’s used to test the same object, and false if

it’s used to test separate objects. Behind the scenes, the equals

function gets called each time you use the == operator.

co\uals veturns val wl = Wolf () val w
false because val w2 = Wolf() val w
wl and w2 hold println(wl.equals (w2)) print

rc(:cvcntcs to

different ob)ctix ——false

o hashCode(): Int
Returns a hash code value for the object. They’re often used
by certain data structures to store and retrieve values more
efficiently.
val w = Wolf ()
println(w.hashCode())

523429237 <<— This is the value
of w's hash code.

o toString(): String
Returns a String message that represents the object. By
default, this is the name of the class and some other number
that we rarely care about.

val w = Wolf ()
println(w.toString())

Wolf@elf32e575
The Any class provides a default implementation for each of the
above functions, and these implementations are inherited by every

class. They can, however, be overridden if you want to change the
default behavior of any of these functions.
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equals()
hashCode()
toString()

YourClassHere

1 = Wolf ()
2 = wl
In(wl.equals (w2))

true <

cquals rc{:wrns ‘{:\ruc bccausc
wl and w2 hold vefevences
to the same objeet. [t's the
same as testing if wl == y2.

By Jefault, the
equals function
checks whether two
ol)jects are the same
unc[erlying ol)ject.

The equals function
defines the behavior
of the == o]merator.



data classes

We wight want equals to check
whether two objects are equivalent

There are some situations in which you might want to change the
implementation of the equals function in order to change how
the == operator behaves.

Suppose, for example, that you have a class named Recipe that
lets you create objects that hold recipe data. In this situation, you
might consider two Recipe objects to be equal (or equivalent)
if they hold details of the same recipe. So if the Recipe

class is defined as having two properties named title and
isVegetarian using code like this:

class Recipe(val title: String, val isVegetarian: Boolean) { title

} isVegetarian

you might want the == operator to evaluate to true if it’s used
to compare two Recipe objects that have matching title and
isVegetarian properties:

val rl = Recipe ("Chicken Bhuna", false)

val r2 = Recipe ("Chicken Bhuna", false)

Qﬁﬁi/_\ title: “Chicken Bhuna”
‘\:—‘ | isVegetarian: false
M
[

S Recipe These two objeets have matthing
val Recipe propcr{y values, so we might want
the == operator 4o evaluate to £rue.

‘Z‘Qg/_\ title: “Chicken Bhuna”
| isVegetarian: false
r2 |
[ .
—_— Recipe
val Recipe

While you could change the behavior of the == operator by
writing extra code to override the equals function, the Kotlin
developers came up with a better approach: they came up with
the concept of a data class. Let’s find out what one of these is,
and how to create one.
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A data class lets you create data objects

A data class is one that lets you create objects whose main
purpose is to store data. It includes features that are helpful
when you’re dealing with data, such as a new implementation
of the equals function that checks whether two data objects
hold the same property values. This is because if two objects
store the same data, they can be considered equal.

You define a data class by prefixing a normal class definition
with the data keyword. The following code, for example,
changes the Recipe class we created earlier into a data class:

The data prefix T—>data class Recipe(val title:
turns a normal elass

into a data elass.

How to create objects from a data class

You create objects from a data class in the same way that you
create objects from a normal class: by calling its constructor.
The following code, for example, creates a new Recipe data
object, and assigns it to a new variable named r1:

val rl = Recipe ("Chicken Bhuna", false)

Data classes automatically override their equals function
in order to change the behavior of the == operator so that

it checks for object equality based on the values of

each object’s properties. If, for example, you create

two Recipe objects that hold identical property values,
comparing the two objects with the == operator will evaluate
to true, because they hold the same data:

val rl = Recipe ("Chicken Bhuna", false)
val r2 = Recipe ("Chicken Bhuna", false)
//rl == r2 is true /Y

vl and ¥Z ave

In addition to providing a new tonsidered ca\ual as

implementation of the equals
function it inherits from the Any hold the same data.
superclass, data classes also override the

hashCode and toString functions.

Let’s take a look at how these are

implemented.
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String, val isVegetarian:

the two Retipe obJeL{:s

Boolean) {

(Data)
Recipe

title
isVegetarian

title: “Chicken Bhuna”
isVegetarian: false

7

$
Qf/.l Recipe
1M
.
val Reclpe
title: “Chicken Bhuna”
— O isVegetarian: false
é“f
Recipe
l' i
|
val Recipe



Pata classes override their inherited behavior

A data class needs its objects to play well with data, so it
automatically provides the following implementations for
the equals, hashCode and toString functions it
inherits from the Any superclass:

The equals function compares property values

When you define a data class, its equals function (and therefore the
== operator) continues to return true if it’s used to test the same object.
But it also returns true if the objects have identical values for the
properties defined in its constructor:

val rl = Recipe ("Chicken Bhuna", false)

val r2 = Recipe ("Chicken Bhuna", false)

println(rl.equals(r2))

true

Equal objects return the same hashCode value

If two data objects are considered equal (in other words, they have
identical property values), the hashCode function returns the same
value for each object:
val rl = Recipe ("Chicken Bhuna", false)
val r2 = Recipe ("Chicken Bhuna", false)
println(rl.hashCode())
println(r2.hashCode())
241131113
241131113

toString returns the value of each property

Finally, the toString function no longer returns the name of the class
followed by a number. Instead, it returns a useful String that contains
the value of each property that’s defined in the data class constructor:

val rl = Recipe ("Chicken Bhuna", false)

println(rl.toString())
Recipe(title=Chicken Bhuna, isVegetarian=false)

In addition to overriding the functions it inherits from the
Any superclass, a data class also provides extra features that
help you deal with data more effectively, such as the ability
to copy a data object. Let’s see how this works.

data classes

Data ol)jects
are considered
equal if their
properties hold

the same values.

You ean think of a hash ¢tode

as being like 3 label on a bucket.
Objects that ave tonsideved
equal are put in the same bucket,
and the hash tode tells the
system wheve to look for them.
E\,c\ual ob\')cc{:s MUST have the
same hash tode value as Jchc)
sys{cm depends on £his. You'll
find out more about this in
Cha?{cr 9.
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copy function

Copy data objects using the copy function

If you want to create a new copy of a data object, altering
some of its properties but leaving the rest intact, you can do
so using the copy function. To use, you call the function

The copy function lets

on the object you want to copy, passing in the names of any ou Co a Jata Olil'ect
properties you wish to alter along with their new values. y Py ] ’
Suppose that you have a Recipe object named rl that’s altel‘ ll'lg some 0{ its

defined using code like this:

proPerties. The original
val rl = Recipe("Thai Curry", false) Ol)ject remaiﬂs intact.

‘§’ /_\ title: “Thai Curry”

= . :
| isVegetarian: false
rn
|

X Recipe
val Recipe

If you wanted to create a copy of the Recipe object, altering
the value of its isVegetarian property to true, you
could do so using the copy function like so:

val rl = Recipe ("Thai Curry", false : . ) .
pe ( v", ) This copies vl’s obJech, thanging the value

val r2 = rl.copy(isVegetarian = true) < — of the iSchc{:arian FV°FCV'+—‘/ {o true.

Qﬁg"/_\ title: “Thai Curry” @&/\ title: “Thai Curry”

| isVegetarian: false | isVegetarian: true
; 1 ; r2
[ [

< Recipe —_— Recipe
val Recipe val Recipe

It’s like saying “take a copy of 7/’s object, change the value of
its us Vegetarian property to true, and assign the new object to a
variable named 72”. It creates a new copy of the object, and
leaves the original object intact.

As well as the copy function, data classes also provide
a set of functions that allow you to split a data object
into its component property values in a process called
destructuring. Let’s see how.
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data classes

Data classes define componentN functions...

When you define a data class, the compiler automatically adds
a set of functions to the class that you can use as an alternate
way of accessing its object’s property values. These are known as

componentN functions, where N represents the number of the title: “Chicken Bhuna”
roperty whose value you wish to retrieve (in order of declaration). —> iule: lcken bhuna
property w vatue youw ve ( ) O isVegetarian: false

To see how componentN functions work, suppose that you have Qﬁ
the following Recipe object: (\ | Recipe
r.
val r = Recipe ("Chicken Bhuna", false) !
val Recipe

If you wanted to retrieve the value of the object’s first property

(its title property), you Cquld dp this by calling the object’s “Chicken Bhuna”
componentl () function like this: 7

§
[

COMYOY\CV\‘H 0 rc{:wv\s

val title = r.componentl () <—— the vefecente held b\/ 2 String
, , 4he fivst property ﬁitle‘
This does the same thing as the code: defined in the data |

val title = r.title tlass construetor. val String

but it’s more generic. So why is it so useful for a data class to have
g y
generic ComponentN functions?

..that let you destructure data objects

Having generic componentN functions is useful as it provides a

Destructuring a data

quick way of splitting a data object into its component property 01)' ect s llts lt 1 nto
values, or destructuring it. ] P
Suppose, for example, that you wanted to take the property values its COﬂlPOﬂeﬂt PartSo

of a Recipe object, and assign each property value to a separate
variable. Instead of using the code:

val title = r.title

val vegetarian = r.isVegetarian r “Chicken Bhuna”
to explicitly process each property in turn, you can use the Qﬁ
following code instead: Assigns £he value f | String

val (title, vegetarian) = r = of v's Livest mle,

voperty to title, o false

The above code is like saying “create two variables, title ‘;nd"{;hc\lvaluc val String >
and vegetarian, and assign one of 7’s property values to of its setond Q,g?
each one.” It does the same thing as the code: property to ﬁ/l Boolean

val title = r.componentl () vcgc{arian- veqe ar;lan

val vegetarian = r.component2 () val B;;lean

but it’s more concise.
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==ys, ===

== checks {OI'

object ec[uivalence.

=== Clle(!l(s {01'

object identity.

200 Chapter 7

checking whether two variables refer to the same
the == operator because its behavior depends on

and this may vary from class to class.

Data classes sound great, but I was
wondering... Is there a definitive way of

underlying object? It sounds like you can't rely on

how the equals function has been implemented,

The === operator always lets you check
whether two variables refer to the same
underlying object.

X If you want to check whether two variables refer to the same

underlying object, irrespective of their type, you should use

the === operator instead of ==. This is because the === operator
always evaluates to true if (and only if) the two variables hold a
reference to the same underlying object. This means that if, for
example, you have two variables named x and y, and the code:

x ===y

evaluates to true, then you know that the x and y variables
must refer to the same underlying object:

—

3
&
«@/\

(>

&

[

y

|
Unlike the == operator, the === operator doesn’t rely on the
equals function for its behavior. The === operator always

behaves in this way irrespective of the type of class.

Now that you’ve seen how to create and use data classes, let’s
create a project for the Recipe code.



data classes

Create the Recipes project

Create a new Kotlin project that targets the JVM, and name the
project “Recipes”. Then create a new Kotlin file named Recipes.kt
by highlighting the sr¢ folder, clicking on the File menu and
choosing New — Kotlin File/Class. When prompted, name the
file “Recipes”, and choose File from the Kind option.

We’ll add a new data class named Recipe to the project, and
create some Recipe data objects. Here’s the code—update your

We've omitted the {¥s as

version of Recipes.kt to match ours: our data class has no body.
(Data)
data class Recipe(val title: String, val isVegetarian: Boolean) Recipe
title
fun main(args: Array<String>) { isVegetarian
val rl = Recipe ("Thai Curry", false)
val r2 = Recipe ("Thai Curry", false) Create a topy of v,

val r3 = rl.copy(title = "Chicken Bhuna") é“ aH:ch“‘b its title ?ro?cr{:\/v

println("rl hash code: ${rl.hashCode()}")

println("r2 hash code: ${r2.hashCode()}") D
println("r3 hash code: ${r3.hashCode()}") Reci'iis
println("rl toString: ${rl.toString()}") D
println("rl == r2? ${rl == r2}") SIic_
println("rl === r2? ${rl === r2}")

println("rl == r3? ${rl == r3}") Dcs‘f:ruc{:wc vl. Recipes.kt
val (title, vegetarian) = rl

println("title is $title and vegetarian is $vegetarian")

}

=

Test drive

When you run your code, the following text gets printed in the IDE’s
output window:

rl hash code: -135497891

r2 hash code: -135497891

r3 hash code: 241131113

rl toString: Recipe(title=Thai Curry, isVegetarian=false)

PL==rRPErUe N\ | __ 9 i brue betause their objects have matching values.

1===r2? fal . piaa
1 v taae s they vefer to separate objects, vl === v s false.

title is Thai Curry and vegetarian is false
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no dumb

therejare no
Dumb Questions

Q: You said that every class is a
subclass of Any. | thought that each
class could only have one direct
superclass?

A: Behind the scenes, the Any
class sits at the root of every superclass
hierarchy, so every class you create is
either a direct or indirect subclass of
Any. This means that every class IS-A
type of Any, and inherits the functions
it defines: equals, hashCode and
toString.

Q: | see. And you say that data
classes automatically override these
functions?

A: Yes. When you define a data

class, the compiler secretly overrides

the equals, hashCode and
toString functions the class inherits
so that they’re more appropriate for objects
whose main purpose is to hold data.

Q: Can | override these functions
without creating a data class?

AI Yes, in exactly the same way that you
override functions from any other class:

by providing an implementation for the
functions in the body of your class.

202

Q: Are there any rules | have to
follow?

A: The main thing is that if you override
the equals function, you should
override the hashCode function as well.

If two objects are considered equal, they
must have the same hash code value.
Some collections use hash codes as an
efficient way of storing objects, and the
system assumes that if two objects are
equal, they also have the same hash code.
You'll find out more about this in Chapter 9.

Q: That sounds complicated.

A: It's certainly easier to create a data
class, and using a data class means

that you'll have cleaner code that's

more concise. If you want to override

the equals, hashCode and
toString functions yourself, however,
you can get the IDE to generate most of
the code for you.

To get the IDE to generate implementations
forthe equals, hashCode or
toString functions, start by writing

the basic class definition, including any
properties. Next, make sure that your text
cursor is in the class, go to the Code menu,
and select the Generate option. Finally,
choose the function you want to generate
code for.

Q: I've noticed that you've only
defined data class properties in the
constructor using val. Can | define
them using var as well?

A: You can, but we’d strongly encourage
you to make your data classes immutable
by only creating va 1 properties. Doing so
means that once a data object has been
created, it can't be updated, so you don't
have to worry about some other code
changing any of its properties. Only having
val properties is also a requirement of
certain data structures.

Q: Why do data classes include a
copy function?

A: Data classes are usually defined
using val properties so that they're
immutable. Having a copy function is a
good alternative to having data objects that
can be modified as it lets you easily create
another version of the object with modified
property values.

Q,: Can | declare that a data class is
abstract? Or open?

A: No. Data classes can'’t be declared
abstract or open, so you can't use a data
class as a superclass. Data classes can
implement interfaces, however, and from
Kotlin 1.1, they can also inherit from other
classes.



data classes

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. All the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

data class Movie(val title: String, val year: String)

class Song(val title: String, val artist: String)

fun main(args: Array<String>) {
var ml = Movie ("Black Panther", "2018")
var m2 = Movie ("Jurassic World", "2015")
var m3 = Movie ("Jurassic World", "2015")
var sl = Song("Love Cats", "The Cure")
var s2 = Song("Wild Horses", "The Rolling Stones")

var s3 = Song("Love Cats", "The Cure")

The tandidate
tode goes heve.— T

Candidates: Possible output:

println (m2 == m3)

println (sl == s3)

Mateh eath
candidate var m4 = ml.copy () true
with one o println(ml == md)
the possible
outputs var m5 = ml.copy ()
rintln(ml === m5
i : ) false

var mé6 = m2
m2 = m3
println (m3 == m6)
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mixed messages solution

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. All the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

Solution

data class Movie(val title: String, val year: String)
class Song(val title: String, val artist: String)
fun main(args: Array<String>) {

var ml = Movie ("Black Panther", "2018")

var m2 = Movie ("Jurassic World", "2015")

var m3 = Movie ("Jurassic World", "2015")
var sl = Song("Love Cats", "The Cure")
var s2 = Song("Wild Horses", "The Rolling Stones")
var s3 = Song("Love Cats", "The Cure")

The tandidate

tode goes here.— D

}
ml == m3is Candidates: Possible output:

*(:\ruc bc(.ausc
Ml and m2 a> println (m2 == m3)

data objects.

println(sl == s3)
w4 and ml

. _ true

have matthing —s ~ var m4 = ml.copy ()
‘Jro‘?cr{:\/ valucs; println (m1 = m4)
soml == m
is true var m5 = ml.copy ()
ml and m5 are —7 println (ml === m5)
separate ob\')ccjcs, false
soml === w? var m6 = m2
is ‘("alsc- m2 = m3

println (m3 == m6)
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data classes

Generated functions only use
properties defined in the constructor

So far, you’ve seen how to define a data class, and add properties to its
constructor. The following code, for example, defines a data class named

Recipe with properties named title and isVegetarian: (Data)
Recipe
data class Recipe(val title: String, val isVegetarian: Boolean) { I
title
} isVegetarian

Just like any other sort of class, you can also add properties and functions
to a data class by including them in the class body. But there’s a Big
Catch.

When the compiler generates implementations for data class functions,
such as overriding the equals function and creating a copy function,
it only includes the properties defined in the primary
constructor. So if you add properties to a data class by defining them
in the class body, they won’t be included in any of the generated functions.

Suppose, for example, that you add a new mainIngredient property (Da.ta)
. . . Recipe
to the Recipe data class body like this:
title
data class Recipe(val title: String, val isVegetarian: Boolean) ({ isVegetarian
var mainIngredient = "" mainingredient
}

As the mainIngredient property has been defined in the
main body of the class instead of the constructor, it’s ignored by
functions such as equals. This means that if you create two title: “Thai Curry”

Recipe objects using code like this: 7 isVegetarian: false
‘&Q mainIngredient: “Chicken”
val rl = Recipe ("Thai curry", false) L .
| Recipe
rl.mainIngredient = "Chicken" M
|
1 r2 = Recipe ("Thai ", fal e 8 , ,
val r ecipe ( ai curry alse) val Recipe title: “Thai Curry”
r2.mainIngredient = "Duck" /? isVegetarian: false
println(rl == r2) // evaluates to true ,@Q mainIngredient: “Duck”
2 .
. . | Recipe
the == operator will only look at the title and 2
isVegetarian properties to determine if the two objects i vl == 2 is rue because vl
are equal because only these properties have been defined in val Recipe and v have m&‘l:thing title
the data class constructor. If the two objects have different and iSchctavian properties.
values for the mainIngredient property (as in the above The == operator ignoves
example), the equals function won’t look at this property the main| ngredient property
when considering whether two objects are equal. beause it hasn't been

defined in the tonstructor.

But what if your data class has many properties that you want
to be included in the functions generated by the data class?
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default parameter

Initializing many properties
can lead to cumbersome code

As you’ve just learned, any properties that you want to be included
in the functions generated by a data class must be defined in its
primary constructor. But if you have many such properties, your
code can quickly become unwieldy. Each time you create a new
object, you need to specify a value for each of its properties, so if
you have a Recipe data class that looks like this:

data class Recipe(val title: String,
val mainIngredient: String,
val isVegetarian: Boolean,
val difficulty: String) {

}

your code to create a Recipe object will look like this:

val r = Recipe("Thai curry", "Chicken", false,

This may not seem too bad if your data class has a small
number of properties, but imagine if you needed to specify the
values of 10, 20, or even 50 properties each time you needed
to create a new object. Your code would quickly become much
harder to manage.

So what can you do in this sort of situation?

Pefault parameter values to the rescue!

If your constructor defines many properties, you can simplify
calls to it by assigning a default value or expression to one

or more property definitions in the constructor. Here’s

how, for example, you would assign default values to the
isVegetarian and difficulty properties in the
Recipe class constructor:

(Data)
Recipe

title
mainingredient
isVegetarian
difficulty

"Easy")

Every data class must have
a Primary constructor,
which must define at

least one parameter.

Fach parameter must be
pre{ixec[ with val or var.

[ [ Data
data class Recipe(val title: String, ls\/cgc{‘,aHAn has a Ig . )
i i - default value of false. ecipe
val mainIngredient: String, —
itle
val isVegetarian: Boolean = false, mamingredient
val difficulty: String = "Easy") { isVegetarian
} 4N difficulty
diffieulty has
Let’s see what difference this makes to the way in which we a default value

create new Recipe objects.
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data classes

How to use a constructor’s default values

When you have a constructor that uses default values, there

are two main ways of calling it: by passing values in order of
declaration, and by using named arguments. Let’s see how both
approaches work.

1. Passing values in order of declaration

This approach is the same as the one you’ve already been using,
except that you don’t need to provide values for any arguments
that already have default values.

Suppose, for example, that we want to create a Spaghetti

Bolognese Recipe object for a recipe that’s not vegetarian and is We've not s?cci(:icd. va.lucs for the b alucs
easy to make. We can create this object by specifying the values of isVegetarian and diff l‘LuH'f‘/ gro{\zcr l\/ values,
the first two properties in the constructor using the following code: so the ob\')cc‘{: uses their default values.

val r = Recipe ("Spaghetti Bolognese", "Beef") title: “Spaghetti Bolognese”

mainIngredient: "Beef"

The above code assigns values of “Spaghetti Bolognese” 7 isVegetarian: false
and “Beef” to the title and mainIngredient Qg‘? difficulty: “Easy”
properties. It then uses the default values specified in the = Recipe

constructor for the remaining properties. r ’f

You can use this approach to override property values if val E;;ipe

you don’t want to use the default values. If you wanted ans isVeactavian a value o {
to create a Recipe object for a vegetarian version of Assigns isVege {_;: " debault value
Spaghetti Bolognese, for example, you could use the true, and ‘EES | Jcc covevty.
following: 1/ for the dirriculty property

val r = Recipe ("Spaghetti Bolognese", "Tofu", true) . « . ”
title: “Spaghetti Bolognese

mainIngredient: "Tofu"

This assigns values of “Spaghetti Bolognese”, “Tofu” and > isVegetarian: true
true to the first three properties defined in the Recipe ‘§§\’ difficulty: “Basy”
constructor, and uses the default value of “Easy” for the T‘Q’Q/, Recipe

final di fficulty property. r

{
Note that in order to use this approach, you must pass val I?!—e-;ipe
values in the order in which they are declared. You can't,
say, omit the value of the isVegetarian property
if you want to override the value of the difficulty
property that comes after it. The following code, for This cod N

e id: Is tode won T Lompile
example, is invalid 35 the comilr “Pci{sz
the thivd argument 4o
be a Boolean.

val r = Recipe ("Spaghetti Bolognese", "Beef", "Moderate") K

Now that you’ve seen how passing values in order of declaration
works, let’s look at how to use named arguments instead.
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named arguments

2. Using named arguments

(Calling a constructor using named arguments lets you explicitly

state which property should be assigned which value, without ‘IOI' every argument tllat
having to stick to the order in which properties are defined. 9

doesn’t have a default
B(.)lognese ReC}pe object tbat specifies t.he v.alues of thff Value assignec[ 1o lt or
title and mainIngredient properties, just as we did

carlier. To do this using named arguments, you would use the your CO(Ie Won’t COmPile.

following code:

You must pass a value

Suppose, for example, that we want to create a Spaghetti

val r = Recipe(title = "Spaghetti Bolognese", &This SPcCi(’\ics the name O‘F eath Pro\’cr‘f‘,\/
4 4 " " )
mainIngredient = "Beef") and the value i{: should have.

The above code assigns values of “Spaghetti Bolognese” bitle: “Spaghetti Bolognese”

and “Beef” to the title and mainIngredient mainIngredient: "Beef”
properties. It then uses the default values specified in /? isVegetarian: faise
the constructor for the remaining properties Q’g}% difficulty: “Easy”

> .
Note that because we’re using named arguments, the Tr ‘| Recipe

!

The following code, for example, does the same thing as val Ee::‘ipe
the code above, and is equally valid:

order in which we specify the arguments doesn’t matter.

. he order in
val r = Recipe (mainIngredient = "Beef", With named ariumcn‘{‘,s, t £
y the value ot eath

title = "Spaghetti Bolognese") whith Yo SYCD;
property doesn't matter.
The big advantage of using named arguments is

that you only need to include arguments that have

no default value, or whose default value you want to

override. If you wanted to override the value of the

difficulty property, for example, you could do so

using code like this:

val r = Recipe(title = "Spaghetti Bolognese",
title: “Spaghetti Bolognese”

mainIngredient = "Beef",
mainIngredient: "Beef"
difficulty = "Moderate") /? isVegetiI‘ian' false
&

difficulty: “Moderate”

Using default parameter values and named arguments Q)‘/, Recipe
doesn’t just apply to data class constructors; you can also use fr

them with normal class constructors or functions. We’ll show » |

you how to use default values with functions after a small val Recipe

diversion.
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Seesndary Construetors

Just as in other languages such as Java, classes in Kotlin let you
define one or more secondary constructors. Secondary
constructors are extra constructors that allow you to pass
different parameter combinations to create objects. Most of the
time, however, you don’t need to use them as having default
parameter values is so flexible.

Even though secondary tonstruttors
avent used all that much in
Kotlinville, we thought we'd give
You @ ﬂ\u'lck overview so that You
know what they look like.

Here’s an example of a class named Mushroom that defines
two constructors—a primary constructor defined in the class )

. . anav-y tonstruttor.
header, and a secondary constructor defined in the class body: /

class Mushroom(val size: Int, val isMagic: Bm {

constructor (isMagic_param: Boolean) : this(0, isMagic_param) {

Setondary

tonstruetor. //Code that runs when the secondary constructor is called

}

Each secondary constructor starts with the constructor
keyword, and is followed by the set of parameters used to call it.
So in the above example, the code:

constructor (isMagic_param: Boolean)
creates a secondary constructor with a Boolean parameter.

If the class has a primary constructor, each secondary constructor
must delegate to it. The following constructor, for example,

This calls the primary tonstruttor of

; : he primavr
calls the Mushroom class primary constructor (using the this the eurvent t‘lasT e asosczot' Eh‘: l:u 1
keyword), passing it a value of 0 for the size property, and the construttor a Vz ue /\;], T {-,)\c
value of the parameter isMagic param for the isMagic and the value ot isMagic_p
parameter: isMagjie yaramciccr

constructor (isMagic param: Boolean) I this (0, isMagic_param)(

You can define extra code that the secondary constructor should
run when it’s called in the secondary constructor’s body:

constructor (isMagic param: Boolean) : this (0, isMagic param) {

//Code that runs when the secondary constructor is called

}
Finally, once you've defined a secondary constructor, ‘?§ ?ize: 0.
. . . . . 2 isMagic: true
you can use it to create objects using code like this: T‘ |
val m = Mushroom (true) n i Mushroom

e =
val Mushroom
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default values

Functions can use default values too

Suppose we have a function named findRecipes that
searches for recipes based on a set of criteria:

fun findRecipes(title: String,
ingredient: String,
isVegetarian: Boolean,
difficulty: String) : Array<Recipe> {
//Code to find recipes

Each time we call the function, we must pass it values for all four
parameters in order for the code to compile like this:

val recipes = findRecipes ("Thai curry", "", false, "")

We can make the function more flexible by assigning each
parameter a default value. Doing so means that we no longer
have to pass all four values to the function in order for it to

compile, only the ones that we want to override: This is the same function as the

fun findRecipes(title: String = "", oncabmw;bWtfhk'Umc,WCWC5ch
ingredient: String =n n, Cath Para"‘C{CY a dC‘Caul{ ValMC.

isVegetarian: Boolean = false,
difficulty: String = "") : Array<Recipe> {
//Code to find recipes

So if we wanted to pass the function a value of “Thai curry” for
the title parameter and accept the default values for the rest,
we could use the code:

val recipes = findRecipes ("Thai curryvv)& Both °£ these eall the -CindRcCi\?cs
Lunction, using 3 value of “Thai
ewrey’ for the title argument.

And if we wanted to pass the parameter value using named
arguments, we could use the following instead:

val recipes = findRecipes(title = "Thai curry")

Using default values means that you can write functions that are
much more flexible. But there are times when you might want to
write a new version of the function instead by overloading it.
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Overloading a function

Function overloading is when you have two or more functions with
the same name but with different argument lists.
Suppose you have a function named addNumbers that looks like this:
fun addNumbers (a: Int, b: Int) : Int {
return a + b

}

The function has two Int arguments, so you can only pass Int
values to it. If you wanted to use it to add together two Doubles, you
would have to convert these values to Ints before passing them to the
function.

You can, however, make life much easier for the caller by overloading
the function with a version that takes Doubles instead, like so:

fun addNumbers (a: Double, b: Double) : Double {
—

return a + b This is an overloaded version of the same

} function that uses Doubles instead of [nts.

This means that if you call the addNumbers function using the code:

addNumbers (2, 5)

then the system will spot that the parameters 2 and 5 are Ints, and call
the Int version of the function. If; however, you call the addNumbers
function using:

addNumbers (1.6, 7.3)

then the system will call the Double version of the function instead, as
the parameters are both Doubles.

Pos and don’ts for function overloading:
o The return types can be different.

data

An overloaded
function is just a
different function
that llappens to
have the same
function name with
different arguments.

An overloaded
function is NOT

the same as an
over@ function.

You're free to change the return type of an overloaded function, so long as

the argument lists are different.

o You can't change ONLY the return type.

If only the return type is different, it’s not a valid overload—the compiler
will assume you’re trying to override the function. And even that won’t be
legal unless the return type is a subtype of the return type declared in the

superclass. To overload a function, you MUST change the argument list,

although you can change the return type to anything.
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update code

Let’s update the Recipes project

Now that you’ve learned how to use default parameter values
and overload functions, let’s update the code in the Recipes

project.

Update your version of the code in file Recipes.kt so that it
matches ours below (our changes are in bold):

data class Recipe(val title:

Add new main,hg\'cdien{:
and di«c‘FiCuH:\/ F\’o?t!r'{:ics.

String,

val mainIngredient: String,

<<:§al isVegetarian: Boolean = false,

val difficulty: String = "Easy")

) This is an example of a tlass with a secondary
( tonsruttor, jus{; so that You £an see one in attion.

class Mushroom(val size:

constructor (isMagic_param: Boolean)

{

Int, val isMagic: Boolean) ({

Assign dc&uH’.
values o the
isVegetarian
and dikficulty

properties.

this (0, isMagic_param) {

//Code that runs when the secondary constructor is called

}
) This is an example of 3 function
—that uses default pavameter values.
fun findRecipes(title: String = "",

ingredient: String = "",
isVegetarian: Boolean = false,

difficulty: String = "")

//Code to find recipes

return arrayOf (Recipe(title, ingredient, isVegetarian, difficulty))

I

fun addNumbers (a: Recipes

return a +

fun addNumbers (a:

return a +
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Int, b: Int) Int {

b

These ave overloaded funttions.

A

Double, b: Double) : Double {

b

: Array<Recipe> {

src

Recipes.kt

(Data)
Recipe

title
mainingredient
isVegetarian
difficulty

Mushroom

size
isMagic




The code continved...

fun main(args: Array<String>) {

val rl =
val r2 =

val r3 =

println("rl

val (title,

Recipe ("Thai Curry",

Recipe (title =

data classes

We've thanaed the Retipe primary construttor, so we need
1o thange how it's ealled so that the code tompiles.

"Chicken" ~fa+=ws)
"Thai Curry", mainIngredient = "Chicken'"~fats=)

.copy (title = "Chicken Bhuna")

hash code: ${rl.hashCode()}") [::]

hash code: ${r2.hashCode()}") Rede?

hash code: ${r3.hashCode()}") E::]
toString: ${rl.toString()}") stl

== r2? ${rl == r2}")

e 122 §{rl === £2)") Inelude Retipe’s new properties Recipes.kt

—— 132 ${rl == r3}") when we destructure vl.

mainIngredient, vegetarian, difficulty) =

!

println("title is $title and vegetarian is $vegetarian")

<« Create a Mushroom by calling its primary construttor.

val ml = Mushroom (6, false)
println("ml size is ${ml.size} and isMagic is ${ml.isMagic}")
val m2 = Mushroom(true) < —— Create a Mushroom by calling its sccondar\/ tonstruttor.
println("m2 size is ${m2.size} and isMagic is ${m2.isMagic}")

println (addNumbers (2, 5))< Call the Int vevrsion of addNumbers.

println(addNumbers (1.6, 7.3)) <—2¢all the Double version of addNumbers.

Test drive

When you run your code, the following text gets printed in the IDE’s
output window:

rl hash code: 295805076

r2 hash code: 295805076

r3 hash code: 1459025056

rl toString: Recipe(title=Thai Curry, mainIngredient=Chicken, isVegetarian=false, difficulty=Easy)
rl ==r2% true

rl ===r2? false

rl ==r3% false

title is Thai Curry and vegetarian is false
ml size is 6 and isMagic is false

me size is O and isMagic is true

7

8.9
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no dumb

Dum

Q,: Can a data class include functions?

A: Yes. You define data class functions in exactly the same way
that you define functions in a non-data class: by adding them to the
class body.

Q: Default parameter values look really flexible.

A: They are! You can use them in class constructors (including
data class constructors) and functions, and you can even have a

default parameter value that's an expression. This means that you
can write code that's flexible, but very concise.

Q: You said that using default parameter values mostly
gets around the need for writing secondary constructors. Are
there any situations where | may still need them?

A: The most common situation is if you need to extend a class
in a framework (such as Android) that has multiple constructors.

You can find out more about using secondary constructors in
Kotlin’s online documentation:

https://kotlinlang.org/docs/reference/classes.html

214

therejare no
b Questions

Q: | want Java programmers to be able to use my Kotlin
classes, but Java has no concept of default parameter values.
Can | still use default parameter values in my Kotlin classes?

A: You can. When you call a Kotlin constructor or function from
Java, just make sure that the Java code specifies a value for each
parameter, even if it has a default parameter value.

If you plan on making a lot of Java calls to your Kotlin constructor
or function, an alternative approach is to annotate each function or
constructor that uses default parameter values with
@JIvmOverloads. This tells the compiler to automatically
create overloaded versions that can more easily be called from
Java.

Here’s an example of how you use @JvmOverloads witha
function:

@JvmOverloads fun myFun (str:
//Function code goes here

String = "") {
}

And here's an example of how you use it with a class that has a
primary constructor:

class Foo @JvmOverloads constructor (i:
//Class code coes here

Int = 0){
}

Note that in order to annotate the primary constructor with
@JvmOverloads, you must also prefix the constructor with
the constructor keyword. Most of the time, this keyword is
optional.



data classes

BE the Compiler

Here are two complete Kot]in fies.
Your job is to play like you're the
compiler and determine whether
each of these files will
compile. If they won’t
compile, how would you
fix them?

data class Student (val firstName: String, val lastName: String,

val house: String, val year: Int = 1)

fun main(args: Array<String>) {

val sl = Student ("Ron", "Weasley", "Gryffindor")

val s2 = Student ("Draco", "Malfoy", house = "Slytherin")
val s3 = sl.copy(firstName = "Fred", year = 3)

val s4 = s3.copy(firstName = "George")

val array = arrayOf (sl, s2, s3, s4)
for ((firstName, lastName, house, year) in array) {

println("$firstName $lastName is in Shouse year S$year")

data class Student(val firstName: String, val lastName: String,

val house: String, val year: Int = 1)

fun main(args: Array<String>) {

val sl = Student ("Ron", "Weasley", "Gryffindor")
val s2 = Student (lastName = "Malfoy", firstName = "Draco", year = 1)
val s3 = sl.copy(firstName = "Fred")

s3.year = 3

val s4 = s3.copy(firstName = "George")
val array = arrayOf (sl, s2, s3, s4)

for (s in array) {

println("${s.firstName} ${s.lastName} is in ${s.house} year ${s.year}")
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be the compiler solution

BE the Compiler Sofufien

Here are two complete Kot]in fies.
Your job is to play like you're the
compiler and determine whether
each of these files will
compile. If they won’t
compile, how would you
fix them?

data class Student (val firstName: String, val lastName: String,

val house: String, val year: Int = 1) This wﬂléom?ﬂc and vun

values for each Student.

fun main(args: Array<String>) { saCCcss«cu"\/‘ H: \7"."‘{-’5 °“+‘
val sl = Student ("Ron", "Weasley", "Gryffindor") fhc-cW$£Namc,b$£Namq
val s2 = Student ("Draco", "Malfoy", house = "Slytherin") house and \/cav. yroycr{:\/
val s3 = sl.copy(firstName = "Fred", year = 3)
(

val s4 = s3.copy(firstName = "George")

This line destructures eath
— Student ob\')cc‘{: in the array:

val array = arrayOf (sl, s2, s3, s4)
for ((firstName, lastName, house, year) in array) {

println("$firstName $lastName is in Shouse year S$year")

data class Student(val firstName: String, val lastName: String,

val house: String, val year: Int = 1)

fun main(args: Array<String>) {
val sl = Student ("Ron", "Weasley", "Gryffindor")

) _» . »
val s2 = Student (lastName = "Malfoy", firstName = "Draco", year = l,hmﬁc-— Shﬁ$CWn)
val s3 = sl.copy(firstName = "Fred",\/ca\‘:g)

—sIyrear ——3—

. ) . . . )
val s4 = s3.copy (firstName = "George™) This won't compile as a value is vequired for s2's

house yroycr{',\/, and as year is defined using val,

val array = arrayOf(sl, s2, s3, s4) its value ¢an on|\/ be set when 'I‘US initialized.
for (s in array) {

println("${s.firstName} ${s.lastName} is in ${s.house} year ${s.year}")
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QBUI.I.ET POINTS

Your Kotlin Toolbox

You’ve got Chapter 7 under
your belt and now you’ve

parameter values to your toolbox.

added data classes and default

data

You ¢an download
£he £ull eode for
the thapter Lrom
Witps:// {in\/wl.com/
HFKoHin.

——————————————

The behavior of the == operator is determined by
the implementation of the equa1 s function.

Every class inherits an equals, hashCode
and toString function from the Any class
because every class is a subclass of Any. These
functions can be overridden.

The equals function tells you if two objects are
considered “equal”. By default, it returns t rue if
it's used to test the same underlying object, and
false ifit's used to test separate objects.

The === operator lets you check whether two
variables refer to the same underlying object
irrespective of the object’s type.

A data class lets you create objects whose

main purpose is to store data. It automatically
overrides the equals, hashCode and
toString functions, and includes copy and
componentN functions.

The data class equals function checks for
equality by looking at each object’s property
values. If two data objects hold the same data,
the equals function returns true.

The copy function lets you create a new copy of
a data object, altering some of its properties. The
original object remains intact.

componentN functions let you destructure
data objects into their component property
values.

A data class generates its functions by
considering the properties defined in its primary
constructor.

Constructors and functions can have default
parameter values. You can call a constructor or
function by passing parameter values in order of
declaration or by using named arguments.

Classes can have secondary constructors.

An overloaded function is a different function
that happens to have the same function name.
An overloaded function must have different
arguments, but may have a different return type.

¢\asses
s kor da
Rule o be @ prim2 ponsbrot "
% Theve ™ wttor wust dc&: ne

.
¥ The \m"\e \:’avamc’cc“s'

one ov moY'

* Eaf)‘ Yavamc{'ﬂ" w

Va\ ov Nav-

or
*Data ¢lasses ust ot e oren
abs‘(xac\:.
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8 nulls and exceptions

*
« Safe and Sound *
X

Oh, Elvis! T know my
code is safe with you.

Everybody wants to write code that’s safe.

And the great news is that Kotlin was designed with code-safety at its heart. We'll start by
showing you how Kotlin’s use of nullable types means that you'll hardly ever experience
a NullPointerException during your entire stay in Kotlinville. You'll discover how to make

safe calls, and how Kotlin’s Elvis operator stops you being all shook up. And when we're

done with nulls, you'll find out how to throw and catch exceptions like a pro.
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removing references

How do you remove object
references from variables?

As you already know;, if you want to define a new Wolf variable
and assign a Wolf object reference to it, you can do so using
code like this:

var w = Wolf ()

The compiler spots that you want to assign a Wol £ object to the
w variable, so it infers that the variable must have a type of Wolf:

L s You've assigning Wolf object 1o
vav;ch, the compiler infers that the

&
T/@”, saviable's type should also be Wolf.
i Wolf
|

var Wolf

Once the compiler knows the variable’s type, it ensures that it
can only hold references to Wol £ objects, including any Wolf
subtypes. So if the variable is defined using var, you can update
its value so that it holds a reference to an entirely different Wolf
object using, for example:

w = Wolf ()

Remove the vefevente

{o this Wolf ob\')c(,{...

var Wolf [<— ..and assign a veferente
to this one instead.

But what if you want to update the variable so that it holds a
reference to no object at all? How do you remove an object
reference from a variable once one has been assigned?
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nulls and exceptions

Remove an object reference using null

If you want to remove a reference to an object from a variable,

you can do so by assigning it a value of null: [ T})e Me&ning 6)? NUH

w = null When you set a variable to
null,it’s like deprogramming
a remote control. You have a
remote control (the variable),

A null value means that the variable doesn’t refer to an object:
the variable still exists, but it doesn’t point to anything

But there’s a Big Gatch. By default, types in Kotlin won’t accept null bujc no TV at the other end (the

values. If you want a variable to hold null values, you object).

must explicitly declare that its type is nullable. A null reference has bits representing
“null’, but we don’t know or care

Why have "U"able -|'ypes? what those bits are. The system
automatically handles this for us.

A nullable type is one that allows null values. Unlike other

programming languages, Kotlin tracks values that can be null to
stop you from performing invalid actions on them. Performing

invalid actions on null values is the most common cause of )
runtime problems in other languages such as Java, and can cause £ you {‘,\r\/ to ?CV‘(:OV'"‘ an invalid operation on

your application to crash in a heap when you least expect it. These a null value in Java, \/OlA)“ be faced W:‘H‘ .a big
problems, however, rarely happen in Kotlin because of its clever ~ 4——fat N ullPointerExeeption. An exteption is a
use of nullable types. warning that Lells you som}c{:hing c*écp{nom?ll\/

. . ) bad has \')us{: happened. We Il look at exteptions
You declare that a type is nullable by adding a question mark (?) to . move detail later in the chapter.

the end of the type. To create a nullable Wol £ variable and assign
anew Wolf object to it, for example, you would use the code:

var w: Wolf? = Wolf () & —— i a Wolf?, which means it tan hold

‘(: nées ol ob\
rggﬁ,/—\ rekeventes to Wolf b\)cd‘,s, and null.
g O A nullable type is one

varmlf? Wolf
that can hold null

And if you wanted to remove the Wolf reference from the

variable, you would use: Setting v 4o all values in aC[C[itiOﬂ 10
w = null vemoves the veferente . 92
to the Wolf dbject. its hase type. A Duck?

Qﬁ’ J varialale, for example,
fw | O will accept Duck
var Wolf? Wolf o]ojects and null.

So where can you use nullable types?
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where to use nullable types

You can use a nullable type everywhere
You can use a hon-nullable type

Every type you define can be turned into a nullable version of that type
by simply adding a ? to the end of it. You can use nullable types in the
same places that you would use plain old non-nullable types:

° When defining variables and properties.
Any variable or property can be nullable, but you must explicitly define
it as such by declaring its type, including the ?. The compiler is unable
to infer when a type is nullable, and by default, it will always create a
non-nullable type. So if you want to create a nullable String variable
named str and instantiate it with a value of “Pizza”, you must declare
that it has a type of String? like this:

var str: String? = "Pizza"

Note that variables and properties can be instantiated with null. The
following code, for example, compiles and prints the text “null”:

var str: String? = null 6-”‘4‘5 is di‘F\ccrcr\{: o sa ing

println (str) var str: String? =
“is a String objeet that contains no chavacters,
o When defining parameters. wheveas null is not a String object.

You can declare any function or constructor parameter type as nullable.
The following code, for example, defines a function named printInt
which takes a parameter of type Int? (a nullable Int):

fun printInt (x: Int?) {
println (x)
}
When you define a function (or constructor) with a nullable parameter,
you must still provide a value for that parameter when you call the

function, even if that value is null. Just like with non-nullable parameter
types, you can’t omit a parameter unless it’s been assigned a default value.

o When defining function return types.
A function can have a nullable return type. The following function, for
example, has a return type of Long?:

. Long? | — The funttion must veturn a value that’s a Long or nll.

fun result ()
//Code to calculate and return a Long?

}

You can also create arrays of nullable types. Let’s see how.
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nulls and exceptions

How to create an array of nullable types

An array of nullable types is one whose items are nullable. The

following code, for example, creates an array named myArray

that holds String?s (Strings that are nullable):

An Awa\/<S{'xin5?> tan

. 3 ) — wppgow " "
var myArray: Array<String?> arrayOf ("Hi", "Hello") k_ hold S{:\rihgs and nulls.

