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Abstract
This book provides a quick introduction of Android for iOS

developers using the Kotlin programming language. It targets

iOS developers with medium or advanced level, having shipped

some iOS applications already in either Objective-C and Swift.
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Dedication
To hernún.
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Preface
The world of mobile development is a ground in constant

motion. However, for the past five years, Android and iOS have

both reached the level of dominant players in the field, moving

other platforms out of sight. Due to the complexity of these

systems, developers tend to concentrate their efforts in just one

platform; however businesses must target both platforms to

remain competitive in the mobile market.

This book provides an iOS developerÕs perspective on Android,

using the Kotlin programming language, highlighting the

similarities and the major differences between both platforms.

The author hopes that these lines will help other developers to

jump to the fascinating world of Android using their hard

earned iOS knowledge.

Target Audience

This book is intended as a step-by-step guide to guide

developers well versed in the arts of iOS into the realm of

Android mobile application development.

How to Read this Book

The author assumes that the reader has never written Android

applications before; at most, maybe, the reader has played with

an Android device at some point, but nothing else. If you are
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already familiar with Android Studio and Kotlin, you can skip

directly to chapter 2, and start creating apps right away.

If you are not familiar with the Android developer tools, it is

strongly recommended to read this book linearly, and to build

the sample applications one after the other. This will help you

build your skills step by step.

You can use this book as reference, later during your

development work, using the provided source code as a basis

for your own projects. The book can work as a "cookbook" text,

providing specific help about some common (and not-so-

common) tasks.

Requirements

This book assumes that the reader is using a Mac Ð after all, the

reader is supposed to be an iOS developer!

It also assumes working programming knowledge in Objective-

C and Swift, and of the most common iOS frameworks, such as

Foundation, UIKit, Core Location, Core Data and others. Given

their similarities, the text will heavily draw from the Swift

knowledge of the reader as the guiding path to learn Kotlin,

highlighting differences and similarities whenever possible.

Most importantly, it is not assumed that the reader has seen any

Kotlin code yet. This book provides a quick introduction to the

language, even though it is not by any means a complete
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reference. The "Bibliography" section at the end of the book

provides a few useful titles for starting your exploration of

Kotlin. In particular IÕd recommend JetBrains' own Kotlin

Tutorials  [https://kotlinlang.org/docs/tutorials/ ] and Try Kotlin

[https://try.kotlinlang.org/ ] websites as an excellent starting point.

In terms of software requirements, this book assumes that the

latest version of Android Studio (3.0.1 at the time of publishing)

is installed in the development machine, as well as Homebrew

[http://brew.sh ].

Source Code

The code bundled with the book has been prepared and tested

with the latest version of Android Studio

[https://developer.android.com/studio/install.html ]; make sure to

download and install it in your system before starting.

All applications use the same baseline (or minSdkVersion): API 21 ,

also known as Lollipop 5.0.  This version of Android was

released in November 2014, and at the time of this writing, 80%

of all Android devices in the wild run a version equal or

older to Lollipop.  This should hopefully give this book the

wide possible reach as well as a solid foundation for the future

of the platform. Similarly, all code projects target the latest

Android version available at the time of publication, API 27,

Oreo 8.1  (targetSdkVersion  and compileSdkVersion in the module

Gradle files.)
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Every time that the text of the book references some sample

code, a "Follow Along" callout section will appear with the path

of the project, which you can open on Android Studio to run the

project directly on your device or the emulator:

!
Follow along

The code of this section is located in the

Graphics/Draw folder.

Each application is as simple as possible, but not simpler. All

the applications are working examples, tested at least in four

environments:

¥ The official Android Emulator.

¥ The Genymotion Android Emulator.

¥ A OnePlus 3 Android smartphone.

¥ A Samsung Galaxy Tab S2 tablet.

Given the large variety of the Android device market, it is

possible that some bits and pieces of the source code will not

work in some devices; I remember having trouble with some

Android devices during my career, so I would not be surprised

if some of you encounter difficulties. I will not be able to

provide support for your particular device, but I have made

every possible effort so that the code works in the

environments enumerated above.
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Structure

This book is structured around code. The chapters are meant to

be read with Android Studio open, in the order they have been

written; I have reused bits and pieces of knowledge from

previous chapters in many others, so you should be better

served by reading them in order.

To help readers get up and running as fast as possible, every

chapter features a section called "TL;DR" at its very beginning,

including a handy summary of the most important similarities

and differences between Android and iOS. You can use the

tables in this section as a reference, and if you find them useful

you can print a copy of the Appendix C, which contains all the

TL;DR tables together in the same place.

The source code included in the book points directly to the

projects available in the code zip file, which contains all the

sample applications showcased in the pages of this book.

Thanks

I would like to thank all the readers of the first edition of this

book; your support is what made this second edition possible!

In particular I would like to mention Nick Ager, Caylan Larson,

Luca Torella, Patrick Balestra  [https://twitter.com/BalestraPatrick ]

and Nick K.  [https://twitter.com/madwork_gr ], who sent me lots of

feedback and errata via e-mail and Twitter. And a very, very
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special shoutout to Florent Pillet  [https://twitter.com/fpillet ] who

not only provided lots of feedback and errata, but actually gave

me the idea of creating a Kotlin version for this second edition.

Thanks a lot!
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Part 1: Introduction
Getting Started

This first part of the book will guide the reader in the world of

Android app development. We will first learn how to install and

use Android Studio, we are going to get familiar with the tools

and ecosystem, not only to create applications but to be able to

debug them effectively.
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Chapter 1. Toolchain
Each platform vendor tries Ð and, to a large extent, succeeds at

Ð locking third-party developers into their own ecosystem. This

is true of many software platforms, and neither iOS nor

Android are the exception to this rule.

One of the biggest efforts for iOS developers new to the Android

ecosystem is getting used to a new set of tools, paradigms,

workflows and even new keyboard shortcuts all over the place.

This chapter will present an introduction to the various tools

used in the everyday life of a seasoned Android developer.

1.1. TL;DR

As an introduction, these are the most important differences

that distinguish the iOS developer experience from that of

Android.

Table 1. Android vs. iOS Toolkits

Android iOS

IDE Android Studio Xcode

Profiling Android Device Monitor Instruments

Preview Android Emulator iOS Simulator

Programming Language Kotlin or Java Swift or Objective-C

Command Line gradlewÊÐÊant xcodebuild

Hacking Rooting Jailbreaking
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Android iOS

Application metadata AndroidManifest.xml Info.plist

Dependency Manager Gradle CocoaPods Ð Carthage

Distribution APK IPA

Debugger ADB + DDMS LLDB

Logger LogCat NSLog() or print()

View Debugging Hierarchy viewer Xcode view debugging

Static Analysis Android Lint Clang Static Analyzer

1.2. Kotlin

For almost a decade, the only official language proposed by

Google to create Android applications was Java. Since 2017,

however, developers can use a new language called Kotlin,

created by the same team that provides the Android Studio IDE.

Kotlin is a language that is 100% compatible and interoperable

with Java; that means that all existing Java libraries can be used

with Kotlin, and any binaries compiled with Kotlin can be

integrated into standard Java projects. But it provides a much

more "modern" syntax, with the following features:

¥ Optionals and strict null checks

¥ Type inference

¥ Generics

¥ Functional and object oriented features
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¥ Operator overloading

¥ Pattern matching

"

Overhead

Using Kotlin in your Android project

requires adding a small library used at

runtime for interoperability with Java; this

library increases the size of the final

application in around one megabyte.

Kotlin compiles its code to native Android Runtime bytecode,

which means that setting the small overhead of the runtime

library aside, an application created with Kotlin behaves and is

distributed exactly like one created with Java. Not only that, but

you can mix and match Kotlin and Java code files in the same

project without problem. Kotlin is able to access any JAR file

compiled with Java, and Java is able to access anything defined

in Kotlin.

This chapter offers a small overview of Kotlin; during the

following chapters we are going to learn more about it just by

using it in small projects.

!
Follow along

The code of this section is located in the

Toolchain/Kotlin  folder.
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Variables and Constants

In Kotlin there are two types of in-memory storage: variables

and constants. As the name implies, the former can be modified

at runtime, while the latter cannot. To create them, just use var

for variables and val  for constants. The same syntax is used for

class properties and for inline variables and constants.

Variables and constants

var  variable  = 43
val  constant  = "Hello"

var  typedVariable : Float  = 5.6F
val  typedConstant: Boolean = true

var  optionalVariable : Employee? = null
val  optionalConstant : URL? = URL( "https://sbb.ch" )

var  anyVariable : Any = "This can be anything"

var  manager = Manager. managerFactory()

"
let  is val

A very common problem when writing

Kotlin with a Swift background is writing let

instead of val . You have been warned.

String Interpolation

Whenever you need to compose a string with other values, you

can simply interpolate variables using the $ sign.
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String interpolation

val  date = Date(). toString ()
val  person = Employee( "Johnny", 70)
print ( "Today is $date and ${person.name}'s age is ${person.age}" )

You can use the ${obj.property}  syntax to interpolate complex

values or even calculations.

Parentheses and Brackets

There are two major differences between Kotlin and Swift

regarding the use of parentheses and brackets in control flow

statements such as if , while  and for :

1. Kotlin does require parentheses for if  and while  conditions,

as well as the for  statement.

2. Kotlin does not require the use of curly brackets for their

associated code blocks, just like in Java and many other

languages.

Parentheses and brackets in Kotlin

val  str  = "Hello, Kotlin"

fun increase ( value: Int ): Int  = value + 1

fun statements() {
Ê   var  i  = 0
Ê   while  ( i  < 10) i  = increase ( i )
Ê   if  ( str  == "something" ) print ( str )
}
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The same code in Swift would look like this (pay attention to the

placement of parentheses and brackets):

Parentheses and brackets in Swift

let  str  = "Hello, Swift"

func increase ( _ value: Int ) -> Int  { return  value + 1 }

func statements() {
Ê   var  i  = 0
Ê   while  i  < 10 { i  = increase ( i ) }
Ê   if  str  == "something"  { print ( str ) }
}

Also pay attention to the fact that in Kotlin, if  and when are

expressions, not statements; this means that the following code

is legal, although quite esoteric at first glance:

Expressions

val  test  = if  ( true ) "Test"  else  "False"

val  state  = State . Off
fun decide() = when( state ) {
Ê   State . Off  -> "Off"
Ê   State . On -> "On"
}
val  decision  = decide()

Ranges

Ranges are very simple to create and use, and very similar to

those in Swift.
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Ranges

for  ( index in  1. . 5) {
Ê   println ( "$index times 5 is ${index * 5}" )
}

"
Double dot!

Please remember that to create ranges in

Kotlin you need two dots, instead of just

three as is the case in Swift.

Optional Types

Just like in Swift, Optional types are specified using the ? sign at

the end of the class or type name; they indicate that a variable

or constant can hold the null  value. This makes it obvious in the

code and to the compiler that some values might be null at

runtime, while others may not. This makes your code safer and

stronger.
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Kotlin optionals

val  optionalEmployee: Employee? = Employee( "Olivia" , 45)

val  greeting  = optionalEmployee?. greet ()
println ( "greeting: $greeting" )

val  age = optionalEmployee?. age ?: 30 !

if  ( optionalEmployee != null ) {
Ê   val  greetingAgain  = optionalEmployee. greet ()
Ê   println ( "greeting: $greetingAgain" )
Ê   manager. addPerson( optionalEmployee)
}

! The "Elvis" operator ?:  assigns a default value to the age

variable if the null check fails.

Instead of using the classic if (optional != null)  construction,

Kotlin provides the let()  method, which works similarly to

SwiftÕs if let  statement:

Using the let  optional methods

optionalEmployee?. let  { !
Ê   it . greet ()
Ê   println ( "Employee ${it.name} is ${it.age} years old" )
}

optionalEmployee?. let  { employee -> "
Ê   employee. greet ()
Ê   println ( "Employee ${employee.name} is ${employee.age} years old" )
}

! By default, the "unboxed" value of the optional is stored

inside of the it  variable.

" You can provide your own variable name if you want, using
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this syntax.

Optionals are a very modern and practical way to avoid null

pointer exceptions. Code using optionals will clearly state the

possibility that a reference contains a null  value or not; in those

cases, the use of a ? sign helps everyone who reads the code to

understand what is going on.

"
Double bang!

Please remember that to unwrap a Kotlin

optional you must use a " double bang" !!

unlike Swift, which only requires one.

As a corollaire to their use, and similarly to the corresponding

recommendation in Swift, you should pay attention never to

abuse of the !!  operator, which effectively tells the compiler

"believe me, I know this reference is not null at this point in

time." Once you tell your compiler this, it is your responsibility

to actually make sure that the reference is never null, or your

code could crash at runtime.

Smart Casting of Optionals

Kotlin automatically unwraps optionals that have been checked

using if (optional != null) , similarly to how Swift uses conditional

binding with the if let  syntax. This is shown in Android Studio

as follows:

25 | Chapter 1. Toolchain



Figure 1. Smart casting in action

Collections

Kotlin can use the standard collection types available to Java,

but it provides a simpler syntax, which makes them easier to

use.

1.2. Kotlin | 26



Collections

val  stringArray  = arrayOf <String >()
val  stringList  = listOf <String >()
val  stringFloatMap  = mapOf<String , Float >()
val  stringSet  = setOf<String >()

// Iterating over the elements of arrays, lists, maps and sets
for  ( str  in  stringArray ) {
Ê   println ( "A value in the array is '$str'" )
}

for  ( str  in  stringList ) {
Ê   println ( "A value in the list is '$str'" )
}

for  (( str , num) in  stringFloatMap ) {
Ê   println ( "Pair => $str: $num" )
}

for  ( str  in  stringSet ) {
Ê   println ( "Set element: $str" )
}

// Arrays vs Lists: which one to choose?
// An array has a fixed size and is usually very fast
val  shoppingList  = arrayOf ( "salt" , "sugar" , "milk" , "cheese")
// You cannot add or remove items! This won't work:
// shoppingList.add("bread")
// but you can modify an individual item if needed
shoppingList [ 1] = "bottle of wine"

// If you need to add or remove items at runtime,
// consider using a mutable list instead:
val  countries  = mutableListOf <String >("Switzerland" , "France" ,
"Germany")
countries . add( "Italy" )
countries . remove( "France" )

val  jobs  = mutableMapOf(
Ê       "Roger" to  "CEO",
Ê       "Martin"  to  "CTO"
)
jobs [ "Adrian" ] = "Writer"
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"

Collection creation syntax

As a Swift developer, please pay attention to

the fact that in Kotlin one does not use []  to

instantiate an empty array, but rather the

arrayOf()  function; the same applies to

listOf() , mapOf(), and setOf() . This is a very

common mistake for Swift developers new

to Kotlin.

Pattern matching

Kotlin bundles powerful pattern matching capabilities, and

includes the when expression, which is much more flexible than

its switch  counterpart in Java.

Pattern matching

val  number = 42
when ( number) {
Ê   in  0. . 7, 8, 9 -> println ( "1 digit" )
Ê   10 -> println ( "2 digits" )
Ê   in  11. . 99 -> println ( "2 digits" )
Ê   in  100.. 999 -> println ( "3 digits" )
Ê   else  -> println ( "4 or more digits" )
}

Functions and Methods

Kotlin uses the keyword fun  to define functions and methods.

When functions are one-liners, they can have their body

defined with the = sign, and they do not need to explicitly have a
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return type; it will be inferred from the returned value.

Pattern matching

fun method1( input : String ): Int  {
Ê   return  input . length
}

fun method2( input : String ) = input . length

fun <T>method3( input : T) = input . toString ()

!
In Kotlin, methods without an explicit return

type do not use Void but Unit , and that means

that they are actually returning a value even

if this value is discarded at runtime.

Object-Oriented Programming

Kotlin is a fully featured object oriented language, including

different useful features very similar to their Swift

counterparts. Not only does it contain concepts such as classes

and interfaces, but it also provides useful abstractions such as

data classes  and interface extensions .

Data classes provides a quick way to create typical "POJOs"

(Plain Old Java Objects) in your apps, and as you might expect,

interface extensions provides the possibility to include a default

implementation for interface methods. This opens the door to

powerful design patterns and flexible code, and also to use our

"protocol oriented programming" techniques in Kotlin.
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Interfaces

Kotlin interfaces are the equivalent of Swift protocols, and they

also include extensions.

Interfaces

interface  Person {
Ê   !
Ê   var  name: String
Ê       get  set

Ê   "
Ê   fun greet () = "Hello! I am $this"

Ê   #
Ê   fun showMoreInformation()
}

! Interfaces can specify properties and methods; in this case, a

read-write property, to be implemented by subclasses.

" This function provides a default implementation; classes

implementing this interface can override this behaviour if

needed.

# This is a standard interface method, and just like in Java,

classes must provide an implementation for it or otherwise

the code will not compile.

Class Constructors

One of the most puzzling things about Kotlin for a Swift

developer is the slightly uncommon syntax for constructors.

The parameters of the class constructors are placed directly
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after the class declaration, including their visibility modifiers;

they are not only the parameters of the constructor, but also the

class fields, all in one definition.