The compiler can, however, infer that the array should hold
nullable types if the array is initialized with one or more null
items. So when the compiler sees the following code:

var myArray = arrayOf ("Hi", "Hello", null)

it spots that the array can hold a mixture of Strings
and nulls, and infers that the array should have a type of

Array<String?>:
O “ Hi” O “Hello ”
String String
\/’} null

The 4hivd item has been initialized with
a value of null. As the arvay tontains
both Strings and null values, it eveates
an arvay that can hold S{:\ring?s.

var Array<String?>

Now that you’ve learned how to define nullable types, let’s see
how to refer to its object’s functions and properties.

thereqare no o
Dumb Questions

Q,: What happens if | initialize a variable with a null value, Q: You said in the previous chapter that every object is a
and let the compiler infer the variable’s type? For example: subclass of Any. Can a variable whose type is Any hold null
values?
var x = null

A: No. If you want a variable to hold references to any type of
A: The compiler sees that the variable needs to be able to hold object and null values, its type must be Any 2. For example:
null values, but as it has no information about any other kinds

of object it might need to hold, it creates a variable that can only var z: Any?

hold a value of nu1 1. This probably isn't what you want, so if

you're going to initialize a variable with a null value, make sure you

specify its type.
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accessing nullable type members

How to access a nullable type’s functions and properties

Suppose you have a variable whose type is nullable, and you want to
access its object’s properties and functions. You can’t make function
calls or refer to the properties of a null value as it doesn’t have any. To
stop you from performing any operations that are invalid, the compiler
insists that you check that the variable is not null before giving you
access to any functions or properties.

Imagine you have a Wol£? variable which has been assigned a
reference to a new Wolf object like this:

var w: Wolf? = Wolf ()

To access the underlying object’s functions and properties, you first

have to establish that the variable’s value is not null. One way of

achieving this is to check the value of the variable inside an i f. The

following code, for example, checks that w’s value is not null, and eat()

then calls the object’s eat () function: Q /\
Q)
AQQ -
if (w != null) { f |
w.eat ()« The com?ilc\r' knows that w is not null, w |

} so Yyou tan ¢all the eat() funttion. var Wolf? Wolf

You can use this approach to build more complex conditions. The
following code, for example, checks that the w variable’s value 1s not
null, and then calls its eat () function when its hunger property is
less than 5:

if (w !'= null && w.hunger < 5) {

w.eat ()

The vight side of the £¢ is on|7 exetuted if the left side is true, so heve,
the tompiler knows that w can't be null, and it allows You 4o eall w-hunger.

There are some situations, however, where this kind of code may still fail.

}

If the w variable is used to define a var property in a class, for example,
it’s possible that a null value may have been assigned to it in between the
null-check and its usage, so the following code won’t compile:

class MyWolf {
var w: Wolf? = Wolf ()

fun myFunction () {
if (w !'= null){
w.eat () )
} N This won't compile because the compiler can't guarantee
: that some other tode won't update the w property in
: between thecking it's not null, and its usage.
Fortunately, there’s a safer approach that avoids this kind of problem.
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Keep things safe with safe calls

If you want to access a nullable type’s properties and functions, an
alternative approach is to use a safe call. A safe call lets you access
functions and properties in a single operation without you having to
perform a separate null-check.

To see how safe calls work, imagine you have a Wol £? property (as
before) that holds a reference to a Wolf object like so:

var w: Wolf? = Wolf ()

To make a safe call to the Wolf’s eat function, you would use the
following code:

w?.eat () &— The 2. means that eat() is only called if w is not mull
This will only call the Wolf’s eat function when w is not null. It’s like
saying “if w is not null, call eas”.

Similarly, the following code makes a safe call to w’s hunger property:

w?.hunger

If wis not null, the expression returns a reference to the hunger
property’s value. If, however, w is null, the value of the entire
expression evaluates to null. Here are the two scenarios:

Q Scenario A: w is not null.

The w variable holds a reference to a Wolf object, and the value of its

hunger property is 10. The code w? . hunger evaluates to 10.

w?.hunger
//Returns 10 Qg/—\

T i hunger: 10
w
[

varmlf? Wolf

Q Scenario B: w is null.

The w variable holds a null value, not a Wolf£, so the entire expression

evaluates to null.

w?.hunger

//Returns null 4

var Wolf?

I'm null, so I don't have
access to Wolf properties.

nulls exceptions

2 is the safe call
oPerator. It lets

you safely access

a nullable ty]oe’s
functions and
proPerties.
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the chain

You can chain safe calls together

Another advantage of using safe calls is that you can chain them
together to form expressions that are powerful yet concise.

Suppose you have a class named MyWolf£ that has a single
Wolf? property named w. Here’s the class definition:
class MyWolf ({
var w: Wolf? = Wolf ()
}

Suppose also that you have a MyWol £? variable named myWol £
like this:

var myWolf: MyWolf? = MyWolf ()

If you wanted to get the value of the hunger property for the
myWolf variable’s Wolf, you could do so using code like this:

myWolf?.w?.hunger < _ | m\/Wolf is not null, and w is not null, get hunger. Otherwise, use null.
It’s like saying “If myWolf or w is null, return a null value.

Otherwise, return the value of w’s hunger property”. The

expression returns the value of the hunger property if (and only

if)y myWolf and w are both not null. If either myWolf or w is

null, the entire expression evaluates to null.

What happens when a safe call chain gets evalvated

Let’s break down what happens when the system evaluates the
safe call chain:

myWolf?.w?.hunger

0 The system first checks that myWolf is not null.
If myWolf is null, the entire expression evaluates to null. If myWolf
isnot null (as in this example), the system continues to the next part of
the expression.

myWolf?. w?.hunger
< /\
g@‘%'
|

var MyWolf? MyWolf
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nulls and exceptions

The story continves...

e The system then checks that myWolf's w property is not null.

Provided myWolf£ is not null, the system moves on to the next part of the
expression, the w? part.

If wis null, the entire expression evaluates to null. If wis not null, asin
this example, the system moves onto the next part of the expression.

| & Xl O

myWolf?. w?.hunger

|
~—j —_—
\ J ? Wolf
thyWolf var Wolf
var MyWolf? MyWolf

e If w is not null, it returns the value of w's hunger property.
So long as neither the myWo1l £ variable nor its w property are null, the

expression returns the value of w’s hunger property. In this example, the
expression evaluates to 10.

myWolf?.w?. hunger

s7 N
$
YR 2 hunger: 10
¢ wl

S . ! :

\

tyWolf varjWolf? Wol

var MyWolf? MyWolf

So as you can see, safe calls can be chained together to
form concise expressions that are very powerful yet safe.
But that’s not the end of the story.
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safe calls

You can use safe calls to assign values...

As you might expect, you can use safe calls to assign a value to a
variable or property. If you have a Wol £? variable named w, for
example, you can assign the value of its hunger property to a
new variable named x using code like this:

var x = w?.hunger
It’s like saying “If w is null, set x to null, otherwise set x to the
value of w’s hunger property”. As the expression:

w?.hunger

can evaluate to an Int or null value, the compiler infers that x
must have a type of Int?.

...and assign values to safe calls

You can also use a safe call on the left side of a variable or
property assignment.

Suppose, for example, that you wanted to assign a value of 6 to
w’s hunger property, so long as w is not null. You can achieve
this using the code:

w?.hunger = 6
The code checks the value of w, and if it’s not null, the code

assigns a value of 6 to the hunger property. If wis null,
however, the code does nothing.

You can use chains of safe calls in this situation too. The following
code, for example, only assigns a value to the hunger property if
both myWolf and w are not null:

myWolf?.w? . hunger = 2

It’s like saying “if myWolf1s not null, and myWolf's w property
value is not null, then assign a value of 2 to w’s hunger property”:

K
& ,, "l
S yWoI,f val?\TV—olf?
!

—

var MyWolf? MyWolf

Now that you know how to make safe calls to nullable types, have
a go at the following exercise.
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é?/\_\
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<3
[

var Int?

3
@Q))'
-
|

var Wolf?

0

Wolf

[ w's hunger property is 10,
var % = w¢ hunger

eveates an [nt? vaviable with
a value of 10.

Olo

"F w is not null,
w.?.hungcr =b
sets w's hunger property to 6.

/\O hunger: ;;q\\é

Wolf

hunger: 2
hunger is set to 2 only if
m\/Wol«c and w are both

not null.



Q class Cat(var name: String? = "") {

fun Meow ()

}

fun main(args: Array<String>)

var myCats = arrayOf (Cat ("Misty"),

for

null,

Cat ("Socks"))

(cat in myCats) {
if (cat !'= null) {

{

print ("${cat.name}:

cat.Meow ()

{ println("Meow!")

vl)

}

BE tbe Com 1161?

Each of the Kotlin files on this page

§ Trepresents a complete source file. Your
L job is to play like you're the compiler,

‘ and determine whether each
of these files will compile
and produce the output on

the right. If not, why not?

nulls and exceptions

(TMS is the vequived output.

Misty: Meow!
Socks: Meow!

e class Cat(var name: String? = null) {
fun Meow () { println("Meow!") }

}

fun main(args: Array<String>) {
var myCats = arrayOf (Cat ("Misty"),
Cat (null),
Cat ("Socks") )
for (cat in myCats) {
print ("${cat.name}: ")
cat .Meow ()

G class Cat(var name: String?
Meow () { println("Meow!")

fun

}

fun main(args: Array<String>)

var myCats = arrayOf (Cat ("Misty"),

for

null)

{

null,

Cat ("Socks"))

(cat in myCats) {
print ("${cat?.name}:
cat?.Meow ()

H)

}

{

Q class Cat(var name: String = "") {
fun Meow () { println("Meow!") }

}

fun main(args: Array<String>) {
var myCats = arrayOf (Cat ("Misty"),
Cat (null),
Cat ("Socks"))
for (cat in myCats) {
if (cat != null) {
print ("${cat?.name}: ")
cat?.Meow ()
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be the compiler solution

BE the Combier §olution
Each of the Kotlin files on this page

represents a complete source file. Your
job is to play like you're the compiler,

determine whether each
of these files wil] compile
and produce the output on
the right. If not, why not?

e

Misty: Meow!
Socks: Meow!

This is the vequived output.

Q class Cat(var name: String? = "") {

fun Meow ()

}

fun main(args: Array<String>)

var myCats =

{ println("Meow!") }

arrayOf (Cat ("Misty"),

{

e class Cat(var name: String? =

}

null) {

fun Meow () { println("Meow!") }

fun main(args: Array<String>) {

var myCats = arrayOf (Cat ("Misty"),
Cat (null),
Cat ("Socks"))
for (cat in myCats) {
print ("${cat.name}: ")

cat .Meow ()

This tompiles, but the ou{:?u{‘, is
intorrect (the setond Cat with

a null name also Meows).

null,
Cat ("Socks"))
for (cat in myCats) {
if (cat !'= null) {
print ("${cat.name}: ")
cat .Meow ()
} . .
This compiles and produces
} the correet output.
0 class Cat(var name: String? = null) {
fun Meow () { println("Meow!") }
}
fun main(args: Array<String>) {
var myCats = arrayOf (Cat ("Misty"),
null,
Cat ("Socks"))

for (cat in myCats) {
print ("${cat?.name}:

cat?.Meow ()

u)
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This tompiles, but the ou{:?u{: is

incorreet (null gets printed for the

setond item in the myCats array).

Chapter 8

Q class Cat(var name: String = "") {

}

fun Meow () { println("Meow!") }

fun main(args: Array<String>) {

var myCats = arrayOf (Cat ("Misty"),
Cat (null),
Cat ("Socks"))
for (cat in myCats) {
if (cat != null) {
print ("${cat?.name}: ")

cat?.Meow ()

}
) This doesn't compile because
Cat tan't have a null name.

3]



nulls and exceptions

Use let to run code if values are not null

When you use nullable types, you may want to execute code if
(and only if) a particular value is not null. If you have a Wolf?
variable named w, for example, you might want to print the value
of w’s hunger property so long as w is not null.

One option for performing this kind of task is to use the code:
if (w != null ) {

println (w.hunger)

}
This ean happen i, say, w defines a var woycr’c\/

But if the compiler can’t guarantee that the w variable won’t in a elass, and You want 1o use its hunger ?roycr{\/
change in betwee.n the null-check and its usage, however, the &= n 3 scyara{:c Lunction. [t's the same situation that
code won’t compile. ou saw earlier in the L\'\a‘?*{:cr when we introduted
An alternative approach that will work in a// situations is to use the need for safe calls.
the code:

w?.let {

println(it.hunger) <—[f wis not null, let’s print its hunger-.
}

It’s like saying “if w is not null, let’s print its funger”. Let’s walk

through this. 2 let allows you to

The let keyword used in conjunction with the safe call operator

2. tells the compiler that you want to perform some action when run coc[e {or a value
the value it’s operating on is not null. So the following code: y
w?.let { tl‘at S Ilot null«u

// Code to do something
}

will only execute the code in its body if w is not null.

Once you've established that the value is not null, you can refer

to it in the body of the let using it. So in the following code <
| . . &
example, it refers to a non-nullable version of the w variable, = hunger: 6
allowing you to directly access its hunger property: w
|
w?.let { \{ou tan use “i‘l‘," to diY‘CC{Zl\I var Wolf? Wolf
println (it.hunger) $ ateess the Wol‘('\’s ‘Cuné‘{:iOhS <§ “.{:" |
} and yroycr{:icsv Qf’)' It is @ non—nullable
ﬁt | <— version of w that vefers

Let’s look at a couple more examples of when using let can be ‘_J to the same Wolf o )}cc{:.
useful, varWolf  You can refer 4o
within let’s bod\/.
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using

Using let with array items

let can also be used to perform actions using the non-null items
of an array. You can use the following code, for example, to loop
through an array of String?s, and print each item that is not
null:

var array = arrayOf ("Hi", "Hello", null)
for (item in array) {

item?.let {

println(it) <— This line only vuns for non—null items in the array

Using let to streamline expressions

let is particularly useful in situations where you want to perform
actions on the return value of a function which may be null.

Suppose you have a function named getAlphaWolf that hasa
return type of Wolf? like this:

fun getAlphaWolf () : Wolf? ({
return Wolf ()
}

If you wanted to get a reference to the function’s return value
and call its eat function if it’s not null, you could do so (in most
situations) using the following code:

var alpha = getAlphaWolf ()

if (alpha != null) {
alpha.eat ()

}

If you were to rewrite the code using let, however, you would
no longer need to create a separate variable in which to hold the
function’s return value. Instead, you could use:

getAlphaWolf () ?.let { s— Using let is move contise. [t's also safe,
it.eat() so You £an use it in all situations.

}

It’s like saying “get the alpha Wolf, and if it’s not null, let it eat”.
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use curly

braces to
Watch it! denote the
: let body.

If you omit the { }’s, your
code won’t compile.



Instead of using an if expression...

Another thing you may want to do when you have nullable types is

use an 1f expression that specifies an alternate value for something

that’s null.

Suppose that you have a Wol £ ? variable named w, as before, and

you want to use an expression that returns the value of w’s hunger

property if wis not null, but defaults to -1 if wis null. In most
situations, the following expression will work:

if (w != null) w.hunger else -1

But as before, if the compiler thinks there’s a chance that the w
variable may have been updated in between the null-check and its
usage, the code won’t compile because the compiler considers it to
be unsafe.

Fortunately there’s an alternative: the Elvis operator.

..YOU can use the safer Elvis operator

The Elvis operator ?: is a safe alternative to an if expression. It’s

called the Elvis operator because when you tip it on its side, it looks

a bit like Elvis.
Here’s an example of an expression that uses an Elvis operator:

w?.hunger ?: -1

The Elvis operator first checks the value on its left, in this case:
w?.hunger

If this value is not null, the Elvis operator returns it. If the value
on the left is null, however, the Elvis operator returns the value
on its right instead (in this case -1). So the code

w?.hunger ?2: -1

1s like saying “if w is not null and its hunger property is not null,
return the value of the Aunger property, otherwise return -17. It
does the same thing as the code:

if (w?.hunger != null) w.hunger else -1

but because it’s a safer alternative, you can use it anywhere.

Over the past few pages, you've seen how to access a nullable-
type’s properties and functions using safe calls, and how to use let
and the Elvis operator in place of if statements and expressions.
There’s just one more option we want to mention that you can use
to check for null values: the not-null assertion operator.

nulls exceptions

[Note from editor: Elvis? |s this
é— ) )okc? Return to sender.]

Thank you
very much.

This is the Elvis operator-.

The Elvis operator

2: is a safe version of
an if expression. It
returns the value on its
left if that is not null.
Otlnerwise, it returns
the value on its right.
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intentional NullPointerExceptions

The !! operator deliberately throws a NullPointerException

The not-null assertion operator, or ! !, is different to the other
methods for dealing with nulls that we’ve looked at over the past
few pages. Instead of making sure that your code is safe by handling
any null values, the not-null assertion operator deliberately throws a
NullPointerException if something turns out to be null.

Suppose, as before, you have a Wol £? variable named w, and you want
to assign the value of its hunger property to a new variable named x
if wor hunger is not null. To do this using a not-null assertion, you
would use the following code:

var x = w!!.hunger <=—Heve, the Il makes the assevtion that w is not null

If wand hunger are is not null, as asserted, the value of the
hunger property is assigned to x. Butif wor hungerisnull,a
NullPointerException will get thrown, a message will be displayed
in the IDE’s output window, and the application will stop running;

The message that’s displayed in the output window gives you

information about the Nul1lPointerException including a

stack trace giving you the location of the not-null assertion that

caused it. The following output, for example, tells you that the

NullPointerException was thrown from the main function at Heve's the NullPointerExeeption, with 3
line 45 in file App.kt: — stack trace telling you wheve it oteurved.

Exception in thread "main" kotlin.KotlinNullPointerException

at AppKt.main(App.kt:45) <— T}, exteption happened at line 45.

The following output, on the other hand, tells you that the
NullPointerException was thrown from a function named
myFunction in class MyWolf at line 98 of file App.kt. This function
was called from the main function at line 67 of the same file:

Exception in thread "main" kotlin.KotlinNullPointerException

at MyWolf. myFunction(App.kt:98)
at AppKt.main(App.kt:67)

So not-null assertions are useful if you want to test assumptions about
your code, as they enable you to pinpoint problems.

As you've seen, the Kotlin compiler goes to great lengths to make sure
that your code runs error-free, but there are still situations in which
it’s useful to know how to throw exceptions, and handle any that arise.
We’ll look at exceptions after we’ve shown you the full code for a new
project that deals with null values.
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Create the Null Values project

Create a new Kotlin project that targets the JVM, and name

the project “Null Values”. Then create a new Kotlin file

named App.kt by highlighting the src folder, clicking on the File
menu and choosing New — Kotlin File/Class. When prompted,
name the file “App”, and choose File from the Kind option.

We’ll add various classes and functions to the project, and a
main function that uses them, so that you can explore how null
values work. Here’s the code—update your version of App.kt to
match ours:

Create the Wolf elass.

class Wolf {
var hunger = 10

val food = "meat"

fun eat () {
println ("The Wolf is eating $food")

( Create the M\/Wol(: ¢lass.

class MyWolf {

nulls and exceptions

We've using @ tut—down vevsion
of the Wolf tlass we used in
caclier thapters in order to
keep the code simple.

MyWolf Wolf
wolf hunger
food
myFunction()
eat()

var wolf: Wolf? = Wolf ()
NuIIes
fun myFunction () {
wolf?.eat() src
) |—D
} App.kt

Create the getAlphaWolf function.
v

fun getAlphaWolf () : Wolf? {
return Wolf ()

The tode tontinues $
on the next page.
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test drive

The code continved...

fun main(args: Array<String>) {
var w: Wolf? = Wolf ()

MyWolf Wolf

wolf hunger

, _ food
if (w != null) { myFunction()

w.eat () eat()
}
var x = w?.hunger

println("The value of x is $x")

Use the ENis operator to set y to

if w is not null.
println("The value of y is Sy") Trcwvilu:uﬁﬁatu:cg‘cc:\/‘{: -l

var y = w?.hunger ?: -1

var myWolf = MyWolf ()
myWolf?.wolf?.hunger = 8
println ("The value of myWolf?.wolf?.hunger is ${myWolf?.wolf?.hunger}")

var myArray = arrayOf ("Hi", "Hello", null)

for (item in myArray) { Null Values
item?.let { println(it) }<=—This prints the non—null

} items in the arvay. src

getAlphaWolf () ?.let { it.eat() }
App.kt

w = null

var z = w!!.hunger<— This will throw 3 NullPointerExeeption as w is null.

When we run the code, the following text gets printed in the IDE’s
output window:

The Wolf is eating meat

The value of x is 10

The value of y is 10

The value of myWolf?.wolf? hunger is 8

Hi

Hello

The Wolf is eating meat

Exception in thread "main" kotlin. KotlinNullPointerException
at AppKt.main(App.kt:55)
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Poo] Puzzle

Your job is to take code snippets
from the pool and place them

You may not use the same
code snippet more than once,
and you won't need to use all
the code snippets. Your goal

is to create two classes named

Duck and MyDucks. MyDucks

must contain an array of nullable

Ducks, and include functions to

make each Duck quack, and return

the total height of all the Ducks.

Note: each thing from
the pool can only be
used once!

into the blank lines in the code.

nulls exceptions

class Duck(val height: = null) {

fun quack() {
println ("Quack! Quack!™)

class MyDucks (var myDucks: Array< >) |

fun quack() {

for (duck in myDucks) {

for (duck in myDucks) {
h duck height 0

return h
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pool puzzle

Poo] Puzzle Jolution

Your job is to take code snippets

/\ from the pool and place them
\ =
=

You may not use the same
code snippet more than once,
and you won't need to use all
the code snippets. Your goal

is to create two classes named

Duck and MyDucks. MyDucks

must contain an array of nullable

Ducks, and include functions to

make each Duck quack, and return

the total height of all the Ducks.

into the blank lines in the code.

This is Int2, not Int, as it
muS‘{', acccy’c a null value.

class Duck(val height: Int?2 = null) {

fun quack() {
println ("Quack! Quack!")

m I)ucksis an arvra
} ot nullable Ducks.

class MyDucks (var myDucks: Array<gy.§|§3’>) {
fun quack() {
for (duck in myDucks) {

duck 2. let {

Hcrc, wc'rc us'ms |c{: {;o makc caéh dud.k O\uaék,/? ............
but we tould have used dutk?-t\uatk() instead.  .Mbe )

fun totalDuckHeight(): Int {

{:o{:alDuckHcithc() veturns an ’n‘t;“é«var h: Int = 0

so h must be an [nt, not an Int?.

for (duck in myDucks) {

[€ the duck and its hcigh{: ave not null, add the — ™ h += duck ?. height ?2: 0

dutk’s height to h. Otherwise, add O to h instead. LT e

You didn't need +o
use these snippets.

return h
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An exception is thrown in exceptional circumstances

As we said earlier, an exception is a type of warning about
exceptional situations that pop up at runtime. It’s a way for code
to say “Something bad happened, I failed”.

Suppose, for example, that you have a function named
myFunction that converts a String parameter to an Int,
and prints it:

fun myFunction(str: String) {
val x = str.tolInt()
println (x)
println ("myFunction has ended")

}

If you pass a String such as “5” to myFunction, the code will

successfully convert the String to an Int, and print the value

5, along with the text “myFunction has ended”. If, however, you

pass the function a String that can’t be converted to an Int,

like “I am a name, not a number”, the code will stop running,

and display an exception message like this: \C\/ikc&

nulls

exceptions

Exception in thread "main" java.lang.NumberFormatException: For input string: 'T am a name, not a number"

at java.lang NumberFormatException.forInputString(NumberFormatException java:65)

at java.lang.Integer.parseInt(Integerjava:580) & The cxch{:ion stack

at java.lang.Integer.parselnt(Integerjava:615) trace mentions Java
) .

at AppKt.myFunction(App.kt:119) because we've vunning

at AppKt.main(App.kt:3)

You can catch exceptions that are thrown

When an exception gets thrown, you have two options for dealing
with it:

o You can leave the exception alone.
This will display a message in the output window, and stop your
application (as above).

o You can catch the exception and handle it.
If you know you might get an exception when you execute particular
lines of code, you can prepare for it, and possibly recover from whatever
caused it.

You've seen what happens when you leave exceptions alone, so
let’s look at how you catch them.

our tode on the JUM.
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try and catch

Catch exceptions using a try/catch

You catch exceptions by wrapping the risky code in a try/catch
block. A try/catch block tells the compiler that you know an
exceptional thing could happen in the code you want to execute, and
that you’re prepared to handle it. The compiler doesn’t care how you
handle it; it cares only that you say you're taking care of it.

I'm gonna TRY this
risky thing, and CATCH
myself if I fail.

Here’s what a try/catch block looks like:

fun myFunction(str: String) {

Heve's the try.. Sery {
val X = str.toInt ()
println(x)
.and here's—7} catch (e: NumberFormatException) {
the cateh. println ("Bummer")

println ("myFunction has ended")
}
The try part of the try/catch block contains the risky code that
might cause an exception. In the above example, this is the code:
try {
val x = str.tolnt()
println (x)
}

The catch part of the block specifies the exception that you want to
catch, and includes the code you want to run if it catches it. So if our
risky code throws a NumberFormatException, we’ll catch it and
print a meaningful message like this:

catch (e: NumberFormatException) {

println ("Bummer"

) ST} .
} This line will only vun if an cxdc?‘l‘,ion is caugh'b

Any code that follows the catch block then runs, in this case the code:

println("myFunction has ended")
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Use finally for the things
you want to do no matter what

If you have important cleanup code that you want to run

regardless of an exception, you can put itin a £inally block.

The £inally block is optional, but it’s guaranteed to run no
matter what.

To see how this works, suppose you want to bake something
experimental that might go wrong.

You start by turning on the oven.

If the thing you try to cook succeeds, you have to turn off
the oven.

If the thing you try is a complete failure, you have to turn
off the oven.

You have to turn off the oven no matter what, so the
code for turning the oven off belongs in a finally block:
try {
turnOvenOn ()
x.bake ()
} catch (e: BakingException) {

println ("Baking experiment failed")

} finally { We a|wa\/s want 4o call
turnOvenOff () <=— turnOven0LF(), <o it
} bclongs in the ‘(“iha”\/ bloek.

Without £inally, you have to put the turnOvenOf £
function call in both the try and the catch because you
have to turn off the oven no matter what. A finally
block lets you put all your important cleanup code in one
place, instead of duplicating it like this:
try f
turnOvenOn ()
x.bake ()
turnOvenOff£ ()
} catch (e: BakingException) {
println("Baking experiment failed")

turnOvenOff£ ()

nulls exceptions

{ry/cateh/tinall
oW CoyTo

* If the try block fails

(an exception):

Flow control immediately moves

to the catch block. When the

catch block completes, the finally
block runs. When the finally

block completes, the rest of the code
continues.

* If the try block succeeds (no
exception):

Flow control skips over the catch
block and moves to the finally block.
When the £inally block completes,
the rest of the code continues.

* If the try or catch block has
a return statement, finally will
still run:

Flow jumps to the £inally block, then
back to the return.
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exception hierarchy

An exception is an object of type Exception

Every exception is an object of type Exception. It’s the
superclass of all exceptions, so every type of exception inherits
from it. On the JVM, for example, every exception has a
function named printStackTrace that you can use to print o o
the exception’s stack trace using code like this:

I'm
exceptionall

tey printStackTrace() is a funttion that's available to
//Do risky thing all exteptions vunning on the Jum. (£ you eant
vetover from an exteption, use printStackTrace()

} tch (e: E tion) {
e e /{:o help you track down the tause of the problem.

e.printStackTrace ()

Exception

//Other code that runs when you get an exception

} Throwable is Exception’s superelass.

There are many different types of exception, each one of which
is a subtype of Exception. Some of the most common (or

Throwable
famous) are:

cause
message

o NullPointerException

Thrown when you try to perform operations on a null value. As

you've seen, NullPointerExceptions are nearly extinct in
Kotlinville.

0 ClassCastException Exception
You’ll get this if you try to cast an object to an incorrect type, like
casting a Wolf into a Tree.

c IllegalArgumentException

You can throw this if an illegal argument has been passed.

o IllegalStateException OtherException

Use this if some object has state that’s invalid.

You can also create your own types of exception by defining
anew class with Exception as its superclass. The following
code, for example, defines a new type of exception named Every exteption is 3

AnimalException: subtlass of Exteption,

class AnimalException : Exception() { } ihcluding all +he ones
mentioned on this page.

Defining your own types of exception can sometimes be useful
if you want to deliberately throw exceptions in your own code.
We’ll look at how this is done after a small diversion.
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nulls and exceptions

Safe Casts Up Close

As you learned in Chapter 6, in most circumstances, the compiler will
perform a smart cast each time you use the is operator. In the following
code, for example, the compiler checks whether the r variable holds a Wol £ (interface)
object, so it can smart cast the variable from a Roamable to a Wolf: Roamable

val r: Roamable = Wolf ()
if (r is Wolf) {

r.eat ()€ Here, v has been smart cast to a Wolf.
}

In some situations the compiler can’t perform a smart cast as the variable
may change in between you checking its type and its usage. The following
code, for example, won’t compile because the compiler can’t be certain
that the r property is still a Wol £ after checking it:

Animal

class MyRoamable {

var r: Roamable = Wolf ()

fun myFunction () {
if (r is Wolf) {
r.eat () S=—This won't ComFi|c, betause the

} eompiler can't quarantee that v still
) holds a vefevente +o a Wolf ob\)cc-b

}

You saw in Chapter 6 that you can deal with this by using the as keyword
to explicitly cast r as a Wolf like this:

if (r is Wolf) { This will COMP“C’ but if v no longer

£ obiect
val wolf = r as Wolf é’ hol(,is 3 \rc(:c\rcn(,c Jio 3 lg/\{c-‘ﬂm:{:\i)mc.,
wolf.eat () \/ou Il gc{: an c%(,c‘? on

}
as? lets you

But if r is assigned a value of some other type in between the type-check
and the cast, the system will throw a ClassCastException.

Perform a sa{e

The safe alternative is to perform a safe cast using the as? operator

using code like this: eXPliCit Cast. I{
val wolf = r as? Wolf t11e cast fails it
9

This casts r as a Wolf if r holds an object of that type, and returns null
if it doesn’t. This saves you from getting a ClassCastException if
your assumptions about the variable’s type are incorrect.

returns null.
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how to throw exceptions

You can explicitly throw exceptions

It can sometimes be useful to deliberately throw exceptions

in your own code. If you have a function named
setWorkRatePercentage, for example, you might want to
throw an I1legalArgumentException if someone tries to set a
percentage that’s less than O or greater than 100. Doing so forces the
caller to address the problem, instead of relying on the function to
decide what to do.

You throw an exception using the throw keyword. Here’s how, for
example, you'd get the setWorkRatePercentage function to
throw an IT1legalArgumentException:

fun setWorkRatePercentage (x: Int) { This #hrows. an "lcgaIArgumcnfExccytion
if (x 'in 0..100) { ‘[hc%ls not in the vange 0.100
throw IllegalArgumentException ("Percentage not in range 0..100: $x")
}
//More code that runs if the argument is valid

}

You could then catch the exception using code like this:

try {
setWorkRatePercentage (110) The schorkRa{'.CPchcw{:agco ‘(’\U“C{'—'W‘

) 110%, so the
} catch(e: IllegalArgumentException) {é’ tant make anyone work at ’

caller has to deal with the problem.
//Code to handle the exception

Exception Rules
*You can't havea catchor finally * A try must be followed by eithera catch
withouta try. Not ‘Cﬁal as orafinally.

)
callRiskyCode () there’s no try. Legal betause there’s try { callRiskyCode() }

catch (e: BadException) { } a‘ci"a,“\/’ even 'H'Wﬁh‘} finally { }
theve’s no eateh.

* You can't put code between the try and the

) * A try can have multiple catch blocks.
catch, orthe catchandthe finally.

Not |638| as You try { callRiskyCode () } chal betause try { callRiskyCode() }
can't Fu{: COdc$ « = 7 a -[:\r\/ tan have ( catch (e: BadException) { }
between the tr more than one

and -{:hc ca{ch. catch (e: BadException) { } w{;gh. catch (e: ScaryException) { }
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nulls exceptions

try and throw are both expressions

Unlike in other languages such as Java, try and throw are expressions,
so they can have return values.

How to use try as an expression

The return value of a try is either the last expression in the try, or
the last expression in the catch (the £inally block, if there, doesn’t .
affect the return value). Consider the following code, for example: This is like saying Tey
fo assign strtolnt() to
vesult, but if You ean't,

set vesult o null”.

val result = try { str.toInt() } catch (e: Exception) { null }

The code creates a variable named result of type Int?. The try
block tries to convert the value of a String variable named str to
an Int. If this is successful, it assigns the Int value to result. If the
try block fails, however, it assigns null to result instead:

How to use throw as an expression

throw is also an expression, so you can, for example, use it with the
Elvis operator using code like this:

val h = w?.hunger ?: throw AnimalException ()

If w and hunger are not null, the above code assigns the value of
w’s hunger property to a new variable named h. If, however, w or
hunger are null, it throws an AnimalException.

Q: You said that you can use throw
in an expression. Does that mean
throw has a type? What is it?

A: throw has a return type of
Nothing. This is a special type that
has no values, so a variable of type

Nothing? canonly holdanull value.

The following code, for example, creates
a variable named x of type Nothing?
that can only be nul1:

var x = null

therejare no
Dumb Questions

Q: | getit. Nothing is a type that
has no values. Is there anything | might
want to use that type for?

- You can also use Nothingto
denote code locations that can never be
reached. You can, say, use it as the return
type of a function that never returns:

fun fail () : Nothing {
throw BadException ()
}

The compiler knows that the code stops
execution after fail () is called.

Q,: In Java | have to declare when a
method throws an exception.

A: That's correct, but you don’tin

Kotlin. Kotlin doesn't differentiate between
checked and unchecked exceptions.
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sharpen

_ % harpen our pencil
N /

fun main(args: Array<String>) {
val test: String = "No"
try f{

println("Start try")
riskyCode (test)
println("End try")
} catch (e: BadException) {
println ("Bad Exception")
} finally {

println("Finally")

println ("End of main")

class BadException Exception ()

fun riskyCode (test: String) {

println("Start risky code")

if (test == "Yes") {

throw BadException ()

println("End risky code™)

Look at the code on the left. What do you think the output will be
when it's run? What do you think it would be if the code on line 2
were changed to the following?:

val test: String "Yes"

Write your answers in the boxes on the right.

Output when test = "No”

Output when test = "Yes"

246 Chapter 8

—> Answers on page 248.




nulls and exceptions

Code Magnets

Some Kotlin code is all scrambled up on the fridge. See if you
can reconstruct the code so that if myFunction is passed a
String of “Yes’ it prints the text “thaws’, and if myFunction
is passed a String of “No” it prints the text “throws".

K—Thc magnets need to go in this space.

fun riskyCode (test:String) {

class BadException : Exception ()

fun myFunction (test: String) {

I if (test == "Yes") { '
l throw BadException () '
print ("w") l riskyCode (test) '

}

l } catch (e: BadException) { '
-}

—> Answers on page 249.
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_ % harpen your pencil

sharpen solution

i dolution

fun main(args: Array<String>) {

val test: String = "No"

try f{
println("Start try")
riskyCode (test)
println("End try")
} catch (e: BadException) {
println ("Bad Exception")
} finally {
println ("Finally")

println ("End of main")

class BadException : Exception()

fun riskyCode (test: String) {

println("Start risky code")

if (test == "Yes") {

throw BadException ()

println("End risky code™)

Look at the code on the left. What do you think the output will be
when it's run? What do you think it would be if the code on line 2
were changed to the following?:

val test: String = "Yes"

Write your answers in the boxes on the right.

Output when test = "No”

Start try
Start risky code
End visky code
End try

Finally

End of main

Output when test = "Yes"

Start try
Start visky code
Bad Exc‘,c?‘l‘jon

Fﬁnany
End of main

Chapter 8




nulls and exceptions

f; )| Code Magnets Solution

Some Kotlin code is all scrambled up on the fridge. See if you
can reconstruct the code so that if myFunction is passed a
String of “Yes’ it prints the text “thaws’, and if myFunction

—~———— ispassed a String of “No” it prints the text “throws".

| Create a subtlass of Exception.
class BadException : Exception() '

fun myFunction (test: String) (& Create myFunC{ion.

— \ — Try 1o vun this code.

riskyCode (test)

print("a") L Run this code if 3 BadE%ceP{:ion is thrown.
} finally {

print ("w" L This tode vuns no matter what.

print ( usn)

— Create viskyCode

« »

| Throw a BadExteption if test == “Yes

you are here » 249



toolbox

Your Kotlin Toolbox

You’ve got Chapter 8 under
your belt and now you’ve
added nulls and exceptions to
your toolbox.

You tan download
the full eode for
the thapter from
https: // {:mywl tom/
HF¥otlin.

——————————————

QBUL[ET POINTS

doesn'’t hold a reference to an object.
The variable exists, but it doesn't refer to
anything.

= Anullable type can hold null values in
addition to its base type. You define a type
as nullable by adding a 2 to the end of it.

= To access a nullable variable’s properties
and functions, you must first check that it's
notnull.

= [fthe compiler can't guarantee that a
variable is not nu11 in between a null-
properties and functions using the safe call
operator (2 .).

= You can chain safe calls together.

= To execute code if (and only if) a value is
notnull,use ?.let.

null is a value that means a variable u

check and its usage, you must access u

The Elvis operator (2 :) is a safe
alternative to an i £ expression.

The not-null assertion operator (! !) throws
aNullPointerException ifthe
subject of your assertion is nul1l.

An exception is a warning that occurs in
exceptional situations. It's an object of type
Exception.

Use throw to throw an exception.

Catch an exception using try/catch/
finally.

tryand throw are expressions.

Use a safe cast (as ?) to avoid getting a
ClassCastException.
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9 collections

* Get Orgzgized *

Oh, if only there was
a way for me to add new
boyfriends to my collecti ! -

y y collection... 1 -

Ever wanted something more flexible than an array?

Kotlin comes with a bunch of useful collections that give you more flexibility and greater
control over how you store and manage groups of objects. Want to keep a resizeable
list that you can keep adding to? Want to sort, shuffle or reverse its contents? Want to
find something by name? Or do you want something that will automatically weed out
duplicates without you lifting a finger? If you want any of these things, or more, keep

reading. It’s all here...

this is a new chapter 251



more about arrays

Arrays can be useful...

So far, each time we’ve wanted to hold references to a
bunch of objects in one place, we’ve used an array. Arrays
are quick to create, and have many useful functions. Here 1 3 2

are some of the things you can do with an array (depending O O O

on the type of its items):

©

© 0 0 0 0 o0 ©

©

But arrays aren’t perfect.

252

Make an array:

var array = arrayof(l, 3, 2) />

Make an array initialized with nulls: Creates an aveay of size 2 initialized

5 ith vl alues. [£'s like saying

var nullArray: Array<String?> = arrayOfNulls (2) arra\IO‘("(WH ll)

Find out the size of the array:

arvay has space for three
val size = array.size = i{:cms, so its size is 3. O O O
4” 7‘ e

i)

Reverse the order of the items in the array:

array.reverse () < Flips the order of the items in the array. <2 | ﬂ ﬂ

Find out if it contains something:

val isIn = array.contains (1) €<— dvay eontains |, so this returns true.

Calculate the sum of its items (if they're numeric):
. = b.

val sum = array.sum()é’_r\'“S vebums bas 2 +3 4 I

Calculate the average of its items (if they're numeric):

val average = array.average () <<— This veturns a Double—in this case, (2 + 3 + 1)/3 = 2.0.

Find out the minimum or maximum item (works for numbers,
Strings, Chars and Booleans):
} min() vedturns |, as this is the lowest value in the

array.min ()

array. max() veturns 3 as this is the highest.

array.max()

Sort the array in a natural order (works for numbers,
Strings, Chars and Booleans):

Changes the order of the items in array so
array.sort() they 90 from the lowest value to the highest,
or trom false o true.
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..but there are things an array can’t handle

Even though an array lets you perform many useful actions,
there are two important areas in which arrays fall short.

You can’t change an array’s size

When you create an array, the compiler infers its size from

the number of items it’s initialized with. Its size 1s then fixed
forever. The array won’t grow if you want to add a new item to
it, and it won’t shrink if you want to remove an item.

Arrays are mutable, so they can be updated

Another limitation is that once you create an array you can’t
stop it from being amended. If you create an array using code
like this:

val myArray = arrayOf(l, 2, 3)
there’s nothing to stop the array being updated like so:
myArray[0] = 6

If your code relies on the array not changing, this may be a
source of bugs in your application.

So what’s the alternative?

collections

therejare no
Dumb Questions

Q,: Can’t | remove an item from an array by setting it to Q; Couldn’t | create a copy of the array that has a different

null? size?

A: If you create an array that holds nullable types, you can set A: You could, and arrays even have a function named plus
one or more of its items to nu1 1 using code like this: that makes this easier; p 1 us copies the array, and adds a new item
to the end of it. But this doesn’t change the size of the original array.

val a: Array<Int?> = arrayOf(l, 2, 3)

al2] = null Q; Is that a problem?

This doesn’t change the size of the array, however. In the above
example, the array’s size is still 3 even though one of its items has

beensettonull. buggy code.

A: Yes. You'll need to write extra code, and if other variables
hold references to the old version of the array, this might lead to

There are, however, good alternatives to using an array, which we’'ll

look at next.
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kotlin standard library

When in doubt, go to the Library

Kotlin ships with hundreds of pre-built classes and functions that you can
use in your code. You've already met some of these, like String and \(ov tan s€
Any. And the great news for us is that the Kotlin Standard Library
includes classes that provide great alternatives to arrays.

In the Kotlin Standard Library, classes and functions are grouped into
packages. Every class belongs to a package, and each package has a
name. The kotlin package, for example, holds core functions and types,
and the kotlin.math package holds mathematical functions and constants.

The package we’re interested in here is the kotlin.collections package. This
package includes a number of classes that let you group objects together
in a collection. Let’s look at the main collection types.

8.0 0 /I orin-staio - kot prog: x \) 2]
€« > C https://kotlinlang.org/api/latest/jvm/stdlib/index.html o @ = \/OIA tan use
i Apps  Jr Bookmarks N ‘{')\CSC ‘FiH’,CY‘S
= to dis\?la\/ onl\/
¥ Querview Common m Version ( 1.3 ~ '{')\OSC CO“CC{jOY\S
» Getting Started . . 'H\a‘t are YClCVaY\{Z
_— Kotlin Standard Library fo a particular
+ Classes and Objects The Kotlin Standard Library provides living essentials for everyday work with Kotlin. These include: ?la{:,cov.m ovr
— Higher-order functions implementing idiomatic patterns (let, apply, use, synchronized, etc). ‘KO'HIY\ vevrsion.

» Functions and Lambdas
— Extension functions providing querying operations for collections (eager) and sequences (lazy).

* Multiplatform Programmin,
P % £ — Various utilities for werking with strings and char sequences.

* Other — Extensions for |DK classes making it convenient to work with files, 10, and threading.

4 Core Libraries

Packages
= Standard Library

- kotlin.test L .

kotlin

Core functions and types, available on all supported platforms.

» Reference
* Java Interop
¥ JavaScript

» Native L4 .

kotlin.annotation

Library support for the Kotlin annotation facility.

» Coroutines
» Tools
+ Evolution

» FAQ . 11
kotlin.browser

Access to top-level properties ( document , window etc.) in the browser environment.

&g Here's the kotlin.
eollections package
in the Kotlin
Standavrd Librar\/.

kotlin.collections

Collection types, such as |terable, Collection, List, Set, Map and related top-level and extension
functions.
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List, Set and Map

Kotlin has three main types of collection—List, Set
and Map—and each one has its own distinct purpose:

List - when sequence matters

collections

A List knows and cares about index position. It knows “Coffee”
where something is in the List, and you can have <_
more than one element referencing the same object. A List allows

String

duplicate values.

Set - when uniqueness matters ﬂO“Jim”
A Set doesn't allow

A Set doesn’t allow duplicates, and doesn’t care about
the order in which values are held. You can never have

f}\smng

more than one element referencing the same object, or
more than one element referencing two objects that are
considered equal.

Set

Map - when finding
something by key matters

A Map uses key/value pairs. It knows the
value associated with a given key. You can

. $
have two keys that reference the same object, ‘é&'
but you can’t have duplicate keys. Although i |
keys are typically String names (so that | . ¥ |
you can make name/value property lists, for T YeyB”
. i
example), a key can be any object.
Map

Simple Lists, Sets and Maps are immutable, which means that you
can’t add or remove items after the collection has been nitialized.

If you want to be able to add or remove items, Kotlin has mutable
subtypes that you can use instead: MutableList, MutableSet
and MutableMap. So if you want all the benefits of using a List
and you want to be able to update its contents, use a MutableList.

Now that you’ve seen the three main types of collection that Kotlin
has to offer, let’s find out how you use each one, starting with a List.

-~
/ du?lica{:c values.