Kotlin class constructor

class  Manager( private  var  backingName: String  = "" ,
Ê             private  var  staff : MutableList <Person> = mutableListOf
<Person>(),
Ê             var  state : State  = State . Off ) : Person {

To initialize class fields not part of the constructor parameters,

or to perform some code at construction, you can provide an

init  method.

Init method

private  val  isActive : Boolean

init  {
Ê   isActive  = true
}

In this example we use the init  body to initialize a constant at

construction time.

Data Classes

Kotlin also provides data classes  which are the basis for POJOs;

these classes provide automatically an implementation of

hashCode() and toString() .
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Data class

data class  Employee( private  var  backingName: String  = "" ,
Ê                   var  age: Int  = 30) : Person {

For all practical purposes, one can consider data classes as the

Kotlin equivalent of Swift structs.

Class Instantiation

Once defined, you can use classes in your code using exactly the

same syntax as you would in Swift:

Instantiating and using classes

val  person1 = Employee( "Olivia" , 45) !

val  person2 = Employee(). apply  { "
Ê   name = "Thomas"
Ê   age = 56
}
println ( "People: ${person1.greet()} and
${person2.showMoreInformation()}" )

manager. addPerson( person1)
manager. addPerson( person2)
manager. state  = State . On

! The classic constructor call syntax in Kotlin is pretty much

the same as in Swift.

" This syntax, using the apply()  function, will sound familiar to

C# developers; it allows to customize a new instance,

explicitly passing the values of the different parameters,

resulting in very clear and explicit code.
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Class Extensions

Kotlin allows you to extend any type with new properties and

methods; this can be very powerful to create terse, more

compact code and to place helper methods where they belong.

Defining class extensions

val  Double. fahrenheit : Double get () = ( this  * 9 / 5) + 32
val  Double. celsius : Double get () = ( this  - 32) * 5 / 9

Using class extensions

val  temperature: Double = 32.0
val  fahrenheit  = temperature. fahrenheit
val  celsius  = fahrenheit . celsius
println ( "$temperature degrees Celsius is $fahrenheit degrees
Fahrenheit" )

Simple Objects and Singletons

Another nice feature of Kotlin is that you do not need to define

a class to instantiate just an object; you can use the keyword

object  and define any static object that you need in your

application, like singletons.

Data class

object  Constants {
Ê   val  PI = 3.14
Ê   val  ANSWER = 42

Ê   fun name() = "Math contstants"
}
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This approach is commonly used in Android to define broadcast

listeners or event handlers, for example.

Companion Objects

Kotlin classes do not have static members . If you need to

provide static methods and constants to your classes, you must

do so using a feature called companion object .

Companion object

companion object  OptionalName {
Ê   val  MAXIMUM_EMPLOYEE_COUNT = 10

Ê   fun managerFactory() = Manager( "Maria Hill" )
}

All variables, constants and functions inside of the companion

object appear automatically as static members for the calling

code. The companion object can have an optional name; in that

case you can use it to access its members.

Operator Overloading

Kotlin makes it very easy to overload operators, since they are

simply methods with specific names; we can, for example

overload the + operator for any class by adding an operator fun

plus()  method with the required types.
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Operator overloading

operator  fun plus ( person: Person): Team {
Ê   return  Team( this , person)
}

The table below gives an idea of the various operators that can

be overloaded in Kotlin

Table 2. Overloading operators

Operator Method to override

+ unaryPlus()

- unaryMinus()

! not()

++ inc()

-- dec()

+ plus()

- minus()

* times()

/ div()

% rem()

.. rangeTo()

in contains()

[] get()  and set()

() invoke()

+= plusAssign()

-= minusAssign()

*= timesAssign()

/= divAssign()

== equals()
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Operator Method to override

> < >= ! compareTo()

Using overloaded operators is as simple as you might expect.

Using overloaded operators

val  team = manager + person

As is the case with any language that provides operator

overloading (such as C++ or Swift), make sure that using this

feature actually increases the readability of the code.

Infix Methods

Kotlin allows methods taking just one parameter to be defined

as infix .

Infix method

infix  fun addPerson( person: Person) {
Ê   if  ( staff . count() < MAXIMUM_EMPLOYEE_COUNT) {
Ê       staff . add( person)
Ê   }
Ê   else  {
Ê       throw Exception( "Cannot add more staff members" )
Ê   }
}

Using an infix method is like using an operator, without the

need of a dot and parentheses, which may increase the

readability of the code.
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Using infix methods

manager addPerson person

Enumerations

If your application requires types that have only a few discrete

values, you can simply define an enumeration to hold them all

together.

Enumerations

enum class  State  {
Ê   On,
Ê   Off
}

Enumerations are fully-fledged classes, and can contain

properties, functions and more.

Comparing Kotlin to Objective-C and Swift

The following table provides a comparison between these three

languages.

Table 3. Comparison of Kotlin 1.2, Objective-C 2.0 and Swift 4

Kotlin 1.2 Objective-C 2.0 Swift 4

Inheritance Simple, with
interfaces and
extensions

Simple, with
protocols

Simple, with
protocols and
protocol
extensions
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Kotlin 1.2 Objective-C 2.0 Swift 4

Semicolons Optional Mandatory Optional

Class definition class @interface &
@implementation

class

Interfaces implements
interface

conforms to
@protocol

conforms to
protocol

Including code import  (symbols) #import  (files) import  (symbols)

Class extensions Extensions Categories Extensions

Dynamic typing Any id Any

Private field
suffix

Not used _ (underscore) _ (underscore)

Memory
management

Garbage
collection

Manual or
Automatic
Reference
Counting

Automatic
Reference
Counting

Generics yes (type erasure) yes (type erasure) yes

Method pointers no @selector #selector

Callbacks Lambdas Delegate objects
and blocks

blocks

Pointers no yes Via library classes

Root class Object NSObject / NSProxy
/ É

NSObject / NSProxy
/ É

Visibility public  / internal  /
protected  /
private

@public /
@protected /
@private (only
fields)

open / public  /
internal  /
fileprivate  /
private

Exception
handling

try  / catch  /
finally  +
Exception

@try / @catch /
@finally  +
NSException

do / try  / catch  +
Error

Namespaces Packages Through class
prefixes

Implicit, via
modules
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Kotlin 1.2 Objective-C 2.0 Swift 4

Formal grammar kotlinlang.org
[https://kotlinlang.or
g/docs/reference/
grammar.html ]

developer.apple.c
om
[https://developer.ap
ple.com/library/
content/
documentation/Swift/
Conceptual/
Swift_Programming_
Language/
zzSummaryOfTheGr
ammar.html#//
apple_ref/doc/uid/
TP40014097-CH38-
ID458 ]

Converting Java Projects to Kotlin

To convert a Java project to Kotlin is very easy:

1. Select the Tools Ý Kotlin Ý Configure Kotlin in Project

menu entry. This will modify the Gradle files of the project

to automatically include the Kotlin plugin for the modules.

2. Once this is done, select the Java files you would like to

convert in the Android pane on the left side of the Android

Studio window, and select the Code Ý Convert Java File to

Kotlin File  menu entry.

The conversion from Java to Kotlin is usually quite fast and

provides relatively good quality Kotlin code. You might need,

depending on your project, to rewrite some Java idioms into

Kotlin ones, particularly in what pertains to optionals.
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#

Java and Kotlin in the same project

Remember that Android Studio projects can

contain any number of both Java and Kotlin

files, and they can coexist peacefully one

next to the other. The Toolchain/Kotlin  projects

shows how a Kotlin class can use a Java class

and viceversa.

The Android Runtime

Another important fact about Android is that, by design, the

Java applications compiled for the Android operating system

are not  compatible with a standard Java Virtual Machine Ð JVM

Ð such as the ones available for Windows, macOS or Linux. This

simple fact is often overlooked but it is very important to

remember.

"
Android and the JVM

Compiled Android Java applications are not

compatibles with the standard Java Virtual

Machine by Oracle.

Android applications are compiled as DEX binaries (which

stands for "Dalvik Executables") and run in a special virtual

machine, optimized for mobile devices, formerly known as

"Dalvik" and now most commonly referred to as the Android

Runtime (ART.) Binaries targeting the ART have the following
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characteristics:  [http://stackoverflow.com/a/11374587/133764: ]

1. Developers can include Java code bundled in binary form,

such as JARs (Java Archives) in their applications; they can

also include the source files in their projects, but all of this

will be compiled as Android DEX binaries, which has a

different binary structure.

2. Not all valid Java APIs for a standard JVM exist under ART;

in particular most of the javax.  packages are unavailable in

Android.

3. DEX files are smaller than their equivalent JARs.

4. ART uses a register-based architecture, instead of the

standard JVM stack-based architecture, in order to increase

performance.

5. ART uses non-JVM standard bytecode instructions, and a

different inter-process protocol.

6. ART can run several Android applications in the same

process if required.

From Android 2.2 "Froyo" to Android 5 "Lollipop", a just-in-time

compiler (JIT) had been added to the Dalvik virtual, helping it

increase the performance of the final code. ART, on the other

hand, single handedly compiles all downloaded apps to native

code upon installation, and provides much better garbage

collection and debugging facilities than Dalvik.
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Compilation

The next diagram shows how close " APK" files are to the

equivalent "IPA" files distributed by the Apple App Store. In

both cases it consists of a compressed archive containing both

the binary of the executable and all of its bundled resources,

following a very particular folder structure.

Figure 2. Android Application Compilation
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Android Release History

The following table shows the history of Android releases,

borrowed from Wikipedia,  [https://en.wikipedia.org/wiki/

Android_version_history ] combined with information from the

Android developer dashboard  [https://developer.android.com/about/

dashboards/index.html ]. This information is valid as of August

2017.

Table 4. Android Version History And Market Share

Code
Name

Version
Number

Release
Date

API Level Support
status

%

Alpha 1.0 September
23, 2008

1 Discontinu
ed

Ð

Beta 1.1 February 9,
2009

2 Discontinu
ed

Ð

Cupcake 1.5 April 27,
2009

3 Discontinu
ed

Ð

Donut 1.6 September
15, 2009

4 Discontinu
ed

Ð

Eclair 2.0 - 2.1 October 26,
2009

5 - 7 Discontinu
ed

Ð

Froyo 2.2 - 2.2.3 May 20,
2010

8 Discontinu
ed

Ð

Gingerbrea
d

2.3 - 2.3.7 December
6, 2010

9 - 10 Discontinu
ed

0.4%

Honeycom
b

3.0 - 3.2.6 February
22, 2011

11 - 13 Discontinu
ed

Ð

Ice Cream
Sandwich

4.0 - 4.0.4 October 18,
2011

14 - 15 Discontinu
ed

0.5%

Jelly Bean 4.1 - 4.3.1 July 9, 2012 16 - 18 Discontinu
ed

5.9%
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Code
Name

Version
Number

Release
Date

API Level Support
status

%

KitKat 4.4 - 4.4.4 October 31,
2013

19 - 20 Discontinu
ed

13.4%

Lollipop 5.0 - 5.1.1 November
12, 2014

21 - 22 Supported 26.3%

Marshmall
ow

6.0 - 6.0.1 October 5,
2015

23 Supported 29.7%

Nougat 7.0 - 7.1.2 August 22,
2016

24 - 25 Supported 23.3%

Oreo 8.0 - 8.1 August 21,
2017

26 - 27 Supported 0.5%

As mentioned in the preface, the code samples that are bundled

with this book support Lollipop (API 21) as their minimum

requirement. This is because at the time of this writing, 80% of

all Android devices in circulation run a version of Android

equal or bigger to Lollipop.

1.3. Android Application Startup

When a user taps on the icon of an Android application a whole

series of events happen in the device. Many of these events are

very similar to those in iOS, and it turns out that, quite

unsurprisingly, both operating systems use a very similar

architecture, but with quite different class structures backing

them.

Let us create a small project in Android Studio. In that project,

add a subclass of the android.app.Application  class, and register that
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class as the main application class in your AndroidManifest.xml

file. Add two breakpoints in the source code, one in the

Application.onCreate()  method, and another in the

MainActivity.onCreate()  method.

The stack traces when hitting both breakpoints is shown below:

Application.onCreate()

training.akosma.startup.StartupApplication.onCreate(StartupApplication
.java:8)
com.android.tools.fd.runtime.BootstrapApplication.onCreate(BootstrapAp
plication.java:370)
android.app.Instrumentation.callApplicationOnCreate(Instrumentation.ja
va:1012)
android.app.ActivityThread.handleBindApplication(ActivityThread.java:4
553)
android.app.ActivityThread.access$1500(ActivityThread.java:151)
android.app.ActivityThread$H.handleMessage(ActivityThread.java:1364)
android.os.Handler.dispatchMessage(Handler.java:102)
android.os.Looper.loop(Looper.java:135)
android.app.ActivityThread.main(ActivityThread.java:5254)
java.lang.reflect.Method.invoke(Method.java:-1)
java.lang.reflect.Method.invoke(Method.java:372)
com.android.internal.os.ZygoteInit$MethodAndArgsCaller.run(ZygoteInit.
java:903)
com.android.internal.os.ZygoteInit.main(ZygoteInit.java:698)
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MainActivity.onCreate()

training.akosma.startup.MainActivity.onCreate(MainActivity.java:10)
android.app.Activity.performCreate(Activity.java:5990)
android.app.Instrumentation.callActivityOnCreate(Instrumentation.java:
1106)
android.app.ActivityThread.performLaunchActivity(ActivityThread.java:2
278)
android.app.ActivityThread.handleLaunchActivity(ActivityThread.java:23
87)
android.app.ActivityThread.access$800(ActivityThread.java:151)
android.app.ActivityThread$H.handleMessage(ActivityThread.java:1303)
android.os.Handler.dispatchMessage(Handler.java:102)
android.os.Looper.loop(Looper.java:135)
android.app.ActivityThread.main(ActivityThread.java:5254)
java.lang.reflect.Method.invoke(Method.java:-1)
java.lang.reflect.Method.invoke(Method.java:372)
com.android.internal.os.ZygoteInit$MethodAndArgsCaller.run(ZygoteInit.
java:903)
com.android.internal.os.ZygoteInit.main(ZygoteInit.java:698)

There are several interesting bits of information in the stack

traces above. First of all, the android.os.Looper   class, which as the

name suggests provides the main run loop of the application.

Most GUI toolkits include a similar construction, created at

application runtime, holding an event queue and routing events

from the operating system to the different activities and

components of the application.
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$

Looper == NSRunLoop

For all practical purposes, iOS developers

will recognize that the android.os.Looper  class is

the equivalent of the NSRunLoop class in Cocoa.

If you want to learn more about Looper,

please check the official Android

documentation by Google

[https://developer.android.com/reference/android/

os/Looper.html ].

If you click on the name of a class in Android Studio while

holding down the Cmd key, the IDE will open the corresponding

class file; if you do not have the Android source code available

in your local workstation the IDE will simply decompile the

code from the local SDK and show a stub implementation of the

corresponding class, with most of its methods.

By doing this repeatedly, from both the MainActivity  and the

Application  subclass you created previously, you are going to

arrive to the android.content.Context  class, which is arguably the

most important class in the Android SDK . The Context class

includes many different methods, ranging from file

management to database creation to inter-process

communication, and it also holds a reference to the underlying

Looper class.
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#

Equivalent in iOS

There is no similar equivalent of

android.content.Context  in iOS, however one

could argue that NSResponder fulfills a similar

role, since many different classes such as

UIViewController , UIView and even UIApplication

are all subclasses of NSResponder. However,

Context is a very different beast from

NSResponder!

The next diagram shows a simplified class hierarchy of the

Activity  and Application  classes and its relationship with the Looper

class.
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Figure 3. The android.content.Context class

1.4. Zygote

One of the biggest problems with any Java Virtual Machine

(JVM) is the long startup time. In the case of Android, this

problem is even bigger, given the limited resources of many

devices in the market. Moreover, since every application has to

run its own copy of the JVM to ensure privacy and security

through sandboxing, the price to pay would be too steep.

Zygote is the name of a process that Android runs as soon as the

operating system stops booting. Its objective is to launch a copy

of the Android Runtime (ART), which is AndroidÕs version of the

JVM, so that it is ready to use by every application in the system.

49 | Chapter 1. Toolchain



As soon as the user taps on the icon of an application to launch

it, Android will ask Zygote to "fork" a copy of the JVM process,

so that each application runs in its own sandbox, without

conflicting with other processes. Zygote also preloads a certain

number of libraries and resources that are usually required by

most Android applications to run properly. All of this

substantially speeds up the launching time of applications.

!

More about Zygote

If you want to know more about Zygote, this

answer in Stack Overflow

[http://stackoverflow.com/a/12703292/133764 ]

provides an excellent summary.

1.5. Android Studio

Android Studio is a free IDE provided by Google to develop

Android applications. It replaced the venerable Eclipse Android

Developer Tools, historically the first official IDE for Android

software development for many years. It was announced for

the first time in May 2013 at the Google I/O conference. The first

stable release was in December 2014. It is available for

Windows, macOS and Linux, and is now considered the official

IDE for Android development.
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#

End-of-life of the Eclipse Android Developer

Tools

Google has announced in November 2nd,

2016 [https://android-developers.blogspot.ch/2016/

11/support-ended-for-eclipse-android.html ] the

official end of support and development of

the Eclipse Android Developer Tools, which

are completely superceded by Android

Studio 2.2.