O“Sue”
String

A May allows
duplicate
gallc5, bu{: no‘{:
duplicate keys.
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Lists

Fantastic Lists... |
The tode tveates a List

You create a List in a similar way to how you create an array: t,on‘%ai:\ing %{:ving ‘\‘lall.ACS" of
by calling a function named 1istO£, passing in the values you “Tea”, “Eggs” and “Milk”.
want the List to be initialized with. The following code, for
example, creates a List, initializes it with three Strings, and
assigns it to a new variable named shopping:

Qﬁ/\ “Teg”
val shopping = listOf("Tea", "Eggs", "Milk") _l
The compiler infers the type of object each List should ‘%/\ . # String
contain by looking at the type of each value that’s passed Q@_ Qﬁ\,/\\ “megs”
to it when it’s created. The above List, for example, is ‘ Q’“, O &8
initialized with three Strings, so the compiler creates Sh\OPPi'?g {f
a List of type List<String>. You can also explicitly ' = String
define the List’s type using code like this: val List<String> ‘gg‘,/\ —
|
val shopping: List<String> ,t O
h 5 — l . tof l'T " 'lE " 'lM 3 lk" Thc Var-‘ablc string
shopping = lis ("Tea", ggs", i ) has a {'«\/?C oﬁ
List<String>, so
..and how tfo use them the List contains
5 . . . rc(:cvcnus Joo
Once‘you ve created a Llstt you can access the items it String ob)cd{s-
contains using the get function. The following code, for
example, checks that the size of the List is greater than
0, then prints the item at index 0: .
P e [t's a good idea to theek the 5.‘2“ of
if (shopping.size > 0) { the List First betause 36{‘,0 will throw
println (shopping.get(0)) an AWa‘II“dc*o“{"o‘c_Bo'f“dsE*u?bo“
//Prints "Tea" 'vF i{:’s YGSScd an invalid index.
}
You can loop through all items in a List like so:
for (item in shopping) println (item) Lists an(l otller
And you can also check whether the List contains a reference to collections can
a particular object, and retrieve its index: h l c[ {
if (shopping.contains("Milk")) { 0 rererences to
println (shopping.indexOf ("Milk")) any type 0‘[ ol)jecti
//Prints 2 .
) Strmgs, Ints, Duclcs,
As you can see, using a List is a lot like using an array. The plzzas anc[ S0 On.

big difference, however, is that a List is immutable—you can’t
update any of the references it stores.
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Create a Mutablelist...

If you want a List whose values you can update, you need to
use a MutableList. You define a MutableList in a similar
way to how you define a List, except this time, you use the
mutableListOf function instead:

collections

val mShopping = mutableListOf ("Tea", "Eggs") O Tea

< /\

MutableList is a subtype of List, so you can call Qﬁ’-s String

the same functions on a MutableList that you ‘

can on a List. The big difference, however, is that mS\hopp!ng “Eggs”

MutableLists have extra functions that you can . f

use to add or remove values, or update or rearrange val String

existing ones. MutableList<String>

.and add values to it I£ you ass String values to the
wukableListO£0 function, the compiler

You add new values to a MutableList using the add function.
If you want to add a new value to the end of the MutableList,

you pass the value to the add function as a single parameter.
The following code, for example, adds “Milk” to the end of
mShopping:

mShopping.add ("Milk")

This increases the size of the MutableList so that it now holds

three values instead of two.

If you want to insert a value at a specific index instead, you can
do so by passing the index value to the add function in addition
to the value. If you wanted to insert a value of “Milk” at index 1
instead of adding it to the end of the MutableList, you could
do so using the following code:

infers that you want an object of type
MukableList<String> (a MutableList

4hat holds Strings).

&/\\
/\\
/\

“Tea”

S
&

mShopplng .add (1, "Milk") ( Jl “Milk”
Inserting a value at a specific index in this way mS\hopping
forces other values to move along to make space !
for it. In this example, the “Eggs” value moves val . ,
from index 1 to index 2 so that “Milk” can be MutableList<String> Eggs
inserted at index 1. /!
As well as adding values to a MutablelList, £ You add “Milk” +5 String

you can also remove or replace them. Let’s see
how.

index |, “Eggs" moves
to index 2 4o make
way for the new value.
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modifying a MutableList

You can remove a value...

There are two ways of removing a value from a MutableList.

The first way is to call the remove function, passing in the Q/\ “Tea”
value you want to remove. The following code, for example, ‘Q§>~
checks whether mShopping contains the String “Milk”, |
then removes it: mS\hopp!ng
, “Milk”
if (mShopping.contains ("Milk")) { ‘Z'I"’
mShopping.remove ("Milk") MutableList<String>
}
. . “E S”
The second way is to use the removeAt function to remove Rcmov'z%ah 5 &e
the value at a given index. The following code, for example, dc:,;'l\al Lrlm
makes sure that the size of mShopping is greater than 1, Mutablelis
then removes the value at index 1: ..tauses the
if (mShopping.size > 1) { MutableList
to shrink.

mShopping.removeAt (1)
}

Stri
Whichever approach you use, removing a value from the | ring
MutableList causes it to shrink. mShopping “Eggs”
Y |
..and replace one value with another val String
MutableList<String>

If you want to update the MutableList so that the
value at a particular index is replaced with another,
you can do so using the set function. The following

code, for instance, replaces the “Tea” value at index 0
with “Coffee”:

if (mShopping.size > 0) {

mShopping.set (0, "Coffee") :--,

mS\hopping
|

——

val
MutableList<String>
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As “Milk” has been
vemoved, “Eggs” moves

£rom index 2 to index |.

The setO Lunetion sets

“Coffee” £ the vefevente held at a
particular index to that

o-c a dv(:-(:crm{: ob\)cc{:



collections

You can change the order and make bulk changes...

MutableList also includes functions to change the order in which
items are held. You can, say, sort the MutableList in a natural
order using the sort function, or reverse it using reverse:

mShopping.sort () Together, these lines sort the
mShopping.reverse () ) MutableList in veverse order.
Or you can use the shuffle function to randomize it:

mShopping.shuffle ()

And there are useful functions for making bulk changes to the
MutableList too. You can, for example, use the addAl1l function
to add all the items that are held in another collection. The following
code, for instance, adds “Cookies” and “Sugar” to mShopping:

val toAdd = 1listOf ("Cookies",

mShopping.addAll (toAdd)

nsugarn)

The removeAll function removes items that are held in another
collection:

val toRemove = 1listOf ("Milk", "Sugar")

mShopping.removeAll (toRemove)

And the retainAl1l function retains all the items that are held in
another collection and removes everything else:

val toRetain = 1listOf("Milk", "Sugar")

mShopping.retainAll (toRetain)

You can also use the clear function to remove every item like this:

mShopping.clear () £—This empties mShopping so its size is O.

..or take a copy of the entire Mutablelist

It can sometimes be useful to copy a List, or MutableList, so that
you can save a snapshot of its state. You can do this using the toList
function. The following code, for example, copies mShopping, and

assigns the copy to a new variable named shoppingCopy:
val shoppingCopy = mShopping.toList()

The toList function returns a List, nota Mutablelist, so

to copy the MutableList include sorted (which returns a sorted
List), reversed (which returns a List with the values in reverse
order), and shuffled (which returns a List and shuffles its values).

thereqare no .
Dumb Questions —

Q,: What'’s a package?

A: A package is a grouping of classes
and functions. They're useful for a couple
of reasons.

First, they help organize a project or
library. Rather than just having one
large pile of classes, they're all grouped
into packages for specific kinds of
functionality.

Second, they give you name-scoping,
which means that multiple people can
write classes with the same name, just so
long as they're in different packages.

You'll find out more about structuring your
code into packages in Appendix IIl.

Q: In Java | have to import any
packages | want to use, including
collections. Do | in Kotlin?

A: Kotlin automatically imports many
packages from the Kotlin Standard
Library, including kotlin.collections. There
are still situations where you need to
explicitly import packages, however, and
you can find out more in Appendix IIl.

MutableList also has a toMutableList()
shoppingCopy can’t be updated. Other useful functions you can use &\ function which vetuens a eopy that's a
new MutableList.

you are here »
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create project

Create the Collections project

Now that you've learned about Lists and MutableLists, let’s
create a project that uses them.

Create a new Kotlin project that targets the JVM, and name the

project “Collections”. Then create a new Kotlin file named Collections.kt
by highlighting the src folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Collections”,
and choose File from the Kind option.

Next, add the following code to Collections.kt:

fun main(args: Array<String>) {
val mShoppingList = mutableListOf ("Tea", "Eggs", "Milk")
println ("mShoppingList original: S$mShoppingList")
val extraShopping = 1listOf ("Cookies"™, "Sugar", "Eggs")
mShoppingList.addAll (extraShopping)
println ("mShoppingList items added: S$mShoppingList")
if (mShoppingList.contains ("Tea")) {
mShoppingList.set (mShoppingList.indexOf ("Tea™), "Coffee")
}
mShoppingList.sort ()

println ("mShoppingList sorted: $mShoppingList") Collections
mShoppinglist.reverse () D
println ("mShoppingList reversed: $mShoppingList™) src

L

Collections.kt
Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

A | Peinting a List or
mShoppingList original: [Tea, Eggs, Milk] — MubableLi st ?Y_-m.{:s eath

mShoppingList items added: [Tea, Eggs, Milk, Cookies, Sugar, Eggs] item in index order
mShoppingList sorted: [Coffee, Cookies, Eggs, Eggs, Milk, Sugar] inside squave brackets.
mShoppingList reversed: [Sugar, Milk, Eggs, Eggs, Cookies, Coffee]

Next, have a go at the following exercise.
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collections

1 he funttion needs to produte this output.
25 | Code Magnets The Tun ’c&/ n P P
S
§| Somebody used fridge magnets to create a [Zero, Two, Four, Six]
working main function that produces the [Two, Four, Six, Eight]

output shown on the right. Unfortunately a . .
! freak sharknado has dislodged the magnets. (Two, Four, Six, Bight, Ten]
See if you can reconstruct the function. [Two, Four, Six, Eight, Ten]

Your tode needs to g0 heve. ~

a.add(or "Zero")

I a.add(2, "Four") '
a.add (1, "Two")
println(a)
—m | fun main(args: Array<String>) _j{ if (a.indexOf ("Four") != 4) a.add("Ten")

"Six")

a.add (3,
println(a) println(a)
I a.removeAt (0) '

var a: MutableList<String> = mutableListOf ()

if (a.contains("Zero")) a.add("Eight")

if (a.contains("Zero")) a.add ("Twelve")
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magnets solution

gg\;“ Code Magnets Solution

‘ Somebody used fridge magnets to create a
working main function that produces the
output shown on the right. Unfortunately a

! freak sharknado has dislodged the magnets.
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See if you can reconstruct the function.

fun main(args: Array<String>) {

[Zero, Two, Four, Six]
[Two, Four, Six, Eight]
[Two, Four, Six, Eight, Ten]
[Two, Four, Six, Eight, Ten]

var a: MutableList<String> =

a.add (0, "Zero")
a.add (1, "Two")

a.add (2, "Four")

a.add (3, "six")
println(a)

mutableListOf ()

a.removeAt (0)

println(a) '

if (a.contains ("Zero")) a.add ("Eight")

\ if (a.indexOf("Four") 1= 4) a.add ("Ten") '
Println(a) '

| println(a) '

Chapter 9

if (a.contains("Zero“)) a.add ("Twelve") '



Lists allow duplicate values

As you've already learned, using a List, or MutablelList,
gives you more flexibility than using an array. Unlike an array,
you can explicitly choose whether the collection should be
immutable, or whether your code can add, remove and update
its values.

There are some situations, however, where using a List (or
MutableList) doesn’t quite work.

Imagine you’re arranging a meal out with a group of friends,
and you need to know how many people are going so that you
can book a table. You could use a List for this, but there’s a
problem: a List can hold duplicate values. It’s possible,
for example, to create a List of friends where some of the
friends are listed twice:

val friendList = 1listOf ("Jim",

Here, there ave three "suet < /\
QP

‘(:ricnds named Jim, Sue 'SUS", ‘C—/
and Nick, but Sue and \"Nick", ,friend,
Niek ave listed twice.. "Nick™) Listr

S

But if you want to know how many distinct friends are
in the List, you can’t simply use the code:

friendList.size

to find out how many people you should book a table for. The
size property only sees that there are five items in the List,
and it doesn’t care that two of these items are duplicates.

In this kind of situation, we need to use a collection that
doesn’t allow duplicate values to be held. So what type of
collection should we use?

val List<String>

collections

“Nick”
2

String

The List has a size
of 5, but only 3
distinet values.

- @RA\N
POWEWR

Earlier in the chapter, we discussed the different types of
collection that are available in Kotlin. Which type of collection
do you think would be most appropriate for this situation?
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Sets

How to create a Set

If you need a collection that doesn’t allow duplicates, you can use
a Set: an unordered collection with no duplicate values.

You create a Set by calling a function named setO£, passing

in the values you want the Set to be initialized with. The
following code, for example, creates a Set, initializes it with three
Strings, and assigns it to a new variable named friendSet:

val friendSet = setOf ("Jim", "Sue", "Nick")/_\

A Set can’t hold duplicate values, so if you try to define one
using code like this:

val friendSet = setOf ("Jim", FQ} Ny
"Sue", friend
"Sue", Setr
"Nick",

"Nick")

the Set ignores the duplicate “Sue” and “Nick” values. The code
creates a Set that holds three distinct Strings as before.

The compiler infers the Set’s type by looking at the values that
are passed to it when it’s created. The above code, for example,
mitializes a Set with String values, so the compiler creates a
Set of type Set<String>.

How to use a Set’s values

A Set’s values are unordered, so unlike a List, there’s no get
function you can use to get the value at a specified index. You
can, however, still use the contains function to check whether
a Set contains a particular value using code like this:

And you can also loop through a Set like this:

for (item in friendSet) println(item)

A Set is immutable, so you can’t add values to it, or remove
existing ones. To do this kind of thing, you’d need to use a
MutableSet instead. But before we show you how to create
and use one of these, there’s an Important Question we need
to look at: how does a Set decide whether a value is a
duplicate?
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The tode treates a
Set (,on{',ain'mg the
three String values.

The values in a Set have
no order, and duylicafe
values aren’t allowed.

This vetuens true if friendSet has a
val isFredGoing = friendSet.contains ("Fred") é—'“Frcd" value, and Lalse if

it doesn't.

Unlike a List, a Set is
unordered, and can’t
contain Juplicate values.



How a Set checks for duplicates

To answer this question, let’s go through the steps a Set
takes when it decides whether or not a value is a duplicate.

o The Set gets the object's hash code, and
compares it with the hash codes of the
objects already in the Set.

A Set uses hash codes to store its elements in a way
that makes it much faster to access. It uses the hash
code as a kind of label on a “bucket” where it stores
elements, so all objects with a hash code of] say, 742,
are stored in the bucket labeled 742.

If the Set has no matching hash codes for the new
value, the Set assumes that it’s not a duplicate,

and adds the new value. If, however, the Set has
matching hash codes, it needs to perform extra tests,
and moves on to step 2.

collections

I need to know
if your hash code
values are the same.

/>O hashCode: 742
O hashCode: 742
Set

o9

e The Set uses the === operator to
compare the new value against any
objects it contains with the same hash
code.

As you learned in Chapter 7, the === operator
1s used to check whether two references refer to
the same object. So if the === operator returns
true for any object with the same hash code,
the Set knows that the new value is a duplicate,
so it rejects it. If the === operator returns
false, however, the Set moves on to step 3.

Your hash codes
are the same. Are you
the same object...?

e The Set uses the == operator to compare
the new value against any objects it
contains with matching hash codes.

The == operator calls the value’s equals function.
If this returns true, the Set treats the new value as
a duplicate, and rejects it. If the == operator returns
false, however, the Set assumes that the new
value is not a duplicate, and adds it.

So there are two situations in which a Set views a value
as a duplicate: if 1t’s the same object, or equal to a value it
already contains. Let’s look at this in more detail.
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equality matters

Hash codes and equality

As you learned in Chapter 7, the === operator checks whether two
references point to the same object, and the == operator checks whether
the references point to objects that should be considered equal. A Set,
however, only uses these operators once it’s established that the two objects have
matching hash code values. This means that in order for a Set to work

properly, equal objects must have matching hash codes.

Let’s see how this applies to the === and == operators.
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Equality using the === operator

If you have two references that refer to the same object, you’ll
get the same result when you call the hashCode function

on each reference. If you don’t override the hashCode
function, the default behavior (which it inherits from the Any
superclass) 1s that each object will get a unique hash code.

When the following code runs, the Set spots that a and b
have the same hash code and refer to the same object, so one
value gets added to the Set:

val a = "Sue"

val b = a

val set = setOf(a, b)

Equality using the == operator

If you want a Set to treat two different Recipe objects as
equal, or equivalent, you have two options: make Recipe a
data class, or override the hashCode and equals functions
it inherits from Any. Making Recipe a data class is easiest
as it automatically overrides the two functions.

As we said above, the default behavior (from Any) is to give
each object a unique hash code value. So you must override
hashCode to be sure that two equivalent objects return the
same hash code. But you must also override equals so that
the == operator returns true when it’s used to compare
objects with matching property values.

In the following example, one value will be added to the Set
if Recipe is a data class:

val a = Recipe ("Thai Curry")
val b = Recipe("Thai Curry")
val set = setOf (a, b)

Chapter 9

'/N

<
Q/\$>~ “que”
: al hashCode: 83491
{ ]

val String String
&
\C-—/Q’oﬂ, Heve, a and b vefer
b | {0 the same ob)cd{:, so
[ the Set knows that b
valgﬁng isa du?lica‘{:c of a

“Thai Curry”
ﬁ hashCode: 64
$
2 ﬂ, Recipe
al
|
val Recipe “Thaj Curry”
ﬁ hashCode: 64
$
< ﬂ, Recipe
by
/ Heve, a and b vefer to
val Recipe separate objeets. The Set

sees b as a duplicate only if
a and b have the same hash
tode value, and 3 == b. This
will be the case if Retipe is
a data class.



Rules for overriding
hashCode and equals

If you decide to manually override the hashCode and
equals functions in your class instead of using a data class,
there are a number of laws you must abide by. Failure to do
so will make the Kotlin universe collapse because things like
Sets won’t work properly, so make sure you follow them.

Here are the rules:

If two objects are equal, they must have
matching hash codes.

If two objects are equal, calling equals on
either object must return true. In other words,
if (a.equals (b)) then (b.equals(a)).

If two objects have the same hash code value,
they are not required to be equal. But if they’re
equal, they must have the same hash code
value.

So, if you override equals, you must override
hashCode.

The default behavior of the hashCode
function is to generate a unique integer

for each object. So if you don’t override
hashCode in a non-data class, no two objects
of that type can ever be considered equal.

©O0 O 00

©

The default behavior of the equals function
is to do a === comparison, which tests whether
the two references refer to a single object. So if
you don’t override equals in a non-data class,
no two objects can ever be considered equal
since references to two different objects will
always contain a different bit pattern.

a.eo[uals(l;) must also mean that

a.hashCode() == h.hashCode()

But a.hashCode() == h.hashCode()
does not have to mean that a.ea[uals(l))

collections

therejare no
— Dumb Questions —

Q: How can hash codes be the same even if
objects aren’t equal?

A: As we said earlier, a Set uses hash codes
to store its elements in a way that makes it much
faster to access. If you want to find an object in

a Set, it doesn't have to start searching from

the beginning, looking at each element to see if it
matches. Instead, it uses the hash code as a label
on a “bucket” where it stored the element. So if you
say “l want to find an object in the Set that looks
like this one...”, the Set gets the hash code value
from the object you give it, then goes straight to
the bucket for that hash code.

This isn’t the whole story, but it's more than enough
for you to use a Set effectively and understand
what’s going on.

The point is that hash codes can be the same
without necessarily guaranteeing that the objects
are equal, because the “hashing algorithm” used in
the hashCode function might happen to return
the same value for multiple objects. And yes, that
means that multiple objects would all land in the
same bucket in the Set (because each bucket
represents a separate hash code value), but that's
not the end of the world. It might mean that the
Set is a little less efficient, or that it's filled with
an extremely large number of elements, but if the
Set finds more than one object in the same hash
code bucket, the Set will simply use the ===
and == operators to look for a perfect match. In
other words, hash code values are sometimes
used to narrow down the search, but to find the
one exact match, the Set still has to take all

the objects in that one bucket (the bucket for all
the objects with the same hash code) and see if
there’s a matching object in that bucket.
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MutableSet

How to use a MutableSet

Now that you know about Sets, let’s look at MutableSets. A
MutableSet is a subtype of Set, but with extra functions that
you can use to add and remove values.

You define a MutableSet using the mutableSetOf function
like this:

val mFriendSet = mutableSetOf ("Jim", "Sue")

This initializes a MutableSet with two Strings, so
the compiler infers that you want a MutableSet of
type MutableSet<String>.

You add new values to a MutableSet using the add
function. The following code, for example, adds “Nick”
tomFriendSet:

MutableSet<String>

£ you pass String values to the
mErenaser add et L oNCet0f0 Tunction, the compiler

fect 1 infers that you want an ob\')cc{:
The add function checks whether the object it’s passed already of {:\/?c Vit ableSeb<Shring> G

exists in tht? Mutables§t. If it finds a duplicate value, it returns MutableSet that holds g{-x'mss),
false. If it’s not a duplicate, however, the value gets added to

the MutableSet (increasing its size by one) and the function

returns true to indicate that the operation was successful.

You remove values from a MutableSet using the remove
function. The following code, for example, removes “Nick” from
mFriendSet:

mFriendSet.remove ("Nick")

If “Nick” exists in the MutableSet, the function removes it

N . “JiIn”
and returns true. If there’s no matching object, however, the O
function simply returns false.

String
You can also use the addAll, removeAll and retainAll
functions to make bulk changes to the MutableSet, just as you $ /\ “gue”
can for aMutableList. The addAll function, for example, '
adds all the items to the MutableSet that are held in another -
collection, so you can use the following code to add “Joe” and String
“Mia” to mFriendSet:
“Joe”
val toAdd = setOf ("Joe", "Mia") iddAllf) a(:\dlsd O
he values he
. Q—/_\" .
mFriendSet.addAll (toAdd) in another et String
And just as you can with a MutableList, you can use the “Mia?”
clear function to remove every item from the MutableSet:
mFriendSet.clear() String
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You can copy a MutableSet

If you want to take a snapshot of a MutableSet you can

collections

do so, just as you can with a MutableList. You can use the

toSet function, for example, to take an immutable copy of

mFriendSet, and assign the copy to a new variable named

friendSetCopy:

val friendSetCopy = mFriendSet.toSet()

You can also copy a Set or MutableSet into a new List

object using toList:

val friendList =

mFriendSet.toList ()

MutableSet also has a toMutableSet()

And if you have a MutableList or List, you can copy it into <<— funetion (which topies it to a new

a Set using its toSet function:

val shoppingSet = mShopping.toSet()

MutableSet), and toMutableList()
(which topies it to a new MutableList).

Copying a collection into another type can be particularly useful
when you want to perform some action that would otherwise

be inefficient. You can, for example, check whether a List

contains duplicate values by copying the List into a Set, and
checking the size of each collection. The following code uses

this technique to check whether mShopping (a MutableList)

contains duplicates:

if (mShopping.size > mShopping.toSet ()
//mShopping has duplicate values

If mShopping contains duplicates, its size will be greater
than when it’s copied into a Set, because converting the

MutableList to a Set will remove the duplicate values.

This is a List. ~\|O
[t has three
C'Cmcn{:s, so

its size is 3.

K\N O “Teg”
/\String
“Coffee”

String

«;>|( /-Q@%hj’}?

2,

This eveates a Set version of
K“ mg\'\oﬂ?ihg, and 56'{25 its size.

.size) {

“Tea”
When the ﬁ
List is copied =\ \ String
{0 a Set, the
du licate ® /\ “Coffee”
“Cou:cc value O
is vemoved.
The size of String
the Set is 2.
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update project

Update the Collections project

Now that you know about Sets and MutableSets, let’s
update the Collections project so that it uses them.

Update your version of Collections.kt to match ours below
(our changes are in bold):

fun main(args: Array<String>) {
<ra+ var mShoppingList = mutableListOf ("Tea", "Eggs", "Milk")
M?da£CW£$oYWn3LB£ println ("mShoppinglList original: $mShoppingList")

4o a var so that we €an a1l extraShopping = 1istOf ("Cookies", "Sugar", "Eggs")
veplace it with av.\o{",hcr ShomminaL ot . ddh ] (ntraShonDing)
MutableList<String>

later i the tode println ("mShoppingList items added: $mShoppingList™)
atevy In .
if (mShoppingList.contains ("Tea")) {
mShoppinglList.set (mShoppingList.indexOf ("Tea"™), "Coffee")

}
mShoppingList.sort ()

. . . . . Collections
println ("mShoppingList sorted: $mShoppingList")
mShoppinglList.reverse ()

src
println ("mShoppingList reversed: $mShoppingList")

Collections.kt
val mShoppingSet = mShoppingList.toMutableSet ()
println ("mShoppingSet: $mShoppingSet")
Add this tode val moreShopping = setOf ("Chives", "Spinach", "Milk")
mShoppingSet.addAll (moreShopping)
println ("mShoppingSet items added: $mShoppingSet")
mShoppingList = mShoppingSet.toMutableList ()
println("mShoppinglList new version: $mShoppingList")

Let’s take the code for a test drive.
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Test drive

©

When we run the code, the following text gets printed in the

IDE’s output window:

mShoppingList original: [Tea, Eggs, Milk]

mShoppingList items added: [Tea, Eggs, Milk, Cookies, Sugar, Eggs]
mShoppingList sorted: [Coffee, Cookies, Eggs, Eggs, Milk, Sugar]
mShoppingList reversed: [Sugar, Milk, Eggs, Eggs, Cookies, Coffee]
mShoppingSet: [Sugar, Milk, Eggs, Cookies, Coffee]

mShoppingSet items added: [Sugar, Milk, Eggs, Cookies, Coffee, Chives, Spinach]
mShoppingList new version: [Sugar, Milk, Eggs, Cookies, Coffee, Chives, Spinach]

Qj You said that | can create a List
copy of a Set, and a Set copy of a
List. Can | do something similar with
an array?

A: Yes, you can. Arrays have a bunch
of functions that you can use to copy the
array to a new collection: toList (),
toMutablelList (), toSet ()
and toMutableSet (). Sothe
following code creates an array of Ints,
then copiesitintoa Set<Int>:

val a =
val s

arrayOf (1, 2, 3)
a.toSet ()

Similarly, List and Set (and

therefore MutableList and
MutableSet) have a function named
toTypedArray () thatcopies the
collection to a new array of the appropriate
type. So the code:

setOf (1, 2, 3)
s.toTypedArray ()

val s =
val a

creates an array of type Array<Int>.

thereqare no R
Dumb Questions

Q: Canlsorta Set?

A: No, a Set is an unordered collection
so you can't sort it directly. You can,
however, use its toList () function to
copy the Set intoa List, and you can
then sort the List.

Q: Can | use the == operator to
compare the contents of two Sets?

A: Yes, you can. Suppose you have two
Sets, a and b. If a and b contain the
same values, a == b will return true,
as in the following example:

val a = setOf (1, 2, 3)
val b = setOf (3, 2, 1)
//a = b 1s true

If the two sets compare different values,
however, the result will be false.

collections

P\'in{jng a Set or
MutableSet prints each
item inside squave brackets.

Qj That's clever. What if one of the
SetsisaMutableSet? Dol first
need to copy it to a Set?

A: You can use == without copying
the MutableSettoa Set.Inthe

following example, a == b returns
true:
val a = setOf (1, 2, 3)

val b = mutableSetOf (3, 2, 1)

Q: | see. Does == work with Lists
too?

A: Yes, you can use == to compare
the contents of two Li sts. It will return

true ifthe Lists hold the same values
against the same indexes, and false if
the L1 sts hold different values, or hold
the same values in a different order. So in

the following example, a == b returns
true:

val a = 1listOf (1, 2, 3)
val b = 1istOf (1, 2, 3)
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be the set

BE the det

Here are four Duck classes. Your job is

to play like you're the Set, and say which

classes wil] produce a Set containing
precisely one item when used
with the main function on the
right. Do any Ducks break
the hashCode() and equals()

rules? If so, how?

Q class Duck(val size: Int = 17) {
override fun equals (other: Any?):
if (this

=== other) return true

if (other 1is Duck && size == other.size)

return false

}

override fun hashCode () :
return size

Int {

}

Boolean {

This is the main function.

fun main(args: Array<String>) {
val set = setOf (Duck(), Duck(17))

println(set)

return true

G class Duck(val size: Int = 17) {
override fun equals (other: Any?):
return false

Boolean {

}

override fun hashCode () :
return 7

Int {

}

G data class Duck(val size: Int = 18)

Q class Duck(val size: Int = 17) {
override fun equals (other: Any?): Boolean {
return true

}

override fun hashCode() :
(Math.random ()

Int |
return * 100) .toInt ()

}
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_ % harpen your pencil

‘_X Four friends have each made a Li st of their pets. One item in
the List represents one pet. Here are the four lists:

val petsLiam = listOf ("Cat", "Dog", "Fish", "Fish")
val petsSophia = 1listOf("Cat", "Owl")

val petsNoah = 1listOf ("Dog", "Dove", "Dog", "Dove")
val petsEmily = 1istOf ("Hedgehog")

Write the code below to create a new collection named pets that contains each pet.

—> Answers on page 275.
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be the set solution

BE the Sef Selufien

Here are four Duck classes. Your job is
to play like you're the Set, and say which
classes wil] produce a Set containing

right. Do any Ducks break
the hashCode() and equals()
rules? If so, how?

Q class Duck(val size: Int = 17) {

}

override fun hashCode(): Int {

}

override fun equals (other: Any?):

if (this === other) return true
if (other is Duck && size ==

precisely one item when used
with the main functjon on the

Boolean {

This is the main function.

fun main(args: Array<String>) {

val set = setOf (Duck(), Duck(17))
println(set)

== other.size) return true

return false

This follows the hashCode() and ca\uals()

vules. The Set vecognizes that the second

) Duek is a du\?hca‘{:c, so the main funttion
return size
eveates a Set that contains one item.

G class Duck(val size: Int = 17) {

}

override fun equals (other: Any?)

}

return false

override fun hashCode(): Int {

}

return 7

: Boolean {

This produtes a Set with two items. The
tlass breaks the hashCode() and equals()
vules as equals)) always veturns false, even if
it's used to compare an object with itself.

G data class Duck(val size: Int = 18)

This follows the vules, but produtes a Set with two items.

Q class Duck(val size: Int = 17) {

274

override fun equals (other: Any?)

}

return true

override fun hashCode(): Int {

}

return (Math.random() * 100).toInt ()

Chapter 9

: Boolean {

This produtes a Set with two items. The
tlass breaks the vules as hashCode() veturns
a vandom number. The vules say that equal
objeets should have the same hash code.
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_ G harpen your pencil

P solutlon Four friends have each made a Li st of their pets. One item in
the List represents one pet. Here are the four lists:

val petsLiam = listOf ("Cat", "Dog", "Fish", "Fish")
val petsSophia = 1listOf ("Cat", "Owl")
val petsNoah = 1listOf ("Dog", "Dove", "Dog", "Dove")

val petsEmily = 1istOf ("Hedgehog")

Write the code below to create a new collection named pets that contains each pet.

DOY\I{: WO\"Y‘\/
i your answers pets.addAll(petsliam)

Yoo fpsvers - PERRAGOITRERIE
l{;o‘:uv‘-is. Te::rc . pets.addAll(petsSophia)

to ours Theve - FERRERIIEERAAR v
ways of 5C{ijh5 ..................................................................................................

the same vesult. pets.add A“(?c {sEmily)
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Time for a Map

Listsand Sets are great, but there’s one more type of
collection we want to introduce you to: a Map. A Map is a
collection that acts like a property list. You give it a key, and the
Map gives you back the value associated with that key. Although
keys are usually Strings, they can be any type of object.

Each entry in a Map is actually two objects—a key and a value.
Each key has a single value associated with it. You can have
duplicate values, but you can’t have duplicate keys.

How to create a Map

You create a Map by calling a function named mapO£, passing
in the key/value pairs you want the Map to be initialized with.
The following code, for example, creates a Map with three
entries. The keys are the Strings (“Recipel”, “Recipe2” and

“Recipe3d”), and the values are the Recipe objects:

val rl = Recipe ("Chicken Soup")
val r2 = Recipe ("Quinoa Salad")

val r3 = Recipe("Thai Curry")

val recipeMap = mapOf ("Recipel" to rl, "Recipe2" to r2,

As you might expect, the compiler infers the type
of the key/value pairs by looking at the entries

it’s initialized with. The above Map, for example,
1s initialized with String keys and Recipe

values, so it creates a Map of type Map<String,
Recipe>. You can also explicitly define the Map’s
type using code like this:

val recipeMap: Map<String, Recipe>

In general, the Map’s type takes the form: ﬂ
&
Map<key_ type, value_type> &2
Now that you know how to create a Map, let’s recipe
\Map,-
see how to use one.
val

Map<String, Recipe>
= followed b\/ the Value '{:\/Fc.

The Key type is fivst...
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Eath entry takes the form Key
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Strings, as in this example.
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How to use a Map

There are three main things you might want to do with a Map:
check whether it contains a specific key or value, retrieve a value
for a specified key, or loop through the Map’s entries.

You check whether a Map contains a particular key or value
using its containsKey and containsValue functions. The
following code, for example, checks whether the Map named
recipeMap contains the key “Recipel™:

recipeMap.containsKey ("Recipel")

And you can find out whether recipeMap contains a Recipe for

Chicken Soup using the containsValue function like this: Heve, we've assuming that Retipe is

2 data ¢lass, so the Map ¢an spot
( &—— when two Retipe ob\)ct)cs ave equal-

val recipeToCheck = Recipe ("Chicken Soup")
if (recipeMap.containsValue (recipeToCheck))

//Code that runs if the Map contains the value
}

You can get the value for a specified key using the get and
getValue functions. get returns a null value if the specified
key doesn’t exist, whereas getValue throws an exception.
Here’s how, for example, you would use the getValue function
to get the Recipe object associated with the “Recipel” key:

if (recipeMap.containsKey ("Recipel")) { H_' vcctiMay doesn’t contain
val recipe = recipeMap.getValue("Recipel")ﬁ a “Rcciycl" kc\/, +this line will
//Code to use the Recipe object throw an cxce\?{zion.

}

You can also loop through a Map’s entries. Here’s how, for
example, you would use a for loop to print each key/value pair
in recipeMap:

for ((key, value) in recipeMap) {

println ("Key is S$key, value is $value")
}
A Map is immutable, so you can’t add or remove key/value pairs,
or update the value held against a specific key. To perform this

kind of action, you need to use a MutableMap instead. Let’s see
how these work.

you are here »
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Create a MutableMap

You define a MutableMap in a similar way to how you define
a Map, except that you use the mutableMapOf function
instead of mapO£. The following code, for example, creates a
MutableMap with three entries, as before:

val rl = Recipe ("Chicken Soup")

val r2 = Recipe("Quinoa Salad")

val mRecipeMap = mutableMapOf ("Recipel" to rl, "Recipe2" to r2)

The MutableMap is initialized with String keys and ) “Quinoa
Recipe values, so the compiler infers that it must be a “Chlcl’{,en O Salad”
MutableMap of type MutableMap<String, Recipe>. Soup Rec
ecipe
MutableMap is a subtype of Map, so you can call the same Recipe 9
functions on a MutableMap that you can on a Map. A —
MutableMap, however, has extra functions that you can use Q’/\,\ @‘é Q§§
to add, remove and update key/value pairs. Q§>_. T/J T/,
- e (LA [ A
Put entries in a MutableMap \Map| Recipel”  “Recipel”
You put entries into a MutableMap using the put val MMeMap
function. The following code, for example, puts a key <String, Recipe>
named “Recipe3” into mRecipeMap, and associates . . l
it with a Recipe object for Thai Curry: £ You pass String keys and Rc‘u?c values
to +he mutableMapO O function, the
val r3 = Recipe ("Thai Curry") SFCCi‘('\‘/ the kCY (,om?ilcv infers that You want an f)b\')cd{',
mRecipeMap.put ("Recipe3", £3) <— fivst, then the value. of type MutableMap<String, Retipe>.

If the MutableMap already contains the specified key, the put
function replaces the value for that key, and returns the original value.

You can put many key/value pairs into the MutableMap at once
using the putAll function. This takes one argument, a Map
containing the entries you want to add. The following code, for
example, adds Jambalaya and Sausage Rolls Recipe objects to
a Map named recipesToAdd, and then puts these entries into
mRecipeMap:
val r4 = Recipe ("Jambalaya")
val r5 = Recipe ("Sausage Rolls")
val recipesToAdd = mapOf ("Recipe4" to r4, "Recipeb5" to r5)
mRecipeMap.putAll (recipesToAdd)

Next, let’s look at how you remove values.
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You can remove entries from a MutableMap

You remove an entry from a MutableMap using the remove
function. This function is overloaded so that there are two ways of
calling it.

The first way is to pass to the remove function the key

whose entry you want to remove. The following code, for
example, removes the entry from mRecipeMap that has a key
of “Recipe2”:

mRecipeMap . remove ("Recipe2") &— Remove the cn{:\r\/ with a key of “RcciPeZ"

The second way is to pass the remove function the key name
and a value. In this case, the function will only remove the entry
if it finds a match for both the key and the value. So the following
code only removes the entry for “Recipe2” if it is associated with
a Quinoa Salad Recipe object:

val recipeToRemove = Recipe ("Quinoa Salad") Remove the cn‘{'x\/ with a kc\/ of

mRecipeMap . remove ("Recipez ", reCipeToRemove) “RCC.IYCZ-", bu{: Ohl\l I‘c l‘{',S Val\AC is a
Quinoa Salad Retipe ob)c&h

Whichever approach you use, removing an entry from the
MutableMap reduces its size.

Finally, you can use the clear function to remove every entry
from the MutableMap, just as you can with MutableLists
and MutableSets:

mRecipeMap.clear ()

Hey, where did

everybody go?

Qgﬁi/\

mRecipe
\Map {. S The elear)) funetion removes
e ¥ every entry, but the MutableMa
| MutableM i i F
zgtrinl;,aRei ipZF; ochc{: itself still exists.

Now that you’ve seen how to update a MutableMap,
let’s look at how you can take copies of one.
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You can copy Maps and MutableMaps

Just like the other types of collection you've seen, you
can take a snapshot of a MutableMap. You can use the
toMap function, for example, to take a read-only copy of
mRecipeMap, and assign the copy to a new variable:

val recipeMapCopy = mRecipeMap.toMap ()

You can copy a Map or MutableMap into a new List object <— A Mu{:abchaF also has toMutableMap()
containing all the key/value pairs using toList like this: and toMutableList() funetions P

val Recipelist = mRecipeMap.toList()

And you can also get direct access to the key/value pairs using the
Map’s entries property. The entries property returns a Set
if it’s used with a Map, and returns a MutableSet if it’s used
with a MutableMap. The following code, for example, returns a
MutableSet of mRecipeMap’s key/value pairs:

val recipeEntries = mRecipeMap.entries

Note that the entries, keys and values

Other useful properties are keys (which returns a Set, or . oycr‘{:'lcs ave the actual tontents o
MutablesSet, of the Map’s keys), and values (which returns the Map, or MutableMap. Thc‘/'YC not
a generic collection of the Map’s values). You can use these copies. find f you've using 3 MutableMap,

properties to, say, check whether a Map contains duplicate values these ‘,Yo‘ycy{jcs are u\’da{:ablc.
using code like this:

if (mRecipeMap.size > mRecipeMap.values.toSet () .size) {
println ("mRecipeMap contains duplicates values")
}
This is because the code:

mRecipeMap.values.toSet ()

copies the Map’s values into a Set, which removes any duplicate
values.

Now that you've learned how to use Maps and MutableMaps,
let’s add some to our Collections project.
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The full code for the Collections project

Update your version of Collections.kt to match ours
below (our changes are in bold):

data class Recipe (var name: String) <\—' Add the Rccivc data ¢lass.

fun main(args: Array<String>) {
var mShoppingList = mutableListOf ("Tea", "Eggs",
println ("mShoppingList original: $mShoppingList")
val extraShopping = 1listOf ("Cookies", "Sugar", "Eggs")
mShoppingList.addAll (extraShopping)
println ("mShoppingList items added: SmShoppingList")

"Milk")

if (mShoppingList.contains ("Tea")) {
mShoppinglist.set (mShoppinglList.indexOf ("Tea"), "Coffee")
}
mShoppingList.sort ()
println ("mShoppingList sorted: $mShoppingList™)
mShoppinglList.reverse ()
println ("mShoppingList reversed: $mShoppingList")
Collections
val mShoppingSet = mShoppingList.toMutableSet () l_E::]
src

println ("mShoppingSet: S$mShoppingSet")

val moreShopping = setOf ("Chives", "Spinach",
mShoppingSet.addAll (moreShopping)

println ("mShoppingSet items added: $mShoppingSet")
= mShoppingSet.toMutablelList ()

mShoppingList =
println ("mShoppingList new version: S$SmShoppingList")

"Mi k" )
Collections.kt

Recipe ("Chicken Soup")

Recipe ("Quinoa Salad")

val r3 Recipe ("Thai Curry")

val r4 Recipe ("Jambalaya")

val r5 = Recipe ('"Sausage Rolls")

val mRecipeMap = mutableMapOf ("Recipel"” to rl,
println("mRecipeMap original: $mRecipeMap")
val recipesToAdd = mapOf ("Reciped4" to r4, "Recipe5" to r5)
mRecipeMap.putAll (recipesToAdd)

println ("mRecipeMap updated: $mRecipeMap")

if (mRecipeMap.containsKey ("Recipel")) {

println("Recipel is: ${mRecipeMap.getValue ("Recipel”)}")

val rl
val r2

"Recipe2" to r2, "Recipe3" to r3)

Add this
tode.

Let’s take the code for a test drive.
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When we run the code, the following text gets printed in the

IDE’s output window:

mShoppingList original: [Tea, Eggs, Milk]

mShoppingList items added: [Tea, Eggs, Milk, Cookies, Sugar, Eggs]
mShoppingList sorted: [Coffee, Cookies, Eggs, Eggs, Milk, Sugar]
mShoppingList reversed: [Sugar, Milk, Eggs, Eggs, Cookies, Coffee]
mShoppingSet: [Sugar, Milk, Eggs, Cookies, Coffee]

mShoppingSet items added: [Sugar, Milk, Eggs, Cookies, Coffee, Chives, Spinach]

mShoppingList new version: [Sugar, Milk, Eggs, Cookies, Coffee, Chives, Spinach]

mRecipeMap original: {Recipel=Recipe(name=Chicken Soup), RecipeR=Recipe(name=Quinoa Salad),

Reciped=Recipe(name=Thai Curry)}
mRecipeMap updated: {Recipel=Recipe(name=Chicken Soup), RecipeR=Recipe(name=Quinoa Salad),

Reciped=Recipe(name=Thai Curry), Recipe4=Recipe(name=Jambalaya,),

Recipeb=Recipe(name=Sausage Rolls) }~=_ Pﬁth,,S a Map or Mu{:ablc/\/]a? prints

Recipel is: Recipe(name=Chicken Soup)

Q: Why does Kotlin have mutable
and immutable versions of the same
type of collection? Why not just have
mutable versions?

A: Because it forces you to explicitly
choose whether your collection should be
mutable or immutable. This means that you
can prevent collections from being updated
if you don’t want them to be.

Q: Can’t | do that using val and
var?

A: No. val and var specify whether
or not the reference held by the variable
can be replaced with another one after

it's been initialized. If a variable defined
using val holds a reference to a mutable
collection, the collection can still be
updated. val just means that the variable
can only ever refer to that collection.
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Q: Is it possible to create a
non-updateable view of a mutable
collection?

A: Suppose you have a
MutableSet of Ints that's assigned

to a variable named x:
val x = mutableSetOf (1, 2)

You can assign x to a Set variable
named vy using the following code:

val y: Set<Int> = x
As yis a Set variable, it can’t update the

underlying object without you first casting it
toaMutableSet.

each key/value pair inside curly braces.

Q: Is that different to using toSet?

A: Yes. toSet copies a collection,
so if changes are made to the original
collection, these won'’t be picked up.

Q: Can | explicitly create and use
Java collections using Kotlin?

AI Yes. Kotlin includes various
functions that let you explicitly create
Java collections. You can, for example,
create an ArrayLi st using the
arrayListOf function, and a
HashMap using the hashMapOf
function. These functions, however, create
mutable objects.

We recommend that you stick with using
the Kotlin collections we've discussed in
this chapter unless there’s a good reason
why you shouldn't.
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Your job is to take code snippets from the
pool and place them into the blank
"~ lines in the code. You may not use

Poo] Puzzle
fun main(args: Array<String>) { /////—\\
val terml = "Array"

val term2 = "List" X

i the same code snippet more than
val term3 = "Map" Y once, and you won't need to use all
val termd = s Y ( the code snippets. Your goal is to
val term5 = "MutableMap" print the entries of a Map named
val term6 = "MutableSet" glossary that provides definitions
val term7 = "Set" of all the collection types you've learned

about.

val defl = "Holds values in no particular order."
val def2 = "Holds key/value pairs."
val def3 = "Holds values in a sequence."
val def4 = "Can be updated."
val def5 = "Can't be updated.™
val def6 = "Can be resized."
val def7 = "Can't be resized."
val glossary = ( to "$def3 S$defd S$defe",

"Sdefl $def5 S$def7",
"Sdef3 $defd S$def7",
"$Sdef2 $defd Sdefo",
"Sdef3 S$def5 $def7",
"S$defl $defd Sdefo",
"Sdef2 $def5 S$def7")
for ((key, value) in glossary) println("$key: S$value")

Note: each thing from
the pool can only be
used once!

"MutableArray"

"MutableList"

mapOf

o
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fun main(args: Array<String>) {

Poo] Puzzle Jolution

Your job is to take code snippets from the

val terml = "Array" pool and place them into the blank
val term? = "List" lines in the code. You may not use
val s = g e samecode ppetmere
val termd = "MutableList” the code snippets. Your goal is to
val term5 = "MutableMap" print the entries of a Map named
val term6 = "MutableSet" glossary that provides definitions of
val term7 = "Set" all the collection types you've learned about.
val defl = "Holds values in no particular order."
val def2 = "Holds key/value pairs."
val def3 = "Holds values in a sequence."
val def4 = "Can be updated."
val def5 = "Can't be updated.™
val def6 = "Can be resized."
val def7 = "Can't be resized."
val mapOf (term4 to "$def3 Sdef4d $defo",

to "S$defl $def5 $def7",

to "S$def3 $defd S$def7",

15 to "$def2 $defd Sdefo",
2 to "S$def3 $defb5 Sdef7",
to "$defl $defd S$defo",
to "S$def2 $def5 $def7")

for value)

((key,

You didn't need +o
use these snippets.

in glossary)

"MutableArray"

println("Skey: $value")
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A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

fun main(args: Array<String>) {

val mList = mutableListOf ("Football", "Baseball", "Basketball")
The ¢andidate

tode goes here. — T
Mateh eath

tandidate with

one 0‘(: ‘{')\C }

possible outputs.

Candidates: Possible output:

mList.sort ()
println (mList)

[Netball]

[Baseball, Basketball, Football]
val mMap = mutableMapOf ("0" to "Netball")

var x = 0 [Basketball]
for (item in mList) ({
mMap.put (x.toStrlng() , item) [Football, Basketball, Baseball]
}
{Basketball}

println (mMap.values)

[Basketball, Baseball, Football]
mList.addAll (mList)

mList.reverse () {Netball}
val set = mList.toSet()
println(set) [Football]

{Basketball, Baseball, Football}
mList.sort ()

mList.reverse () [Football, Baseball, Basketball]
println (mList)
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A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

Solution

fun main(args: Array<String>) {

val mList = mutableListOf ("Football", "Baseball", "Basketball")
The candidate

tode goes heve. —_T

Candidates: Possible output:

mList.sort()

[Netball]
println (mList)

[Baseball, Basketball, Football]
val mMap = mutableMapOf ("0" to "Netball")

\ /

var x = 0 [Basketball]
for (item in mList) {
mMap.put (x. toString() , item) [Football, Basketball, Baseball]
}
{Basketball}

println (mMap.values)
[Basketball, Baseball, Football]
mList.addAll (mList)
mList.reverse () {Netball}
val set = mList.toSet ()

println (set) [Football]

{Basketball, Baseball, Football}
mList.sort ()

mList.reverse () [Football, Baseball, Basketball]
println (mList)
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Your Kotlin Toolbox
You ¢tan download

You’ve got Chapter 9 under fhe £ull code for
your belt and now you’ve the chapter Lrom
added collections to your Wttps: /[ tinyurl. tom/

toolbox. HFKotlin.
——————————————

QBUL[ET POINTS

Create an array initialized with nul1 = CreateaList usingthe 1istOf
values using the arrayOfNulls function.
function.

m  Create aMutableList using
m  Useful array functions include: sort, mutableListOf.
reverse contains, min, max m  Create a Set using the setOf function.
sum, average.

= The Kotlin Standard Library contains pre- " Crealeatmutableset using

built classes and functions grouped into mutableSetor.
packages. ® A set checks for duplicates by first
= AListisa collection that knows and looking for matching hash code values. It
then uses the === and == operators to

cares about index position. It can contain check for referential or object equality.
duplicate values.
m  (Create a Map using the mapOf function,

®=  Asetis an unordered collection that L .
passing in key/value pairs.

doesn’t allow duplicate values.
m  Create a MutableMap using

m  AMap is a collection that uses key/value
ap y mutableMapOf.

pairs. It can contain duplicate values, but
not duplicate keys.

®  Tist, Set and Map are immutable.
MutableList,MutableSet and
MutableMap are mutable subtypes of
these collections.
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10 generics

*
Know Your Ins ~

* from Your Outs

Darling, I fear that
the T in Meat<T> may
implement the Tabby
interface.

Everybody likes code that’s consistent.

And one way of writing consistent code that’s less prone to problems is to use generics.
In this chapter, we'll look at how Kotlin’s collection classes use generics to stop you
from putting a Cabbage into a List<Seagull>. You'll discover when and how to write your
own generic classes, interfaces and functions, and how to restrict a generic type to
a specific supertype. Finally, you'll find out how to use covariance and contravariance,

putting YOU in control of your generic type’s behavior.
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generics allow type consistency

Collections use generics

As you learned in the previous chapter, each time you explicitly
declare a collection’s type, you must specify both the kind of
collection you want to use, and the type of element it contains.
The following code, for example, defines a variable that can hold
areference to a MutableList of Strings:

val x: MutableList<String>

The element type 1s defined inside angle brackets <>, which
means that it uses generics. Generics lets you write code that’s
type-safe. It’s what makes the compiler stop you from putting
aVolkswagen into a list of Ducks. The compiler knows that
you can only put Duck objects into a MutableList<Duck>,
which means that more problems are caught at compile-time.

WITHOUT generics,

objects would go IN as a O O O O
reference to Duck, Fish,

Guitar and Car objects... Djfk Fiih Glil'/tar Car

\L Without genevics,
| MutableList NSRS
J, \L \L to detlave what
type of objects the
O O O O MakableList should
COn{:am
Any Any Any Any

...and come OUT as a reference of type Any.

WITH generics,

objects go IN

ref’erenci to :::ya ( ) With JB:,IMSI \/:u”iiz,;:akc
at Yyour Lo

Duck objects... Duck Duck Duck Duck :‘:\Y/ . *{:a:/ns “bjects 0

the corveet type: You

don't have to worry about

someone sticking 3 Pumpkin

into a MutableList<Duck>,

i J
\: \:
O O O or that what you get vt
won't be a Duck.

Duck Duck Duck Duck

MutabIeLlst<Duck>

...and come OUT as a reference of type Duck.
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How a Mutablelist is defined

Let’s look at the online documentation to see how

generics

MutableList is defined, and how it uses generics. There are
two key areas we’ll consider: the interface declaration, and how

the add function is defined.

Understanding collection documentation

(Or, what’s the meaning of “E*?)

Here’s a simplified version of the MutableList definition:

The “E” is a placeholder for

the REAL ‘{:\/\76 You use when
you detlave a MutableList.

interface MutableList<E>

MutableList inherits from +he Lis
MutableColleetion interfaces. WhaJc{:c\?c':rd
type (the value of “E”) you specify for the
MutableList is aufoma’cically used for the
type of the List and MutableCollection.

List<E>, MutableCollection<E> {

fun add(index: Int, element: E): Unit

//More code

MutableList uses “E” as a stand-in for the type of
element you want the collection to hold and return.
When you see an “E” in the documentation, you can do
a mental find/replace to exchange it for whatever type

you want it to hold.

MutableList<String>, for example, means

that “E” becomes “String” in any function or variable
declaration that uses “E”. And MutableList<Duck>
means that all instances of “E” become “Duck” instead.

Let’s look at this in more detail.

Whatever “E” is determines what
kind of things \/ou'rc allowed to
add to the MutableList.

therejare no o
—— Dumb Questions ——

Q: SoMutableListisn’taclass?

AI No, it's an interface. When you create a
MutableList usingthe mutablelListOf
function, the system creates an implementation of
this interface. All you care about when you're using it,
however, is that it has all the properties and functions
defined in the MutableList interface.
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how type parameters work

Using type parameters with Mutablelist

When you write this code:

val x: MutableList<String>

It means that MutableList:

interface MutableList<E> : List<E>, MutableCollection<E> {

fun add(index: Int, element: E): Unit

//More code

}

is treated by the compiler as:

interface MutableList<String> : List<String>, MutableCollection<String> {

fun add(index: Int, element: String): Unit

//More code

In other words, the “E” is replaced by the real type

(also called the type parameter) that you use when you

define the MutableList. And that’s why the add
function won’t let you add anything except objects with

a type that’s compatible with the type of “E”. So if you
make a MutablelList<String>, the add function
suddenly lets you add Strings. And if you make the
MutableList of type Duck, suddenly the add function
lets you add Ducks.
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Things you can do with a
generic class or interface

Here’s a summary of some of the key things you can do
when you’re using a class or interface that has generic
types:

c Create an instance of a generified class.
When you create a collection such as a MutableList, you
have to tell it the type of objects you’ll allow it to hold, or let the
compiler infer it:

val duckList: MutableList<Duck>

duckList = mutableListOf (Duck("Donald"), Duck("Daisy"), Duck("Daffy"))

val list = mutableListOf ("Fee", "Fi", "Fum")

° Create a function that takes a generic type.
You can create a function with a generic parameter by specifying
its type, just as you would any other sort of parameter:

fun quack (ducks: MutableList<Duck>) {
//Code to make the Ducks quack

° Create a function that returns a generic type.
A function can return a generic type too. The following code, for
example, returns a MutableList of Ducks:

fun getDucks (breed: String): MutableList<Duck> {
//Code to get Ducks for the specified breed

But there are still important questions that need answering
about generics, such as how do you define your own generic
classes and interfaces? And how does polymorphism work with
generic types? If you have a MutableList<Animal>, what
happens if you try to assign a MutableList<Dog> to it?

To answer these questions and more, we’re going to create an
application that uses generic types.
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steps

Here’s what we’re going to do

We’re going to create an application that deals with pets. We’ll
create some pets, hold pet contests for them, and create pet
retailers that can sell specific types of pet. And as we’re using
generics, we’ll ensure that each contest and retailer we create can
only deal with a specific type of pet.

Here are the steps that we’ll follow:
o Create the Pet hierarchy.

We’ll create a hierarchy of pets that will allow us to create three types of
pet: cats, dogs and fish.

e Create the Contest class. A
The Contest class will let us create contests for different types of pet. y
We’ll use it to manage the contestant scores so that we can determine
the winner. And as we want each contest to be limited to a specific type
of pet, we’ll define the Contest class using generics.

e Create the Retailer hierarchy.
We’ll create a Retailer interface, and concrete implementations
of this interface named CatRetailer, DogRetailer and
FishRetailer. We’ll use generics to ensure that each type of
Retailer can only sell a specific type of pet, so that you can’t buy a
Cat from a FishRetailer.

e Create a Vet class.
Finally, we’ll create a Vet class, so that we can assign a vet to each
contest. We’ll define the Vet class using generics to reflect the type
of Pet each Vet specializes in treating,

We’ll start by creating the pet class hierarchy.
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Create the Pet class hierarchy

Our pet class hierarchy will comprise of four classes: a Pet
class that we’ll mark as abstract, and concrete subclasses
named Cat, Dog and Fish. We’ll add a name property to
the Pet class, which its concrete subclasses will inherit.

We’re marking Pet as abstract because we only want to be
able to create objects that are a subtype of Pet, such as Cat
or Dog, and as you learned in Chapter 6, marking a class as
abstract prevents that class from being instantiated.

Here’s the class hierarchy:

Cat

The code for the class hierarchy looks like this:

abstract class Pet(var name: String)

class Cat(name: String) : Pet (name)

generics
> Pets
Contest
Retailers
Vet

Heve, Pet is abstract, while
Cat, Dog and Fish ave
tontrete 'lm?ltmcn{:a{:ions.

Each subtype of Pet has a name
(whith it inherits from Pet), which
3e‘{:s set in the ¢tlass onstructor.

class Dog(name: String) : Pet (name)
class Fish(name: String) : Pet(name)

Next, let’s create the Contest class so that we can hold
contests for different kinds of pet.
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Contest class

Pefine the Contest class

We’ll use the Contest class to help us manage the scores for a
pet contest, and determine the winner. The class will have one
property named scores, and two functions named addScore
and getWinners.

We want each contest to be limited to a particular type of pet. A cat
contest, for example, only has cat contestants, and only fish can take
part in a fish contest. We’ll enforce this rule using generics.

Peclare that Contest uses a generic type

You specify that a class uses a generic type by putting the type name
in angle brackets immediately after the class name. Here, we’ll

use “I” to denote the generic type. You can think of “I” as being a
stand-in for the real type that each Contest object will deal with.

Here’s the code:
v The<T> after the class

class Contest<T> { name tells the LO""‘\’.‘lUr
//More code here that T is a genevic {—‘\/YC'

}

The generic type name can be anything that’s a legal identifier,

but the convention (which you should follow) is to use “T”. The
exception is if you’re writing a collection class or interface, in which
case the convention is to use “E” instead (for “Element”), or “K”
and “V” (for “Key” and “Value”) if it’s a map.

You can restrict T to a specific supertype

In the above example, T can be replaced by any real type when the
class 1s instantiated. You can, however, place restrictions on T by
specifying that it has a ¢ype. The following code, for example, tells
the compiler that T must be a type of Pet:

K\

class Contest<T: Pet> { T is a generic type
that must be Pet, or
one of its sub{\/‘?cs.

//More code here

}

So the above code means that you can create Contest objects that
deal with Cats, Fish or Pets, but not Bicycles or Begonias.

Next, let’s add the scores property to the Contest class.
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Add the scores property

The scores property needs to keep track of which contestant
receives which score. We’ll therefore use a MutableMap, with
contestants as keys, and their scores as values. As each contestant

is an object of type T and each score is an Int, the scores
property will have a type of MutableMap<T, Int>.If we create
a Contest<Cat> that deals with Cat contestants, the scores
property’s type will become MutableMap<Cat, Int>,butif we
create a Contest<Pet> object, scores type will automatically
become MutableMap<Pet, Int> instead.

Here’s the updated code for the Contest class:

generics
Pets
Contest
Retailers
Vet

class Contest<T: Pet> { Contest<T: Pet>

val scores: MutableMap<T, Int> = mutableMapOf () scores

//More code here R This defines a MuﬁabchaP with T kcys

} and [nt values, wheve T is the ie by
) generic type
of Pet that the Contest is dealing wi{h\(F

Now that we’ve added the scores property, let’s add the
addScore and getWinners functions.

Create the addScore function

We want the addScore function to add a contestant’s score to the
scores MutableMap. We’ll pass the contestant and score to the
function as parameter values; so long as the score is 0 or above, the
function will add them to the MutableMap as a key/value pair.

Here’s the code for the function:

class Contest<T: Pet> {

val scores: MutableMap<T, Int> = mutableMapOf ()

Contest<T: Pet>

fun addScore(t: T, score: Int = 0) {
scores

if (score >= 0) scores.put(t, score)

addScore

Put the tontestant and its
store in the MutableMap,
so long as the seore is
greater than or equal to O

//More code goes here

Finally, let’s add the getWinners function.
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getWinners function

Create the getWinners function

The getWinners function needs to return the contestants with

Pets
Contest
Retailers
Vet

the highest score. We’ll get the value of the highest score from the

scores property, and we’ll return all contestants with this score
in aMutableSet. As each contestant has a generic type of T,
the function must have a return type of MutableSet<T>.

Here’s the code for the getWinners function:

fun getWinners(): MutableSet<T> {

val highScore = scores.values.max ()

val winners: MutableSet<T> = mutableSetOf ()

for ((t, score) in scores) {

if (score == highScore) winners.add(t)

}

return winners

} Return the MutableSet of winners.

And here’s the code for the complete Contest class:

class Contest<T: Pet> {

val scores: MutableMap<T, Int> = mutableMapOf ()

fun addScore(t: T, score: Int = 0)

if (score >= 0) scores.put(t, score)

fun getWinners () : MutableSet<T> ({

val highScore = scores.values.max ()

L

Add any tontestants with the
highest seore 1o a MutableSet.

Get the highest value From stoves.

Contest<T: Pet>

scores

addScore
getWinners

We'll add this elass to a new
e application a few pages ahead.

val winners: MutableSet<T> = mutableSetOf ()

for ((t, score) in scores) {

if (score == highScore) winners.add(t)

}

return winners

Now that we’ve written the Contest class, let’s use it to create

some objects.
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generics
Pets
Contest
Retailers
Vet

Create some Contest objects

You create Contest objects by specifying what type of objects it should
deal with, and calling its constructor. The following code, for example,
creates a Contest<Cat> object named catContest that deals with
Cat objects:

val catContest = Contest<Cat> () &-This C\rca{‘.cs a Cow{:cS{: ‘{:ha{: will aLLCF‘l', Ca{:s

This means that you can add Cat objects to its scores property, and
use its getWinners function to return a MutableSet of Cats:

catContest.addScore (Cat ("Fuzz Lightyear"), 50)
catContest.addScore (Cat ("Katsu"), 45)
val topCat = catContest.getWinners () .first () é—/

gc{:Wmnc\rs() veturns a MutableSet<Cat>
because we've specified that eatContest
must deal with Cats.

And as Contest uses generics, the compiler prevents you from passing

any non-Cat references to it. The following code, for example, won’t

compile:

The tompiler prevents you from adding non—Cats
toa Co“'{?CS{KCG{'): so this line won't COmFiIC.

A Contest<Pet>, however, will accept any type of Pet, like this:

catContest.addScore (Dog ("Fido"), 23) K

val petContest = Contest<Pet>()
petContest.addScore (Cat ("Fuzz Lightyear"), 50)| As a Contest<Pet> deals with Pets,
petContest.addScore (Fish ("Finny McGraw"), 56) tontestants can be any sub{:\/?c 0‘(: Pet.

The compiler can infer the generic type

In some circumstances, the compiler can infer the generic type

from the available information. If, say, you create a variable of type
Contest<Dog>, the compiler will automatically infer that any
Contest object you pass to it is a Contest<Dog> (unless you tell it
otherwise). The following code, for example, creates a Contest<Dog>
object and assigns it to dogContest:

val dogContest: Contest<Dog> Heve, you tan use Contest() instead of Contest<Dog>() as the
dogContest = Contest() <—’_’_’ (,omyﬂcr tan 'm‘CcV' {;hc ob\')cd‘{: {Y‘;c ‘(:\rom {:\'\c variable {‘,\/?c.

Where appropriate, the compiler can also infer the generic type from
its constructor parameters. If, for example, we’d used a generic type
parameter in the Contest class primary constructor like this:

class Contest<T: Pet>(t: T) {...}

The compiler would be able to infer that the following code creates

aContest<Fish>: This is the same as eveating 3 Contest

using Contest<Fish>(Fish(“Finny MeGraw')).

val contest = Contest (Fish("Finny McGraw")) \/ou tan omit the <Fish> as the Lo"\‘nlcv
infevs it from the construttor argument.
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up close

Generie Funetions Up Close

So far, you've seen how to define a function that uses a generic
type inside a class definition. But what if you want to define a
function with a generic type outside a class? Or what if you want
a function inside a class to use a generic type that’s not included
in the class definition?

If you want to define a function with its own generic type, you
can do so by declaring the generic type as part of the function
definition. The following code, for example, defines a function
named 1istPet with a generic type, T, that’s limited to types
of Pet. The function accepts a T parameter, and returns a
reference to a MutableList<T> object:

For funttions that — > fun <T: Pet> listPet(t: T): MutableList<T> {
detlave ‘l’)\ei? own SCV\CV‘iC println("Create and return MutableList")
type, the <T: Pet> goes

. return mutableListOf (t)
before the function name.

Notice that when you declare a generic function in this way, the
type must be declared in angle brackets before the function name,
like this:

fun <T: Pet> listPet...

To call the function, you must specify the type of object the
function should deal with. The following code, for example,
calls the 1istPet function, using angle brackets to specify that
we’re using it with Cat objects:

val catlList = listPet<Cat> (Cat ("Zazzles"))

The generic type, however, can be omitted if the compiler Can’\

mnfer it from the function’s arguments. The following code, These two ‘FUHC“:ion ealls do
for example, 1s legal because the compiler can infer that the the same 'Ehing, as the tompiler
listPet function is being used with Cats: ean infer that You want the

— function 4o deal with Cats.

val catList = listPet (Cat ("Zazzles"))
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Create the Generics project

Now that you’ve seen how to create a class that uses generics, let’s
add it to a new application.

Create a new Kotlin project that targets the JVM, and name the
project “Generics”. Then create a new Kotlin file named Pets.kt by
highlighting the sr¢ folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Pets”,
and choose File from the Kind option.

Next, update your version of Pels.kt to match ours below:

abstract class Pet (var name: String)

generics
Pets
Contest
Retailers
Vet

class Cat(name: String) : Pet (name)
Add the Pet hievarehy:
class Dog(name: String) : Pet (name)
class Fish(name: String) : Pet (name)
V< Add the Contest class.

class Contest<T: Pet> {

val

fun

fun

scores: MutableMap<T, Int> = mutableMapOf ()

addScore(t: T, score: Int = 0) {

if (score >= 0) scores.put(t, score)

getWinners () : MutableSet<T> {
val winners: MutableSet<T> = mutableSetOf ()
val highScore = scores.values.max()
for ((t, score) in scores) {

if (score == highScore) winners.add(t)
}

return winners

]

Generics

gl

src

Pets.kt

The ¢ode tontinues d
on the next page.
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test drive

Pets
Th d _r. d Contest
e code continved... eotaore
fun main(args: Array<String>) { Create two Cats and Fish. Vet
val catFuzz = Cat("Fuzz Lightyear") <
val catKatsu = Cat ("Katsu")
val fishFinny = Fish("Finny McGraw")
val catContest = Contest<Cat> () ‘—\-— HOld a Ca‘{i Con{cs{: (Ca‘{:s-—onl\/)‘ Genell'l_cs
catContest.addScore (catFuzz, 50) D
catContest.addScore (catKatsu, 45) src
val topCat = catContest.getWinners().first()
println("Cat contest winner is ${topCat.name}") Pets.kt
ill
val petContest = Contest<Pet> () <\ H"ld a Pcl{"tcon{-'cic":’:a{' w
et
petContest.addScore (catFuzz, 50) aLLc?‘{: al \/Pcs @
petContest.addScore (fishFinny, 56)
val topPet = petContest.getWinners().first()
println ("Pet contest winner is ${topPet.name}")
}
Test drive
When we run the code, the following text gets printed in the IDE’s
output window:
Cat contest winner is Fuzz Lightyear
Pet contest winner is Finny McGraw
After you've had a go at the following exercise, we’ll look at the
Retailer hierarchy.
tberelgre no
Dumb Questions
Q,: Can a generic type be nullable? Q: Can a class have more than one generic type?

A: Yes. If you have a function that returns a generic type, and A: Yes. You define multiple generic types by specifying them
you want this type to be nullable, simply add a ? after the generic inside angle brackets, separated by a comma. If you wanted to
return type like this: define a class named MyMap with K and V generic types, you
would define it using code like this:
class MyClass<T> ({
fun myFun(): T? class MyMap<K, V> {
} //Code goes here
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Poo] Puzzle
Your job is to take code snippets from

/\ the pool and place them into

\ | the blank lines in the code. You
P may not use the same code
snippet more than once, and
you won't need to use all the
code snippets. Your goal is to
create a class named PetOwner
that accepts generic Pet types,
which you must then use to create a
new PetOwner<Cat> that holds
references to two Cat objects.

pets holds a veference

to eath pet owned. ['s
initialized with a value —
that's passed to the
PetOwner constructor. add( t
remove

PetOwner<T: Pet>

. pets: MutableList<T>

The add and vremove funttions ave
used to update the pets pro cr'[:\/
The add function adds a ve cv-cm‘.c,
and the remove funetion removes one.

Note: each thing from
the pool can only be
used once!

/ catFuzz

T: Pet

generics

class PetOwner {

val pets = mutableListOf( )

fun add (. ) A

fun main(args: Array<String>) {
val catFuzz = Cat("Fuzz Lightyear")
val catKatsu = Cat ("Katsu")
val fishFinny = Fish ("Finny McGraw")

val catOwner = PetOwner

catOwner.add (catKatsu)

e

T: Pet T

T: Pet T t

fishFinny tT &
t

4—--h-"~___

o m—

e ———
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pool puzzle

Poo] Puzzle Jolution

Your job is to take code snippets from . .
/\ the pool and place them into gPdA:Y the genevice type. N\ The constructor-
\ | the blank lines in the code. You \f/
P may not use the same code class PetOwner <T:Pet>(t:T) {
.L snippet more than once, and val pets = mutableListOf (t )
you won't need to use all the

code snippets. Your goal is to This eveates a

create a class named PetOwner fun add (T ) | MukableList<T>.
that accepts generic Pet types, pets.add(t.) “
which you must then use to create a )
new PetOwner<Cat> that holds Add/Remove T values.
references to two Cat objects. \K

fun remove ( t:T) {

PetOwner<T: Pet>

pets: MutableList<T>

add(t: T) fun main(args: Array<String>) {
remove(t: T)

val catFuzz = Cat("Fuzz Lightyear")

val catKatsu = Cat ("Katsu")
val fishFinny = Fish("Finny McGraw")
val catOwner = PetOwner (catFuzz)

catOwner.add (catKatsu)

Creates a PetOwner<Cat>,
and initializes pets with a
rc(:crcm‘,c to La{:Fuzz.

You didn't need to
use these snippets.

T: Pet
T: Pet

fishFinny
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The Retailer hierarchy

We’re going to use the Pet classes we created earlier to
define a hierarchy of retailers that can sell different types
of pet. To do this, we’ll define a Retailer interface
with a sell function, and three concrete classes named
CatRetailer, DogRetailer and FishRetailer
that implement the interface.

Each type of retailer should be able to sell a particular

type of object. A CatRetailer, for example, can only
sell Cats, and a DogRetailer can only sell Dogs. To
enforce this, we’ll use generics to specify the type of object
that each class deals with. We’ll add a generic type T to the
Retailer interface, and specify that the sell function
must return objects of this type. As the CatRetailer,
DogRetailer and FishRetailer classes all implement
this interface, each one will have to substitute the “real”

type of object they deal with for the generic type T.

Here’s the class hierarchy that we’ll use:

generics
Pets
Contest
Retailers
Vet

tbere qre no °
— Dumb Questions —

Q,: Why aren’t you using a PetRetailer
concrete class?

A: In the real world, it's quite likely that you'd
want to include a PetRetailer which sells all
types of Pet. Here, we're differentiating between
the different types of Retai ler so that we can
teach you more important details about generics.

(interface)
Retailer<T>

sell(): T

CatRetailer DogRetailer

sell(): Cat

sell(): Dog

Now that you’ve seen the class hierarchy let’s write the code
for it, starting with the Retailer interface.

Retailer is an interface, while
CatRetailer, DogRetailer and
FishRetailer are contrete
im?ltmm{:a{:ions.

FishRetailer

sell(): Fish
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Retailer interface

Pefine the Retailer interface

The Retailer interface needs to specify that it uses a generic type
T, which is used as the return type for the sell function.

Here’s the code for the interface:

interface Retailer<T> {
fun sell(): T
}

The CatRetailer, DogRetailer and FishRetailer classes
need to implement the Retailer interface, specifying the type of
object each one deals with. The CatRetailer class, for example,
only deals with Cats, so we’ll define it using code like this:

class CatRetailer : Retailer<Cat> {

override fun sell(): Cat {

println("Sell Cat") The CatRetailer tlass imylcrncn{:s the

return Cat("") Retailer interfate so that it deals
} with Cats. This means that the sellO

Lunetion must veturn a Cat.

}

Similarly, the DogRetailer class deals with Dogs, so we can
define it like this:

class DogRetailer : Retailer<Dog> {
override fun sell(): Dog {
println("Sell Dog") Doch{:&ﬂcr veplaces

return Dog("") Retailer’s generie {:\/\76 with
Doy, so its sell) function

} must veturn a Dog-

Each implementation of the Retailer interface must specify
the type of object it deals with by replacing the “T” defined in the
interface with the real type. The CatRetailer implementation,
for example, replaces “1” with “Cat”, so its se11 function must
return a Cat. If you try and use anything other than Cat (or a
subtype of Cat) for sell’s return type, the code won’t compile:

class CatRetailer : Retailer<Cat> {

Pets
Contest
Retailers
Vet

(interface)
Retailer<T>

sell(): T

CatRetailer

sell(): Cat

(interface)
Retailer<T>

sell(): T

DogRetailer

sell(): Dog

This tode won't tompile bectause

override fun sell(): Dog = Dog("") &—— CatRetailer’s sell0) funchion must vebury

} aCat, and a D05 is not a ‘E‘/Fc of Cat

So using generics means that you can place limits on how a class uses

its types, making your code much more consistent and robust.

Now that we have the code for our retailers, let’s create some objects.
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generics
Pets
Contest
Retailers
Vet

We can create CatRetailer,
PogRetailer and FishRetailer objects...

As you might expect, you can create a CatRetailer,
DogRetailer or FishRetailer object and assign it to a
variable by explicitly declaring the variable’s type, or letting the
compiler infer it from the value that’s assigned to it. The following
code uses these techniques to create two CatRetailer
variables and assign a CatRetailer object to each one:

val catRetailerl = CatRetailer ()
val catRetailer2: CatRetailer = CatRetailer ()

..but what about polymorphism?

As CatRetailer, DogRetailer and FishRetailer
implement the Retailer interface, we should be able to create

a variable of type Retailer (with a compatible type parameter),
and assign one of its subtypes to it. And this works if we assign a
CatRetailer object to a Retailer<Cat> variable, or assign
a DogRetailer toaRetailer<Dog>:

' i : These lines ave legal because DogRetailer
val dogRetailer: Retailer<Dog> = DogRetailer () im?lcmen{:s Rc{ailcr<Dog’>, nd

val catRetailer: Retailer<Cat> = CatRetailer () CatRetailer im\?lcmcvr{',s Rc{ailcr<Ca{~>.

But if we try to assign one of these objects to a Retailer<Pet>,
the code won’t compile: ) )
This won't tompile, even though
val petRetailer: Retailer<Pet> = CatRetailer () @Cach{:ailcr is @ Rc{:ailcv-<Ca{>, and

Cat is a subtype of Pet.

Even though CatRetailerisatype of Retailer, and

Cat is a type of Pet, our current code won’t let us assign a
Retailer<Cat> object to a Retailer<Pet> variable. A
Retailer<Pet> variable will only accept a Retailer<Pet>
object. Not a Retailer<Cat>, nor a Retailer<Dog>, but
only a Retailer<Pet>.

This behavior appears to violate the whole point of
polymorphism. The great news, however, is that we can adjust
the generic type in the Retailer interface to control
which types of objects a Retailer<Pet> variable can
accept.
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covariance
Pets
Contest

Use out to make a generic type covariant Retailers

Vet

If you want to be able to use a generic subtype object in a place
of a generic supertype, you can do so by prefixing the generic
type with out. In our example, we want to be able to assign
aRetailer<Cat> (asubtype) to a Retailer<Pet> (a
supertype) so we’ll prefix the generic type T in the Retailer
interface with out like so:

If a generic type 15
covariant, it means that

interface Retailer<out T> {

fun sell(): T N Heve's the out prefix. you can use a SUl)t e 1n

]olace of a supertype.

}

When we prefix a generic type with out, we say that the generic
type is covariant. In other words, it means that a subtype can be
used in place of a supertype.

Making the above change means that a Retailer<Pet>
variable can now be assigned Retailer objects that deal with
Pet subtypes. The following code, for example, now compiles: The out ?rcﬁi* in the Retailer

i i : [ £cr§aCc means that we tan
val petRetailer: Retailer<Pet> = CatRetailer() &— " .
p ( now assign a Retailer<Cat> to

a Retailer<Pet> variable.

In general, a class or interface generic type may be prefixed with
out if the class has functions that use it as a return type, or if the
class has val properties of that type. You can’t, however, use
out if the class has function parameters or var properties of that <—— Ayother wa
generic type.

- way of fhinking about this is that
a generic type that's prefixed with out ean
only be used in an “out” position, suth as a

Collections are defined using covariant types funetion veturn type. I£ ean't, however, be

used in an “in” position, so a funttion tan't

The out prefix isn’t just used by generic classes and interfaces that . .
p J Y g recteive a Lovaviant -l;\/Fc as a pavameter value.

you define yourself. They’re also heavily used by Kotlin’s built-in
code, such as collections.

The List collection, for example, is defined using code like this:

public interface List<out E> ... { ... }
This means that you can, say, assign a List of Catstoa List
of Pets, and the code will compile:

val catList: List<Cat> = 1listOf(Cat(""), Cat(""))
val petList: List<Pet> = catList

Now that you’ve seen how to make generic types covariant using
out, let’s add the code we’ve written to our project.
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Update the Generics project

Update your version of Pels.kt in the Generics project so that it
matches ours below (our changes are in bold):

abstract class Pet(var name: String)

class Cat(name: String) : Pet (name)
class Dog(name: String) : Pet (name)
class Fish(name: String) : Pet (name)

class Contest<T: Pet> ({

val scores: MutableMap<T, Int> = mutableMapOf ()

fun addScore(t: T, score: Int = 0) {
if (score >= 0) scores.put(t, score)

fun getWinners () : MutableSet<T> {

val winners: MutableSet<T> = mutableSetOf ()

val highScore = scores.values.max ()

for ((t, score) in scores) {

if (score == highScore) winners.add(t)

}

return winners

/ Add the Retailer inkerfate.
“

interface Retailer<out T> {
fun sell(): T

class CatRetailer : Retailer<Cat> {
override fun sell(): Cat {
println("Sell Cat")
return Cat("")

Add the CatRetailer

class DogRetailer : Retailer<Dog> ({
override fun sell(): Dog {
println("Sell Dog")
return Dog("")

and Doch{:ailcr elasses.

generics
Pets
Contest
Retailers
Vet

Generics

-

src

Pets.kt

The ¢ode tontinues /ﬁ
on the next page.
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test drive

The code continved...

class FishRetailer : Retailer<Fish> {VTL\‘
override fun sell(): Fish {
println("Sell Fish")

return Fish("")

fun main(args: Array<String>) {
val catFuzz = Cat("Fuzz Lightyear")
val catKatsu = Cat ("Katsu")

val fishFinny = Fish ("Finny McGraw")

val catContest = Contest<Cat> ()
catContest.addScore (catFuzz, 50)
catContest.addScore (catKatsu, 45)

val topCat = catContest.getWinners().first()
println("Cat contest winner is ${topCat.name}")

val petContest = Contest<Pet>()
petContest.addScore (catFuzz, 50)
petContest.addScore (fishFinny, 56)

val topPet = petContest.getWinners().first()
println ("Pet contest winner is ${topPet.name}")

val dogRetailer: Retailer<Dog> = DogRetailer ()
val catRetailer: Retailer<Cat> CatRetailer()
val petRetailer: Retailer<Pet> = CatRetailer()
petRetailer.sell()

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

Cat contest winner is Fuzz Lightyear
Pet contest winner is Finny McGraw
Sell Cat

Now that you’ve seen how to make generic types covariant using the
out prefix, have a go at the following exercise.
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Add the FishRetailer ¢lass.

=

Generics

src

Pets.kt

t— Create some Retailer ob\')ccjc&



generics

BE, ﬂy@ C@IHYﬂGI

Here are five c]asses and
g interfaces that use generics.
\  Your job is to play like you're
" the Compiler, and
determine whether
each one wil]
compile. If it won’t
compile, why not?

e interface A<out T> {

fun myFunction(t: T)

e interface B<out T> {
val x: T

fun myFunction(): T

e interface C<out T> {
var y: T

fun myFunction(): T

Q interface D<out T> {

fun myFunction(str: String): T

9 abstract class E<out T>(t: T) {

val x = t
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be the compiler solution

Here are five c]asses and
g interfaces that use generics.
\  Your job is to play like you're

each one wi]]

compile, why not?

interface A<out T> {

fun myFunction(t: T)

the Compiler, and
determine whether

BE the Compiler Sofufien

compile. If it won’t

This tode won't Com\?i|c betause the tovariant {:\/\76
T ¢can't be used as a funetion pavameter.

o

interface B<out T> {
val x: T

fun myFunction(): T

This code compiles suLLcss-Fu“y.

o

interface C<out T> {
var y: T

fun myFunction(): T

This tode won't tompile betause the tovaviant {',\/?c
T ean't be used as the type of a var property.

(D)

interface D<out T> {

fun myFunction(str: String)

This tode tompiles sudtcssacull\/.

. T

o
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abstract class E<out T>(t: T) {

val x = t
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generics
Pets
Contest
Retailers
Vet

We need a Vet class

As we said earlier in the chapter, we want to be able to assign

a vet to each contest in case there’s a medical emergency with

any of the contestants. As vets can specialize in treating different
types of pet, we’ll create a Vet class with a generic type T, and
specify that it has a treat function that accepts an argument of
this type. We’ll also say that T must be a type of Pet so that you
can’t create a Vet that treats, say, PLanet or Broccoli objects.

Here’s the Vet class

class Vet<T: Pet> { }%
fun treat(t: T) { Vet<T: Pet> o
println("Treat Pet ${t.name}")
}
} treat(t: T)

Next, let’s change the Contest class so that it accepts a Vet.

Assign a Vet fo a Contest

We want to make sure that each Contest hasa Vet, so we’ll , to the C fest
add a Vet property to the Contest constructor. Here’s the  We've adding Vet<T> oy on{:
updated Contest code: tonstruttor so that you ean © reate 2

K— Contest without assigning 3 Vet to it

class Contest<T: Pet>(var vet: Vet<T>) {
val scores: MutableMap<T, Int> = mutableMapOf ()

fun addScore(t: T, score: Int = 0) {

if (score >= 0) scores.put(t, score)

fun getWinners () : MutableSet<T> ({
val winners: MutableSet<T> = mutableSetOf ()
val highScore = scores.values.max ()
for ((t, score) in scores) {
if (score == highScore) winners.add(t)

}

return winners

}

Let’s create some Vet objects, and assign them to Contests.
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create some Vets

Pets
Contest

Create Vet objects Retailers

Vet

We can create Vet objects in the same way that we created
Contest objects: by specifying the type of object each Vet
object should deal with. The following code, for example, creates
three objects—one each of type Vet<Cat>, Vet<Fish> and
Vet<Pet>:

val catVet = Vet<Cat> ()
val fishVet = Vet<Fish> ()
val petVet = Vet<Pet> ()

Each Vet can deal with a specific type of Pet. The Vet<Cat>,
for example, can treat Cats, while a Vet <Pet> can treat any
Pet, including both Cats and Fish. A Vet<Cat>, however,
can’t treat anything that’s not a Cat, such as a Fish:

17 A Vet<Cat> and 3 Vet<Pet> tan both treat Cats.

catVet.treat (Cat ("Fuzz Lightyear"
petVet.treat (Cat ("Katsu"))
petVet.treat (Fish ("Finny McGraw"))< — A Vet<Pet> tan treat a Fish.

catVet.treat (Fish("Finny McGraw")

) < This line won't compile, as a Vet<Cats ¢an't treat a Fish.

Let’s see what happens when we try passing Vet objects to
Contests.

Pass a Vet to the Contest constructor

The Contest class has one parameter, a Vet, which must

be able to treat the type of Pet that the Contest is for. This
means that we can pass a Vet<Cat> toa Contest<Cat>, and
aVet<Pet>toa Contest<Pet> like this:

val catContest = Contest<Cat> (catVet)

val petContest = Contest<Pet>(petVet)

But there’s a problem. A Vet<Pet> can treat all types of Pet,
including Cats, but we can’t assign a Vet<Pet> to a
Contest<Cat> as the code won’t compile:

val catContest = Contest<Cat> (petVet) <— Even ﬂ\ough a Vet<Pet> L;an {:vca{:{:
Cats, a Contest<Cat> won't aceept a
S0 what should we do in this situation? VebePek>, so this line won't compile.
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generics
Pets
Contest
Retailers
Vet

Use in to make a generic type contravariant

In our example, we want to be able to pass a Pet<Vet>toa
Contest<Cat> in place of a Pet<Cat>. In other words, we want
to be able to use a generic supertype in place of a generic subtype.

In this situation, we can solve the problem by prefixing the generic I{ a generic tyPe is
type used by the Vet class with in. in is the polar opposite of out.

While out allows you to use a generic subtype in place of a supertype contravar iant, it
(like assigning a Retailer<Cat>toaRetailer<Pet>), in lets

you use a generic supertype in place of a subtype. So prefixing the means tllat you can
Vet class generic type with in like this:

K\ HCV‘C’S ‘khc n Fy—c‘(—\ix'

class Vet<in T: Pet> {

use a supertype in

ace of a subtype.
fun treat(t: T) { Pl ¢ u—xiL

println ("Treat Pet ${t.name}") Tllis is tlle OPPOSite

} of covariance.

means that we can use a Vet<Pet> in place of a Vet<Cat>. The
following code now compiles: The in pre Lix in the Vet elass

se a
val catContest = Contest<Cat> (Vet<Pet>()) é<——— means that we ean now u +
Vet<Pet> in place of a Vet<Cat>,
When we prefix a generic type with 1n, we say that the generic type  so this tode now tompiles.
is contravariant. In other words, it means that a supertype can be
used in place of a subtype.

In general, a class or interface generic type may be prefixed with in €~ |n other words, a generic {:\/FC
. . . , f .
if’ the class has functions that use it as a parameter type. You can’t, that's pre Lixed with n” tan onl

L. . . ‘ ooy
however, use in if any of the class functions use it as a return type, be used in an “in position, such

: as a funttion parameter value. [£
they’re defined using val or var. tan't be used in “out” positions

Should a Vet<Cat>- ALWAYS accept a Vet<Pet>?

Before prefixing a class or interface generic type with in, you need

or if that type is used by any properties, irrespective of whether

to consider whether you want the generic subtype parameter to
accept a supertype in every situation. in allows you, for example, to
assign a Vet<Pet> object to Vet <Cat> variable, which may not
be something that you always want to happen:

val catVet: Vet<Cat> = Vet<Pet>() S— This line tompiles as the Vet ¢lass uses an in Frhcix for T.

The great news is that in situations like this, you can tailor the
circumstances in which a generic type is contravariant. Let’s see how.
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local contravariance

Pets

. . Contest
A generic type can be locally contravariant Retailors
As you've seen, prefixing a generic type with in as part of the Vet
class or interface declaration makes the generic type globally
contravariant. You can, however, restrict this behavior to .
specific properties or functions. Wllefl a generlc ty Pe
Suppose, for example, that we want to be able to use llas no in or out PI' e{ix,
a Vet<Pet> reference in place of a Vet<Cat>, but
only where it’s being passed to a Contest<Cat> in its we Say tllat tlle tyPe
constructor. We can achieve this by removing the in prefix . . . A
from the generic type in the Vet class, and adding it to the 1s 1nvariant. n

vet property in the Contest constructor instead.

mvariant type can

Here’s the code to do this:

/—\ Remove the in prefix only accept re{erences

‘crom the \/Cf tlass...
class Vet<#m T: Pet> {

of that sPeci{ic type.

fun treat(t: T) {

println ("Treat Pet ${t.name}")

}

class Contest<T: Pet>(var vet: Vet<in T>) {

~— ~-and add it to the Contest tonstructor
} instead. This means that T is COh‘t\raVavian{,
bw& O“IY in 'U’\C COh‘ECS‘E CONS‘EV‘UC‘&OY.
These changes mean that you can still pass a Vet<Pet> to a
Contest<Cat> like this:
This line COm‘?ilcs, as You £an use 3
val catContest = Contest<Cat> (Vet<Pet>()) é‘ Vet<Pet> in ylacc of a Vet<Cat>
in the Contest<Cat> tonstructor.

The compiler won’t, however, let you assign a Vet<Pet>
object to a Vet<Cat> variable as Vet’s generic type 1s not
globally contravariant:
This line, however, won't eompile as you can't
val catVet: Vet<Cat> = Vet<Pet>() <<—— globally use a Vet<Pet> in place of a Vet<Cat>.

Now that you’ve learned how to use contravariance, let’s add
the Vet code to our Generics project.

316 Chapter 10



generics

Pets
. . Contest
Update the Generics project Retallors
: : : . . > Vet
Update your version of Pels.kt in the Generics project so that it
matches ours below (our changes are in bold):
abstract class Pet (var name: String)
class Cat(name: String) : Pet (name) -
Generics
class Dog(name: String) : Pet (name)
class Fish(name: String) : Pet (name) po
class Vet<T: Pet> { & Add the VCJC class
fun treat(t: T) { Pets.kt
println("Treat Pet ${t.name}")
}
' o Add a construttor to the Contest tlass.
class Contest<T: Pet>(var vet: Vet<in T>) {
val scores: MutableMap<T, Int> = mutableMapOf ()
fun addScore(t: T, score: Int = 0) {
if (score >= 0) scores.put(t, score)
}
fun getWinners () : MutableSet<T> ({
val winners: MutableSet<T> = mutableSetOf ()
val highScore = scores.values.max()
for ((t, score) in scores) {
if (score == highScore) winners.add(t)
}
return winners
}
}
interface Retailer<out T> {
fun sell(): T
}
class CatRetailer : Retailer<Cat> {
override fun sell(): Cat {
println("Sell Cat")
return Cat ("")
} The tode tontinues D
} on the next page.
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more code

Pets
Contest

The code continved... Retailers

Vet

class DogRetailer : Retailer<Dog> {
override fun sell(): Dog {
println("Sell Dog")

return Dog("")

class FishRetailer : Retailer<Fish> {
override fun sell(): Fish {
println("Sell Fish")

return Fish("") Generics

src

) |_D

. . Pets.kt
fun main(args: Array<String>) {

val catFuzz = Cat("Fuzz Lightyear")
val catKatsu = Cat ("Katsu")

val fishFinny = Fish ("Finny McGraw")
— Create some Vet ObjCC{'«S'
val catVet = Vet<Cat>()
val fishVet = Vet<Fish>()

val petVet = Vet<Pet>()

L Get the Vets 4o treat some Pets.
catVet. treat (catFuzz)
petVet. treat (catKatsu)
petVet. treat (fishFinny)

Assign a Vet<Cat> 1o the Contest<Cat>.