Android Studio is powered by IntelliJ IDEA, a popular IDE for

Java development for the past 15 years. It has a solid

reputation, and is particularly appreciated by its advanced

support for refactoring, code generation and project navigation

features.

Android Studio is available from the Android Studio website

[https://developer.android.com/studio/: ]. The current version at the

time of this writing is 3.0.1. Android Studio is, by far, the most

important piece in the daily workflow of an Android Developer,

and includes many different features targeted to simplify the

development of Android apps, which like all software

development can be quite a complex endeavour sometimes.
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Figure 4. Android Studio Splashscreen

Once downloaded and launched, Android Studio will launch a

configuration wizard. Most developers will choose the standard

settings. Finally, Android Studio will automatically download all

the elements required for it to work properly.

Figure 5. Android Studio Migrating Preferences
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Figure 6. Android Studio Setup Wizard Ð Step 1

Figure 7. Android Studio Setup Wizard Ð Step 2
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Figure 8. Android Studio Setup Wizard Ð Step 3

Figure 9. Android Studio Setup Wizard Ð Step 4
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Figure 10. Android Studio Setup Wizard Ð Step 5

Once Android Studio is ready to go, it will display some tips and

tricks every day Ð something you can easily dismiss if you want.

Figure 11. Android Studio Tips
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#

Android SDK Environment

Once Android Studio is installed, it is

strongly recommended to configure the

environment of your system to point to the

folder where the Android SDK resides. In my

system, I have added an ANDROID_HOME

environment variable in my .zshrc  file, as

follows:

# Path for the Android SDK
export PATH=~/Library/Android/sdk/platform-
tools:~/Library/Android/sdk/tools:"${PATH}"
# For Android stuff
export ANDROID_HOME=~/Library/Android/sdk

Creating a New Project

To create a new project in Android Studio , just select the File Ý

New Ý New Project  menu item, and follow the instructions as

shown in the following screenshots.
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Figure 12. New Project Wizard Ð Step 1
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Figure 13. New Project Wizard Ð Step 2
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Figure 14. New Project Wizard Ð Step 3
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Figure 15. New Project Wizard Ð Step 4

After running the project wizard, Android Studio should show

you a windows similar to the one featured in the image below.
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Figure 16. New project in Android Studio

$

Invoking Android Studio Actions

Instead of clicking your way around in

menus, you might want to learn the handy

Cmd+Shift +A shortcut; this command allows

you to invoke any operation available in the

IDE without leaving your hands from the

keyboard.

Command Line Tool

Android Studio allows developers to install a command line

utility, useful to open projects directly from a terminal session.

Select the Tools Ý Create Command Line LauncherÉ  menu

entry and select the output folder for the script.
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Figure 17. Creating a launcher script for Android Studio

Once installed, just type studio .  at the root of a folder

containing an Android Studio project, and a new windows with

the current project will appear on your screen.

Many of the external tools required to build Android

applications are available directly from the Tools Ý Android

menu in Android Studio.

Figure 18. Tools/Android Menu in Android Studio

We are now going to learn more about each of these pieces

individually.
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1.6. SDK Manager

As the name implies, the SDK Manager allows the developer to

install, manage and uninstall different versions of the Android

Software Development Kit (SDK) in the local workstation. The

next figure shows the default state after launching Android

Studio and installing the latest available version of Android at

the time of this writing, 7.1.1 (also known as Nougat.)

Figure 19. Android SDK Manager

1.7. AVD Manager

The Android Virtual Device or AVD manager allows you to

create emulators for your debugging sessions.
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Figure 20. Android AVD Manager Wizard Ð Step 1

Figure 21. Android AVD Manager Wizard Ð Step 2
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Figure 22. Android AVD Manager Wizard Ð Step 3

Figure 23. Android AVD Manager Wizard Ð Step 4
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Figure 24. Android AVD Manager Wizard Ð Step 5

Running apps in the Emulator

Once you have created an Android Virtual Device using the AVD

Manager, you can assign it to be used for debugging. To do that,

you have to first create a "Run/Debug configuration." You can

do that directly from Android Studio using the Run Ý Edit

ConfigurationsÉ  menu.
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Figure 25. Creating Run and Debug Configurations in Android

Studio
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"

Emulator incompatibility with Docker

At the time of this writing, the following

message might appear on the Run console of

Android Studio when starting the built-in

emulator:

emulator: ERROR: Unfortunately, there's an
incompatibility between HAXM hypervisor and
VirtualBox 4.3.30+ which doesn't allow multiple
hypervisors to co-exist.  It is being actively
worked on; you can find out more about the issue
at http://b.android.com/197915 (Android) and
https://www.virtualbox.org/ticket/14294
(VirtualBox)

If this happens to you, make sure you are

not running Docker for macOS

[https://www.docker.com/products/docker#/mac: ] at

the same time, and if this is the case, quit

Docker.

To run your application, just click the [!Play!]  button on the

toolbar. You are going to be asked to select a device (virtual or

physical) to run your device into.
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$

Types of emulator binaries

The AVD manager offers both "x86" and

"ARM" Android images; it is recommended

to install only "x86" images, which run faster

in Mac workstations. It is much better to test

your app directly on a device, if you need to

test the code in an ARM environment.
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Figure 26. Standard Android Emulator
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Genymotion

As convenient as the built-in Android emulator is, it suffers

from several drawbacks:

¥ It can take a while to start, up to several minutes,

depending on the memory available in your machine and

the speed of the CPU.

¥ It does not work in full-screen mode on macOS.

¥ It conflicts with Docker for macOS.

$

Coping with a slow emulator

Please keep in mind that the default Android

emulator can be slow at times, so it is

strongly recommended to launch an

instance of it and to leave it running while

you work on your code. Thankfully, Android

Studio includes a new feature which allows

your code to be deployed much faster to the

device or the emulator, and this will help

you have shorter code-test cycles.

Many professional Android developers use the Genymotion

[https://www.genymotion.com: ] emulator instead, which is much

faster than the official emulator, offers full-screen mode

compatibility to macOS users, and does not conflict with

Docker. To use it, you must install VirtualBox
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[https://www.virtualbox.org: ] from Oracle first.

"

Free for personal use

Genymotion offers a free download for

personal use and evaluation, but it is a

commercial developer tool and it is non-free

for professional use. Please refer to the

Genymotion website for information about

pricing and how to buy.
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Figure 27. Genymotion Emulator
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$

Genymotion SDK path

If you use the Genymotion Emulator, make

sure to open the Settings  screen and select the

Use custom Android SDK tools  option, and browse

to the ~/Library/Android/sdk  folder. This will

allow the standard Android Debug Bridge

included with Android Studio to properly

communicate with the Genymotion

Emulator.

Figure 28. Genymotion Emulator Settings
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Android Emulator vs. iOS Simulator

At this point, my dear iOS developer reader must be

remembering fondly the snappiness and convenience of use of

the iOS Simulator. It is important to remember that the words

"Emulator" and "Simulator" are not synonyms!

Table 5. iOS Simulator vs. Android Emulator

iOS Simulator Android Emulator

Type of Code x86 ARM & x86

Hardware support Limited: orientation,
memory warnings, UI

Extended: camera,
accelerometer,
telephonyÉ

In short, the iOS simulator allows Xcode to run applications

compiled for the x86 architecture  to run in a small window

that has the shape and size of an iOS device. These iOS

applications have access to the whole RAM, disk and operating

system features of macOS, but they just happen to run in a

window with a strange shape.

The Android Emulator, on the other hand, allows applications

compiled for the ARM or Intel architectures  to run in a well-

defined sandbox, with strict memory, disk and networking

capabilities, while providing a translation layer for the

instructions targeting the ARM architecture to be executed by

an x86 CPU.

Without regard for these differences, it is strongly
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recommended (for both iOS and Android developers) to run

and debug their applications in real devices; this will give them

a better idea of the performance and the characteristics of their

code in the real environment.

1.8. Gradle

It is safe to assert that Android Studio is, under the hood, just a

visual environment built around Gradle  [https://gradle.org: ], an

open source build tool created with the Groovy programming

language. You can think of Gradle as a tool similar to Maven or

Make, but specifically taylored for the task of building and

deploying Android applications.

Every Android Studio project includes three default Gradle

build files:

1. The build.gradle  file at the root of the Android Studio project,

providing configuration options for all subprojects and

modules.