S

val catContest = Contest<Cat> (catVet)
catContest.addScore (catFuzz, 50)
catContest.addScore (catKatsu, 45)

val topCat = catContest.getWinners().first()

println("Cat contest winner is ${topCat.name}")

The tode tontinues d
on the next page.
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The code continved... Pssion a Vf% to the Contest<Pels.

val petContest = Contest<Pet> (petVet)
petContest.addScore (catFuzz, 50)
petContest.addScore (fishFinny, 56)

val topPet = petContest.getWinners().first()

println ("Pet contest winner is ${topPet.name}")

‘ <Pet>
val fishContest = Contest<Fish> (petVet) &= Assign a Vet Pet

to a Con{‘,CS‘{:<F'lSh>~

val dogRetailer: Retailer<Dog> = DogRetailer()

val catRetailer: Retailer<Cat> = CatRetailer ()

val petRetailer: Retailer<Pet> = CatRetailer()
petRetailer.sell()
}

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

Treat Pet Fuzz Lightyear

Treat Pet Katsu

Treat Pet Finny McGraw

Cat contest winner is Fuzz Lightyear
Pet contest winner is Finny McGraw
Sell Cat

generics

M Pets
M Contest
M Retailers
>/ Vet
Generics
Src
Pets.kt

therejare no o
Dumb Questions

Q,: Couldn't | have just made Contest’s vet property a Q: Kotlin’s approach to generics seems different to Java’s.

Vet<Pet>? Is that right?

A: No. This would mean that the ve t property could only A: Yes, itis. With Java, generic types are always invariant, but
accept a Vet <Pet>. And while you could make the ve t you can use wildcards to get around some of the problems this
property locally covariant using: creates. Kotlin, however, gives you far greater control as you can

make generic types covariant, contravariant, or leave them as

var vet: Vet<out Pet> invariant.

it would mean that you could assigna Vet<Fish>toa
Contest<Cat>, which is unlikely to end well.
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be the compiler

BE, ﬂy@ C@IHYﬂGI

Here are four c]asses and
g interfaces that use generics.
\  Your job is to play like you're
" the Compiler, and
determine whether
each one wil]
compile. If it won’t
compile, why not?

Q class A<in T>(t: T) {
fun myFunction(t: T) { }

e class B<in T>(t: T) {
val x = t

fun myFunction(t: T) { }

G abstract class C<in T> {

fun myFunction(): T { }

Q class E<in T>(t: T) {
var y = t

fun myFunction(t: T) { }

320 Chapter 10
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generics

_ @G harpen our pencil
N /

//Food types

open class Food
class VeganFood: Food()

//Sellers

interface Seller<T>

class FoodSeller:

Below is a complete Kotlin file listing. The code, however, won't
compile. Which lines won't compile? What changes do you need
to make to the class and interface definitions to make them
compile?

Note: You may not amend the main function.

Seller<Food>

class VeganFoodSeller: Seller<VeganFood>
//Consumers

interface Consumer<T>

class Person: Consumer<Food>

class Vegan:

fun main(args: Array<String>)
var foodSeller:

foodSeller
foodSeller

var veganFoodConsumer:

veganFoodConsumer

veganFoodConsumer

Consumer<VeganFood>

{

Seller<Food>
FoodSeller ()

VeganFoodSeller ()
Consumer<VeganFood>

Vegan ()

Person ()

———— Answers on page 323.

you are here »
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be the compiler solution

BE the Compiler Solufion
Here are four c]asses and
g interfaces that use generics.
\  Your job is to play like you're
" the Compiler, and
determine whether
each one wil
compile. If it won’t
compile, why not?

Q class A<in T>(t: T) { This tode tompiles SuCCCSS‘Fu”\/ because the tontravariant type
fun myFunction(t: T) { } T ¢an be used as a Cons‘(;rw‘:l:o\r or fuhc{ion ?a\ramc‘tcr {:\/\7&
}
e class B<in T>(t: T) { This tode won't COm\?ilc betause T can't
val x = t be used as the type of a val property.

fun myFunction(t: T) { }

G abstract class C<in T> { This ¢ode won'{: Lom?ilc betausc T Cah"t
fun myFunction(): T { } be used as a funttion’s veturn type.

This tode won't compile because T tan't

1 in (t: T) |
Q class E< >(t: T be used as the {\/‘,e of a var yro\vcr'l:\/.

var y = t

fun myFunction(t: T) { }
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generics

_ @G harpen your pencil

A Solutlon Below is a complete Kotlin file listing. The code, however, won't
compile. Which lines won’t compile? What changes do you need
to make to the class and interface definitions to make them
compile?

Note: You may not amend the main function.

//Food types

open class Food
class VeganFood: Food()

//Sellers

interface Seller<ou£ >
class FoodSeller: Seller<Food>
class VeganFoodSeller: Seller<VeganFood>

//Consumers

interface Consumer<in T>

class Person: Consumer<Food>

class Vegan: Consumer<VeganFood>

fun main(args: Array<String>) {
var foodSeller: Seller<Food> This line won't tompile, as it's assigning
foodSeller = FoodSeller () a Sellcr<chahF°°d> toa Seller<Food>.
foodSeller = VeganFoodSeller () <—To make it CO"\P“C: we must vekin T
with out in the Seller intertace.

var veganFoodConsumer: Consumer<VeganFood>

veganFoodConsumer = Vegan ()
veganFoodConsumer = Person ()
. . ) . R . .
This line won't tompile, as it's assigning a Consumer<Food>

toa Consumcr<Vc33nFood>. To make it compile, we must
Fv-cqcix T with in in the Consumer intevface.
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toolbox

QBUI.I.ET POINTS

Your Kotlin Toolbox

your belt and now you’ve

You’ve got Chapter 10 under

added generics to your toolbox.

You tan download
the full eode for
the thapter Lrom
https: // {:mywl tom/
HF¥otlin.

——————————————

Generics let you write consistent code that’s
type-safe. Collections such as MutablelList
use generics.

The generic type is defined inside angle
brackets <>, for example:

class Contest<T>

You can restrict the generic type to a specific
supertype, for example:

class Contest<T: Pet>

You create an instance of a class with a generic
type by specifying the “real” type in angle
brackets, for example:

Contest<Cat>

Where possible, the compiler will infer the
generic type.

You can define a function that uses a generic
type outside a class declaration, or one that
uses a different generic type, for example:

fun <T> listPet (): List<T>{

}

A generic type is invariant if it can only accept
references of that specific type. Generic types
are invariant by default.

A generic type is covariant if you can use a
subtype in place of a supertype. You specify that
a type is covariant by prefixing it with out.

A generic type is contravariant if you can use a
supertype in place of a subtype. You specify that
a type is contravariant by prefixing it with in.
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11 lambdas and higher-order functions

*
« Treating Code Like Data

val pie = cook { it.pastry()
it.filling()
it.bake() }

Want to write code that’s even more powerful and flexible?

If so, then you need lambdas. A lambda—or lambda expression—is a block of code that
you can pass around just like an object. Here, you'll discover how to define a lambda,
assign it to a variable, and then execute its code. You'll learn about function types,
and how these can help you write higher-order functions that use lambdas for their
parameter or return values. And along the way, you'll find out how a little syntactic sugar

can make your coding life sweeter.
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introducing lambdas

Introducing lambdas

Throughout this book, you’ve seen how to use Kotlin’s built-in
functions, and create your own. But even though we’ve covered a
lot of ground, we’re still just scratching the surface. Kotlin has a pile
of functions that are even more powerful than the ones you’ve already
encountered, but in order to use them, there’s one more thing you
need to learn: how to create and use lambda expressions.

A lambda expression, or lambda, is a type of object that holds a block
of code. You can assign a lambda to a variable, just as you can any
other sort of object, or pass a lambda to a function which can then
execute the code it holds. This means that you can use lambdas to
pass specific behavior to a more generalized function.

Using lambdas in this way is particularly useful when it comes to
collections. The collections package has a built-in sortBy function,
for example, that provides a generic implementation for sorting
aMutableList; you specify how the function should sort the
collection by passing it a lambda that describes the criteria:

Heve's a MutableList

of ﬁroa\r.\/ items that — & How should Please sort them
need sorting. m V ” T sort these by unitPrice.
— i ?
Qﬁﬁi = Grocery items
; =
[ ] 0
gr\ocerui-:-s - o
— fé' .sortBy()
MutableList<Grocery> L The sochBy() £unetion knows Lambda

how to sort in geneval...
..and the lamii:da tells HJ';
’ : hat to specikically sor
What we’re going to do ty Tt

Before introducing you to the built-in functions that use lambdas, we
want you to get to grips with how lambdas work, so in this chapter,
you'’re going to learn how to do the following:

o Define a lambda.
You’ll discover what a lambda looks like, how to assign it to a variable,
what its type is, and how to invoke the code that it contains.

e Create a higher-order function.
You’ll find out how to create a function that has a lambda parameter,
and how to use a lambda as a function’s return value.

Let’s start by examining what a lambda looks like.
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What l[ambda code looks like

We’re going to write a simple lambda that adds 5 to an Int
parameter value. Here’s what the lambda for this looks like:

0 cnin5 brate
of

the lambda.ﬂmh: Int||x " 5|(

The lambda’s ‘:aramc{iﬂ& j Sc\?ava{cs the
Heve, the lambda must parameters

Iy\{‘, is named *.

The lambda starts and ends with curly braces { }. All lambdas are
defined within curly braces, so they can’t be omitted.

Inside the curly braces, the lambda defines a single Int parameter
named x using x: Int.Lambdas can have single parameters (as
is the case here), multiple parameters, or none at all.

The parameter definition is followed by =>. —=> is used to separate
any parameters from the body. It’s like saying “Hey, parameters,
do this!”

Finally, the —> 1s followed by the lambda body—in this case, x + 5.
This is the code that you want to be executed when the lambda
runs. The body can have multiple lines, and the last evaluated
expression in the body is used as the lambda’s return value.

In the example above, the lambda takes the value of %, and returns
x + 5.1t like writing the function:

fun addFive(x: Int) = x + 5

except that lambdas have no name, so they’re anonymous.

As we mentioned above, lambdas can have multiple parameters.
The following lambda, for example, takes two Int parameters, x
and y, and returns the result of x + y:

{ x: Int, y: Int -=> x + vy }

If the lambda has no parameters, you can omit the —=>. The
following lambda, for example, has no parameters, and simply
returns the String “Pow!”:

{ "Pow!" } <—This lambda has no yaramC‘Ecrs, so we tan omit the —>.

Now that you know what a lambda looks like, let’s see how you
assign one to a variable.

The lambda’s body. Heve,
the bod\/ takes %, adds

be gjven an [nt, and the Feom the body 5, and veturns it.

lambdas and higher order functions

Closing brate o(: the lambda.

I take one Int
parameter named

x. I add 5 to x, and
return the result.

{x:Int >x+8}

T take two Int
parameters named x and
y. I add them together,

and return the result.

o

0
’ Y {x:Int,y:Int->x+y}

Lambda
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assigning lambdas

You can assign a lambda fo a variable

You assign a lambda to a variable in the same way that you

assign any other sort of object to a variable: by defining the

variable using val or var, then assigning the lambda to it. m —
The following code, for example, assigns a lambda to a new c§

variable named addFive: ha -ﬁ, }\

{xxInt>x+5}

val addFive = { x: Int -> x + 5 } Lambd
ambda

We've defined the addFive variable using val, so it
can’t be updated to hold a different lambda. To update the val Lambda
variable, it must be defined using var like this:

var addFive = { x: Int —> x + 5}y 0 san assign @ new lambda to addFive
addFive = { y: Int -> 5 + vy } &— betause we've ch‘mcd the vaviable using var-

When you assign a lambda to a variable, you’re assigning a
block of code to it, not the result of the code being run. To
run the code in a lambda, you need to explicitly invoke it.

Don’t worry if
lambda

expressions

Execute a lambda's code by invoking it

You invoke a lambda by calling its invoke function,

passing in the values for any parameters. The following : seem a litle :
code, for example, defines a variable named addInts, strange at first. :
and assigns a lambda to it that adds together two Int : :
parameters. The code then invokes the lambda, passing it

parameter values of 6 and 7, and assigns the result to a new

variable named result:

Take your time, and work through
: this chapter at a gentle pace, and
. you'll be fine.

val addInts = { x: Int, y: Int -> x + vy }

val result = addInts.invoke (6, 7)

You can also invoke the lambda using the following m
shortcut: ‘Q)Q 13
val result = addInts (6, 7) a2 ,
This does the same thing as: result " Int
val result = addInts.invoke (6, 7) f
R
but with slightly less code. It’s like saying “run the lambda val Int
expression held in variable addInts using parameter values
of 6 and 7”.

Let’s go behind the scenes, and see what happens when you
invoke a lambda.
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lambdas

What happens when you invoke a lambda

When you run the code:

val addInts = { x: Int, y: Int -> x + y }
val result = addInts (6, 7)

The following things happen:

0 valaddInts = { x:Int,y: Int->x+y}

This creates a lambda with a value of { x: Int, y: Int -> x + y }.

A reference to the lambda is assigned to a new variable named addInts.

Q/_\ Y (xxInt,y:Int >x+y)

Qg}ﬁ' }\
add
Ints { Lambda
S —

val Lambda

e val result = addInts(6, 7)

This invokes the lambda referenced by addInts, passing it values of 6 and
7. The 6 lands in the lambda’s x parameter, and the 7 lands in the lambda’s y

parameter.
Qﬁ/_\ {x:Int,y:Int >x+y }
@ﬁl A
add e 6
Ints { Lambda Q}HJ
— : X _‘ Int
val Lambda |

T&“: 07

y Int

—

val Int
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what happens

The story continves...

9 valaddInts = { x: Int, y: Int ->x +y }

The lambda body executes, and calculates x + y. The lambda creates an Int

object with a value of 13, and returns a reference to it.

I need to return x +vy.
xis6andyis7,soTll
return an Int of 13.

0

] {x:Int,y:Int >x+y}
‘%
e

Lambda r
13

Int

a val result = addInts(6, 7)

The value returned by the lambda is assigned to a new Int variable named

result.

2

Lambda

val Lambda

Now that you know what happens when you invoke a
lambda, let’s look at lambda types.
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lambdas and higher order functions

Lambda expressions have a type

Just like any other sort of object, a lambda has a type. The 9

difference with a lambda’s type, however, is that it doesn’t A laml)(:[a S tyPe
specify a class name that the lambda implements. Instead, . l k

it specifies the type of the lambda’s parameters and return 15 also known as a
value.

function type.

A'lambda’s type takes the form:
(parameters) -> return_type

So if you have a lambda with a single Int parameter that
returns a String like this:

val msg = { x: Int -> "The value is $x" } Q/_\ —— [ x: Int >

its type is: ‘33)-*’ A “The value is $x” }
(Int) -> String msgj/ (Int) -> String

When you assign a lambda to a variable, the compiler infers ~..—-’

val The lambda’s The lambda's

the variable’s type from the lambda that’s assigned to it, as .
(Int) -> String ~ pavameter vetuen type.

in the above example. Just like any other type of object,

however, you can explicitly define the variable’s type. The {-'YPC’
following code, for example, defines a variable named add
that can hold a reference to a lambda which has two Int
parameters, and returns an Int: ‘Q’gf‘,/_\ )\ {xInt,y:Int >x+y}
val add: (Int, Int) -> Int '
add = { x: Int, y: Int > x + y } add ’ (Int, Int) -> Int
N————
Similarly, the following code defines a variable named val This t\/"c has :‘wo I“{; Yaramc‘tm'
greeting that can hold a reference to a lambda with no (Int, Int) -> Int and an [nt veturn value.
parameters, and a String return value:
val greeting: () -> String m
greeting = { "Hello!" } ‘§ } { “Hello!” }
\CQ)“*.' A
Just %ik'e with any other. type of variable df}claration, you can greeting () > String
explicitly declare a variable’s type and assign a value to it in \ i
a single line Of: code. This means that you can rewrite the vy Even if the lambda
above code as: () -> String has no parameters,
val greeting: () -> Stringw—’}] its ‘l:\/Fc dhcini'f:ion
M U — still includes the ('s.
T 7 N |
Detlare the vaviable. Sycci(:\/ ssign a value to it.
its type.
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type inference

The compiler can infer
lambda parameter types

When you explicitly declare a variable’s type, you can leave
out any type declarations from the lambda that the compiler
can infer.

Suppose that you have the following code, which assigns a

. d %
lambda to a variable named addFive: [Thns lambda adds % to an Int name

val addFive: (Int) -> Int = { x: Int -> x + 5 }

The compiler already knows from addFive’s type definition
that any lambda that’s assigned to the variable must have an
Int parameter. This means that you can omit the Int type

declaration from the lambda parameter definition because the iy Y .
compiler can infer its type: Qg}i ’ A (x>x+3}
val addFive: (Int) -> Int = { x -=> x + 5 } add ,
Five (Int) -> Int
The Com?ilcr knows that x needs +o '
be an [nt, so we ¢an omit its {;\/yc. val
(Int) -> Int

You can replace a single parameter with it

If you have a lambda which has a single parameter, and the
compiler can infer its type, you can omit the parameter, and
refer to it in the lambda body using the keyword it.

To see how this works, suppose, as above, that you have a
lambda that’s assigned to a variable using the code:

val addFive: (Int) -> Int = { x -> x + 5 }

As the lambda has a single parameter, x, and the compiler can
infer that x 1s an Int, we can omit the x parameter from the {it+58}
lambda, and replace it with it in the lambda body like this:

val addFive: (Int) -> Int = { it + 5 } :Flve (Int) -> Int

In the above code, { it + 5 } isequivalent to

{ x => x + 5 }, butit’s much more concise. vaI

(Int) -> Int
Note that you can only use the 1t syntax in situations
where the compiler can infer the type of the parameter. The
following code, for example, won’t compile because the
compiler can’t tell what type it should be:

val addFive = { it + 5 }4—— lhis won't compile because
the Com?llcr can't infer its {YPC

332 Chapter 11



lambdas

Use the right lambda for the variable’s type

As you already know, the compiler deeply cares about a variable’s
type. This applies to lambda types, as well as plain object types,
which means that the compiler will only let you assign a lambda
to a variable that is compatible with that variable’s type.

Suppose you have a variable named calculation that can

$
hold references to lambdas with two Int parameters and an Int Qg)—.
return value like this: [
add
val calculation: (Int, Int) -> Int |
If you try to assign a lambda to calculation whose type val
(Int, Int) -> Int

doesn’t match that of the variable, the compiler will get upset.
The following code, for example, won’t compile because the

lambda explicitly uses Doubles: This won't tompile, because the caleulation

calculation = { x: Double, y: Double -> x + y )& — variable wil only accept a lambda with two
[nt pavameters and an Int vetuen type.

Use Unit to say a lambda has no return value

If you want to specify that a lambda has no return value, you can

do so by declaring that its return type is Unit. The following A
. < { println(“Hi!™) }

lambda, for example, has no return value, and prints the text >
s o ) P~ A

Hi!” when it is invoked: ‘:—/',

val myLambda: () -> Unit = { println("Hi!") } my\Lamb'da () -> Unit
You can also use Unit to explicitly specify that you don’t want val .
to access the result of a lambda’s calculation. The following code, () -> Unit

for example, will compile, but you won’t be able to access the
result of x + y:

val calculation: (Int, Int) -> Unit = { x, v > x + vy }

therelgre no

o
Dumb Questions
Q,: Does the code Q,: Can | assign a lambda to a Q: That it syntax looks familiar.
val x = { "Pow!" } variable of type Any? Have | seen it before?

assign the text “Pow!” to x?

A: Yes. An Any variable can accept a A: Yes! Back in Chapter 8 we used it
A: No. The above assigns a lambdato x,  reference to any type of object, including with Tet. We didn't tell you at the time
and nota St ring. The lambda, however, lambdas. because we wanted you to focus on null
returns “Pow!” when it is executed. values, but Let is actually a function that
accepts a lambda as a parameter.
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Create the Lambdas project

Now that you’ve seen how to create lambdas, let’s add some to a new
application.

Create a new Kotlin project that targets the JVM, and name the
project “Lambdas”. Then create a new Kotlin file named Lambdas.kt
by highlighting the src folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Lambdas”,
and choose File from the Kind option.

Next, update your version of Lambdas.kt to match ours below:

fun main(args: Array<String>) {

var addFive = { x: Int -> x + 5 } Lambdas
println("Pass 6 to addFive: ${addFive(6)}")
src
val addInts = { x: Int, y: Int -> x + vy }
val result = addInts.invoke (6, 7) Lambdas.kt

println("Pass 6, 7 to addInts: S$result")

val intLambda: (Int, Int) -> Int = { x, v -> x * vy }
println("Pass 10, 11 to intLambda: ${intLambda (10, 11)}")

val addSeven: (Int) -> Int = { it + 7 }
println ("Pass 12 to addSeven: ${addSeven (12)}")

val myLambda: () -> Unit = { println("Hi!"™) }

myLambda ()

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

Pass 6 to addFive: 11

Pass 6, 7 to addInts: 13

Pass 10, 11 to intLambda: 110
Pass 12 to addSeven: 19

Hil
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lambdas and higher order functions

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the
candidate blocks of code with their matching output.

Mixed
Messages

fun main(args: Array<String>) {
val x = 20

1 =2.3
The candidate i

tode goes here.— T D

Mateh each
candidate with
one O‘C {',\’\C
possible outputs.

Candidates: Possible output:

val laml = { x: Int -> x }
println(laml (x + 6))

22.3

26
val lam2: (Double) -> Double
lam2 = { (it * 2) + 5} 9.6
println (lam2 (y))

8.3
val lam3: (Double, Double) -> Unit 1.1513.3
lam3 = { x, y -> println(x + y) }
lam3.invoke (y, y) 9.3

10.013.3
var lam4 = { y: Int -> (y/2).toDouble() }
print (lam4 (x)) 4.6

lam4 = { it + 6.3 }
print (lam4 (7))
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mixed messages

A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the

Mixed candidate blocks of code with their matching output.
Messages
Solution
fun main(args: Array<String>) {
val x = 20
val y = 2.3

The ¢andidate
tode goes here. — T

Candidates: Possible output:

val laml = { x: Int -> x }
println(laml (x + 6))

22.3
26
val lam2: (Double) -> Double
lam2 = { (it * 2) + 5} 9.6
println(lam2 (y))
8.3
val lam3: (Double, Double) -> Unit 1.1513.3
lam3 = { x, y -> println(x + y) }
lam3.invoke (y, y) 9.3
10.013.3
var lam4 = { y: Int -> (y/2).toDouble() }
print (lam4 (x)) 4.6
lam4 = { it + 6.3 }
print (lam4 (7))
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*

Here is a list of variable definitions, and a list of lambdas. Which
lambdas can be assigned to which variables? Draw lines connecting the
lambdas with their matching variables.

Variable definitions:

var lambdal: (Double)

var lambdaZ2: (Int) ->

var lambda3: (Int) ->

var lambdad: (Double)

var lambdab

x

WHAT'S

-> Int

Double

Int

-> Unit

Y TYeEeE™

lambdas and higher order functions

*

Lambdas:

{ it + 7.1 }

{ (1t *3) -4}

{ x: Int -> x + 56 }

{ println("Hello!") }

{ x: Double -> x + 75 }
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what’s my type solution

X *

WHAT'S MY TYPE™

* + savuvTiawn

Here is a list of variable definitions, and a list of lambdas. Which
lambdas can be assigned to which variables? Draw lines connecting the
lambdas with their matching variables.

Variable definitions:

Lambdas:

var lambdal: (Double) -> Int { 1t + 7.1 }

var lambdaZ2: (Int) -> Double { (it *» 3) - 4 }

var lambda3: (Int) -> Int { x: Int -=> x + 56 }

var lambda4: (Double) -> Unit — { println("Hello!") }
/

var lambdab { x: Double -> x + 75 }
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You can pass a lambda to a function

As well as assigning a lambda to a variable, you can also use one
or more as function parameters. Doing so allows you to pass
specific behavior to a more generalized function.

To see how this works, we’re going to write a function named
convert that converts a Double using some formula that’s
passed to it via a lambda, prints the result, and returns it. This
will allow us to, say, convert a temperature from Centigrade
to Fahrenheit, or convert a weight from kilograms to pounds,
depending on the formula that we pass to it in the lambda
argument.

We’ll start by defining the function parameters.

Add a lambda parameter to a function by
specifying its name and type

We need to tell the convert function two things in order for
it to convert one Double to another: the Double we want to

convert, and the lambda that specifies how it should be converted.

We’ll therefore use two parameters for the convert function: a
Double and a lambda.

You define a lambda parameter in the same way that you
define any other sort of function parameter: by specifying the
parameter’s type, and giving it a name. We’ll name our lambda
converter, and as we want the lambda to convert a Double
to a Double, its type needs to be (Double) -> Double

(a lambda that accepts a Double parameter, and returns a
Double).

The function definition (excluding the function body) is below. As
you can see, it specifies two parameters—a Double named x,
and a lambda named converter—and returns a Double:

This is the x parameter, a Double.

fun convert(x: Double,

lambdas

A function that

uses a lamhda as a
Parameter or return
value is known as a
lliglter-or({er function.

. converter: (Double) -> Doublg) : Double {

This is a lambda parameter
named tonverter. [ts type——
is (Double) —> Double.

//Code to convert the Double
}

Next, we’ll write the code for the function body.

The funetion veturns a Double.
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convert function

Invoke the lambda in the function body

We want the convert function to convert the value of
the x parameter using the formula that’s passed to it via
the converter parameter (a lambda). We’ll therefore
invoke the converter lambda in the function body,
passing it the value of x, and then print and return the
result.

Here’s the full code for the convert function:

fun convert (x: Double,
!hVOkCS {:hc lambda converter: (Double) -> Double) : Double {
named tonverter — val result = converter (x)
and assigns its println("$x is converted to S$result") €&— Print the vesult.

veturn value 4o
return result
vesult. S Return the vesult.

Now that we’ve written the function, let’s try calling it.

Call the function by passing it parameter values

You call a function with a lambda parameter in the same
way that you call any other sort of function: by passing it
a value for each argument—in this case, a Double and a
lambda.

Let’s use the convert function to convert 20.0 degrees

Centigrade to Fahrenheit. To do this, we’ll pass values of
20.0and { c: Double -> ¢ * 1.8 + 32 }to

the function:

convert(20.0, { c: Double -> c * 1.8 + 32 })
L .

This is the value we and this is the lambda Lh

want to tonvert... that we could use at we'll use to tonvert it. Note

. “it” in place of ¢ betause the lambda
uses 3 single parameter whose type the compiler can infer.

When the above code runs, it returns a value of 68.0 (the
value of 20.0 degrees Centigrade when it’s converted to
Fahrenheit).

Let’s go behind the scenes, and break down what happens
when the code runs.
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What happens when you call the function

The following things happen when you call the convert
function using the code:

val fahrenheit = convert (20.0, { c: Double -> c * 1.8 + 32 })

o val fahrenheit = convert (20.0, { c: Double ->¢c * 1.8 + 32 })

This creates a Double object with a value of 20. 0, and a lambda with a value of
{ c¢c: Double -> ¢ * 1.8 + 32 }.

a9
A

Double (Double) -> Double

0.0 { c:Double->c * 1.8 + 32 }

9 fun convert (x: Double, converter: (Double) -> Double) : Double {
val result = converter ()
println("$x is converted to $result")
return result

}

The code passes references to the objects it’s created to the convert function.
The Double lands in the convert function’s x parameter, and the lambda
lands in its converter parameter. The code then invokes the converter
lambda, using x as the lambda’s parameter.

‘%m

20.0
& —
T will plug x into
my body's formula.
' Double
—
= A
These ave the convcr{:/ﬁ ,
Lunetions Yaramchrsv | - | (Doubre) = Double

|

S—
val (Double) -> Double
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what happens

The story continves...

9 fun convert(x: Double, converter: (Double) -> Double) : Double {
val result = converter ()
println ("$x is converted to $result™)
return result

}

The lambda’s body executes, and its result (a Double with a value of 68.0) is
assigned to a new variable named result. The function prints the values of
the x and result variables, and returns a reference to the result object.

O 20.0
o

Double

val Double m
f@ = A
converter (Double) -> Double Q\/m

My return value is
200*18+32=680

Y {c:Double->c * 1.8 + 32}

68.0
——
val (Double) -> Double
Double
val Double The function prints
4his value, and veturns
e val fahrenheit = convert(20.0, { c: Double ->¢c * 1.8 + 32 }) a vefevence to i

A new fahrenheit variable gets created. It’s assigned a reference to the
object returned by the convert function.

Q/_\
&

l
fahrenheit

f Double

e
val Double

Now that you’ve seen what happens when you call a
function with a lambda parameter, let’s look at some
shortcuts you can take when you call this kind of function.
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You can move the lambda QUTSIPE the ()’s...

So far, you've seen how to call a function with a lambda
parameter by passing arguments to the function inside the
function’s parentheses. We called the convert function, for
example, using the following code:

convert (20.0, { c: Double -> c * 1.8 + 32 })

If the final parameter of a function you want to call is a lambda,
as 1s the case with our convert function, you can move the
lambda argument outside the function call’s parentheses. The
following code, for example, does the same thing as the code
above, but we’ve moved the lambda outside the parentheses:

convert (20.0) { c: Double -> c * 1.8 + 32 }&Thc lambda is o longcr enclosed b\/

the ‘FunC‘l:iov\'s tlosi ;

Heve's the funttion’s tlosing paventhesis. osing parenthesis.

...or remove the ()’s entirely

If you have a function that has just one parameter, and that

parameter is a lambda, you can omit the parentheses entirely
when you call the function.

To see how this works, suppose you have the following
function named convertFive that converts the Int 5 to
a Double using a conversion formula that’s passed to it via a
lambda. Here’s the code for the function:

fun convertFive (converter: (Int) -> Double) : Double {
val result = converter (5)
println("5 is converted to S$result")
return result

}

As the convertFive function has a single parameter, a
lambda, you can call the function like this:

convertFive { it * 1.8 + 32 } <—— Notice there ave no paventheses in this
function eall. This is possible because H\.c
This does the same thing as: Funetion has onl\/ one ?aramckcr, whith is a

convertFive () { it * 1.8 + 32 } lambda.

but we’ve removed the parentheses.

Now that you've learned how to write a function that uses a
lambda parameter, let’s update our project code.
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Update the Lambdas project

We’ll add the convert and convertFive functions to our
Lambdas project. Update your version of Lambdas.kt in the
project so that it matches ours below (our changes are in bold):

fun convert(x: Double,
converter: (Double) -> Double) : Double {
val result = converter (x)
println("$x is converted to $result")
return result

} Add these two Lunetions.

¢

fun convertFive (converter: (Int) -> Double) : Double {
val result = converter(5)
println("5 is converted to $result")
return result

} Lamdeas
fun main(args: Array<String>) { STL
" . 0 ive " D
Lambdas.kt
Srat—aradtnts——""x—TrEs o i
: In o "
We no
longer need _y L
£hese lines, — 7 T
so You £an —pFTTCIn (T Pass 07—t 0 + 7
delete them.
<rat—adUSeven-i—I(ht) —_—
Tt (T Pas s 2 to—odd Sever—S{adaS A2 -
T — " [l
—amde{—
N——

convert(20.0) { it * 1.8 + 32 } ) Add these lines. Note we ean use it

convertFive { it * 1.8 + 32 ) because each lambda uses single pavameter
: whose type the compiler tan infev.

Let’s take the code for a test drive.
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s’r drive

®

When we run the code, the following text gets printed in the IDE’s

output window:

20.0 is converted to 68.0
5 is converted to 41.0

Before we look at what else you can do with lambdas, have a go at the

next exercise.

Lambda Formatting Up Clese —

As we said earlier in the chapter, a
lambda body can include multiple lines of
code. The following lambda, for example,
prints the value of its parameter, and then
uses it in a calculation:

{ c: Double -> println(c)

When you have a lambda whose body
has multiple lines, the last evaluated
expression is used as the lambda’s return
value. So in the above example, the
return value is defined using the line:

c * 1.8 + 32

A lambda can also be formatted so

that it looks like a code block, with its
surrounding curly braces on different
lines to the lambda’s contents. The
following code uses this technique to pass
thelambda { it * 1.8 + 32 }to
the convertFive function:

convertFive {

it * 1.8 + 32

c * 1.8 + 32}

lambdas

therejare no
— Dumb Questions —

Q,: It looks like there are quite a few shortcuts
you can take when you use lambdas. Do | really
need to know about them all?

A: It's useful to know about these shortcuts because
once you get used to them, they can make your

code more concise and readable. Alternative syntax
that's designed to make your code easier to read is
sometimes referred to as syntactic sugar, as it can
make the language “sweeter” for humans. But even if
you don’t want to use the shortcuts we've discussed

in your own code, they're still worth knowing about
because you may encounter them in third-party code.

Q: Why are lambdas called lambdas?

A: It's because they come from an area of
mathematics and computer science called Lambda
Calculus, where small, anonymous functions are
represented by the Greek letter X (a lambda).

Q,: Why aren’t lambdas called functions?

A: Alambda is a type of function, but in most
languages, functions always have names. As you've
already seen, a lambda doesn’t need to have a name.
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pool

Poo] Puzzle
/\ Your job is to take code snippets from the pool and place them into
the blank lines in the code. You may not use the same code
\ S, snippet more than once, and you won't need to use all the code
P snippets. Your goal is to create a function named unless
that’s called by the main function below. The unless
function should have two parameters, a Boolean named

condition, and alambda named code. The function should
invoke the code lambda when conditionis false.

fun unless ( , code: ) |

if | ) A

fun main(args: Array<String>) {

val options = arrayOf ("Red", "Amber", "Green")

var crossWalk = options|[ (Math.random() * options.size).toInt()]

if (crossWalk == "Green") {
println("Walk!")

}

unless (crossWalk == "Green") {<%"Pﬁ“£“3£°
println("Stop!")

»n
pl” unless erossWalk == “Green .

Note: each thing from
the pool can only be
used once!

0 ..
condition Icondition

condition Boolean

o

—> Answers on page 360.
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lambdas and higher order functions

A function can return a lambda

As well as using a lambda as a parameter, a function can
also return one by specifying the lambda’s type as its return
type. The following code, for example, defines a function
named getConversionLambda that returns a lambda
of type (Double) -> Double. The exactlambda
that’s returned by the function depends on the value of the

String that’s passed to it.
[+ vetwrns a lambda whose

The funttion has one pavameter, a String, type is (Double) —> Double.
fun getConversionLambda (str: String): '(Double) -> Double !{ —
if (str == "CentigradeToFahrenheit") { }\

return { it * 1.8 + 32 }

} else if (str == "KgsToPounds") {
return { it * 2.204623 }
} else if (str == "PoundsToUSTons") {
return { it / 2000.0 }
} else {

(Double) -> Double

The function veturns one of these
lambdas, depending on the value of
the S{ring that's passed 1o it.

return { it }

}

You can invoke the lambda returned by a function, or use
it as an argument for another function. The following code,
for example, invokes getConversionLambda’s return
value to get the value of 2.5 kilograms in pounds, and
assigns it to a variable named pounds:

val pounds =lgetConversionLambda("KgsToPounds" )“(2.5)'

This calls the 5CJcConvcrsionLambda funetion... j\ It ~-and this invokes the lambda
veturned by the ‘Fuh(:‘:ion.
And the following example uses getConversionLambda
to get a lambda that converts a temperature from Centigrade Heve, we've passing 5:{:ConvcvsionLambda's
to Fahrenheit, and then passes it to the convert function: veturn value to the convert Lunction.

convert (20.0, getConversionLambda ("CentigradeToFahrenheit"))

You can even define a function that both receives and returns
a lambda. We’ll look at this next.
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combine function

Write a function that

receives AND returns lambdas — I
EN iy

We’re going to create a function named combine that takes two

lambda parameters, combines them, and returns the result (another | Kgs to Pounds  Pounds to US Tons |
lambda). If the function is given lambdas for converting a value from

kilograms to pounds, and converting a value from pounds to tons, it We'll eveate 3

will return a lambda that converts a value from kilograms to US tons. funttion that combine()

We’ll then be able to use this lambda elsewhere in our code. tombines two

lambdas into a

We’ll start by defining the function’s parameters and return type.

single lambda. —
Pefine the parameters and refurn type ‘ A

Kgs to US Tons

All of the lambdas used by the combine function need to convert
one Double value to another Double value, so each one has a
type of (Double) -> Double. Our function definition therefore
needs to look like this: The tombine funetion has two lambda

fun combine (lambdal: (Double) -> Doubl\e<,> parameters of type (Double) —> Double.

lambda2: (Double) -> Double): (Double) -> Double {
//Code to combine the two lambdas
} The funetion also veturns
a lambda of £his {:ch.
Next, let’s look at the function body.

Pefine the function body

The function body needs to return a lambda, and this lambda must
have the following characteristics:

O It must take one parameter, a Double. We’ll name this parameter x.

O The lambda’s body should invoke 1ambdal, passing it the value of x.
The result of this invocation should then be passed to 1lambda?2.

We can achieve this using the following code:

fun combine (lambdal: (Double) -> Double,
lambda2: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda2 (lambdal (x)) }

: .
% is passed to lambdal, which aceepts and veturns

The lambda veturned by combine a Double. The vesult is then pa
d to |
takes a Double pavameter named x. which also aceepts and Yc*{:u\rnPs :seDoublcéMbdaZI

Let’s write some code that uses the function.
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How to use the combine function

The combine function we’ve just created takes two lambdas,
and combines them to form a third. This means that if’ we pass
the function one lambda to convert a value from kilograms to
pounds, and another to convert a value from pounds to US tons,
the function will return a lambda that converts a value from
kilograms to US tons.

Here’s the code to do this:

//Define two conversion lambdas These lambdas tonvert a Double

val kgsToPounds = { x: Double -> x * 2.204623 } (<.__(—‘rom kilograms to pounds, and

val poundsToUSTons = { x: Double -> x / 2000.0 } ﬁ‘fo"‘ P°“"d5 1o US Tons.

//Combine the two lambdas to create a new one Pass the lambdas +o the combine

val kgsToUSTons = combine (kgsToPounds, poundsToUSTons)<—___ ‘Er':f’;o"’ T’{‘;‘ P"Bd“tjs i lambda
onverts @ Double from

kilograms o US Tons.
//Invoke the kgsToUSTons lambda
val usTons = kgsToUSTons (1000.0) //1.1023115<— Invoke £he YCSu"f:ing lambda b

passing it a value of 1000.0.
This veturns 1.1023]]5.

Let’s go behind the scenes, and see what happens when the code
runs.

What happens when the code runs

@  valkgsToPounds = { x: Double -> x * 2.204623 )
val poundsToUSTons = { x: Double ->x / 2000.0 }
val kgsToUSTons = combine (kgsToPounds, poundsToUSTons)

This creates two variables, and assigns a lambda to each one. A reference to
each lambda is then passed to the combine function.

Q‘,m

Y} { x: Double ->x * 2.204623 }

f‘eﬁ’w' A
kgsTo (Double) -> Double < N —

Pounds { x: Double ->x / 2000.0 }
N—
val (Double) -> Double |
poundsTo (Double) -> Double

USTons’

—
val (Double) -> Double
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The story continves...

e fun combine (lambdal: (Double) -> Double,
lambdad: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda2(lambdal(x)) }

The kgsToPounds lambda lands in the combine function’s 1ambdal
parameter, and the poundsToUSTons lambda lands in its 1ambdaZ2 parameter.

‘%m

Y {x:Double ->x * 2.204623 }
I?mbdafi (Double) -> Double
|
— < { x: Double -> x / 2000.0 }
val (Double) -> Double Q) l }\
KThcsc are the tombine
function’s parameters. I\a mbda2 (Double) -> Double

f

—
val (Double) -> Double

fun combine(lambdal: (Double) -> Double,

lambdag&: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda2(lambdal (x)) }

lambdal (x) runs. As lambdal’sbodyisx * 2.204623, where x is a
Double, this creates a Double object with a value of x * 2.204623.

‘2\,/_\

> ,

lambda1
\ |

——
val (Double) -> Double

A
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The story continves...

e fun combine(lambdal: (Double) -> Double,
lambdag: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda (lamnbdal(x)) }

The Double object with a value of x * 2.204623 is then passed to 1ambda?2.
As lambda2’sbodyisx / 2000.0, this means that x * 2.204623 is
substituted for x. This creates a Double with a value of

(x * 2.204623) / 2000.0,orx * 0.0011023115.

Q/_\ —\ { x: Double ->x / 2000.0 }

I\ambdaZ (Double) -> Double x * 0.0011023115

{

S—
val (Double) -> Double

Double

e fun combine(lambdal: (Double) -> Double,
lambda&: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda2 (lambdal (x)) }

This creates the lambda { x: Double -> x * 0.0011023115 },anda
reference to this lambda is returned by the function.

Y { x: Double ->x/0.0011023115 }

A

(Double) -> Double
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The story continves...

G val kgsToUSTons = combine (kgsToPounds, poundsToUSTons)
val usTons = kgsToUSTons (1000.0)

The lambda returned by the combine function is assigned to a variable named
kgsToUSTons. It’s invoked using an argument of 1000.0, which returns a
value of 1.1023115. This is assigned to a new variable named usTons.

/_\ — Y {x:Double->x/0.0011023115 }
$ l \

< ""
:k95T° ' (Double) -> Double

l._JSTons‘

——
val (Double) -> Double

4\,/—\ 1.1023115
Q\ﬁ)——\
ﬂ:“" |
usTons
Vo

i

Double

Double

You can make lambda code more readable

We’re nearly at the end of the chapter, but before we go, there’s
one more thing we want to show you: how to make your lambda
code more readable.

When you use function types (the kind of type that’s used to define

a lambda), it can make your code cumbersome and less readable.

The combine function, for instance, contains multiple references The tombine Lunetion has three
to the function type (Double) -> Double: inskantes of the Lunttion Jc\/yc

— (Doublc) —> Double.
fun combine (lambdal: (Double) -> Double, ﬂ
lambda2: (Double) -> Double): (Double) -> Double {
return { x: Double -> lambda?2 (lambdal (x)) }
}

You can, however, make your code more readable by replacing the

function type with a type alias. Let’s see what this is, and how to
use one.
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Use typealias fo provide a different
nawme for an existing type

A type alias lets you provide an alternative name for an existing
type, which you can then use in your code. This means that if your
code uses a function type such as (Double) -> Double, you can
define a type alias that’s used in its place, making your code more
readable.

You define a type alias using the typealias keyword. Here’s

how, for example, you use it to define a type alias named
DoubleConversion that we can use in place of the function type
(Double) -> Double:

typealias DoubleConversion = (Double) -> Double

This means that our convert and combine functions can now
become:

fun convert (x: Double,

lambdas and higher order functions

— v i
A

(Double) -> Double

This type alias
means that we ean use
DoublcConvcrsion in Placc

o‘c (Double) -> Doublc‘

o
(&

converter: DoubleConversion) : Double ({
val result = converter (x) DoubleConversion
println("$x is converted to Sresult") We tan use the
return result DoubleConversion {37‘7‘

alias in the tonvert and
tombine functions to make

%he tode move veadable.

fun combine (lambdal: DoubleConversion,

lambda?: DoubleConversion): DoubleConversion {

return { x: Double -> lambda2 (lambdal (x)) }

Each time the compiler sees the type DoubleConversion, it
knows that it’s a placeholder for the type (Double) -> Double.
The convert and combine functions above do the same things as
before, but the code is more readable.

You can use typealias to provide an alternative name for any
type, not just function types. You can, say, use:

typealias DuckArray = Array<Duck>

so that you can refer to the type DuckArray in place of
Array<Duck>.

Let’s update the code in our project.
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Update the Lambdas project

We’ll add the DoubleConversion type alias, and the
getConversionLambda and combine functions, to
our Lambdas project, along with some code that uses them.
Update your version of Lambdas.kt in the project so that it
matches ours below (our changes are in bold):

KAdd the typealias.

typealias DoubleConversion = (Double) -> Double

fun convert (x: Double,

Replace the function type with the type alias.
N

converter: (Deokle—~—>~bemb+s DoubleConversion) : Double {

val result = converter (x)
println("$x is converted to S$result")

return result

\g‘ Remove this funetion as we no |on3cr need it

= erter

ceturT—esuli

~—
‘[—' Add the 5e{:ConvevsionLambda ‘cuhc{:ion.

fun getConversionlLambda (str: String): DoubleConversion {

if (str == "CentigradeToFahrenheit") {
return { it * 1.8 + 32 }
} else if (str == "KgsToPounds") {
return { it * 2.204623 } Lambdas
} else if (str == "PoundsToUSTons") { I_E::]
return { it / 2000.0 } sre
} else {
return { it } Lambdas.kt
}

Add +he tombine Lunction.

fun combine (lambdal: DoubleConversion,
lambda2: DoubleConversion): DoubleConversion {

return { x: Double -> lambda2(lambdal(x)) } The code conkinues ~ D

} on the next page.
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The code continved...

fun main(args: Array<String>) {

lambdas and higher order functions

Lambdas

- Remove these lines. LD
I g

//Convert 2.5kg to Pounds

Lambdas.kt

println("Convert 2.5kg to Pounds: ${getConversionLambda ("KgsToPounds") (2.5)}")

//Define two conversion lambdas

{ Use getConversionLambda to get two lambdas.

val kgsToPoundsLambda = getConversionLambda ("KgsToPounds")

val poundsToUSTonsLambda = getConversionLambda ("PoundsToUSTons")

//Combine the two lambdas to create a new one

Create a lambda that converts a
{Doublc feom ki|og\rams 4o US tons.

val kgsToUSTonsLambda = combine (kgsToPoundsLambda, poundsToUSTonsLambda)

//Use the new lambda to convert 17.4 to US tons

val value = 17.4

Use the lambda to tonvert
( 174 ki|ograms to US +tons.

println("$value kgs is ${convert(value, kgsToUSTonsLambda)} US tons")

Let’s take the code for a test drive.

Test drive

When we run the code, the following text gets printed in
the IDE’s output window:

Convert 2.5kg to Pounds: 5.5115575
17.4 is converted to 0.0191802201
17.4 kgs is 0.0191802201 US tons

You’ve now learned how to use lambdas to create higher-
order functions. Have a go at the following exercises,
and in the next chapter, we’ll introduce you to some of
Kotlin’s built-in higher-order functions, and show you
how powerful and flexible they can be.

therejare no
Dumb Questions

Q; I've heard of functional programming. What’s that?

A: Lambdas are an important part of functional
programming. While non-functional programming reads data
input and generates data output, functional programs can read
functions as input, and generate functions as output. If your
code includes higher-order functions, you are doing functional
programming.

Q: Is functional programming very different from
object-oriented programming?

A: They are both ways of factoring your code. In object-
oriented programming you combine data with functions, and in
functional programming you combine functions with functions.
The two styles of programming are not incompatible; they are
just different ways of looking at the world.
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code magnets

(o2 Code Magnets
/—_@ Somebody used fridge magnets to create a search function that prints the
names of items in a List<Grocery> that meet some criteria. Unfortunately, .
some of the magnets fell off. See if you can reconstruct the function. The funetion
BT goes heve.

e

data class Grocery(val name: String, val category: String, ‘&'“'This is {:hc 6ro£cry
val unit: String, val unitPrice: Double) data ¢lass.

fun main(args: Array<String>) {

val groceries = 1istOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0),
The ﬁam Grocery ("Mushrooms", "Vegetable", "1b", 4.0),
‘CuhCJCIOV\
1mcs{hc Grocery ("Bagels", "Bakery", "Pack", 1.5),
searth Grocery ("Olive oil", "Pantry", "Bottle", 6.0),
Lunction.

Grocery ("Ice cream", "Frozen", "Pack", 3.0))
println ("Expensive ingredients:")
search (groceries) {i: Grocery -> i.unitPrice > 5.0}

println("All vegetables:")

search (groceries) {i: Grocery -> i.category == "Vegetable"}
println("All packs:")

search (groceries) {i: Grocery -> i.unit == "Pack"}

I pPrintln(1.name) ' l 1l in list i | for ( 'I (g: Grocery) -> Boolean '
criteria(l) '\ } .I search '
List<Grocery> '\ ) N if ( ' —> Answers onPage 358.
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BE, ﬂy@ C@Inﬁl(ﬂ"

Here are five functions. Your job
is to play like you're the Compiler,
and determine whether each one
will compile. If it
won’t compile, why
not?

Q fun myFunl (x: Int = 6, y: (Int) -> Int = 7): Int {

return vy (x)

e fun myFun2 (x: Int = 6, y: (Int) -> Int { it }) {

return vy (x)

e fun myFun3(x: Int = 6, y: (Int) -> Int = { x: Int -> x + 6 }): Int {

return vy (x)

Q fun myFun4 (x: Int, y: Int,
z: (Int, Int) -> Int = {
x: Int, y: Int -> x + vy
1A
z (%X, V)

9 fun myFun5 (x: (Int) -> Int = {
println(it)
it + 7

) — > Answers on page 359.
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magnets solution

/

o %“ Code Magnets Solution

/—__ . . .

% Somebody used fridge magnets to create a search function that prints the
names of items in a List<Grocery> that meet some criteria. Unfortunately,
some of the magnets fell off. See if you can reconstruct the function.

T
fun

358

(g: Grocery) -> Boolean

data class Grocery(val name: String, val category: String,

val unit: String, val unitPrice: Double)

fun main(args: Array<String>) {

val groceries = 1istOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0),
Grocery ("Bagels", "Bakery", "Pack", 1.5),
Grocery ("Olive oil", "Pantry", "Bottle", 6.0),
Grocery ("Ice cream", "Frozen", "Pack", 3.0))

println ("Expensive ingredients:")

search (groceries) {i: Grocery -> i.unitPrice > 5.0}

println("All vegetables:")

search (groceries) {i: Grocery -> i.category == "Vegetable"}

println("All packs:")

search (groceries) {i: Grocery -> i.unit == "Pack"}
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Here are five functions. Your job
is to play like you're the Compiler,
and determine whether each one
will compile. If it
won’t compile, why
not?

lambdas and higher order functions

BE the Compiler Sofufion

Q fun myFunl (x: Int = 6, y: (Int) -> Int = 7): Int { This won'{: Com?ilc, as i{: assigns a
} retun vy (0 default Int value of 7 4o a lambda.
. ) .
e fun myFun2 (x: Int = 6, y: (Int) -> Int = { it }) { This wohtdo'"?'lc bc"‘a"se
t the Fuhc{ion veturns an
return y (x) &This line veturns an [nt. T
} [nt whith isn't detlaved.
e fun myFun3(x: Int = 6, y: (Int) -> Int = { x: Int -> x + 6 }): Int {
return y(x) This ode compiles. [£s pavameters have default values of
} the torvect type, and its veturn type is corveetly declared.
Q fun myFund (x: Int, y: Int, This eode Lomyilcs. The =z
z: (Int, Int) -> Int = { . . . .
variable is assigned a valid
x: Int, y: Int -> x + vy
o lambda as its default value.
z (X, Y)
}
@ fun myFun5(x: (Int) -> Int = { This code compiles. The %
println(it) variable is assigned a valid
it + 7 lambda as its default value, and
b this lambda spans multiple lines.
x (4)
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Poo] Puzzle Jolution

Your job is to take code snippets from the pool and place them into
the blank lines in the code. You may not use the same code
snippet more than once, and you won't need to use all the code
snippets. Your goal is to create a function named unless
that’s called by the main function below. The unless
function should have two parameters, a Boolean named
condition, and alambda named code. The function should
invoke the code lambda when conditionis false.

fun unless( condition: Boolean  , code: ():>Unit ) {
if (_lcondition ) {

fun main(args: Array<String>) {

val options = arrayOf ("Red", "Amber",

"Green")

var crossWalk = options|[ (Math.random() * options.size).toInt()]

if (crossWalk == "Green") {
println("Walk!")

}

unless (crossWalk == "Green")

println("Stop!") ’
This is formatted like a tode blotk, but it's actually

! 3 lambda. The lambda is passed to Jchcn unless function,
and it vuns if erossWalk is not “Green .

\/ou didn’t need 4o
use these snippets.

condition
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Your Kotlin Toolbox

‘{ou ¢an download
You’ve got Chapter 11 under the £ull eode for
your belt and now you’ve the thapter Lrom
added lambdas and higher- htps: //Linyurl. com/
order functions to your toolbox. HFKotlin.
————————————

%BUI.I.ET POINTS

Alambda expression, or lambda, takes the

You execute a lambda by invoking it. You do

form: this by passing the lambda any parameters
in parentheses, or by calling its invoke
{ x: Int => x + 5 } function.

You can pass a lambda to a function as a

parameter, or use one as a function’s return

value. A function that uses a lambda in this

= Alambda can have multiple lines. The last way is known as a higher-order function.
evaluated expression in the body is used as
the lambda's return value.

The lambda is defined within curly braces,
and can include parameters, and a body.

= [fthe final parameter of a function is a
lambda, you can move the lambda outside

= You can assign a lambda to a variable. The the function’s parentheses when you call the
variable’s type must be compatible with the function.

type of the lambda. = |fafunction has a single parameter that's a

= Alambda’s type has the format: lambda, you can omit the parentheses when
you call the function.

-> . . .
(parameters) return_type = Atype alias lets you provide an alternative

name for an existing type. You define a type
= \Where possible, the compiler can infer the alias using typealias.
lambda’s parameter types.

= [fthe lambda has a single parameter, you can
replace it with it.
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12 built-in higher-order functions
*
 Power Up Your Code ,

The collection was going crazy,
items everywhere, so I hit it
with a map(), gave it the old
foldRight(), then BAM! All that
was left was an Int of 42.

Kotlin has an entire host of built-in higher-order functions.

And in this chapter, we’ll introduce you to some of the most useful ones. You'll meet the
flexible filter family, and discover how they can help you trim your collection down to
size. You'll learn how to transform a collection using map, loop through its items with
forEach, and how to group the items in your collection using groupBy. You'll even
use fold to perform complex calculations using just one line of code. By the end of the

chapter, you'll be able to write code more powerful than you ever thought possible.
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Grocery class

Kotlin has a bunch of
built-in higher-order functions

As we said at the beginning of the previous chapter, Kotlin
comes with a bunch of built-in higher-order functions that

take a lambda parameter, many of which deal with collections.

They enable you to filter a collection based on some criteria,
for example, or group the items in a collection by a particular
property value.

Each higher-order function has a generalized implementation,
and its specific behavior is defined by the lambda that you
pass to it. So if you want to filter a collection using the built-in
filter function, you can specify the criteria that should be
used by passing the function a lambda that defines it.

As many of Kotlin’s higher-order functions are designed to
work with collections, we’re going to introduce you to some
of the most useful higher-order functions defined in Kotlin’s
collections package. We’ll explore these functions using a
Grocery data class, and a List of Grocery items named
groceries. Here’s the code to define them:

data class Grocery(val name: String, val category: String,

This is the 6ro£c¥‘\/ val unit: String, val unitPrice:

data ¢lass. val quantity: Int)

fun main(args: Array<String>) {

val groceries = 1listOf (Grocery ("Tomatoes",

Grocery ("Mushrooms",

The grotevies List tontains
five Grotery items.

Grocery ("Bagels",

"Bakery", "Pack",

Grocery ("Olive oil", "Pantry",

Grocery ("Ice cream", "Frozen",

We’ll start by looking at how to find the lowest or highest value
in a collection of objects.
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Double,

"Vegetable", "1b",
"Vegetable", "lb",
1.5, 2),

"Bottle", 6.0, 1),

"pgack" ,

3.0,
4.0,

3.0,

3),
1),
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built-in higher order functions

The wmin and max functions work with basic types

As you already know; if you have a collection of basic types,
you can use the min and max functions to find the lowest
or highest value. If you want to find the highest value in a
List<Int>, for example, you can use the following code:

val ints = 1listOf (1, 2, 3, 4)

val maxInt = ints.max () //maxInt ==

Numbers and Strings have

The min and max functions work with Kotlin’s basic types

because they have a natural order. Ints can be arranged in 1, 2, 3, 4, 5“.
numerl'cal order, for exar.nple, which makes it easy to find o A” ”B” 9 C”
out which Int has the highest value, and Strings can be 9 9 s
arranged in alphabetical order.

The min and max functions, however, can’t be used with
types with no natural order. You can’t use them, for example,
with a List<Grocery> or a Set<Duck>, as the functions
don’t automatically know how Grocery items or Duck
objects should be ordered. This means that for more complex
types, you need a different approach.

The minBy and maxBy functions work with ALL types

If you want to find the lowest or highest value of a type that’s
more complex, you can use the minBy and maxBy functions. ‘%
These functions work in a similar way to min and max, except v

that you can pass them criteria. You can use them, for example, ‘
to find the Grocery item with the lowest unitPrice or the
Duck with the greatest size.

y

)
The minBy and maxBy functions each take one parameter:
a lambda that tells the function which property it should use
in order to determine which item has the lowest or highest
value. If, for example, you wanted to find the item in a
List<Grocery> with the highest unitPrice, you could
do so using the maxBy function like this: This tode is like saying
“Find the item in groteries

val highestUnitPrice = groceries.maxBy { it.unitPrice }&—

And if you wanted to find the item with the lowest quantity

value, you would use minBy:

This line veturns a veference
to the item in 9roteries
The lambda expression that you pass to the minBy or maxBy with the lowest ﬂuah{:ify.
function must take a specific form in order for the code to

compile and work correctly. We’ll look at this next.

val lowestQuantity = groceries.minBy { it.quantity }«&

you are here »

with the highest unitPriee”

a natural order, whith
means that You an use
the min and max Lunetions
with them to determine
the lowest or highest value.

These items have no natural order.
To £ind the highest or lowest value,
we need to s?cLiAC\/ some Ctritevia,
such as unitPrice or O\uan{i‘t\/-
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minBy

A closer look at wminBy and maxBy’s lambda parameter

When you call the minBy or maxBy function, you must provide
it with a lambda which takes the following form:

{ i:

item type -> criteria }

The lambda must have one parameter, which we’ve denoted

above using i: item type. The parameter’s type must
match the type of item that the collection deals with, so
if you want to use either function with a List<Grocery>, the
lambda’s parameter must have a type of Grocery:

{ i:

Grocery -> criteria }

As each lambda has a single parameter of a known type, we
can omit the parameter declaration entirely, and refer to the

parameter in the lambda body using it.

The lambda body specifies the criteria that should be used
to determine the lowest—or highest—value in the collection.

This criteria is normally the name of a property—for example,
{ it.unitPrice }.Itcan be any type, just so long as the
function can use it to determine which item has the lowest or

highest property value.

What about minBy and maxBy’s return type?

When you call the minBy or maxBy function, its return type

matches the type of the items held in the collection. If you use

minBy with a List<Grocery>, for example, the function will

return a Grocery. And if you use maxBy with a Set<Duck>,

it will return a Duck.

Now that you know how to use minBy and maxBy, let’s look at
two of their close relatives: sumBy and sumByDouble.

tberel;n'e no

Q; Do the min and max functions
only work with Kotlin’s basic types,
such as numbers and Strings?

366

Dumb Questions

A: min and max work with types
where you can compare two values, and
say whether one value is greater than
another, which is the case for Kotlin's

basic types. These types work in this way
because behind the scenes, each one
implements the Comparable interface,
which defines how instances of that type
should be ordered and compared.

minBy and maxBy

work with collections

that hold any tyPe of
object, making them
much more flexible
than min and max.

I you call minBy or
maxBy on a collection
that contains no items,
the function will
return a null value.

In practice, min and max work with any
type that implements Comparable.
Instead of implementing Comparable
in your own classes, however, we think that
using the minBy and maxBy functions
is a better approach as they give you more
flexibility.



The sumBy and sumByDouble functions

As you may expect, the sumBy and sumByDouble functions
return a sum of the items in a collection according to some
criteria which you pass to it via a lambda. You can use these
functions to, say, add together the quantity values for

each item in a List<Grocery>, or return the sum of each
unitPrice multiplied by the quantity.

The sumBy and sumByDouble functions are almost identical,
except that sumBy works with Ints, and sumByDouble
works with Doubles. To return the sum of a Grocery’s
quantity values, for example, you would use the sumBy
function, as quantityisan Int:

val sumQuantity = groceries.sumBy { it.quantity }(""

And to return the sum of each unitPrice multiplied by
the quantity value, you would use sumByDouble, as
unitPrice * gquantityisa Double:

built-in

sumBy adds Ints together,

anJ returns an Int.

sumByDouble adds Doubles,

and returns a Double.

This vetuens the sum of all
quantity values in groteries.

val totalPrice = groceries.sumByDouble { it.quantity * it.unitPrice }

sumBy and sumByPouble’s [ambda parameter

Just like minBy and maxBy, you must provide sumBy and
sumByDouble with a lambda that takes this form:

{ i: item _type -> criteria }

As before, item type must match the type of item that the
collection deals with. In the above examples, we’re using the
functions with a List<Grocery>, so the lambda’s parameter
must have a type of Grocery. As the compiler can infer this,
we can omit the lambda parameter declaration, and refer to the
parameter in the lambda body using it.

The lambda body tells the function what you want it to sum. As
we said above, this must be an Int if you’re using the sumBy
function, and a Double if you're using sumByDouble. sumBy
returns an Int value, and sumByDouble returns a Double.

Now that you know how to use minBy, maxBy, sumBy and
sumByDouble, let’s create a new project and add some code to
it that uses these functions.

You can't use

sumBy or
sumByDouble
Watch it! directly on a
: Map.

You can, however, use them
on a Map’s keys, values

or entries properties. The
following code, for example,
returns the sum of a Map’s
values:

myMap.values.sumBy { it }
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Create the Groceries project

Create a new Kotlin project that targets the JVM, and name the
project “Groceries”. Then create a new Kotlin file named Groceries.kt
by highlighting the sr¢ folder, clicking on the File menu and choosing
New — Kotlin File/Class. When prompted, name the file “Groceries”,
and choose File from the Kind option.

Next, update your version of Groceries.kt to match ours below:

data class Grocery(val name: String, val category: String,
val unit: String, val unitPrice: Double,

val quantity: Int)

fun main(args: Array<String>) {
val groceries = 1listOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0, 3),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0, 1),
Grocery ("Bagels", "Bakery", "Pack", 1.5, 2),
Grocery ("Olive oil", "Pantry", "Bottle", 6.0, 1),

Grocery("Ice cream", "Frozen", "Pack", 3.0, 2))

val highestUnitPrice = groceries.maxBy { it.unitPrice * 5 } E::]
println("highestUnitPrice: S$highestUnitPrice") Groceries
val lowestQuantity = groceries.minBy { it.quantity } l_E::]
println("lowestQuantity: $lowestQuantity") src

val sumQuantity = groceries.sumBy { it.quantity }
println ("sumQuantity: S$sumQuantity")
val totalPrice = groceries.sumByDouble { it.quantity * it.unitPrice }

println("totalPrice: $totalPrice")

}

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

highestUnitPrice: Grocery(name=0live 0il, category=Pantry, unit=Bottle, unitPrice=6.0, quantity=1)
lowestQuantity: Grocery(name=Mushrooms, category=Vegetable, unit=lb, unitPrice=4.0, quantity=1)

sumQuantity: 9
totalPrice: 28.0
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BE, ﬂy@ C@m‘iﬂ(ﬂ’

Below is a complete Kot]in source
file. Your job is to play like you're
the Compiler, and determine
whether the file will

compile. If it won’t

compile, why not?
How wou]d you correct
it?

data class Pizza(val name: String, val pricePerSlice: Double, val quantity: Int)

fun main(args: Array<String>) {

val ints = 1listOf (1, 2, 3, 4, 5)

val pizzas = 1istOf (Pizza ("Sunny Chicken", 4.5, 4),
Pizza ("Goat and Nut", 4.0, 1),
Pizza ("Tropical", 3.0, 2),

Pizza ("The Garden", 3.5, 3))

val minInt = ints.minBy({ it.value })

val minInt2 = ints.minBy({ int: Int -> int })

val sumInts = ints.sum()

val sumInts2 = ints.sumBy { it }

val sumInts3 = ints.sumByDouble ({ number: Double -> number })

val sumInts4 = ints.sumByDouble { int: Int -> int.toDouble() }

val lowPrice = pizzas.min ()

val lowPrice2 = pizzas.minBy({ it.pricePerSlice })

val highQuantity = pizzas.maxBy { p: Pizza -> p.quantity }

val highQuantity3 = pizzas.maxBy { it.quantity }

val totalPrice = pizzas.sumBy { it.pricePerSlice * it.quantity }

val totalPrice2 = pizzas.sumByDouble { it.pricePerSlice * it.quantity }
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be the compiler solution

BE the Com Eﬂ@ Solufien
Below is a complete Kot]in source
file. Your job is to play like you're
the Compiler, and determine
whether the file will
compile. If it won’t
compile, why not?
How wou]d you correct
it?

data class Pizza(val name: String, val pricePerSlice: Double, val quantity: Int)

fun main(args: Array<String>) {

val ints = 1listOf (1, 2, 3, 4, 5)

val pizzas = 1istOf (Pizza ("Sunny Chicken", 4.5, 4),
Pizza ("Goat and Nut", 4.0, 1),
Pizza ("Tropical", 3.0, 2),
Pizza ("The Garden", 3.5, 3)) AS '.Wbs is a LiS{',<'n{'>, ".{." is an
o Int and has no value property.

val minInt = ints.minBy ({ it—ratwe-1})
This line won't compile, as the lambda’s

val minInt2 = ints.minBy({ int: Int -> int })

parameter needs to be an [nt. We can
val sumInts = ints.sum() . .

reylacc {:hc lambda wn‘(’)\ { r(‘,.'boDouHc() }
val sumInts2 = ints.sumBy { it }

val sumInts3 = ints.sumByDouble ({ -numseri—Peoubrte—s number it.-toDouble() })

val sumInts4 = ints.sumByDouble { int: Int -> int.toDouble() }

~et~louPrice—pizrzasTmie_ < | he min funetion won't work with a List<Pizza>.
val lowPrice2 = pizzas.minBy({ it.pricePerSlice })
val highQuantity = pizzas.maxBy { p: Pizza -> p.quantity }
val highQuantity3 = pizzas.maxBy { it.quantity }
val totalPrice = pizzas.sumByDouble { it.pricePerSlice * it.quantity }

val totalPrice2 = pizzas.sumByDouble { it.pricePerSlice * it.quantity }

} { it.pricePerSlice ¥ it.quantity } veturns a Double, so the sumB\/
funetion won't work. We need to use sumB\/Doublc instead.
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Meet the filter function

The next stop on our tour of Kotlin’s higher-order functions
1s £ilter. This function lets you search, or filter, a collection
according to some criteria that you pass to it using a lambda.

For most collections, filter returns a List that includes
all the items that match your criteria, which you can then
use elsewhere in your code. If it’s being used with a Map,
however, it returns a Map. The following code, for example,
uses the £ilter function to get a List of all the items in
groceries whose category value is “Vegetable™:

This veturns a List containing
hose items from groteries whose

)
category value is “Vegetable”.
val vegetables = groceries.filter { it.category == "Vegetable" }

Just like the other functions you've seen in this chapter, the
lambda that you pass to the £ilter function takes one
parameter, whose type must match that of the items in the
collection. As the lambda’s parameter has a known type, you
can omit the parameter declaration, and refer to it in the
lambda body using it.

The lambda’s body must return a Boolean, which is used
for the filter function’s criteria. The function returns

a reference to all items from the original collection where
the lambda body evaluates to t rue. The following code,
for example, returns a List of Grocery items whose
unitPrice is greater than 3.0:

val unitPriceOver3 = groceries.filter { it.unitPrice > 3.0 }

There’s a whole FAMILY of filter functions

‘Q'md 0“'\" wove

Kotlin has several variations of the £ilter function that can \(ov ean 207, filker
sometimes be useful. The £ilterTo function, for example, abou‘\: Yotlins e
works like the £i1ter function, except that it appends the Qam'\\ n ‘h\‘c ov.\
items that match the specified criteria to another collection. dotumen \on

The filterIsInstance function returns a List of

all the items which are instances of a given class. And the
filterNot function returns those items in a collection which
don’t match the criteria you pass to it. Here’s how, for example,
you would use the £ilterNot function to return a List of

all Grocery items whose category value is not “Frozen”:

val notFrozen = groceries.filterNot { it.category == "Frozen" }
Now that you’ve seen how the £ilter function works, let’s filkerNot veburns those items wheve
. . . |
look at another of Kotlin’s higher-order functions: the map the lambda body evaluates to false
" :
function.
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Use map to apply
a transform to your collection

The map function takes the items in a collection, and transforms each
one according to some formula that you specify. It returns the results
of this transformation as a new List.

YCS./ The map ‘Func{:ion returns
a List, and not a Map.

To see how this works, suppose you have a List<Int> that looks

like this:

val ints = 1istOf (1, 2, 3, 4)

If you wanted to create a new List<Int> that contains the same
items multiplied by two, you could do so using the map function like

this: This veturns a List containing
val doublelInts = ints.map { it * 2 }K{:\'\c items 2, &, b and 8.

And you can also use map to create a new List containing the name

of each Grocery item in groceries: This eveates a new List, and
new List, an

val groceryNames = groceries.map { it.name } <— populates it with the name of
eath éro«:cr\/ item in grocevies.
In each case, the map function returns a new List, and leaves the
original collection intact. If] say, you use map to create a List of
cach unitPrice multiplied by 0.5 using the following code, the
unitPrice of each Grocery item in the original collection stays
the same: This veturns a List
val halfUnitPrice — groceries.map { it.unitPrice * 0.5 }<— tontaining cach unitPrice
muH‘,inicd b\/ 05.
Just as before, the lambda that you pass to the map function has
a single parameter whose type matches that of the items in the
collection. You can use this parameter (usually referred to using it) to
specify how you want each item in the collection to be transformed.

You can chain function calls together

As the filter and map functions each return a collection, you

can chain higher-order function calls together to concisely perform

more complex operations. If you wanted to create a List of each

unitPrice multiplied by two, where the original unitPrice is

greater than 3.0, you can do so by first calling the £ilter function

on the original collection, and then using map to transform the result:

This ealls the filter Lunetion,

and then calls map on the
.map { it.unitPrice * 2 } rcsul{ing List.

val newPrices = groceries.filter { it.unitPrice > 3.0 }

Let’s go behind the scenes and see what happens when this code runs.
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What happens when the code runs

0 val newPrices = groceries.filter { it.unitPrice > 3.0 }
.map { it.unitPrice * 2 }

The filter function is called on groceries, a List<Grocery>. It creates a new List that
holds references to those Grocery items whose unitPrice is greater than 3.0.

“Tomatoes”
mo 3.0 The call to the ‘CiH‘,cr ‘('\unc‘(:ion
i< g eveates a new List whith holds
This is the original — Grocery vefeventes to the two items with
roceries List ™ O“Mushrooms” a wnitPrice greater than 3.0.
4.0
Qgﬁﬁ Grocery c,)
, ’-\ “Ba,gels” ng
gr?ceries 1.8
|
‘-—I' ’\Grocery
va 4 . »
List<Grocery> O g-léve oil

List<Grocery> Grocery List<Grocery>

e val newPrices = groceries.filter { it.unitPrice > 3.0 }
.map { it.unitPrice * 2 }

The map function is called on the new List. As the lambda { it.unitPrice * 2 } returns
a Double, the function creates a List<Double> containing a reference to each unitPrice

multiplied by 2.
“Tomatoes”
i mo 30
Grocery
\ “Mushrooms”
/_$ 4.0
Q/§, Grocery
, /-\ “BagelS”
gr?ceries 15
|
e = Grocery List<Double>
Val > “ $ i1”
List<Grocery> \ gl(l)ve oil KT"\C eall to the map funetion
. cv-za{:cs a new List containin
veterentes to two Doubles.
List<Grocery> Grocery
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what happens

The story continves...

6 val newPrices = groceries.filter { it.unitPrice > 3.0 }
.map { it.unitPrice * 2 }

A new variable, newPrices, gets created, and the reference to the List<Double>
returned by the map function is assigned to it.

> N “Tomatoes”
3.0
~ 8.0
Grocery /}
“Mushrooms”
S . & 5
( | Grocery nevl ;, oo
gr?ceries /\O“Ba’gels” I?rice§ Qg}@/ﬁo
~—-—r 1.5 . >
val val E Double
List<Double> | —
List<Grocery> 3 Grocery ist<Double
“Qlive oil” List<Double>
6.0
Grocery The List ereated by the call

List<Grocery>

{o the map Lunction is assigned
+o the newPrices vaviable.

Now that you've seen what happens when higher-order
functions are chained together, let’s have a look at our
next function: forEach.

therejare no
Dumb Questions

Q,: You said earlier that the £i1 ter function has a Q,: For the higher-order functions we’ve looked at so far,
number of variations, like £ilterTo and £ilterNot. you've said that the lambda’s parameter type must match that
What about map? Are there variations of that function too? of the items in the collection. How is that enforced?

A: Yes! Variations include mapTo (which appends the results A: Using generics.
of the transformation to an existing collection), mapNotNull
(which omits any null values) and mapValues (which works
with and returns a Map). You can find more details here:

As you may recall from Chapter 10, generics let you write code that
uses types consistently. It stops you from adding a Cabbage
reference to a L1 st <Duck>. Kotlin’s built-in higher-order

https://kotlinlang.org/api/latestjvm/stdlib/kotlin.collections/index.htmi  functions use generics to make sure that they only accept and
return values whose type is appropriate for the collection they’re

being used with.
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forEach works like a for loop

The forEach function works in a similar way to a for loop, as it

allows you to perform one or more actions against each item in a You can use {01' EaCh
collection. You specify these actions using a lambda. . .

° with arrays, Llsts,
To see how forEach works, suppose you wanted to loop through Y
each item in the groceries List, and print the name of each Sets, aIIC[ on a MaP s
one. Here’s how you could do this using a for loop:

for (item in groceries) {

}

And here’s the equivalent code using the forEach function:

groceries.forEach { println(it.name) }<—— Note that { Frinﬂn(i{.namc) } is 3 lambda

hich we’ i <
Both code examples do the same thing, but using forEach which we've passing to the forEach funttion

The lambda b ile i
is slightly more concise. e lam od\/ ¢an have muHuFlc lines.

But if forEach does the same thing as a
for loop, isn't that just giving me one more
thing to remember? What's the point in
having yet another function?

As forEach is a function, you can use it in
function call chains.

Imagine that you want to print the name of each item in groceries
whose unitPrice is greater than 3.0. To do this using a for
loop, you could use the code:

for (item in groceries) {

if (item.unitPrice > 3.0) println(item.name)
}

But you can do this more concisely using:
groceries.filter { it.unitPrice > 3.0 }

.forEach { println(it.name) }

So forEach lets you chain function calls together to perform
powerful tasks in a way that’s concise.

Let’s take a closer look at forEach.

entries, l(eys and
println(item.name) values Pro]aerties.
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forEach has no return value

Just like the other functions that you’ve seen in this chapter, the
lambda that you pass to the forEach function has a single
parameter whose type matches that of the items in the collection.
And as this parameter has a known type, you can omit the
parameter declaration, and refer to the parameter in the lambda
body using it.

Unlike other functions, however, the lambda’s body has a Unit
return value. This means that you can’t use forEach to return
the result of some calculation as you won’t be able to access it.
There is, however, a workaround.

Lambdas have access to variables

As you already know, a for loop’s body has access to variables
that have been defined outside the loop. The following code, for
example, defines a String variable named itemNames, which
1s then updated in a for loop’s body:

var itemNames = ""

for (item in groceries) {

itemNames += "S${item.name} " <—_ You tan update the itemNames vaviable
} inside the body of a for loop.

println("itemNames: $itemNames")

When you pass a lambda to a higher-order function such as

forEach, the lambda has access to these same variables, even

though they’ve been defined outside the lambda. 'This means that instead

of using the forEach function’s return value to get the result

of some calculation, you can update a variable from inside the You tan also update the itemNames

lambda body. The following code, for example, is valid: vaviable inside the body of the
lambda that’s passed to forEath.

var itemNames = ""
groceries.forEach({ itemNames += "${it.name} " })

println("itemNames: S$itemNames")

The variables deﬁned outside the lambda Wth}’l the lambda can Closure means tllat
access are sometimes referred to as the lambda’s closure. In clever -

words, we say that the laml?da can access its closure. And as the lambda a laml)c[a can access
uses the 1 temNames variable in its body, we say that the lambda’s

closure has captured the variable. any local varial)les

Now that you’ve learned how to use the forEach function, let’s

update our project code. tllat 1t captures.
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Update the Groceries project

We’ll add some code to our Groceries project that uses the filter,
map and forEach functions. Update your version of Groceries.kt in
the project so that it matches ours below (our changes are in bold):

data class Grocery(val name: String, val category: String,

val unit: String, val unitPrice: Double,

val quantity: Int)

fun main(args: Array<String>) {
val groceries = 1istOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0, 3),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0, 1),
Grocery ("Bagels", "Bakery", "Pack", 1.5, 2),
Grocery ("Olive oil", "Pantry", "Bottle", 6.0, 1),

Grocery ("Ice cream", "Frozen", "Pack", 3.0, 2))

ual hishessimitenics —ssacerios maiy—+eunitbeieet & |

= - ; T : ' Foet Grocelies
DCIC‘EC Wm uguallﬁyﬁmﬁw ST:_

these

lines. S ST Tt ey e eer e s TS UM y— Tt roroare -t y—— Groceries.kt

prirttmttsTmOueREEy T Ssumo ATty
t = . “sumByDouble TC. guantrty S —t=unitPrice +—
(prinetm eotalerioofrotntrrivety~

val vegetables = groceries.filter { it.category == "Vegetable" }
println("vegetables: $vegetables")

val notFrozen = groceries.filterNot { it.category == "Frozen" }

println("notFrozen: S$notFrozen")

val groceryNames = groceries.map { it.name }
println ("groceryNames: $groceryNames")
val halfUnitPrice = groceries.map { it.unitPrice * 0.5 }

println("halfUnitPrice: $halfUnitPrice")

val newPrices = groceries.filter { it.unitPrice > 3.0 }

[Add all these lines.

.map { it.unitPrice * 2 } 'ThctodCCOhb“VCS/’£§

println("newPrices: $newPrices") on{hcnc*ﬁYaﬁb



test

The OOde co“‘rihued"' [Add these lines to the main funetion.

println ("Grocery names: ")

groceries.forEach { println(it.name) }

println("Groceries with unitPrice > 3.0: ")

groceries.filter { it.unitPrice > 3.0 } D
.forEach { println(it.name) } Groce'TEj
var itemNames = "" sfe
groceries. forEach({ itemNames += "${it.name} " })
println("itemNames: $itemNames") Groceries.kt

}

Let’s take the code for a test drive.

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

vegetables: [Grocery(name=Tomatoes, category=Vegetable, unit=1b, unitPrice=3.0, quantity=3),
Grocery(name=Mushrooms, category=Vegetable, unit=lb, unitPrice=4.0, quantity=1)]
notFrozen: [Grocery(name=Tomatoes, category=Vegetable, unit=lb, unitPrice=3.0, quantity=3),
Grocery(name=Mushrooms, category=Vegetable, unit=lb, unitPrice=4.0, quantity=1),
Grocery(name=Bagels, category=Bakery, unit=Pack, unitPrice=1.5, quantity=2),
Grocery(name=0live oil, category=Pantry, unit=Bottle, unitPrice=6.0, quantity=1)]
groceryNames: [Tomatoes, Mushrooms, Bagels, Olive oil, Ice cream]

halfUnitPrice: [1.5, 2.0, 0.75, 3.0, 1.5]

newPrices: [8.0, 12.0]

Grocery names:

Tomatoes

Mushrooms

Bagels

Olive oil

Ice cream

Groceries with unitPrice > 3.0:

Mushrooms

Olive oil

itemNames: Tomatoes Mushrooms Bagels Olive oil Ice cream

Now that you’ve updated your project code, have a go at the following
exercise, and then we’ll look at our next higher-order function.
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Poo] Puzzle

abstract class Pet (var name: String) /\ Your job is to take code snippets from the
v ’ 09 pool and place them into the blank

\ "> lines in the code. You may not use
the same code snippet more than

once, and you won't need to use all
the code snippets. Your goal is to

class Dog(name: String) : Pet (name) complete the getWinners function

in the Contest class so that it returns

a Set<T> of contestants with the highest

score, and prints the name of each winner.

class Cat(name: String) : Pet (name) ﬁ/

class Fish(name: String) : Pet (name)

class Contest<T: Pet>() {

var scores: MutableMap<T, Int> = mutableMapOf ()

fun addScore(t: T, score: Int = 0) {

[€ this eode looks Lamiliav, it's
betause we wrote a diffevent
} version of it in Chapter |O.

if (score >= 0) scores.put(t, score)

fun getWinners(): Set<T> {
val highScore =

val winners = scores { == highScore }

winners . { println("Winner: ${ "y}

return winners

Note: each thing from
the pool can only be
used once!

scores
map

values filter
values forEach

value
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Poo] Puzzle Jolution

bst £ ol Pet ( . String) /\ Your job is to take code snippets from the
abstract ciass fetivar name: tng pool and place them into the blank

\ " lines in the code. You may not use
. the same code snippet more than
once, and you won't need to use all
the code snippets. Your goal is to
class Dog(name: String) : Pet (name) complete the getWinners function
in the Contest class so that it returns
a Set<T> of contestants with the highest
score, and prints the name of each winner.

class Cat (name: String) : Pet (name)

class Fish(name: String) : Pet (name)

class Contest<T: Pet>() {

var scores: MutableMap<T, Int> = mutableMapOf ()

fun addScore(t: T, score: Int = 0) {

if (score >= 0) scores.put(t, score)

} The stoves are held as [nt values in a MutableMap
named stoves, so this gets the highest seove value.

fun getWinners(): Set<T> { Fil’cer stoves to ScJc
val highScore = scores.values.max() the entries whose
val winners = scores filter ( itvalue - nignscore ) keys & alue i hgnstore
winners .forEach { println("Winner: ${ it.name }") } Then use i eys

HOTSAEN . U println("Winner: S5{It.name . property to get

return winners \ Use the ‘(:orEach ‘cum‘,{:ion ‘EO‘B the winnevs.

} F\rin{: the name of eath winner-

You didn't need to
use these snippets.

values

maxBy()
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Use groupBy to split your collection into groups

The next function that we’ll look at is groupBy. This function
lets you group the items in your collection according to some <
criteria, such as the value of one of its properties. You can use it

Note that you tan't use aroupBy on
a Map divectly, but you ean call it on

: Do ) . . ' s, values or entries properties.
(in conjunction with other function calls) to, say, print the name its keys

of Grocery items grouped by category value:

Vegetable
Tomatoes
These Mushrooms
are the Bakery The Grotery
Ba'gels names ave
Pantry 5rou\7cd b‘j

Olive oil
tateaory value.
Frozen b ey

Ice cream

Ca’ccgov-y values.

The groupBy function accepts one parameter, a lambda, which
you use to specify how the function should group the items in the
collection. The following code, for example, groups the items in
groceries (a List<Grocery>) by the category value:

This is like saying “group
val groupByCategory = groceries.groupBy { it.category }<— cath item in groteries

by its ategory value”.

groupBy returns a Map. It uses the criteria passed via the
lambda body for the keys, and each associated value is a List of
items from the original collection. The above code, for example,
creates a Map whose keys are the Grocery item category
values, and each value is a List<Grocery>:

Bagels Olive
OTomatoes oil

Grocery Grocery
Grocery
/% OMushrooms

o
-

Ice
Cream

Grocery

[

Y,

Grocery
| List<Grocery> List<Grocery>
&__/_,—5 i N

List<Grocery> ® < @ 4

Q,ﬁi ‘2,& Q,& Q&
E ' E ' E ’ E I List<Grocery>

.(:hc MGF is 3 - - - L=

. « b » “Bak ” [ » « » The La{:cgor\/ values are

List<Grocerys. VVegetable Bakery Pantry Frozen S wsed for the Map's keys

Map<String, List<Grocery>> so eath Kc\/ is @ String.
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You can use groupBy in function call chains

As the groupBy function returns a Map with List values, you can
make further higher-order function calls on its return value, just as
you can with the £ilter and map functions.

Imagine that you want to print the value of each category for a

List<Grocery>, along with the name of each Grocery item

whose category property has that value. To do this, you can

use the groupBy function to group the Grocery items by each

category value, and then use the forEach function to loop

through the resulting Map: grou?B\[ veturns a Map, which

groceries.groupBy { it.category }.forEach { & means that we ¢can call the forEath

//More code goes here Funetion on its veturn value.

}

As the groupBy function uses the Grocery category values for its
keys, we can print them by passing the code println (it.key)
to the forEach function in its lambda:

groceries.groupBy { it.category }.forEach {

println(it.key) <—— 7). prints the Map keys (the
//More code goes here 6\ro¢’.cry tategory values).
}

And as each of the Map’s values is a List<Grocery>, we can
make a further call to forEach in order to print the name of each
grocery item:

groceries.groupBy { it.category }.forEach {

println (it.key) This line 5c{:s the torresponding

it.value.forEach { println(" ${it.name}") }<— V{E:\l-uc~£°‘r;f~hi lga?;s k;;/ A: .
1S 1S @ List<Qrolery>, w
call forEath on it to ?Y'm{‘, the

So when you run the above code, it produces the following output: name of the Grotery item.

}

Vegetable
Tomatoes
Mushrooms

Bakery
Bagels

Pantry
Olive oil

Frozen
Ice cream

Now that you know how to use groupBy, let’s look at the final
function on our road trip: the fold function.
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How to use the fold function

The £old function is arguably Kotlin’s most flexible higher-order {olc[ can l)e Calle C[
function. With fold, you can specify an initial value, and perform

some operation on it fo? ead} item in a collection. You can use it to, say, on a M aP’S keys’
multiply together each item in a List<Int> and return the result, or

concatenate together the name of each item in a List<Grocery>,all values aIlC[ entries

in a single line of code.

Unlike the other functions we’ve seen in this chapter, fold takes two Proper tles’ LUt not

parameters: the initial value, and the operation that you want to perform .
on it, specified by a lambda. So if you have the following List<Int>: On a MaP JlreCtly ¢

val ints = 1listOf (1, 2, 3)

you can use £old to add each of its items to an initial value of 0 using
the following code:

val sumOfInts = ints.fold(0) { runningSum, item —>lrunningSum + itemJ}

This is the initial value. /\

This tells the function that You
yanjc to add the value of each item
in the colleetion to the initial value.

The fold function’s first parameter is the initial value—in this case, 0.
This parameter can be any type, but it’s usually one of Kotlin’s basic
types such as a number or String.

The second parameter is a lambda which describes the operation that

you want to perform on the initial value for each item in the collection.

In the above example, we want to add each item to the initial value, so

we’re using the lambda: Heve, we've detided o name the lambda ?aramco{i‘crs
\runnihggum and item as we've addihﬁ the value .
eath ibem Lo a vunning sum. You tan, however, give

The lambda that you pass to £o1d has two parameters, which in the pavameters any valid variable name.
this example we’ve named runningSum and item.

{ runningSum, item -> runningSum + item }é’,

The first lambda parameter, runningSum, gets its type from the initial
value that you specify. It’s initialized with this initial value, so in the
above example, runningSumis an Int that’s initialized with 0.

The second lambda parameter, i tem, has the same type as the items
in the collection. In the example above, we’re calling fold on a
List<Int>,so item’s typeis Int.

The lambda body specifies the operation you want to perform for
each item in the collection, the result of which is then assigned to the
lambda’s first parameter variable. In the above example, the function
takes the value of runningSum, adds it to the value of the current
item, and assigns this new value to runningSum. When the function
has looped through all items in the collection, fold returns the final
value of this variable.

Let’s break down what happens when we call the fold function.
you are here » 383



what happens

Behind the scenes: the fold funetion

Here’s what happens when we run the code:

val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

where ints is defined as:

val ints = 1listOf (1, 2, 3)

o val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

This creates an Int variable named runningSum which is initialized with 0. This

Vi

ariable is local to the fold function.

/3 O <— This is the initial value that we've passed
Q/gg to the fold function. [+'s assigned to a
: - lotal variable named \runnmgSum
running
Sum,
var Int

val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

The function takes the value of the first item in the collection (an Int with a value
of 1) and adds it to the value of runningSum. This new value, 1, is assigned to
runningSum.

AT AN )
unction - | O g
s‘{:avfs I /N lnt QA
E"‘[Zh the [ < O 2 :QS)—-.,,
irs{: i‘EC"\ runnin
i { g
in the Sum;
¢ ” C‘E . Int -_—-‘ Thc VallAC o(: {')\C ‘FIY‘S‘{:
o > /\ 3 var Int item is added to the

| O value of runningSum.

This value is then
Int assigned o vunningSum.

List<Int>
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The story continues...
G val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

The function moves to the second item in the collection, which is an Int with a value
of 2. It adds this to runningSum, so that runningSum’s value becomes 3.

= D

The fold 0 fgz' \ - 8

function L' /_N Int Qﬁ

moves {o S 2 F_/Q’Qﬁ

ihc setond e[ | \é@’ O rtmning'] Int

item in the — Sum; The funetion adds the

eollection. | s Int — value of the setond item
%/—\ 3 var Int {:o“{hc value of vunninaSum.
(LS This new value is assigned

List<Int> Int to ruvminggum.
IS n

e val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

The function moves to the third and final item in the collection: an Int with a value
of 3. This value is added to runningSum, so that runningSum’s value becomes 6.

/\\( ) 1

Finally, Int Q/&O
the fold /N 2 $.
‘Cunc{:ion rimnlng
moves -bo Sum

i Int » The funttion adds
if{h: Jcihwfh ‘ /\ 3 var Int £he value of the final
¢ ”"‘d? =\ O item o the value of
e ‘runninggwn. runninggum’s
Int new value is now b

List<Int>

G val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }

As there are no more items in the collection, the function returns the final value of
runningSum. This value is assigned to a new variable named sumOfInts.

s N

‘2,““' 6 @runnmg&um s final value is b, so
sum | the function veturns this valuc.
Ofints - [t gets assigned to sumOfInts.
N — n
var Int
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fold function

Some wore examples of fold

Now that you’ve seen how to use the £old function to add
together the values in a List<Int>, let’s look at a few more
examples.

Find the product of a List<Int>

If you want to multiply together all the numbers in a List<Int>
and return the result, you can do so by passing the fold function
an initial value of 1, and a lambda whose body performs the
multiplication:

ints.fold (1) { runningProduct, item —>@ningProduct * item)}

MuH:iply vunningSum with the value of each item.

[nitialize ‘runningProduC{: with [.

Concatenate together the name of each itewm in a List<Grocery>

To return a St ring that contains the name of each Groceryg_.l_h" s al o .
item in a List<Grocery>, you can pass the fold function ) ;s a SOEOJW‘FS{"""‘S £unttion which
an initial value of "", and a lambda whose body performs the You €an use To pevtorm this kind of Lask.

concatenation:

groceries.fold("") { string, item -> &w}

[nitialize string with . KThis is like saYing:
string = string + ¢ ,"{i{cmvnAmc}"
for eath item in groteries.