2. The settings.gradle  file, at the root of the project, which

specifies the Gradle files to include (by default, only the

app/build.gradle  file.)

3. The app/build.gradle  file, which contains specific instructions

and settings for the Android application that will be built

by the project.

The latter one specifies compilation parameters, build types,
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dependencies and many other parameters. The next listing

shows a typical Gradle build file.
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The app/build.gradle file

apply  plugin:  'com.android.application'
apply  plugin:  'kotlin-android'
apply  plugin:  'kotlin-android-extensions'

android  {
Ê   compileSdkVersion 27
Ê   defaultConfig  {
Ê       applicationId  "training.akosma.introduction"
Ê       minSdkVersion 21
Ê       targetSdkVersion  27
Ê       versionCode 1
Ê       versionName "1.0"
Ê       testInstrumentationRunner
"android.support.test.runner.AndroidJUnitRunner"
Ê   }
Ê   buildTypes  {
Ê       release  {
Ê           minifyEnabled  false
Ê           proguardFiles  getDefaultProguardFile ( 'proguard-
android.txt' ), 'proguard-rules.pro'
Ê       }
Ê   }
}

dependencies {
Ê   implementation  fileTree ( dir:  'libs' , include:  [ '*.jar' ])
Ê   implementation  'com.android.support:appcompat-v7:27.0.2'
Ê   implementation  'com.android.support.constraint:constraint-
layout:1.0.2'
Ê   testImplementation  'junit:junit:4.12'
Ê   androidTestImplementation  'com.android.support.test:runner:1.0.1'
Ê   androidTestImplementation
'com.android.support.test.espresso:espresso-core:3.0.1'
Ê   implementation  "org.jetbrains.kotlin:kotlin-stdlib-
jdk7:$kotlin_version"
}
repositories  {
Ê   mavenCentral()
}

Gradle can be invoked from the command line, using the
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following command:

$ chmod +x ./gradlew
$ ./gradlew

The output of running Gradle on the command line looks like

this:

To honour the JVM settings for this build a new JVM will be forked.
Please consider using the daemon:
https://docs.gradle.org/2.14.1/userguide/gradle_daemon.html.
Incremental java compilation is an incubating feature.
:help

Welcome to Gradle 2.14.1.

To run a build, run gradlew <task> ...

To see a list of available tasks, run gradlew tasks

To see a list of command-line options, run gradlew --help

To see more detail about a task, run gradlew help --task <task>

BUILD SUCCESSFUL

Total time: 9.259 secs

To discover the various predefined tasks available in Gradle,

just run

$ ./gradlew tasks

This will yield a long lists of tasks.
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$

Learning Gradle

Virtually anything that can be done from the

Android Studio IDE can be done from the

command line using Gradle. It is

recommended to become familiar with this

tool, since this knowledge will be helpful to

configure build scripts, continuous

integration systems, and more.

1.9. Other Tools

The Android developer life is filled with various tools, each

with a specific task. This section will give an overview of the

most important of them.

Android Debug Bridge

The Android Debug Bridge (or ADB for short) provides the

capability to debug your application from Android Studio in an

emulator or in a device connected to the developer workstation.

ADB can be used in the command line, to install applications in

a device or an emulator, and to launch debugging processes.

ADB is a client-server system that consists of three items:

¥ A client, running on your developer machine, used to

trigger commands.
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¥ A daemon, running on the device or the emulator,

receiving and responding to commands.

¥ A server, running as well in your developer machine,

coordinating the communication between client and

daemon.

#

Enable developer options in your device

To enable ADB in your device, you have to

enable the USB debugging  option in your

device, which is part of the Developer

options . On Android 4.2 and later, you can

enable the (otherwise hidden) developer

options by tapping seven times  on the Build

number item in the Settings > About phone  screen.

Developers can debug applications both via USB and via Wifi.

Below is a list of useful ADB commands:

¥ adb devices  shows the list of available devices.

¥ adb start  and adb stop  help to start and stop emulator

instances.

¥ adb connect starts a debugging session on a device connected

through a wifi network.

¥ adb pull remote local  copies the remote file to the local  file.

¥ adb push local remote  copies the local  file to remote on the

device.
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¥ adb shell  starts a shell on the remote device or emulator.

¥ adb shell screencap /sdcard/screen.png  takes a screenshot of the

current display of the device.

¥ adb shell screenrecord /sdcard/demo.mp4  records the current

activity of the device in an MP4 movie.

logcat

logcat is the logger library used in Android apps. It basically

replaces the use of NSLog() (or print()  in Swift) to output data in

the console while debugging or running Android apps.

Any Android application can log messages to the console by

using the following code:

Log. i ( "application" , "This is a message for logcat" )

The Log class is available after importing it:

import  android.util.Log

Hierarchy Viewer

The Hierarchy Viewer is very similar to the View debugger in

Xcode. It allows developers to inspect and understand the view

tree with all the widgets displayed in the user interface. In

Android Studio, select the Tools Ý Android Ý Android Device
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Monitor  menu and select the Window Ý Open Perspective Ý Ý
Hierarchy View .

The tree view on the left of the Android Device Monitor window

allows you to select the activity you want to inspect (which can

be any running application on a device or an emulator.) Select

the one that corresponds to your application, and you will be

able to see the full view hierarchy on the center of the window.

ProGuard

ProGuard is used to analyze the contents of APK files, in order

to reduce their download size, and to make sure that the limit

of 65'536 methods is not overridden.

"

Maximum size for Dalvik executables

Dalvix dex files are limited to a maximum

number of 65'536 methods; this is by design,

as surprising as it may sound. This number

of methods includes the methods imported

from other libraries in the application. It is

very important then to use ProGuard to

remove unused code! If you need to support

more, please check the corresponding article

in the official documentation

[https://developer.android.com/studio/build/

multidex.html: ].
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KDoc

Android Studio can extract the KDoc [https://kotlinlang.org/docs/

reference/kotlin-doc.html ] documentation from your APIs, which is

very similar to Javadoc [https://en.wikipedia.org/wiki/Javadoc: ]

documentation. Select the Tools Ý Generate JavaDocÉ  menu

and the dialog shown in the image below will guide you.

Figure 29. Javadoc Generation Dialog

You can add KDoc comments very easily, on top of classes,

methods, fields and any other Java element:
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/**
Ê* Short description.
Ê*
Ê* @param  savedInstanceState Description
Ê* @return Description
Ê*/
override  fun onCreate( savedInstanceState : Bundle?) {
Ê   super. onCreate( savedInstanceState )
Ê   setContentView( R. layout . activity_main )
}

!

Dokka Documentation Tool

Although the KDoc and Javadoc formats are

very similar, the official code documentation

tool for Kotlin is Dokka  [https://github.com/

Kotlin/dokka ].

1.10. Summary

Google provides a solid set of tools for Android development,

including most if not all the tools required to get the job done.

Some commercial tools exist as well, and they provide a certain

added value to the equation.

Developers spend most of their time in Android Studio, editing

and debugging code, both in emulators and on a device. Devices

must have "developer mode" enabled in order to enable

debugging via USB.

The Android SDK Manager is in charge of the installation and

removal of different versions of the Android SDK in the
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workstation. The Android Virtual Device Manager is used to

create emulators with different versions of Android. The

Genymotion emulator is a commercial option to the standard

Android emulator, offering several functionalities and better

performance.

With the knowledge gained during this chapter, we are going to

start writing some Android applications, in order to learn how

to tie all these tools together.

1.10. Summary | 86



Chapter 2. Debugging
Writing software is a difficult activity, and in Android the

chances for things to go wrong are multiplied by the

astronomical number of devices available in the market. This

chapter will show some useful techniques to create, debug and

troubleshoot apps in different environments and with different

tools.

2.1. TL;DR

For those of you in a hurry, the table below summarizes the

most important pieces of information in this chapter.

Table 6. Debugging Android Apps

Android iOS

Debugger JDB LLDB

Log output logcat Xcode console

Remote debugging yes yes

Log viewers PID Cat & LogCat libimobiledevice &
deviceconsole

Network logger NSLogger NSLogger

2.2. Enabling Exception Breakpoints

The first thing that I recommend you to do is to enable

exception breakpoints, either caught or uncaught. This will

enable Android Studio to stop the execution of the application

87 | Chapter 2. Debugging



in case an Exception occurs, and given the wide range of

possibilities for errors, this can be a handy measure before any

debugging session starts.

To do that, just open the Run Ý View BreakpointsÉ  (or hit the

Shift +Cmd+F8 keyboard shortcut) and check the "Java Exception

Breakpoint" and the "Any Exception" checkboxes.