Subtract the fotal price of items from an initial valve

You can also use £old to work out how much change you’d have
left if you were to buy all the items in a List<Grocery>. To do
this, you'd set the initial value as the amount of money you have
available, and use the lambda body to subtract the unitPrice of
each item multiplied by the quantity:

groceries.fold (50.0) { change, item
7\\/7—>\change - item.unitPrice * item.quantity)}

el ith 20.0.
Initialize thange with This subtracts the total price
(unitPrice ¥ quan{:i‘f‘,\/) from

Now that you know how to use the groupBy and fold thange for eath item in grotevies.
functions, let’s update our project code.
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Update the Groceries project

We’ll add some code to our Groceries project that uses the groupBy
and fold functions. Update your version of Groceries.kt in the project
so that it matches ours below (our changes are in bold):

data class Grocery(val name: String, val category: String,
val unit: String, val unitPrice: Double,

val quantity: Int)

fun main(args: Array<String>) {
val groceries = 1istOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0, 3),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0, 1),
Grocery ("Bagels", "Bakery", "Pack", 1.5, 2),
Grocery("Olive oil", "Pantry", "Bottle", 6.0, 1),

Grocery ("Ice cream", "Frozen", "Pack", 3.0, 2))

F;a&—vegetabies—E—gTﬁeeﬁéeeféé%%e£—+’it.category == egetapte—
Rrintte-tiregetabtes—Svegetables i~

e TTO T TOZET = UTrOCEer fes T trrterNot—f——+—eategory ——11f xS
rintlotrrotFrozem—S$rotFrozert—
% TicS. i
Mx+ll;\"\jLUbCL Pareaa, u.‘»cng ‘j’-‘r\jull UA/—/
at—fhat ot rIT = r
We no N ' ' : i 2
|on5cv need
th&clhca St TIEWE Tl Ces —groeertesftitter { it unitPrice—>—30—~———
SOYOuCan map [ it unitPrice * 2 )
delete them. —prt - tirewkReices . SHrewPTrICES S —
B GroceCfs
—printletiCrocery—Aames . — E::]
Froceries—forfach——pTint L0 Crername——
src

. . . o e n.
Pprratirticrecerres wWith—eartPrIcTe >

Groceries.kt

—ar—rtemfames——X"—
o tes—forEachi{ itemNames += "S{it name} " }) The tode tontinues ~ D
L_~ j - 1 = on the next page
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test

The code continved... =

[—groceries .groupBy { it.category }.forEach { Grocelies
println(it.key) l:j
it.value.forEach { println(" ${it.name}") } src

Groceries.kt
val ints = 1listOf (1, 2, 3)

Add val sumOfInts = ints.fold(0) { runningSum, item -> runningSum + item }
these println ("sumOfInts: $sumOfInts")
lines to

Ehc zai" val productOfInts = ints.fold(l) { runningProduct, item -> runningProduct * item }
uncLion. println ("productOfInts: $productOfInts")

val names = groceries.fold("") { string, item -> string + " ${item.name}" }

println("names: $names")

val changeFrom50 = groceries.fold(50.0) { change, item
-> change - item.unitPrice * item.quantity }
@rintln ("changeFrom50: $changeFrom50")

Let’s take the code for a test drive.

Test drive

When we run the code, the following text gets printed in the IDE’s
output window:

Vegetable

Tomatoes

Mushrooms
Bakery

Bagels
Pantry

Olive oil
Frozen

Ice cream
sumOfInts: 6
productOfints: 6
names: Tomatoes Mushrooms Bagels Olive oil Ice cream
changeFrom50: 22.0
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t}xerelgre no

Q: You said that some of the higher-
order functions in this chapter can’t be
used directly with a Map. Why is that?

A: It's because Map is defined a little
differently to i st and Set, and this
affects which functions will work with it.

Behind the scenes, List and Set
inherit behavior from an interface named
Collection, whichin turn inherits
behavior defined inthe Tterable
interface. Map, however, does not inherit
from either of these interfaces. This means
that List and Set are both types of
Iterable, while Map isn't.

This distinction is important because
functions such as fold, forEach

and groupBYy are designed to work

with Tterables. And because Map
isntan Tterable, you'll get a compiler
error if you try to directly use any of these
functions with a Map.

The great news, however, is that Map’s
entries, keysand values
properties are all types of Iterable:
entries and keys are both

Sets, and values inherits from the
Collection interface. This means
that while you can’t call functions such as
groupBy and fold onaMap directly,
you can still use them with the Map’s
properties.

Dumb Questions

Q: Do | always need to provide the
fold function with an initial value?
Can’t | just use the first item in the
collection as the initial value?

A: When you use the fo1d function,
you must specify the initial value. This
parameter is mandatory, and can't be
omitted.

If you want to use the first item in the
collection as the initial value, however,
an alternative approach is to use the
reduce function. This function works
in a similar way to £o1d, except that
you don't have to specify the initial value.
It automatically uses the first item in the
collection as the initial value.

Q,: Does fold iterate through the
collection in a specific order? Can |
reverse this order?

A: The foldand reduce functions
work through items in a collection from left
to right, starting with the first item in the
collection.

If you want to reverse this order, you

can use the foldRight and
reduceRight functions. These
functions works on arrays and Li s ts, but
noton Sets or Maps.

built-in

Q: Can | update the variables in a
lambda’s closure?

A: Yes.

As you may recall, a lambda’s closure
refers to those variables defined outside
the lambda body which the lambda has
access to. Unlike some languages such as
Java, you can update these variables in the
lambda’s body so long as they have been
defined using var.

Q: Does Kotlin have many more
higher-order functions?

A: Yes. Kotlin has far too many higher-
order functions for us to cover in one
chapter, so we decided to focus on just
some of them: the ones which we think are
the most useful or important. Now that you
know how to use these functions, however,
we're confident that you'll be able to take
your knowledge, and apply it elsewhere.

You can find a full list of Kotlin’s functions
(including its higher-order functions) in the
online documentation:

https://kotlinlang.org/api/latest/jvm/stdlib/
index.html
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sharpen your pencil

_ % harpen your pencil

-‘X The following code defines the Grocery data class, and a
List<Grocery>named groceries:

data class Grocery(val name: String, val category: String,
val unit: String, val unitPrice: Double,

val quantity: Int)

val groceries = 1listOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0, 3),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0, 1),
Grocery ("Bagels", "Bakery", "Pack", 1.5, 2),
Grocery ("Olive o0il", "Pantry", "Bottle", 6.0, 1),

Grocery("Ice cream", "Frozen", "Pack", 3.0, 2))

Write the code below to find out how much will be spent on vegetables.

— Answers on page 392.
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A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the

Mixed candidate blocks of code with their matching output.
Messages
fun main(args: Array<String>) {
val myMap = mapOf ("A" to 4, "B" to 3, "C" to 2, "D" to 1, "E" to 2)
var x1 "
The tandidate var x2 = 0
tode goes here.— T D
Mateh eath
tandidate with println ("$x1$x2")
one o§ £hc }
Yossiblc ou{:\?u{S-
Candidates: Possible output:

x1 = myMap.keys.fold("") { x, y -> x + y}

10

X2 = myMap.entries.fold(0) { x, y -> x * y.value }

ABCDEO
x2 = myMap.values.groupBy { it }.keys.sumBy { it }

ABCDE48
x1 = "ABCDE"
X2 = myMap.values.fold(12) { x, vy > x -y } 43210
X2 = myMap.entries.fold(l) { x, y -> x * y.value } 432120
x1 = myMap.values.fold("") { x, vy > x +y } 48
x1 = myMap.values.fold(0) { x, y >x +y } 125

.toString()

X2 = myMap.keys.groupBy { it }.size | ADSWGI’S on Page 393.
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sharpen solution

_ % harpen your pencil

P solutlon The following code defines the Grocery data class, and a
List<Grocery>named groceries:

data class Grocery(val name: String, val category: String,
val unit: String, val unitPrice: Double,

val quantity: Int)

val groceries = 1listOf (Grocery ("Tomatoes", "Vegetable", "1b", 3.0, 3),
Grocery ("Mushrooms", "Vegetable", "1b", 4.0, 1),
Grocery ("Bagels", "Bakery", "Pack", 1.5, 2),
Grocery ("Olive o0il", "Pantry", "Bottle", 6.0, 1),
Grocery("Ice cream", "Frozen", "Pack", 3.0, 2))

' _ . Filter by category, then
Write the code below to find out how much will be spent on vegetables. sum the total price.

Create a List containing the name of each item whose total price is less than 5.0
Filter by
aroteviesfilter { itunitPrice ¥ itquantity < 5.0 hmap { itname } <— wnitPrice ¥ quantity,

then use map to
. transform the vesult.
Print the total cost of each category. F b eab v
or eath tategory.--

} ,& print the key, followed b\/ the

vesult of sumB\/Doublc for eath value.

Print the name of each item that doesn't come in a bottle, grouped by unit. Group the vesults b\/ unit.
groteciesfilterNot { itunit == "Bottle’}groupBy { itunit dorBach {
Get the entries where the 7\ printinitkey) <— Print each key in the vesulting Map.
Valuc. .o.‘c. .‘;y.\; . .i.s. };6£"‘Ba{;{l'¢) .............................................................. e .
e i value forBach { printIn(” flitname}) Y
} Each value in the Map is a Lis{<6roéc\r\/>,
............................................ SO we .Lah.usc. .ov._Ea.ch.'{_b. |'o'o"‘7'{h'y-'é;}'3‘ﬁ"c'ju;""'"""'"""'"'” .

List, and print the name of each item.
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A short Kotlin program is listed below. One block of the program
is missing. Your challenge is to match the candidate block of code
(on the left), with the output that you'd see if the block were
inserted. Not all the lines of output will be used, and some lines of
output may be used more than once. Draw lines connecting the

Mixed candidate blocks of code with their matching output.
Messages
Solution
fun main(args: Array<String>) {
val myMap = mapOf ("A" to 4, "B" to 3, "C" to 2, "D" to 1, "E" to 2)
var x1 = ""
The tandidate var x2 = 0
tode goes here.— D
println ("$x1$x2")
}
Candidates: Possible output:

x1 = myMap.keys.fold("") { x, y -> x + y}

10
X2 = myMap.entries.fold(0) { x, y -> x * y.value }

ABCDEO
x2 = myMap.values.groupBy { it }.keys.sumBy { it }

ABCDE48
x1 = "ABCDE"
X2 = myMap.values.fold(12) { x, vy > x -y } 43210
X2 = myMap.entries.fold(l) { x, y -> x * y.value } 432120
x1 = myMap.values.fold("") { x, vy > x +y } 48

x1 = myMap.values.fold(0) { x, y > x +y } 125
.toString () __————““"————————————

X2 = myMap.keys.groupBy { it }.size
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Your Kotlin Toolbox

You’ve got Chapter 12 under
your belt and now you’ve
added built-in higher-order
functions to your toolbox.

‘{ou ¢an download
the full code for
4he ehapter from
Wtps:/ / {-,in\/w\ Lom/
HFKotlin.

/

%BUL[ET POINTS

= Use minBy and maxBy to find the lowest or
highest value in a collection. These functions take
one parameter, a lambda whose body specifies
the function criteria. The return type matches the
type of items in the collection.

= Use sumBy or sumByDouble to return the
sum of items in a collection. Its parameter, a
lambda, specifies the thing you want to sum.
If thisis an Int, use sumBy, and if it's a
Double, use sumByDouble.

m  The filter function lets you search, or filter, a
collection according to some criteria. You specify
this criteria using a lambda, whose lambda body
must return a Boolean. filter usually
returns a Li st . If the function is being used
with a Map, however, it returns a Map instead.

The map function transforms the items in a
collection according to some criteria that you
specify using a lambda. It returns a Li st.

forEach works like a for loop. It allows you
to perform one or more actions for each itemin a
collection.

Use groupBy to divide a collection into groups.
It takes one parameter, a lambda, which defines
how the function should group the items. The
function returns a Map, which uses the lambda
criteria for the keys, and a i st for each value.

The fo1d function lets you specify an initial
value, and perform some operation for each item
in a collection. It takes two parameters: the initial
value and a lambda that specifies the operation
you want to perform.




Leaving town...

It’s been great having you here in Kotlinville

We’re sad to see you leave, but there’s nothing like taking what you've learned
and putting it to use. There are still a few more gems for you in the back of the book and a
handy index, and then it’s time to take all these new ideas and put them into practice. Bon

voyage!






appendix i: coroutines

* +
% Running Code in Parallel
X

You mean I can

walk and chew gum at

the same time? How
exciting!

Some tasks are best performed in the background.

If you want to read data from a slow external server, you probably don’t want the rest of
your code to hang around, waiting for the job to complete. In situations such as these,
coroutines are your new BFF. Coroutines let you write code that's run asynchronously.
This means less time hanging around, a better user experience, and it can also make
your application more scalable. Keep reading, and you'll learn the secret of how to talk to

Bob, while simultaneously listening to Suzy.

this is an appendix 397



create project

Let’s build a drum machine

Coroutines allow you to create multiple pieces of code that can run Tlle COJQ m tl‘ls
asynchronously. Instead of running pieces of code in sequence, one . .
after the other, coroutines let you run them side-by-side. aPPenJIX aPPlleS
Using coroutines means that you can launch a background job, such to Kotlm 1.3 anJ
as reading data from an external server, without the rest of your code .
having to wait for the job to complete before doing anything else. above. In earller
This gives your user a more fluid experience, and it also makes your . .
application more scalable. versions, cor outines
To see the difference that using coroutines can make to your code, were markeJ as
suppose you want to build a drum machine based on some code that

plays a drum beat sequence. Let’s start by creating the Drum Machine experlmental.

project by going through the following steps.

1. Create a new GRADLE project Gradle is a build tool that lets you

COm?ilc and dcvlo\/ tode, and intlude
any {:hird—‘?ar‘{:\/ libravies that your
tode needs. We've using Gradle heve
so that we ¢tan add tovoutines o
our project a few pages ahead.

To write code that uses coroutines, we need to create a new Gradle
project so that we can configure it to use coroutines. To do this, create a
new project, select the Gradle option, check the Kotlin (Java) option, and
make sure all the other options for additional libraries and frameworks are
unchecked. Then click on the Next button.

800 New Project
ulava Project SDK: | P= 1.8 (java version "1.8.0_102") B New...
s Java FX

Kotlin DSL build script

Additional Libraries and Frameworks:

Android

Intelli) Platform Plugin
=lava

1 Maven

& Croovy

Intelli) Platform Plugin

& Groovy v Kotlin (Java) \/
K Kotlin I Kotlin (JavaScript)

Choose the Kotlin (Java) option, as

= Empty Project we've using Kotlin +o Jcarge{: the JUM.
zi‘:zt t\"\?iion A Kotlin library or application targeting the JVM

? Cancel Previous m
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2. Enter an artifact 1D

When you create a Gradle project, you need to specify an
artifact ID. This is the basically the name of the project, except
that, by convention, it should be lowercase. Enter an artifact ID
of “drummachine”, then click on the Next button.

800 New Project

We've using an avtifact [D of “drummachine”.

Croupld
Artifactld drummachine

1.0-SNAPSHOT

Version

? Cancel Previous m

3. Specify configuration details

Next, you need to specify any changes to the default project
configuration. Click on the Next button to accept the default values.

800 New Project

Use auto-import
Group modules: | | using explicit module groups @ using gualified names
Create separate module per source set

° Use default gradle wrapper (recommended)

Use local gradle distribution
Gradle home:

Cradle JWM: = Use Project JDK (java version "1.8.0_102", path: [Library/Java/JavaVirtual...k1.8.0_102.jdk/Contents /[Home)

Aecept the default values by
licking on the Next button.

? Cancel Previous m
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add files

4. Specity the project name

Finally, we need to specify a project name. Name the project “Drum
Machine”, then click on the Finish button. Intelli] IDEA will create
your project.

8 00 New Project

Project name: Drum Machine|

Project location: ~/ldeaProjects/Drum Machine

. »
We've named our ?vo\')cb{: “Drum Mathine -

P More Settings

? Cancel Previous m

Add the auvdio files

Now that you've created the Drum Machine project, you need to add
a couple of audio files to it. Download the files crash_cymbal.aiff and
toms.aiff from https:/ / tinyurl.com/ HFEKotlin, then drag them to your
project. When prompted, confirm that you want to move them to the
Drum Machine folder.

806 Move

Move specified files

To directory: |,fUsers,ﬂdawng,fldeaProjeclstrum Machine \< n
Use ~Space for path completion
Search for references WC,Y‘C adding ‘H‘\C ‘("ilcs fo {hc

voot directory of our project.

Open moved files in editor
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Add the code fo the project

We’ve been given some code that plays a drum sequence, which we
need to add to the project. Create a new Kotlin file named Beats.kt

by highlighting the sr¢c/main/kotlin folder, clicking on the File menu
and choosing New — Kotlin File/Class. When prompted, name the
file “Beats”, and choose File from the Kind option. Then update your
version of Beats.kt to match ours below:

We've using two Java libravies, so we need
to im\?ovr{: them. ‘/ou tan find out more
about imyo\r*{: statements in chr\dix .

import java.io.File

import javax.sound.sampled.AudioSystem

fun playBeats (beats: String, file: String) { ——The beats parameter S?ct'hcics the
val parts = beats.split("x") pattern of beats. The file parameter

var count = 0 specifies the sound file to play.
for (part in parts) {

count += part.length + 1

if (part == "") {
playSound(file)
} else { Pauses the current thread
lavs d onte Thread.sleep (100 * (part.length + 1L)) ~— o(: c%ccu{‘jon so ‘[:ha‘{: ‘H\C

%a“ 4 a;/‘ ‘?u,v'\- o;\:hc if (count < beats.length) { sound file has time to vun.
or eath % Er T playSound(file)
beats pavameter:

} Drum Machine

}
} src/main/kotlin

v Plays the specified audio file.

fun playSound(file: String) {
val clip = AudioSystem.getClip()
val audioInputStream = AudioSystem.getAudioInputStream (
File(
file

Beats.kt

)
clip.open(audioInputStream)
clip.start()

fun main () {

Play the toms and tymbals sound Liles.

playBeats ("x-x-x-x-x-x-", "toms.aiff")
playBeats ("x-—---- X——=—== ", "crash cymbal.aiff")

}

Let’s see what happens when the code runs.
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test drive
Test drive

When we run the code, it plays the toms first (foms.auff), followed by
the cymbals (crash_cymbal.aiff). It does this in sequence, so once the
toms have finished, the cymbals start playing:

Bam! Ban! Bam Ban! Ban Ban! Tish! Tish!

~——_— 7
The eode plays the toms [t then plays the
sound file six Limes. eymbals sound file
twice.

But what if we want to play the toms and cymbals in parallel?

Use coroutines to make beats play in parallel

As we said earlier, coroutines allow you to run multiple pieces of
code asynchronously. In our example, this means that we can add
our tom drum code to a coroutine so that it plays at the same time
as the cymbals.

There are two things we need to do to achieve this:

o Add coroutines to the project as a dependency.
Coroutines are in a separate Kotlin library, which we need to
add to our project before we can use them.

e Launch a coroutine.

The coroutine will include the code that plays the toms.

Let’s do this now.

402  appendix i



coroutines

1. Add a coroutines dependency

If you want to use coroutines in your project, you first need to add it to your
project as a dependency. To do this, open build.gradle with a double-click on
the file name, and update the dependencies section like so:

dependencies { Drum Machine

compile "org.jetbrains.kotlin:kotlin-stdlib-jdk8"

implementation 'org.jetbrains.kotlinx:kotlinx-coroutines-core:1.0.1'
build.gradle

Add this line 4o build.gradle

Then click on the Import Changes prompt to make the change +’° add the toroutines
take effect: "b‘fa‘f‘/ to Your Fro\)c«‘:ﬁ

}

@ Gradle nrojects need to be imported

Cliek on ’mpor{: Changcs ——
if prompted to do so.

mport Changes \ Enable Auto-Import

Next, we’ll update our main function so that it uses a coroutine.

2. Launch a coroutine

We’ll make our code play the toms sound file in a separate
coroutine in the background by enclosing the code that plays

it in a call to GlobalScope. launch from the kotlinx.
coroutines library. Behind the scenes, this makes the code that
plays the toms sound file run in the background so that the two
sounds play in parallel.

Here’s the new version of our main function—update your code
with our changes (in bold):

import kotlinx.coroutines.* T— Add this line o that we

ean use functions from the
tovoutines library in our éode.

Drum Machine

src/main/kotlin
fun main () {

Launth a ﬂGlobalScope.launch { playBeats ("x-x-x-x-x-x-", "toms.aiff") }

e Beats.kt
toroutine in the playBeats ("x----- X————= ", "crash cymbal.aiff") eats
background.

Let’s see this in action by taking the code for a test drive.

you are here » 403



coroutines vs. threads
Test drive

When we run the code, it plays the toms and cymbals in parallel. The
toms sound plays in a separate coroutine in the background.

Bam! Bam! Bam! Bam! Bam! Bam!
Tish! Tish!
4\

This time, the toms and
tymbals play in parallel.

Now that you’ve seen how to launch a coroutine in the background, and
the effect that this has, let’s dive into coroutines a little deeper.

A coroutine is like a lightweight thread

Behind the scenes, launching a coroutine is like starting a separate thread
of execution, or thread. Threads are really common in other languages
such as Java, and both coroutines and threads can run in parallel and
communicate with each other. The key difference, however, is that it’s
more efficient to use coroutines in your code than it is to use
threads.

Starting a thread and keeping it running is quite expensive in terms of
performance. The processor can usually only run a limited number of
threads at the same time, and its more efficient to run as few threads as
possible. Coroutines, on the other hand, run on a shared pool of threads
by default, and the same thread can run many coroutines. As fewer
threads are used, this makes it more efficient to use coroutines when you
want to run tasks asynchronously.

In our code, we’re using GlobalScope. launch to run a new
coroutine in the background. Behind the scenes, this creates a new
thread which the coroutine runs in, so that toms.aiff and crash_cymbal.aiff
are played in separate threads. As it’s more efficient to use as few threads
as possible, let’s find how we can use play the sound files in separate
coroutines, but in the same thread.
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Use runBlocking to run coroutines in the same scope

If you want your code to run in the same thread but in separate coroutines,
you can use the runBlocking function. This is a higher-order function
which blocks the current thread until the code that’s passed to it finishes
running. The runBlocking function defines a scope which is inherited
by the code that’s passed to it; in our example, we can use this scope to run
separate coroutines in the same thread.

Here’s a new version of our main function that does this—update your
version of the code to include our changes (in bold):
fun main() { Wrap the code we want to
runBlocking {<— Yunin 3 call 4o vunBlocking,

RCmovc ‘H\c_é Lhrebalscepe~ launch { playBeats ("x-x-x-x-x-x-", "toms.aiff") }

veferente 1o | " woow h bal.aiff"
élobalgtopc. playBeats ("x----- X=—=-= r SCrash_cymbal.al )
}

}

Notice that we’re now starting a new coroutine using launch instead of

GlobalScope.launch. This is because we want to launch a coroutine
that runs in the same thread, instead of in a separate background thread,

and omitting the reference to GlobalScope allows the coroutine to use
the same scope as runBlocking.

Let’s see what happens when we run the code.

Test drive
When we run the code, the sound files play, but in sequence, not in parallel.
4

cymbals sound file twice. File six times.

So what went wrong?

coroutines

Drum Machine

The ¢eode plays the [t then plays the toms sound

you are here »

src/main/kotlin

Beats.kt
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Thread.sleep

Thread.sleep pauses the current THREAD

As you may have noticed, when we added the playBeats function to our
project, we included the following line:

Thread.sleep (100 * (part.length + 1L))

This uses a Java library to pause the current thread so that the sound file it’s
playing has time to run, and blocks the thread from doing anything else. As
we’re now playing the sound files in the same thread, they can no longer be
played in parallel, even though they’re in separate coroutines.

The delay function pauses the current CORQUTINE

A better approach in this situation is to use the coroutines delay function
instead. This has a similar effect to Thread. sleep, except that instead
of pausing the current thread, it pauses the current coroutine. It suspends the
coroutine for a specified length of time and this allows other code on the
same thread to run instead. The following code, for example, delays the
coroutine for 1 second:

The delay function adds a pause, but it'’s

delay (1000) & move efficient than using Thread.sleep.

The delay function may be used in these two situations:

o From inside a coroutine.

The following code, for example, calls the delay function inside a

coroutine:

GlobalScope.launch {<-— Hcrc
)

we've |aum‘,hin5 the toroutine

delay (1000) then delaying its code for | second.

//code that runs after 1 second

o From inside a function that the compiler knows
may pause, or suspend.

In our example, we want to use the delay function inside the playBeats
function, which means that we need to tell the compiler that playBeats—
and the main function which calls it—may suspend. To do this, we’ll prefix

both functions with the suspend prefix using code like this:

suspend fun playBeats (beats: String, file: String) {

AN The suspend prefix Lells the compiler that
} the funttion is allowed to suspend.

We’ll show you the full code for the project on the next page.
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The full project code

Here’s the full code for the Drum Machine project—update your
version of Beats.kt to include our changes (in bold):

import java.io.File
import javax.sound.sampled.AudioSystem

import kotlinx.coroutines.*

//%>suspend fun playBeats (beats: String, file: String) {
val parts = beats.split("x")

Nhrk?hyBCﬁB var count = 0

with suspend so

that it ean call

the dcla\/ Function.

for (part in parts) {
count += part.length + 1
if (part == "") {
playSound(file)

} else {
Rcyhtc71wcadskc?-—f> Forsadsleep~delay (100 * (part.length + 1L))
with dday~ if (count < beats.length) {

playSound(file)

Drum Machine

src/main/kotlin

fun playSound(file: String) { Beats.kt
val clip = AudioSystem.getClip ()
val audioInputStream = AudioSystem.getAudioInputStream (
File(
file

)
clip.open(audioInputStream)
clip.start ()

Mark main ~ suspend fun main() {
with suspend so

that it can eall
the playBeats

unttion.

runBlocking {
launch { playBeats ("x-x-x-x-x-x-", "toms.aiff") }

playBeats ("x----- X———== ", "crash cymbal.aiff")

}

Let’s see what happens when the code runs.

coroutines
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test drive
Test drive

When we run the code, it plays the toms and cymbals in parallel
as before. This time, however, the sound files run in separate
coroutines in the same thread.

Bam! Bam! Bam! Bam! Bam! Bam!
Tish! Tish!
(N

Th}c ‘l:ow.\s and L\/mbals still Pla\/ in pavallel, but this time
we're using @ move efficient way of Flaying the sound files.

You can find out more about using coroutines here:

htips:/ / kotlinlang.org/ docs / reference/ coroutines-overview.html

%BULLET POINTS
= Coroutines let you run code = The runBlocking function
asynchronously. They are useful for blocks the current thread until the
running background tasks. code it contains has finished running.
= Acoroutine is like a lightweight = The delay function suspends the
thread. Coroutines run on a shared code for a specified length of time.
pool of threads by default, and It can be used inside a coroutine, or
the same thread can run many inside a function that's marked using
coroutines. suspend.
= To use coroutines, create a Gradle load
project and add the coroutines library You tan down ‘Z:
to build.gradle as a dependency. he full eode {:mr
2 \ rom
m  Use the 1aunch function to launch this awcnfit% .eom/
a new coroutine. htps://tinyurl.com
HFKotlin.
——————————————
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appendix {i: testing

" -
Hold Your Code
« to Account "

T don't care who
you are, or how tough
you look. If you don't
know the password,

you're not getting in.

Everybody knows that good code needs to work.

But each code change that you make runs the risk of introducing fresh bugs that stop your
code from working as it should. That's why thorough testing is so important: it means you
get to know about any problems in your code before it's deployed to the live environment.
In this appendix, we’ll discuss JUnit and KotlinTest, two libraries which you can use to

unit test your code so that you always have a safety net.

this is an appendix
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JUnit

Kotlin can use existing testing libraries

As you already know, Kotlin code can be compiled down to Java,
JavaScript or native code, so you can use existing libraries on its
target platform. When it comes to testing, this means that you can
test Kotlin code using the most popular testing libraries in Java and
JavaScript.

Let’s see how to use JUnit to unit test your Kotlin code.

Add the JUnit library

The JUnit library (https:/ /junit.org) is the most frequently used Java
testing library.

To use JUnit in your Kotlin project, you first need to add the JUnit
libraries to your project. You can add libraries to your project by
going to the File menu and choosing Project Structure — Libraries,
or, if you have a Gradle project, you can add these lines to your
build.gradle file:

dependencies {

Unit testing is used to
test individual units

of source c0c[e, such as
classes or functions.

These lines add

testImplementation 'org.junit.jupiter:junit-jupiter-api:5.3.1' vevsion 9.3.1 of the

testRuntimeOnly 'org.junit.jupiter:junit-jupiter-engine:5.3.1' JUnit libraries to

test { useJUnitPlatform() }

}

Once the code 1s compiled, you can then run the tests by right-
clicking the class or function name, and then selecting the Run
option.

To see how to use JUnit with Kotlin, we’re going to write a test for
the following class named Totaller: the class is initialized with
an Int value, and it keeps a running total of the values which are
added to it using its add function:

class Totaller(var total: Int = 0) {
fun add(num: Int): Int {
total += num

return total

}

Let’s see what a JUnit test might look like for this class.
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testing

Create a JUnit test class

Here’s an example JUnit test class named TotallerTest that’s
used to test Totaller: We've using tode Lrom the JUnit patkages, so

import org.junit.jupiter.api.Assertions.* | . ..d {0 'm\;or{ them. \/ou La.n find o:c "
import org.junit.jupiter.api.Test move about import statements in Appendix I

<—The TotallerTest elass is used to test Totaller.

class TotallerTest {

@Test<<—This is an annotation that marks the 1co||ow'm3 function as a test.

fun shouldBeAbleToAdd3And4 () { .
{_/CV'ca{:c a Totaller ob\)cc{‘,.

val totaller = Totaller()

assertEquals (3, totaller.add(3))<— Cheek that if we add 3, the vetuen value is 3

assertEquals (7, totaller.add(4))<— I£ we now add 4, the veturn value should be 7.

assertiquals(7, totaller.total)T— (yeck that the veturn value matches
’ the value of the total variable.
}

Each test 1s held in a function, prefixed with the annotation @Test.
Annotations are used to add programmatic information about your
code, and the @Test annotation is a way of telling tools “This 1s a

test function”.

Tests are made up of actions and assertions. Actions are pieces of code 4 ok

that do stuff, while assertions are pieces of code that check stuff. In \{ou tan fin .

the above code, we’re using an assertion named assertEquals ot a\)o\r\: using

which checks that the two values it’s given are equal. If they’re not, \)\AV\'\'\" heve:
assertEquals will throw an exception and the test will fail. //'W\'\‘\'r ord

In the above example, we’ve named our test function webys L) i

shouldBeAbleToAdd3And4. We can, however, use a rarely

used feature of Kotlin which allows us to wrap function names in /
back-ticks (), and then add spaces and other symbols to the function
name to make it more descriptive. Here’s an example:

@Test K
fun “should be able to add 3 and 4 - and it mustn't go wrong' () {
val totaller = Totaller ()

This looks weird, but it’s a
valid Kotlin Lunttion name.

For the most part, you use JUnit on Kotlin in almost the same way
you might use it with a Java project. But if you want something a bit
more Kotliny, there’s another library you can use, named KotlinTest.
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Using KotlinTest

The KotlinTest library (Attps:/ /github.com/ kotlintest/ kotlintest) has
been designed to use the full breadth of the Kotlin language to
write tests in a more expressive way. Just like JUnit, it’s a separate
library which needs to be added to your project if you want to use it.

KotlinTest is pretty vast, and it allows you to write tests in many
different styles, but here’s one way of writing a KotlinTest version
of the JUnit code we wrote earlier:

We've using these Lunctions ‘c\rom the KotlinTest

import io.kotlintest.shouldBe .
libravies, so we need to import them.

import io.kotlintest.specs.StringSpec

class AnotherTotallerTest : StringSpec ({ The JUnit test funetion is veplaced with a S{:\ring.

"should be able to add 3 and 4 - and it mustn't go wrong" {
val totaller = Totaller()

totaller.add(3) shouldBe 3
totaller.add(4) shouldBe 7

We've using shouldBe instead of assertEquals.
totaller.total shouldBe 7

b

The above test looks similar to the JUnit test you saw earlier, except
that the test function is replaced with a St ring, and the calls to
assertEquals have been rewritten as shouldBe expressions.
This is an example of KotlinTest’s String Specification—or
StringSpec—style. There are several testing styles available in
KotlinTest, and you should choose the one which is best suited to
your code.

But KotlinTest isn’t just a rewrite of JUnit (in fact, KotlinTest uses
JUnit under the hood). KotlinTest has many more features that can
allow you to create tests more easily, and with less code, than you
can do with a simple Java library. You can, for example, use rows to
test your code against entire sets of data. Let’s look at an example.
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Use rows to test against sets of data

Here’s an example of a second test which uses rows to add lots of
different numbers together (our changes are in bold):

import io.kotlintest.data.forall

import io.kotlintest.shouldBe ,
We've using these two extra functions

from the KotlinTest libvavies.

import io.kotlintest.specs.StringSpec
import io.kotlintest.tables.row

class AnotherTotallerTest : StringSpec ({
"should be able to add 3 and 4 - and it mustn't go wrong" {
val totaller = Totaller()

totaller.add(3) shouldBe 3
totaller.add(4) shouldBe 7
totaller.total shouldBe 7

} This is the second test.

"should be able to add lots of different numbers" {
b 11
orall( We'll vun the test for eath vow of data.

row(l, 2, 3),

row(l9, 47, 66), . i
row(1ll, 21, 32) The values in eath vow will be assigne

) { x, y, expectedTotal -> < the %y and expettedTotal vaviables.

val totaller = Totaller (x) These two lines will vun 1cor eath vow.
totaller.add(y) shouldBe expectedTotal

})

You can also use KotlinTest to:
° Run tests in parallel.
° Create tests with generated properties.

o Enable/disable tests dynamically. You may, for example, want some tests
to run only on Linux, and others to run on Mac.

o Put tests in groups.

and lots, lots more. If you’re planning on writing a lot of Kotlin code,
then KotlinTest is definitely worth a look.

You can find out more about KotlinTest here:

https:/ / github.com/ kotlintest/ kotlintest
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appendix fii: leftovers

*

The Top Ten Things *
* (We Didn’t Cover)

Oh my, look at
the tasty treats
we have left...

Even after all that, there’s still a little more.
There are just a few more things we think you need to know. We wouldn't feel right about
ignoring them, and we really wanted to give you a book you’'d be able to lift without

training at the local gym. Before you put down the book, read through these tidbits.

this is an appendix
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packages and imports

1. Packages and imports

As we said in Chapter 9, classes and functions in the Kotlin
Standard Library are grouped into packages. What we didn’t
say 1is that you can group your own code into packages.

Putting your code into packages is useful for two main reasons:

o It lets you organize your code.

You can use packages to group your code into specific kinds of functionality,

like data structures or database stuflf.

o It prevents name conflicts.

If you write a class named Duck, putting it into a package lets you differentiate

it from any other Duck class that may have been added to your project.

How to add a package

You add a package to your Kotlin project by highlighting
the s7¢ folder, and choosing File—New— Package. When
prompted, enter the package name (for example,
com.hfkotlin.mypackage), then click on OK.

Package declarations

When you add a Kotlin file to a package (by highlighting the
package name and choosing File—New—Kotlin File/Class), a
package declaration is automatically added to the beginning
of the source file like this:

package com.hfkotlin.mypackage

The package declaration tells the compiler that everything
in the source file belongs in that package. The following code,
for example, specifes that com.hfkotlin.mypackage contains the
Duck class and the doStuff function:

package com.hfkotlin.mypackage

class Duck

fun doStuff () {

and dog‘{:u(:

If the source file has no package declaration, the code is
added to a nameless default package.
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Enter new package name:

1J

com.hfkotlin.mypackage

Cancel

This is a single source £ile, so Duek
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This is the name of the
package we've Urca{:ing

Your project can contain
multiple packages,

and each Package can
have multiple source
files. Each source file,
however, can only have
one package declaration.



leftovers

The fully qualified name

When you add a class to a package, it’s full—or fully qualificd—name
is the name of the class prefixed with the name of the package. So if
com.hfkotlin.mypackage contains a class named Duck, the fully qualified
name of the Duck class is com.hfkotlin.mypackage.Duck.
You can still refer to it as Duck in any code within the same package,
but if you want to use the class in another package, you have to
provide the compiler with its full name.

There are two ways of providing a fully qualified class name: by using
its full name everywhere in your code, or by importing it. — Degauh» ImP@PtS

TYpe the fU"v qualiﬁed name... The following packages

. . . are automatically
The first option is to type the full class name each time you use it imported into each

outside its package, for example: Kotlin file by default:

package com.hfkotlin.myotherpackage
This is a diffevent package.

fun main(args: Array<String>) {

kotlin.*

kotlin.annotation.*

val duck =.com.hfkotlin.mypackage.Duck,() kotlin.collections.*
This is the -Fu"\/ o\uah(—'icd name. kotlin.comparisons.*
} i %
kotlin.io.

This approach, however, can be cumbersome if you need to refer to

. S . kotlin.ranges.*
the class many times, or refer to multiple items in the same package.

kotlin.sequences.*

...0r tmport it kotlin. text.*
An alternative approach is to import the class or package so that you If your target platform is the JVM,
can refer to the Duck class without typing the fully qualified name the following are also imported:
each time. Here’s an example: java.lang.*

package com.hfkotlin.myotherpackage kotlin jvm.*

import com.hfkotlin.mypackage.Duck &— | his line imports ) . .

the Duck elass... And if you're targeting JavaScript,
the following gets imported
fun main(args: Array<String>) { instead:
val duck = Duck ( )$ ...S0 we £an V‘C‘FCV '&O I,E Wi'{:hou‘[: kotlin.js.*

typing its (:ully qualified name.

}
You can also use the following code to import an entire package:
import com.hfkotlin.mypackage.* “s—— T}, ¥ means “im‘?o\r{: cvcr\/‘{‘)\ing Lreom +his Yackagc".

And if there’s a class name contflict, you can use the as keyword:

import com.hfkotlin.mypackage.Duck Heve, You ¢an vefer 1o the Duek
import com.hfKotlin.mypackage2.Duck as Duck2 €<— ¢|3ss in m\/FGCkagcl using “Duek2”.
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visibility modifiers

2. Visibility modifiers

Visibility modifiers let you set the visibility of any code that you
create, such as classes and functions. You can declare, for example,
that a class can only be used by the code in its source file, or that a
member function can only be used inside its class.

Kotlin has four visibility modifiers: public, private, protected
and internal. Let’s see how these work.

Visibility modifiers and top level code

As you already know, code such as classes, variables and functions Remember: if you don't
can be declared directly inside a source file or package. By default,<— SFCCi‘c‘/ a patkage, the tode
all of this code is publicly visible, and it can be used in any package is au{:oma{:icall\/ added o a

that imports it. You can change this behavior, however, by prefixing
declarations with one of the following visibility modifiers:

Modifier: What it does:

nameless package by default.

public Makes the declaration visible everywhere. This is applied by default, so
it can be omitted.

private Makes the declaration visible to code inside its source file, but invisible
elsewhere.

internal Makes the declaration visible inside the same module, but invisible

elsewhere. A module is a set of Kotlin files that are compiled together,
such as an Intelli] IDEA module.

The following code, for example, specifies that the Duck class is
public and can be seen anywhere, while the doStuf £ function is
private, and is only visible inside its source file:

package com.hfkotlin.mypackage

class Duck é——« Duek has no Visibili{i‘[ modi‘(:ich whith means that it's ?ubhc.

private fun doStuff () { <T— doStuffO) is marked as private, so it ¢an only be
println("hello") used inside the source file where it's defined.
}

Visibility modifiers can also be applied to members of classes and
mnterfaces. Let’s see how these work.
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Visibility modifiers and classes/interfaces

The following visibility modifiers can be applied to the properties,
functions and other members that belong to a class or interface:

Modifier: What it does:

public Makes the member visible everywhere that the class is visible. This is applied
by default, so it can be omitted.

private Makes the member visible inside the class, and invisible elsewhere.

protected Makes the member visible inside the class, and any of its subclasses.

internal Makes the member visible to anything in the module that can see the class.

Here’s an example of a class with visibility modifiers on its properties,
and a subclass which overrides it:

open class Parent {
var a = 1 As b is ?riva{:c, it tan on|\/ be used insidcog)\is
’ subtlasses of Pavent.
private var b = 2 &— class. [t ean't be seen by any su

protected open var c = 3

internal var d = 4

The Child elass can see the a and ¢ properties, and
class Child: Parent() {<=— ¢dn also ateess the d property if Parent and Child ave
defined in the same module. Child can't, however, see
the b property as it's visibility modifier is private.

override var c = 6

}

Note that if you override a protected member, as in the above
example, the subclass version of that member will also be protected
by default. You can, however, change its visibility, as in this example:

class Child: Parent () {

1i i = The ¢ property tan now be seen
public override var c 6 <—-a,\\/wh:rc iha{‘j/‘{ihc Child elass is visible.

}
By default, class constructors are public, so they are visible
everywhere that the class is visible. You can, however, change a
constructor’s visibility by specifying a visibility modifier, and prefixing
the constructor with the constructor keyword. If, for example, you
have a class defined as:

class MyClass (x: Int)<— By default, the MyClass primary construttor is publie.

you can make its constructor private using the following code:

class MyClass private constructor(x: Int)

This tode makes the primary eonstruetor private.

you are here »
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3. Enuwm classes

An enum class lets you create a set of values that represent the only
valid values for a variable.

Suppose you want to create an application for a band, and you want
to make sure that a variable, selectedBandMember, can only be
assigned a value for a valid band member. To perform this kind of
task, we can create an enum class named BandMember that contains

the valid values: The enum tlass has three values:

enum class BandMember { JERRY, BOBBY, PHIL }6\)ERR\{) BOBBY and PHIL.

We can then restrict the selectedBandMember variable to one of
these values by specifying its type as BandMember like so:

fun main(args: Array<String>) { The vaviable’s {:\/PC E 11 l .
var selectedBandMember: BandMember=<— 'S BandMember... ach value 1 an
selectedBandMember = BandMember.JERRY enum Class is a
} S0 We £an assi
sh one
O‘F Ba”dMCMbCY‘IS COﬂStal‘lt.
Enum constructors values 4o it.
An enum class can have a constructor, used to initialize each enum 11
value. This works because each value defined by the enum class Eac enum

is an instance of that class.

constant exists as

To see how this works, suppose that we want to specify the instrument

played by each band member. To do this, we can add a String a single instance
variable named instrument to the BandMember constructor, and

initialize each value in the class with an appropriate value. Here’s the 0{ tllat enum ClaSS.
code:

enum class BandMember (val instrument: String) {

JERRY ("lead guitar"), This defines a F\roycr{\/ named instrument in

BOBBY ("rhythm guitar"), the BandMember tonstruetor. Eath value in
PHTL ("bass") the enum ¢lass is an instante of BandMember,
} so each value has this property.

We can then find out which instrument the selected band member
plays by accessing its instrument property like this:
fun main(args: Array<String>) {
var selectedBandMember: BandMember
selectedBandMember = BandMember.JERRY
println (selectedBandMember. instrument) @.T his yroduccs the ou‘{:‘?u‘{: “lead 5ui{',ar".
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enum properties and functions

In the previous example, we added a property to the BandMember
class by including it in the enum class constructor. You can also

add properties and functions to the main body of the class. The
following code, for example, adds a sings function to the
BandMember enum class:

enum class BandMember (val instrument: String) {
JERRY ("lead guitar"),

BOBBY ("rhythm guitar"),
PHIL ("bass") ;&€— Note that we need a ;" to sepavate the 5-"‘55() £unetion from the enum values

fun sings() = "occasionally"

&Ea.ch enum value has 3 ‘FunC‘{:ion named sinaso
) whith veturns the String “occasionally".

Each value defined in an enum class can override the properties
and functions it inherits from the class definition. Here’s how, for
example, you can override the sings function for JERRY and
BOBBY:

enum class BandMember (val instrument: String) {

JERRY ("lead guitar") {

override fun sings() = "plaintively"
b | JERRY and BOBBY have their
BOBEY ("rhythm guitar®) { own im\?lcw\en{:a{:ion of sinss().
override fun sings() = "hoarsely"

},
PHIL ("bass") ;

open fun sings() = "occasionally"

KAS we've ovcrriding sings() for two
} values, we need to mark it as open.

We can then find out how the selected band member sings by
calling its sings function like this:
fun main(args: Array<String>) {
var selectedBandMember: BandMember
selectedBandMember = BandMember.JERRY
println (selectedBandMember.instrument)

println(selectedBandMember.sings ()) <~—This line calls JERR‘/’S sinss() ‘(:unc{:':?n,
and ?\rodw‘.cs the ou{:?u‘[‘, “?lain{:ivch/ .

you are here »
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4. Sealed classes

You've already seen that enum classes let you create a restricted
set of values, but there are some situations where you need a little
more flexibility.

Suppose that you want to be able to use two different message
types in your application: one for “success”, and another for
“failure”. You want to be able to restrict messages to these two types.

If you were to model this using an enum class, your code might
look like this:

enum class MessageType (var msg: String) {

SUCCESS ("Yay!"),
(" ay D The MessageType enum ¢lass has two
FAILURE ("Boo!") /' values: SUCCESS and FAILURE.

}

But there are a couple of problems with this approach:

o Each value is a constant which only exists as a single instance.
You can’t, say, change the msg property of the SUCCESS value in one situation, as
this change will be seen everywhere else in your application.

o Each value must have the same properties and functions.
It might be useful to add an Exception property to the FAILURE value so that
you can examine what went wrong, but an enum class won’t let you.

So what’s the solution?

Sealed classes to the rescue!

A solution to this kind of problem is to use a sealed class. A
sealed class 1s like a souped-up version of an enum class. It lets you
restrict your class hierarchy to a specific set of subtypes, each one
of which can define its own properties and functions. And unlike
an enum class, you can create multiple instances of each type.

You create a sealed class by prefixing the class name with sealed.
The following code, for example, creates a sealed class named
MessageType, with two subtypes named MessageSuccess
and MessageFailure. Each subtype has a String property

named msg, and the MessageFailure subtype has an extra Mcssachucccss and Mcssachailwc
Exception property named e: inhevit from MCSSagcT\/Pc, and
define their ow Lies i
eType is sealed. ) n Properties in
sealed class MessageType < — Message [ yp Eheir tons N

class MessageSuccess (var msg: String) : MessageType ()

class MessageFailure (var msg: String, var e: Exception) : MessageType ()
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How to use sealed classes

As we said, a sealed class lets you create multiple instances of each
subtype. The following code, for example, creates two instances of
MessageSuccess, and a single instance of MessageFailure:

fun main(args: Array<String>) {

val messageSuccess = MessageSuccess ("Yay!")

val messageSuccess2 = MessageSuccess ("It worked!")

val messageFailure = MessageFailure ("Boo!", Exception("Gone wrong."))

You can then create a MessageType variable, and assign one of
these messages to it:

fun main(args: Array<String>) {

val messageSuccess = MessageSuccess ("Yay!")
val messageSuccess?2 = MessageSuccess ("It worked!")

val messageFailure = MessageFailure ("Boo!",

var myMessageType: MessageType = messageFailure

Exception ("Gone wrong."))

leftovers

messageFailure is a subtype of
MessageType, so we ¢an assign

} it to myMcssagcType.
And as MessageType is a sealed class with a limited set of
subtypes, you can use when to check for each subtype without
requiring an extra else clause using code like this:
fun main(args: Array<String>) {
val messageSuccess = MessageSuccess ("Yay!")
val messageSuccess2 = MessageSuccess ("It worked!")
val messageFailure = MessageFailure ("Boo!", Exception ("Gone wrong."))
var myMessageType: MessageType = messageFailure ” McssagcT\/\?C tan °"|\/ have a {;\/yc
val myMessage = when (myMessageType) { of MessageSuetess or McssachailWC: so
is MessageSuccess -> myMessageType.msg there's no need for an extra else tlause.
is MessageFailure -> myMessageType.msg + " " + myMessageType.e.message
}
println (myMessage)

}

You can find out more about creating and using sealed classes here:

https:/ / kotlinlang.org/ docs / reference/ sealed-classes.html
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5. Nested and inner classes

A nested class is a class that’s defined inside another class. This

can be useful if you want to provide the outer class with extra .
functionality that’s outside its main purpose, or bring code closer A neSteJ Class m

to where it’s bei d. I § .
o where i amg e Kotlin is like a static

You define a nested class by putting it inside the curly braces of .

the outer class. The following code, for example, defines a class ﬂesteC[ Class mn J ava.

named Outer which has a nested class named Nested:

class Outer {

val x = "This is in the Outer class"

class Nested { .
val y = "This is in the Nested class" This is the nested class. s
‘Cully entlosed b\/ the outer tlass.

fun myFun() = "This is the Nested function"

}

You can then refer to the Nested class, and its properties and
functions, using code like this:

fun main(args: Array<String>) {

val nested = Outer.Nested()@_,C\rca.(:cs an instance o\c Ncs{:cd,

println(nested.y) and assigns it to a vaviable.
println(nested.myFun())

}

Note that you can’t access a nested class from an instance of the
outer class without first creating a property of that type inside the
outer class. The following code, for example, won’t compile:

val nested = Outer().Nested() &— This won't tompile as we've using Outer(), not Outer.

Another restriction is that a nested class doesn’t have access to
an instance of the outer class, so it can’t access its members. You
can’t access Outer’s x property from the Nested class, for
example, so the following code won’t compile:

class Outer

val x = "This is in the Outer class"

class Nested {

fun getX() = "Value of x is: $x"— Nested tan't see % as it’s defined in the
) Outer tlass, so this line won't t.om\>i|c-
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An inner class can access the outer class members

If you want a nested class to be able to access the properties and
functions defined by its outer class, you can do so by making it an
inner class. You do this by prefixing the nested class with inner.
Here’s an example:

class Outer {

val x = "This is in the Outer class"

inner class Inner { An innex ¢lass is a nested elass that

val y = "This is in the Inner class" has ateess +o the outer tlass membevs.
fun myFun() = "This is the Inner function" So in this cﬂm?lc, the [nner tlass has
fun getX() = "The value of x is: $x" actess to Outer's % yroycr’c\/-

}

You can access an inner class by creating an instance of the outer class,
and then using this to create an instance of the inner class. Here’s an
example, using the Outer and Inner classes defined above:

fun main(args: Array<String>) {
val inner = Outer () .Inner ()< — As [nner is an inner lass, we have to use Outer(), not Outer.
println (inner.y)
println(inner.myFun())
println(inner.getX())

Alternatively, you can access the inner class by instantiating a property
of that type in the outer class, as in this example:

class Outer {

val myInner = Inner () S— (i, mylnner property

holds a vefevente to an Q)

inner class Inner { instante of its [nner ¢lass.

s, %: String

Inner
fun main(args: Array<String>) { ™
val inner = Outer () .myInner c.lvmc\r and Outer ob\)cd:s share a
} special bond. The [nner can use the

Outer’s vaviables, and vice vevsa.
The key thing is that an inner class instance is always tied to a specific
instance of the outer class, so you can’t create an Inner object without
first creating an Outer object.
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6. Object declarations and expressions

There are times where you want to make sure that only a
single instance of a given type can be created, such as if you

want to use a single object to coordinate actions across an 1€ \/oulrc Lamiliar with dcsigvt .
entire application. In these situations, you can use the object ?aﬂ',crns; an ob\')cd: d“:lara{f'oh Ii‘p
keyword to make an object declaration. +he Kotlin ga\uivalcnjc of a Singleton.

An object declaration defines a class declaration and creates an
instance of it in a single statement. And when you include it in
the top level of a source file or package, only one instance of
that type will ever be created.

Here’s what an object declaration looks like:

package com.hfkotlin.mypackage

DuLkManagcr is an ob\')cd‘,-
object DuckManager {
val allDucks = mutableListOf<Duck> ()

K‘& [t has a Pro?cr‘{:\/ named a“DuLks,

fun herdDucks () { and a3 ‘Cum‘:{:ion named hevrdDueks().

//Code to herd the Ducks

}

As you can can see, an object declaration looks like a class
definition except that it’s prefixed with object, not class.
Just like a class, it can have properties, functions and initializer
blocks, and it can inherit from classes or interfaces. You can’t,
however, add a constructor to an object declaration. This

1s because the object is automatically created as soon as it’s
accessed, so having a constructor would be redundant.

You refer to an object that’s created using an object declaration
by calling its name directly, and this allows you to access

its members. If you wanted to call the DuckManager’s
herdbDucks function, for example, you could do so using code
like this:

DuckManager . herdDucks ()

As well as adding an object declaration to the top level of a
source file or package, you can also add one to a class. Let’s see
how.
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Class objects...

The following code adds an object declaration—DuckFactory—to a
class named Duck:

class Duck { The ob\}cc{: dcclagajic;onc?:scss " AJJ an ol)ject
object DuckFactory { é——{‘)\c main body ot the ) J .
fun create(): Duck = Duck() eClar ation to a
}
} class to create a
When you add an object declaration to a class, it creates an object that Slﬂg le instance 0{
belongs to that class. One instance of the object is created per class, and .
it’s shared by all instances of that class. tllat tyr)e Wl‘ICIl
Once you’ve added an object declaration, you can access the object from Lelongs 10 tlle class‘

the class using the dot notation. The following code, for example, calls
the DuckFactory’s create function, and assigns the result to a new
variable named newDuck:

val newDuck = Duck.DuckFactory.create () <<— Note that You aceess the

' . ochCf usihg Duck, not Duek().
..and companion objects

One object per class can be marked as a companion object using the
companion prefix. A companion object is like a class object, except that
you can omit the object’s name. The following code, for example, turns
above DuckFactory object into an unnamed companion object:

class Duck {

companion object PuskEaetersc {

fun create(): Duck = Duck()

«— i ) [ ith Lom?aMon,

I‘C ou vc(:m an ob ct:{: dcdara{‘,lon wr{:

\/ou\/no }’ongcr need to provide an ob\')cc{: name. You
¢an, however, intlude the name i You want to.

}
A co:npanion ol:nject can

When you create a companion object, you access it by simply

referring to the class name. The following code, for example, .
calls the create () function that’s defined by Duck’s l)e l[seC[ as tlle KOtlln
companion object: ec{uivalent to static methods
val newDuck = Duck.create() . J
n Java.
To get a reference to a nameless companion object, you use
the Companion keyword. The following code, for example, Any {unctlons you ac[c[ 10 a
creates a new variable named x, and assigns to it a reference to . .
Duck’s companion object: compamon Olllect are SLareC[

val x = Duck.Companion

]oy all class instances.

Now that you've learned about object declarations and
companion objects, let’s look at object expressions.
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Object expressions

An object expression is an expression that creates an anonymous
object on the fly with no predefined type.

Suppose that you want to create an object that holds an initial value
for x and y coordinates. Instead of defining a Coordinate class and
creating an instance of it, you could instead create an object that uses
properties to hold the values of the x and y coordinates. The following
code, for example, creates a new variable named startingPoint,
and assigns such an object to it:

val startingPoint = object {
val x = 0

This ereates an ob\')cc{: with

two properties,  and Y-

val y =0

You can then refer to the object’s members using code like this:

println("starting point is ${startingPoint.x}, ${startingPoint.y}")

Object expressions are mainly used as the equivalent of anonymous
inner classes in Java. If you’re writing some GUI code, and you
suddenly realize that you need an instance of a class that implements
aMouseAdapter abstract class, you can use an object expression to
create that instance on the fly. The following code, for example, passes
an object to a function named addMouseListener; the object
implements MouseAdapter, and overrides its mouseClicked and
mouseReleased functions:

This window.addMouseListener (object :

statement...

MouseAdapter () {

override fun mouseClicked(e: MouseEvent) {

//Code that runs when the mouse is clicked

override fun mouseReleased(e: MouseEvent) {

4 //Code that runs when the mouse is released
...ends

down
here.

You can find out more about object declarations and expressions here:

https:/ / kotlinlang.org/ docs / reference/ object-declarations.html
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7. Extensions

Extensions let you add new functions and properties to an existing <=—_

: ( There are also Kotli ion libvari
type without you having to create a whole new subtype. otlin extension libraries

You ¢an use to make your toding life
Imagine you’re writing an application where you frequently need to  easier, such as Anko and Andvoid KT X
prefix a Double with “$” in order to format it as dollars. Instead for Android app development.

of performing the same action over and over again, you can write

an extension function named toDollar that you can use with

Doubles. Here’s the code to do this: Defines a funttion named toDollar(), which extends Double.

fun Double. toDollar(): String ({

return "$$this"<— Relyrp the turrent value, F\rhcixcd with ,SI

}

The above code specifies that a function named toDollar,
which returns a String, can be used with Double values. The
function takes the current object (referred to using this), prefixes
it with “$”, and returns the result.

— Design Patterns

Once you've created an extension function, you can use it in the
same way that you'd use any other function. The following code, Design patterns are
for example, calls the toDollar function on a Double variable general-purpose solutions
that has a value of 45.25: to common problems, and
Kotlin offers you easy ways
var dbl = 45.25 to implement some of
println (dbl.toDollar ()) //prints $45.25 these patterns.
Object declarations provide a way
You can create extension properties in a similar way to how you of implementing the Singleton
create extension functions. The following code, for example, creates pattern, as each declaration creates
an extension property for Strings named halfLength which asingle instance of that object.
returns the length of the current String divided by 2.0: Extensions may be used in place
of the Decorator pattern as they
val String.halflength<=— 1 [, .. . hal«chngﬂx ?\roycr{\/ allow you to extepd the behavior
get() = length / 2.0 that ¢an be used with S{‘xings. chlasses a.nd o.bjects. And |fyo_u’re
interested in using the Delegation
And here’s some example code that uses the new property: pattern as an alternative to
inheritance, you can find out more
val test = "This is a test" here:
println(test.halflLength) //prints 7.0 https://kotlinlang.org/docs/reference/
delegation.html
You can find out more about how to use extensions—including how

to add them to companion objects—here:
https:/ / kotlinlang.org/ docs / reference/ extensions.hitml
And you can find out more about using this here:

https:/ / kotlinlang.org/ docs / reference/ this-expressions.html

you are here » 429



hopping around

8. Return, break and continve

Kotlin has three ways of jumping out of a loop. These are:

o return

As you already know, this returns from the enclosing function.

o break

This terminates (or jumps to the end of) the enclosing loop, for example:
var x = 0
var vy = 0
while (x < 10) {

e This tode intrements %, then Levminates the
break loop without c%ccufing the line \/++- % has a
vt Linal value of |, and \/'s value vremains O.

o continue

This moves to the next iteration of the enclosing loop, for example:

var x = 0
var vy = 0
while (x < 10) {

x++

_ This increments %, then moves back to the line while (x < |0)
continue without executing the line y++. [t keeps intrementing x until
y++ the while’s condition (x < 10) is false. x has a final value of

} 10, and y's value vemains O.

Using labels with break and continue

If you have nested loops, you can explicitly specify which loop you

want to jump out of by prefixing it with a label. A label is comprised

of a name, followed by the @ symbol. The following code, for example,
features two loops, where one loop is nested inside another. The outer
loop has a label named myloop@, which is used by a break expression:

myloop@ while (x < 20) {
while (y < 20) {
X++
break@myloop<—This is like saying “break out of the ,
} loop labeled m\/|oo\7@ (the outer loo\?)"
}

When you use break with a label, it jumps to the end of the enclosing
loop with this label, so in the above example, it terminates the outer
loop. When you use continue with a label, it jumps to the next
iteration of that loop.
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Using labels with return

You can also use labels to control your code’s behavior in nested
functions, including higher order functions.

Suppose you have the following function, which includes a call to
forEach, which is a built-in higher order function that accepts a
lambda:
fun myFun () {
listof ("a", "B", "C", "D").forEach {

if (lt J— "C") returnf\Hcv_c
)

)
we're using veturn insi
println(it) 9 nside a lambda. When we

| veach the veturn, it exits the myFun() funetion.

println("Finished myFun()")
}
In this example, the code exits the myFun function when it reaches the
return expression, so the line:

println ("Finished myFun()")
never runs.

If you want to exit the lambda but continue running myFun, you can
add a label to the lambda, which the return can then reference.
Here’s an example:
fun myFun () {
listof ("aA"™, "B", "C", "D").forEach myloop@/{

if (it == "C") return@mylooP << T}, |ambda that we've passing to the forEath

printin(it) ‘Cunc{ion is labeled m\/loo?@- The lambda’s veturn
J expression uses his label, so when it's veached,
println("Finished myFun()") it exits lambda, and veturns 4o its caller (the
) forEath loop).

This can be replaced with an implicit label, whose name matches the
function to which the lambda is passed:
fun myFun () {
listof ("a", "B", "C", "D").forEach {

if. (it = "C") return@forEach<——|, . ,¢'e using an implicit label 1o 4ell
println(it) the tode to exit the lambda, and veturn
} to its caller (the forEath loop).

println ("Finished myFun()")
}

You can find out more about how to use labels to control your code
jumps here:

hitps:/ / kotlinlang.org/ docs / reference/ returns.html

you are here »
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more function stuff

9.

More fun with functions

You’ve learned a lot about functions over the course of the book,
but there are just a few more things that we thought you should
know about.

432

vararg

If you want a function to accept multiple arguments of the same
type but you don’t know how many, you can prefix the parameter
with vararg. This tells the compiler that the parameter can accept
a variable number of arguments. Here’s an example:

The vararg prefix means that we ean
pass multiple values for ints parameter.

fun <T> valuesTolist (vararg vals: T): MutableList<T> ({

val list: MutableList<T> = mutableListOf ()

for (i in wvals) {

list.add (i)

vararg values ave passed to the funttion as an
array, so we tan looy '{:h!rough each value. Here,
we've adding each value to a MutableList.

return list

You call a function with a vararg parameter by passing values to it,
just as you would any other sort of function. The following code, for
example, passes five Int values to the valuesToList function:

val mList = valuesTolList(l, 2, 3, 4, 5)
If you have an existing array of values, you can pass these to the

function by prefixing the array name with *. This is known as the
spread operator, and here are a couple of examples of it in use:

Only one
Parameter can
he marked with
vararg. This
parameter 15
usually the last.

val myArray = arrayOf(l, 2, 3, 4, 5) This passes £he values held in m\/AV'Va\/
val mList = valuesToList (*myArray) é_.{‘,o the valuesTolist funttion.

val mList2 = valuesTolList(0, *myArray,.6, 7)

Pass O 4o the funttion... e ...follow?; by ’\.,.followcd by & and 7.

the tontents
o‘c m\/Away...
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infix

If you prefix a function with infix, you can call it without using
the dot notation. Here’s an example of an infix function:

)
We've class Dog {

may kcd \ infix fun bark (X M Il’lt) . Strlng [
{'IC ba‘ k()

‘cur\c{jon
with infix. )
}

//Code to make the Dog bark x times

As the function has been marked using infix, you can call it using:

L——This eveates a Dog and calls its bark()
pogl) bark 6 £unc{;ion, ?ass'mg -l:hc £um£{‘,ion a valuc o‘c b.

A function can be marked with infix if it’s a member or extension
function, and has a single parameter which has no default value,
and isn’t marked with vararg.

inline

Higher order functions can sometimes be slightly slower to run, but
a lot of the time, you can improve their performance by prefixing
the function with inline, for example:

inline fun convert (x: Double, converter: (Double) -> Double) : Double {

val result = converter (x - .
(x) This is a function we treated

println("$x is converted to S$result") n Cha‘;{:ﬂ. I, but heve, we've
return result marked it as an inline (:unc{:ion.

}

When you inline a function in this way, the generated code removes

the function call, and replaces it with the contents of the function. It
removes the overhead of calling the function, which will often make
the code run faster, but behind the scenes, it generates more code.

You can find additional information about using these techniques,
and more, here:

htips:/ / kotlinlang.org/ docs / reference/ functions.html
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10. Interoperability

As we said at the beginning of the book, Kotlin is interoperable with
Java, and Kotlin code can be transpiled into JavaScript. If you plan to
use your Kotlin code with other languages, we recommend that you
read the interoperability sections of Kotlin’s online documentation.

Interoperability with Java

You can call nearly all Java code from Kotlin without any problems.
Simply import any libraries that haven’t been imported automatically,
and use them. You can read about any extra considerations—such as
how Kotlin deals with null values coming from Java—here:

htips:/ / kotlinlang.org/ docs / reference/ java-interop.himl

Similarly, you can find out more about using your Kotlin code from
inside Java here:

htips:/ / kotlinlang.org/ docs / reference/java-to-kotlin-interop.himl

Using Kotlin with JavaSeript

The online documentation also includes a wealth of information on
using Kotlin with JavaScript. If your application targets JavaScript, for
example, you can use Kotlin’s dynamic type which effectively switches
off Kotlin’s type checker:

val myDynamicVariable: dynamic = ...

You can find out more about the dynamic type here:
hitps:/ / kotlinlang.org/ docs / reference/ dynamic-type.hitml

Similarly, the following page gives you information about using
JavaScript from Kotlin:

htips:/ / kotlinlang.org/ docs / reference/js-interop.html

And you can find out about accessing your Kotlin code from JavaScript
here:

htips:/ / kotlinlang.org/ docs / reference/js-to-kotlin-interop.htm!

Writing native code with Kotlin

You can also use Kotlin/Native to compile Kotlin code to native
binaries. To find out more about how to do this, see here:

htips:/ / kotlinlang.org/ docs / reference/ native-overview. himl
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&& (and operator) 81, 182, 224
@ (annotation/label) 411, 430-431
// (comment) 13, 16

{} (curly braces)
class body and 94
empty function body and 160
interfaces and 171
lambdas and 327
let body and 232
main function and 13
nested classes and 424
String templates and 48

-- (decrement operator) 76
. (dot operator) 40, 96, 114, 144
?: (Elvis operator) 233
== (equality operator)
about 17,200, 267, 271

equals() function and 192, 194-196, 265266
generated functions and 205

= (equals operator) 17

<> (generics) 49, 290

> (greater than operator) 17

>= (greater than or equal to operator) 17
++ (increment operator) 76, 430

< (less than operator) 17

<= (less than or equal to operator) 17

: (name/type separator) 37, 135, 162, 173
!= (not equals operator) 82, 224

Il (not-null assertion operator) 234

! (not operator) 82, 182

? (nullable type) 222-223

|| (or operator) 81, 182

*
Index *

() (parentheses)
arguments and 13
Boolean expressions and 82
lambda parameters and 343
superclass constructors and 173

.. (range operator) 7677

=== (referential equality operator) 200, 265-267
?. (safe call operator) 225, 231-232

-> (separator) 327

, (separator) 65

* (spread operator) 432

$ (String template) 48

A

abstract classes
about 158-161
declaring 157
implementing 162-163
inheritance and 162
instantiation and 157
tips when creating 175

abstract functions
about 159-160, 175
concrete classes and 173
implementing 162-163
interfaces and 171
polymorphism and 161

abstract keyword 157, 159, 171
abstract properties
about 159-160
concrete classes and 173
implementing 162-163
initialization and 159, 162
polymorphism and 161
abstract superclasses 157, 162163

accessors (getters) 111-113, 137, 163, 172
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actions 411 asynchronous execution 402-404
addAll() function attributes (objects). See properties
MutableList interface 259 average() function (Array) 252

MutableSet interface 268

add() function B
MutableList interface 257

MutableSet interface 268 backing fields 113, 172
and operator (&&) 81, 182, 224 base classes. See superclasses
Android devices 3 behavior (objects) 40, 125, 127. See also functions
angle brackets <> 49, 290 binary numbers 35
annotations/labels (@) 411, 430431 Boolean expressions 81-82
Any superclass 193-194, 196, 202, 223 Boolean tests, simple 17
applications, building. See building applications Boolean type 36
arguments break statement 430
about 13, 64 building applications
named 208

adding files to projects 11-12
adding functions 13-16

basic overview 4

and order of parameters 65
overloading functions 211

Array class 45, 77,252-253, 271 build tools 7

arrayListOf{) function 282 creating projects 8—12

arrayOf]) function 45, 63, 146, 252-253 installing éDE. L REPL 4. 2394

. testing code wit , 20—

arrayOfNulls() function 252 updating functions 17-21

arrays built-in higher-order functions
building applications using 4647 about 363-364
Creatlr}g 45, 63 filter() function 364, 371-374
declarlr.lg 50-51 filterIsInstance() function 371
evahllétlng 48 _ filterNot() function 371, 374
f?XpllC.ltly defining type 49 filterTo() function 371, 374
inferring type from values 49 fold() function 383-386, 389
limitations of 253 foldRight() function 389
looping through items in 77 forEach() function 375-376, 382, 389
of .nullable types 223, 253 groupBy() function 381-382
object references and 45, 49-51, 69-71 map() function 372-374
Star'Fing index Yalue 45 maxBy() function 365-366
storing values in 45 max() function 365-366
ways to use 252 minBy() function 365-366

Array<Type> type 49 min() function 365-366

as operator 185, 243, 417 reduceRight() function 389

sumByDouble() function 367

assertEquals assertion 411 sumBy/() function 367

assertion operators 234 Byte type 35
assertions 411

assignment operators 17
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capitalize() function 88

casting 184-185, 242-243

catch block (try/catch) 240-241, 244
catching exceptions 239-240
characteristics (objects). See properties
characters (type) 36

Char type 36

ClassCastException 242-243

classes
about 91-92
abstract 157-163
adding to projects 133, 143
building 133-140
common protocols for 145, 150, 156, 161, 171
concrete 158, 163, 173, 300
data. See data classes
defining 92-94
defining properties in main body 106
defining without constructors 109
designing 93
enum 420421
generics and 293-296, 302, 308, 313, 315
inheritance. See inheritance
inner 425
member functions and 94, 96
nested 424425
outer 424425
prefixing with open 134, 137
sealed 422423
subclasses. See subclasses
superclasses. See superclasses
as templates 91-92, 95, 175
tips when creating 175
visibility modifiers and 419

class keyword 94
clear() function
MutableList interface 259

MutableMap interface 279
MutableSet interface 268

closure (lambdas) 376, 389
code editors 7, 14
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Collection interface 389

collections
about 282
arrays and 252-253
generics and 290-293, 297-300
higher-order functions and 364-367, 371-376,
381-386, 389
Kotlin Standard Library 254
List interface 255-256, 263, 271
Map interface 255, 276-280
MutableList interface 255, 257-259, 263, 291-293,
300
MutableMap interface 255, 278-280, 297
MutableSet interface 255, 264, 268-269, 298-299
Set interface 255, 264-269, 271, 282
colon (:) 37,135,162, 173
comma (,) 65
comments, forward slash and 13, 16
companion keyword 427
Comparable interface 366
comparison operators 17, 192, 194-196, 200
componentN functions 199
concrete classes 158, 163, 173, 305
concrete functions 171

conditional branching

if expression 20, 48, 67, 233

if statement 17-19

main function using 16
conditional tests 17-18
configuring projects 10

constants

enum classes and 420421
sealed classes and 422-423

constructor keyword 209

constructors
about 99-102
with default values 207-208
defining classes without 109
defining properties 100, 102, 205
empty 109
enum classes and 420
generics and 314
@JvmOverloads annotation 214
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primary. See primary constructors

secondary 209, 214

visibility modifiers 419
contains() function

Array class 252

List interface 256

Set interface 264
containsKey() function (Map) 277
containsValue() function (Map) 277
continue statement 430
contravariant generic types 315-316, 319
conversion functions 40
converting values 40—42
copy() function 198, 202

coroutines
adding dependencies 402-403
asynchronous execution 402
drum machine application 3986-408
launching 402-406
runBlocking() function 405
threads and 404-406

covariant generic types 308, 319

creating
abstract classes 175
arrays 45, 63
exceptions 242
functions 64
interfaces 175
objects 95, 98-100, 196
projects 4, 8-12, 62
subclasses 175
variables 32

curly braces {}
class body and 94
empty function body and 160
interfaces and 171
lambdas and 327
let body and 232
main function and 13
nested classes and 424
String templates and 48

custom getters/setters 112
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D

data classes
about 196, 200, 202
componentN functions and 199
constructors with default values 207-208
copying data objects 198
creating objects from 196
defining 196, 205
generated functions and 205
initializing many properties 206
overloading functions 211
overriding inherited behavior 197, 202
parameters with default values 210, 214
primary constructors 205-209
rules for 217
secondary constructors 209

data hiding 114
data keyword 196

data objects
copying 198
creating 196
destructuring 199
properties and 197
declarations
abstract classes 157
arrays 50-51
classes 134
functions 66
object 98, 426427, 429
packages 416
passing values in order of 207
properties 112
superclasses 134, 139
variables 32-37, 98, 331
Decorator pattern 429
decrement operator (--) 76

default values
constructors with 207—-208
parameters with 210, 214
properties with 206

delay() function 406
Delegation pattern 429

derived classes. See subclasses



design patterns 429
destructuring data objects 199
dollar sign ($) 48

dot operator (.) 40, 96, 114, 144
Double type 35

do-while loops 17

downTo() function 77

duplicate code, avoiding 122, 125

duplicate values
List interface and 263
Map interface and 276, 280
Set interface and 255, 265, 269

E

else clause

if expression 20

if statement 19

when statement 183
Elvis operator (?:) 233
empty constructors 109
empty function body 160

entries property
Map interface 280, 389
MutableMap interface 280

enum classes 420421
equality operator (==)
about 17,200, 267, 271

data class and 205

equals() function and 192, 194-196, 265266
equals() function

about 192-194

data class and 205

overriding 196-197, 202, 267

Set interface and 265

equals operator (=) 17

exceptions
about 221, 239, 242, 245
catching 239-240
ClassCastException 242-243
creating 242
defining 242
finally block 240

HlegalArgumentException 242, 244
llegalStateException 242
NullPointerException 221, 234
rules for 244

throwing 234, 239, 244

try/catch block 240

Exception type 242

explicit casting 185, 243

explicitly declaring variables 37
explicitly defining array type 49
explicitly throwing exceptions 244

expressions
Boolean 81-82
chaining safe calls together 226-227
il 20, 48, 67, 233
lambda. See lambdas
object 428
return values and 245
shouldBe 412
streamlining with let 232
String templates evaluating 48

extensions 429

F

field, backing 113, 172

file management 11-12, 14-15
filter() function 364, 371-374
filterIsInstance() function 371
filterNot() function 371, 374
filter'To() function 371, 374
final keyword 139

finally block 241, 244

Float type 35

fold() function 383-386, 389
foldRight() function 389
forall() function 413

forEach() function 375-376, 382, 389

for loops
about 16-17, 76-77
println command in 75

until clause 76-77
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forward slash (//) 13, 16
fully qualified names 417
functional programming 2, 355

functions. See also specific functions
about 60
abstract 159-163, 171, 173, 175
accessing for nullable types 224-225
arguments and 13, 64-65
calling on object references 144
componentN functions 199
concrete 171
conversion 40
creating 64
declaring 66
with default values 210
enum classes and 421
extensions adding 429
generated 205
generics and 293, 297-298, 300
higher-order 339-343, 355, 433
infix 433
inheritance and 122, 125-127, 144-145
interface 171, 173, 175
lambdas and 339-343, 345, 347-352
main function 13-14, 16, 21
member 94, 96
object behavior and 40
of objects 93
overloading 150, 211
overriding. See overriddden functions
parameters and 64-65, 147, 150, 210, 214, 308
passing arguments and 6465
polymorphism and 147
prefixing with final 139
prefixing with open 137
return types and 66, 147, 211, 222
without return values 66, 376
with return values 66, 68
single expression 66
String templates calling 48
suspendable 406
updating 4, 17-21

function types 331, 352-354

fun keyword 13
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G

generated functions, properties and 205

generics and generic types
about 290-291, 306, 374
classes and 293296, 302, 308, 313, 315
collections and 290-293, 297-300
compiler inferring 299-300
constructors and 314
contravariant 315-316, 319
covariant 308, 319
functions and 293, 297-298, 300
interfaces and 293, 305-308, 315
invariant 316, 319
Java versus Kotlin approach 319
nullable 302
objects and 299, 307, 314
polymorphism and 293, 307
prefixing with in 290, 315-316
prefixing with out 290, 308, 315
properties and 297
restricting to specific types 296
subtypes and 308, 315
supertypes and 296, 308, 315
type parameters and 292
ways to use 293-294

get() function
List interface 256
Map interface 277

getters (accessors) 111-113, 137, 163, 172
getValue() function (Map) 277
GlobalScope.launch 403-406

Gradle build tool 398-400

greater than operator (>) 17

greater than or equal to operator (>=) 17

groupBy() function 381-382

|

HAS-A test 129

hashCode() function 194, 196-197, 202, 266267
hash codes 265267

hashMapOf]) function 282



hexadecimal numbers 35

higher-order functions
about 339, 389
built-in 363-394
collections and 364
functional programming and 355
inline prefix 433
lambdas and 339-343

[

if’ expression

about 20

else clause 20

nullable types and 233

single 67

String templates evaluating arrays 48
if statement

about 19

else clause 19

is operator and 182

IllegalArgumentException 242, 244
IllegalStateException 242
immutability

of classes 202

of collection types 255-256, 263-264, 282

mmplicit labels 431

import statement 401, 417
increment operator (++) 76, 430
index (indices) 45, 58, 77, 255-258
indexOf() function (List) 256

infix keyword 433

inheritance
about 122
abstract classes and 162
Any superclass and 193-194, 196
avoiding duplicate code with 122, 125
building class hierarchy 133-140
class hierarchy using 144-150
designing class structure 123-130
functions and 122, 125127, 144145
HAS-A test 129
interfaces and 175

IS-A test 129-130, 169, 193
polymorphism and 147
properties and 122, 125-127, 145
subtypes and 145

initialization
abstract properties and 159, 162
interface properties and 172
objects and 99, 107
properties and 99, 106, 108
property 206
superclasses and 136
variables and 37

initializer blocks 107, 136

init keyword 107

in keyword 290, 315-316

inline keyword 433

inner classes 425

in operator 81

installing Intelli] IDEA IDE 4, 7
instances. See objects

instance variables. See properties

instantiation
abstract classes and 157
interfaces and 170

Intelli] IDEA IDE
installing 4, 7
processing Run command 15
Tools menu 23

interactive shell. See REPL

interfaces
about 170
defining 171
functions in 171,173, 175
generics and 293, 305-308, 315
implementing 174
inheritance and 175
instantiation and 170
naming conventions 175
polymorphism and 170, 181
properties in 171175
tips when creating 175
visibility modifiers and 419
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internal modifier 418-419 labeling 431
parameters and 327, 331-332, 339-343
shortcuts for 328, 342, 345

Int type 35 variables and 328, 331-333, 376
invariant generic types 316, 319

interoperability 434

lateinit keyword 108

invoke() function 328 Jaunch function 403406
IS-A test 129-130, 169, 193

is operator 181-184, 242

less than operator (<) 17
less than or equal to operator (<=) 17

Iterable interface 389 let keyword 231-232, 333

it keyword 231-232, 332-333, 340, 376 linking variables to objects. See object references

List interface 255-256, 263, 271, 371-374, 386, 389
J listOf{) function (List) 256, 263
Java libraries 401 locally contravariant generic type 316
Java programming language 319, 434 locally covariant generic type 319
JavaScript 3, 434 local variables 64, 72
Java Virtual Machines (JVMs) 3 Long type 35
JUnit library 410412 looping constructs
@JvmOverloads annotation 214 do-while 17

for 16-17, 7577

JVMs (Java Virtual Machines) 3 labeling 430

main function using 16
while 17-18

keys property (Map) 280, 389 M

key/value pairs 276-277, 280, 297

kotlin.collections package 254 main function
about 13

Kotlin extension libraries 429 ) o
adding to application 14

conditional branching in 16
Kotlin programming language 2-3 loops in 16
Kotlin Standard Library 254 parameterless 13

KotlinTest library 412-413 statements in 16
updating 21

kotlin package 254

kt file extension 12 map() function 372-374
L Map interface 255, 276-280, 367, 371, 381, 389
mapOf{) function (Map) 276
labels/annotations (@) 411, 430-431 Math.random() function 47
lambdas maxBy() function 365-366
about 325-327, 345 max() function 252, 365366

closure and 376, 389

functional programming and 355
functions and 339343, 345, 347352 minBy() function 365-366
invoking 328-330

member functions (methods) 94, 96
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min() function 252, 365-366
modifiers, visibility 418-419
mutability

of arrays 253
of collection types 255, 282

MutableList interface 255, 257-259, 263, 291-293, 300
mutableListOf{) function (MutableList) 257, 291, 300
MutableMap interface 255, 278-280, 297
mutableMapOf{) function (Map) 278

MutableSet interface 255, 264, 268-269, 298-299
mutableSetOf{) function (MutableSet) 268

mutators (setters) 111-113, 137, 163, 172

N

named arguments 208

naming conventions for interfaces 175

naming variables 16, 32, 38

native code 3, 434

nested classes 424425

nextInt() function (Random) 48

not equals operator (I=) 82, 224

Nothing type 245

not-null assertion operator (!!) 234

not operator (!) 82, 182

nullable types
accessing functions 224-225
accessing properties 224-225
arrays of 223,253
executing code conditionally 231
generics and 302

safe calls and 225-228
ways to use 222-223

NullPointerException 221, 234, 242

null value
about 78
checking for 81
nullable types and 221-224
safe calls and 225-228

0]

object declarations 98, 426427, 429
object expressions 428
object keyword 426

object references
arrays and 45, 49-51, 69-71
assigning 33-34, 38, 98
functions calling on 144
removing from variables 220-221
removing using null 221
objects
abstract classes and 157
constructors and 99-102
creating 95, 98-100
creating from data classes 196
defining types 92
equals function and 192
functions of 93
generics and 299, 307, 314
initializing 99, 107
properties of. See properties
opening REPL. 23
open keyword 134, 137, 139, 159
or operator (| |) 81, 182
outer classes 424-425
out keyword 290, 308, 315
overloading functions 150, 211

overridden functions
data classes and 197
interfaces and 173
open keyword and 134, 139
overloaded functions versus 211
rules for 138, 267
subclasses and 122, 126, 150
ways to use 138

overridden properties
interfaces and 173
open keyword and 134, 139
subclasses and 122, 126
val and var keywords 137, 150
ways to use 136-137

override keyword 136-138
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P

packages 254, 259, 416418
parallel execution 402404

parameters
about 64-65
with default values 210, 214
empty constructors and 109
functions and 64-65, 147, 150, 210, 214, 308
lambdas and 327, 331-332, 339-343
local variables and 72
nullable types 222
order of arguments and 65
prefixing with val/var 105, 120, 206
properties as 105
separating multiple 65
superclass constructors and 135
type 292
variable types matching 65
parentheses ()
arguments and 13
Boolean expressions and 82
lambda parameters and 343
superclass constructors and 173
passing values
for arguments without default values 208
in order of declaration 207
platforms
specifying for projects 9
supporting Kotlin 3
plus() function (Array) 253
polymorphism
about 147, 150, 161
abstract functions and 161
abstract properties and 161
Any superclass and 193
generics and 293, 307
independent classes and 169
interfaces and 170, 181
primary constructors
about 99, 214
data classes and 205-209

private modifier 419
superclasses and 135-136, 173
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print command 18

println command
about 13
in for loop 75
print versus 18

printStackTrace() function 242
private modifier 418-419

projects
adding classes to 133, 143
adding files to 11-12
configuring 10
creating 4, 8—12, 62
specifying types of 9
src folder and 11-12

properties
about 40, 93, 102
abstract 159-163, 173
accessing 96
assigning default values to 206
constructors defining 100, 102, 205
data hiding values 114
data objects and 197
declaring 112
defining in main body of class 106
enum classes and 421
extensions adding 429
flexible initialization 106
generated functions and 205
generics and 297
inheritance and 122, 125-127, 145
initializing 99, 106, 108, 206
mterface 171-175
nullable types 222, 224-225
overriding. See overridden properties
as parameters 105
prefixing with final 139
prefixing with open 137
String templates referencing 48
validating values 111-113

protected modifier 419
public modifier 418-419
putAll() function (Map) 278
put() function (Map) 278



Q

question mark (?) 222-223

R

Random.nextInt() function 48
random number generation 4748
range of numbers
looping in reverse order 77
looping through 76
skipping numbers 77
range operator (..) 76-77
reading user input 78
readLine() function 78, 81
reduce() function 389
reduceRight() function 389
referential equality operator (===) 200, 265267

removeAll() function
MutableList interface 259
MutableSet interface 268
removeAt() function (MutableList) 258

remove() function
MutableList interface 258
MutableMap interface 279
MutableSet interface 268
REPL (interactive shell)
about 7
opening 23
testing code in 4, 23-24
retainAll() function
MutableList interface 259
MutableSet interface 268

return statement 430-431

return type
functions and 66, 147, 211
generic types and 315
higher-order functions and 366
lambdas and 347-348
nullable types 222
Unit 66, 333

return values

expressions and 20, 183, 245

functions with 66, 68
functions without 66, 376

interface properties and 172
lambdas and 331
null value 78, 81

reversed() function 259
reverse() function

Array class 252

MutableList subtype 259
Rock, Paper, Scissors game

game choice 63-71

high-level design 61-62

result 87-88

rules of 60

user choice 75-78, 81-84

row() function 413

rules

for data classes 217
for exceptions 244
for overridden functions 138, 267

runBlocking() function 405

Run command 15

5

safe call operator (?.) 225, 231-232

safe calls
about 225
assigning values with 228
chaining together 226
evaluating chains 226227

safe explicit casts 243

sealed classes 422-423

secondary constructors 209, 214

set() function (MutableList) 258

Set interface 255, 264-269, 271, 282, 389
setOf{) function (Set) 264

setters (mutators) 111-113, 137, 163, 172
short-circuiting 81

Short type 35

shouldBe expression 412

shuffled() function (MutableList) 259
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shuffle() function (MutableList) 259
single expression functions 67
Singleton pattern 429
size property
Array class 45, 252
List interface 256, 263
MutableSet interface 269

sleep() function 406
smart casts 184, 243
sortBy() function (MutableList) 326
sorted() function (MutableList) 259

sort() function
Array class 252
MutableList subtype 259

spread operator (*) 432

src folder
adding files to project 11-12
source code files in 11
statements
it 17-19, 182
import 401, 417
main function using 16
when 182-183
state (objects) 40, 124. See also properties
storing values in arrays 45
String templates 47-48
string type 13, 36
subclasses
about 122
adding constructors to 135
defining 135
functions and 122, 125-126, 138-139, 144147
inheritance. See inheritance
initializer blocks in 136
polymorphism and 147, 161
properties and 122, 125-126, 137, 145
tips when creating 175

subtypes
about 137
abstract properties and 162
adding 161
generic 308, 315
inheritance and 145
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polymorphism and 150, 161
sealed classes and 422423

sumByDouble() function 367
sumBy() function 367
sum() function (Array) 252

superclasses

about 122

abstract 157, 162

declaring 134, 139

functions and 122, 125-126, 138-139, 144145

inheritance. See inheritance

polymorphism and 161

primary constructors 135-136, 173

properties and 122, 125-126, 136-137, 139, 145
supertypes

generic 296, 308, 315

inheritance and 145-147

polymorphism and 161

suspendable functions 406

T

templates
classes as 91-92, 95, 175
String 4748

@Test annotation 411

test-intro xxiii

tests and testing
HAS-A test 129
IS-A test 129-130, 169, 193
JUnit library 410412
KotlinTest library 412413
Run command and 15

threads 404-406

throwing exceptions 234, 239, 244
throw keyword 244-245

toByte() function 40

toDouble() function 40

toFloat() function 40

tolnt() function 40, 47

toList() function
Array class 271
Map interface 280



MutableList interface 259
MutableMap interface 280
Set interface 269

toLong() function 4041
toLowerCase() function 88
toMap() function (MutableMap) 280

toMutableList() function

Array class 271
MutableList interface 259, 271
MutableMap interface 280

toMutableMap() function (MutableMap) 280
toMutableSet() function (Array) 271
Tools menu (Intelli] IDEA) 23
toSet() function
about 282
Array class 271

Map interface 280
MutableSet interface 269

toShort() function 40
toString() function 194, 196-197, 202
toTypedArray() function

List interface 271
Set interface 271

toUpperCase() function 88, 106

try block (try/catch) 138, 240241, 244-245

two’s complement 42

typealias keyword 353

type parameters 292

types
of collections 255-256, 263264, 282
converting values of 4042
function 331, 352-354
generic. See generics and generic types
inferring for arrays 49
nullable 223-228, 231, 253, 302
return 66, 147, 211, 222, 315
subtypes. See subtypes

supertypes. See supertypes
variable 32-38

U

Unit return type 66, 333
unit testing 410411

until clause (for) 76-77
updating functions 4, 17-21
user input 78, 81

Vv

validating
property values 111-113
user input 81

val keyword
about 16, 282
assigning lambdas to variables 328
declaring arrays using 51
defining properties and 102
getters and setters 114
overriding properties and 137, 150
parameter variables and 72
prefixing parameters with 105, 120, 206
var versus 16, 34, 102

values
assigning 32-34, 37-39
assigning to safe calls 228
converting 4042
data hiding property 114
duplicate 255, 263, 265, 269
enum classes 420
inferring array type from 49
initializing for variables 37
object state and 95, 124
return 20, 66
reusability of 16, 32, 34, 50-51
storing in arrays 45
validating property 111-113

values property (Map) 280, 389
vararg keyword 432

variables

about 32, 34
assigning values 32-34, 37-39
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Boolean tests on 17

comparing options for 183
converting values 4041
creating 32

declaring 32-37, 98, 331
initializing 37

instance 102

lambdas and 328, 331-333, 376
local 64, 72

matching parameter type 65
naming 16, 32, 38

object references and. See object references
prefixing with § 48

reusability of 16, 32, 34, 50-51
types of 32-38

var keyword

about 16, 282

assigning lambdas to variables 328
declaring arrays using 50

defining properties and 102

getters and setters 114

lateinit keyword and 108
overriding properties and 137, 150
prefixing parameters with 105, 120, 206
smart casting and 184

updating properties and 96

val versus 16, 34, 102

448 Index

version control, Intelli] IDEA and 7
visibility modifiers 418-419

W

when expression 183
when statement 182—183

while loops

about 16-17, 76, 81
conditional tests 17-18
is operator and 182

white space 16
withIndex() function (Array) 77

writing custom getters/setters 112
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