Figure 30. Breakpoints Window in Android Studio

2.3. Enabling USB Debugging

If you have reached this point in the book one could imagine

very well that you have been able to successfully run code in

your device; but for those readers who have jumped directly to

this section, here is a quick recap of the steps required to debug

applications in your device.
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First, you must enable " Developer mode" in your device. Open

the Settings application and scroll to the "About phone" section.

In that screen you should see a "Build number" entry, which

you must tap seven times . If you try to do it again, you should

see a "toast" message just like the one shown below.
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Figure 31. Developer mode already active
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After you have done that, the Settings application will display a

new "Developer" item. Select it, scroll down and you will see a

toggle switch to enable USB debugging in the device.
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Figure 32. USB Debugging switch
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2.4. Enabling WiFi Debugging

The Android debugger can also be used via a standard WiFi

connection, although this can be a security problem and you

should remember to disable this capability when you are done.

First connect your device with the USB cable and make sure

that ADB is running in a specific port:

$ adb tcpip 5555

To enable WiFi debugging, then issue the following command,

to retrieve the IP address of the device:

$ adb -s e99b50ed shell ifconfig

The common output of the ifconfig  command returns

information for each of the interfaces available in the device;

normally the one labeled wlan0 is the one you are looking for.

Write down the IP address, disconnect the USB cable and then

run the next command:

$ adb connect 192.168.1.xxx:5555

The adb devices  command should show something similar to the

following now:
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$ adb devices -l
List of devices attached
192.168.1.xxx:5555     device product:OnePlus3 model:ONEPLUS_A3003
device:OnePlus3

If you see the above, you can now use the device from Android

Studio or any other IDE, and you will be able to debug your

application just as if it were running tethered through the

standard USB cable.

At the end of your debugging session, make sure to type the

command to disable wifi debugging in your device.

$ adb -s 192.168.1.xxxx:5555 usb

This is a security measure, to disable any attempts in any

network to debug and inspect applications in your device. After

running this command, any attempt to connect to your device

should print the following output:

$ adb connect
unable to connect to 192.168.1.xxx:5555: Connection refused.
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$

Some devices offer a menu entry in the

Developer settings called "ADB over

network" which serves the same purpose,

allowing you to enable and disable the

setting visually, as shown in the picture

below. (Source: stackoverflow.com/a/

10236938/133764)
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Figure 33. ADB over network option
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2.5. Working on the Command Line

I am a bit of a command line junkie, and I like being able to

perform as many tasks as possible using my preferred macOS

terminal tools: iTerm 2  [http://iterm2.com ], zsh [http://www.zsh.org ]

and tmux  [https://tmux.github.io ]. In this section we are going to

see how easy it is to leave Android Studio aside for a while, and

use command line tools to manage Android applications.

First, open your preferred terminal and make sure that you

have all the required tools on your system:

$ env | grep ANDROID
ANDROID_HOME=/Users/adrian/Library/Android/sdk

$ which adb
/Users/adrian/Library/Android/sdk/platform-tools/adb

Then cd into the folder of any of the applications provided with

this book and run the following command to build the

application directly from the command line:

$ ./gradlew build

Let us install the application in the device. First, connect your

Android device to your Mac and run the following command to

verify that ADB is connected to it:
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Ê  $ adb devices -l
List of devices attached
e99b50ed               device usb:337772544X product:OnePlus3
model:ONEPLUS_A3003 device:OnePlus3

$
If your device does not appear, just plug and

unplug the USB cable of the device, and

make sure that you have enabled USB

debugging in the device.

Of course, in your case the output will be different; this is what

I see when I connect my own OnePlus 3 device with the USB

cable.

To install the debug build in my device, I just have to run the

following command:

$ ./gradlew installDebug

This will install the application in all the devices currently

connected to the adb daemon. Alternatively, you can also install

your application in just one device using the adb command:

$ adb -s e99b50ed install app/build/outputs/apk/debug/app-debug.apk
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$

Taking screenshots using adb

As mentioned previously in this book, you

can easily take screenshots using ADB with

the following commands:

$ adb -s e99b50ed shell /system/bin/screencap -p
/sdcard/screenshot.png
$ adb -s e99b50ed pull /sdcard/screenshot.png
screenshot.png

Once the application is installed, how about debugging it? The

Android toolkit allows you to debug applications entirely

through the command line. The ADB process can bridge

debugger commands to the Android Runtime, by the means of

port forwarding. Let us see how to do that.

Launch the application in your device and then retrieve the

process ID in your device:

$ adb -s e99b50ed jdwp
27496

JDWP stands for Java Debug Wire Protocol  [http://docs.oracle.com/

javase/1.5.0/docs/guide/jpda/jdwp-spec.html ], a standard defined for

Java debuggers, and which the Android platform implements,

albeit in limited form. The technique we are going to use

basically uses ADB to connect a local instance of jdb  (the

standard Java debugger distributed with the Java SDK) to the

process running in the device.
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The last command we ran returns the number of the process in

the Android Runtime of the device. We are going to use that

number to connect all the pieces together.

First, let us set a debug bridge between jdb  and the device:

$ adb forward tcp:7777 jdwp:27496

Then, launch the Java debugger and start a debugging session:

$ jdb -sourcepath src -attach localhost:7777

A short debugger session then looks more or less like this:
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Set uncaught java.lang.Throwable
Set deferred uncaught java.lang.Throwable
Initializing jdb ...
> stop in training.akosma.commandline.MainActivity.OnCreate
Unable to set breakpoint
training.akosma.commandline.MainActivity.OnCreate : No method OnCreate
in training.akosma.commandline.MainActivity
> stop in training.akosma.commandline.MainActivity.onCreate
Set breakpoint training.akosma.commandline.MainActivity.onCreate
>
Breakpoint hit: "thread=main",
training.akosma.commandline.MainActivity.onCreate(), line=12 bci=0
12            super.onCreate(savedInstanceState);

main[1] list
8        /** Called when the activity is first created. */
9        @Override
10        public void onCreate(Bundle savedInstanceState)
11        {
12 =>         super.onCreate(savedInstanceState);
13            setContentView(R.layout.main);
14        }
15    }
main[1] next
>
Step completed: "thread=main",
training.akosma.commandline.MainActivity.onCreate(), line=13 bci=3
13            setContentView(R.layout.main);

main[1] list
9        @Override
10        public void onCreate(Bundle savedInstanceState)
11        {
12            super.onCreate(savedInstanceState);
13 =>         setContentView(R.layout.main);
14        }
15    }
main[1] help
** command list **
<SNIP>
main[1] cont
> quit

The previous listing shows several debugger commands:

101 | Chapter 2. Debugging



¥ stop in  to create a breakpoint.

¥ list  to show the current status of the instruction pointer

upon hitting a breakpoint.

¥ next  to "step over" to the next instruction.

¥ cont  to continue the execution.

¥ help  to learn more about other commands.

"

Quit Android Studio

If you are not able to perform the command-

line debugger steps delineated above, make

sure to quit Android Studio, as it has it uses

its own adb daemon and this might interfere

with the operations.

2.6. Logcat and pidcat

If you use the command line frequently, you will start missing

the logcat output displayed by Android Studio at the bottom of

the IDE. If that is the case, and you are using (as you should)

logcat commands in your application, you should install then

pidcat  [https://github.com/JakeWharton/pidcat ], a logging tool that

provides color output in the terminal, and which can be

restrained to only display the logs for the application you are

interested in.

pidcat fulfills the same role as libimobiledevice
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[http://www.libimobiledevice.org ] or deviceconsole  [

https://github.com/ rpetrich/deviceconsole ] for iOS.

You can install it very easily using Homebrew: brew install pidcat .

Once installed, just call it using this command:

$ pidcat training.akosma.pidcatexample

The console should display something similar to the following:

Figure 34. Example output with pidcat

The pidcat help text shows that the tool allows to filter entries

by verbosity level or by device or emulator, among other

options.

$ pidcat --help
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usage: pidcat [-h] [-w N] [-l {V,D,I,W,E,F,v,d,i,w,e,f}] [--color-gc]
Ê             [--always-display-tags] [--current] [-s DEVICE_SERIAL]
[-d] [-e]
Ê             [-c] [-t TAG] [-i IGNORED_TAG] [-v] [-a]
Ê             [package [package ...]]

Filter logcat by package name

positional arguments:
Ê package               Application package name(s)

optional arguments:
Ê -h, --help            show this help message and exit
Ê -w N, --tag-width N   Width of log tag
Ê -l {V,D,I,W,E,F,v,d,i,w,e,f}, --min-level {V,D,I,W,E,F,v,d,i,w,e,f}
Ê                       Minimum level to be displayed
Ê --color-gc            Color garbage collection
Ê --always-display-tags
Ê                       Always display the tag name
Ê --current             Filter logcat by current running app
Ê -s DEVICE_SERIAL, --serial DEVICE_SERIAL
Ê                       Device serial number (adb -s option)
Ê -d, --device          Use first device for log input (adb -d option)
Ê -e, --emulator        Use first emulator for log input (adb -e
option)
Ê -c, --clear           Clear the entire log before running
Ê -t TAG, --tag TAG     Filter output by specified tag(s)
Ê -i IGNORED_TAG, --ignore-tag IGNORED_TAG
Ê                       Filter output by ignoring specified tag(s)
Ê -v, --version         Print the version number and exit
Ê -a, --all             Print all log messages

This is an invaluable tool to be able to quickly scan for specific

values in the logger output of your applications. A similar tool,

but this time with a graphical user interface for macOS is

LogCat [https://github.com/yepher/LogCat ].
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2.7. NSLogger

Although PID Cat is useful, sometimes it is not possible or

desirable to debug application instances individually using the

USB cable. For more complex debugging scenarios, NSLogger

[https://github.com/fpillet/NSLogger/ ] is a useful option.

NSLogger allows developers to gather logging information from

running applications in the local network. To do that,

developers must include the NSLogger NSLogger Android client

[https://github.com/fpillet/NSLogger/tree/master/Client%20Logger/Android ]

in their applications. When the application runs, the code

automatically tries to send all of its logging information to an

application running on a Mac on the same local network as the

devices. Developers can then watch live the updates of their

applications and thus to troubleshoot problems in specific

devices.

To install NSLogger in your own app, at the time of this writing

there is no simple mechanism (like, for example, using Gradle.)

The code of NSLogger must be included in the application, but

since the linkage is done through static methods and properties,

the Kotlin compiler can strip the code out of the application if

not used (for example, in Release builds.)

Download the zip from the main Github repository of NSLogger

[https://github.com/fpillet/NSLogger ] and copy the folder inside of the

Client Logger/Android/client-code/src  into the app/src/main/java  folder

of your own application. Android Studio should detect the new

105 | Chapter 2. Debugging

https://github.com/fpillet/NSLogger/
https://github.com/fpillet/NSLogger/tree/master/Client%20Logger/Android
https://github.com/fpillet/NSLogger


code automatically.

Copy the files in the Client Logger/Android/example/com/example/  folder

using Finder and paste them in Android Studio as part of your

application.

Add the following permissions to your application in the

AndroidManifest.xml file:

Permissions for NSLogger

Ê   <uses-permission  android:name="android.permission.INTERNET" />
Ê   <uses-permission
android:name="android.permission.ACCESS_WIFI_STATE" />
Ê   <uses-permission
android:name="android.permission.CHANGE_WIFI_STATE" />
Ê   <uses-permission
android:name="android.permission.CHANGE_WIFI_MULTICAST_STATE" />

Include your logging code, either in your custom subclass of the

Application  class in your project, or in your activity, to activate

logging.
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Sending NSLogger calls

Ê       if  ( Debug. D) {
Ê           Debug. enableDebug( application , true )
Ê           // change to your mac's IP address, set a fixed TCP port
in the Prefs in desktop NSLogger
Ê           Debug. L?. setRemoteHost( "192.168.1.115" , 50007, true )
Ê           Debug. L?. LOG_MARK( "MainActivity startup" )
Ê       }

Ê       button . setOnClickListener  { Debug. L?. LOG_UI( 0, "Button
clicked" ) }

Ê       seekBar. setOnSeekBarChangeListener( object  : SeekBar
. OnSeekBarChangeListener {
Ê           override  fun onProgressChanged( seekBar: SeekBar, i : Int ,
b: Boolean) {
Ê               Debug. L?. LOG_APP( 0, "SeekBar changed")
Ê           }

Ê           override  fun onStartTrackingTouch ( seekBar: SeekBar) {
Ê               Debug. L?. LOG_NETWORK( 0, "SeekBar
onStartTrackingTouch" )
Ê           }

Ê           override  fun onStopTrackingTouch( seekBar: SeekBar) {
Ê               Debug. L?. LOG_SERVICE( 0, "SeekBar onStopTrackingTouch")
Ê           }
Ê       })

#
Change the IP address to match the one

where the client NSLogger application is

running.

Before launching your application in Android Studio, make sure

to download and launch the NSLogger desktop viewer

application  [https://github.com/fpillet/NSLogger/releases ] in your Mac.

You should configure so that the port used by the client code is
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the same as the one used in the desktop viewer.

Figure 35. NSLogger desktop viewer configuration

Having done this, and after adding some logging calls in your

code, launching and using the application should automatically

open a new NSLogger window in your Mac, displaying

something similar to the contents of the following screenshot.
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Figure 36. NSLogger application running

$

The contents of the NSLogger macOS

application window can be saved into a file

with the .nsloggerdata  extension. The source

code of this book includes a sample

NSLogger file in the Debugging/NSLogger

folder.

2.8. Stetho

Stetho [http://facebook.github.io/stetho/ ] is a tool created by

Facebook to debug Android applications using the Google

Chrome  [https://www.google.com/chrome/index.html ] debugging tools.

It is very simple to use and can be helpful to inspect and edit

the user interface of applications, either on the device or on an
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emulator.

!
Follow along

The code of this section is located in the

Debugging/StethoSample folder.

To use it, just add the required dependencies in the module

Gradle file:

Stetho dependencies in the module Gradle file

implementation  'com.facebook.stetho:stetho:1.5.0'
implementation  'com.facebook.stetho:stetho-js-rhino:1.5.0'
implementation  "org.jetbrains.kotlin:kotlin-stdlib-
jdk7:$kotlin_version"

After adding the dependencies, create a subclass of

android.app.Application  in your project:

Application subclass

import  android.app.Application
import  com.facebook.stetho.Stetho

class  StethoSampleApplication  : Application () {

Ê   override  fun onCreate() {
Ê       super. onCreate()
Ê       Stetho. initializeWithDefaults ( this )
Ê   }
}

Of course, you need to declare this new subclass in your

AndroidManifest.xml  file:

2.8. Stetho | 110



AndroidManifest.xml file with the new Application subclass

<application
Ê   android:allowBackup= "true"
Ê   android:icon= "@mipmap/ic_launcher"
Ê   android:label= "@string/app_name"
Ê   android:supportsRtl= "true"
Ê   android:theme="@style/AppTheme"
Ê   android:name=".StethoSampleApplication" >

Launch the application, either on the device or the simulator,

and open Google Chrome. Navigate to chrome://inspect/#devices  and

you should see something similar to the following image:

Figure 37. Google Chrome showing available devices for

debugging

Clicking on the "inspect" link will open a developer tool
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window, which will be extremely familiar to those using Google

Chrome for frontend web development. This editor can be used

to inspect the UI of the application, drilling down until finding

the right component, and can be used to modify the state of the

interface as shown in the screenshot below:

Figure 38. Editing the UI using Stetho

Stetho can be used to inspect the state of SQLite databases, but

there is a very useful module available to inspect the state of

Realm databases  [https://github.com/uPhyca/stetho-realm ].

2.9. Summary

Android applications can not only be debugged on the Android

Studio IDE, but also on the command line; remember that

Android Studio can be seen as a huge user interface built on top

of Gradle and ADB. Other tools, such as NSLogger, Stetho and
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pidcat, provide additional services for inspecting the behavior

of applications in different devices.
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Part 2: User Interfaces
Getting and Reacting to User Input

Good looks are fundamental for any successful application, and

this is true for both iOS and Android. The good news is that

both system share a lot of commonalities, including drawing

APIs that looks incredibly similar. This part will explain the

Android graphics subsystem, including the view hierarchies,

the APIs and other topics.
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Chapter 3. User Interface
Android uses the same basic input interface as iOS; a

touchscreen. Through this interface, users are able to

manipulate and interact with widgets such as buttons,

scrollbars, panes and menus, with a sense of physicality very

much like the one offered by UIKit and its related frameworks.

In this chapter we are going to learn how to build and organize

user interfaces in our applications, concentrating our attention

in the major building blocks of Android apps: Activities, Intents

and Fragments.

3.1. TL;DR

For those of you in a hurry, the table below summarizes the

most important pieces of information in this chapter.

Table 7. User Interface in Android

Android iOS

UI design Layout files NIB/XIB/Storyboard

Controllers Activity UIViewController

Callbacks Anonymous Classes IBAction

Views android.view.View UIView

Connecting views findViewById(R.id.xxxxx
)

IBOutlet

Text fields EditText UITextField

Buttons Button UIButton
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Android iOS

Text labels TextView UILabel

Translatable strings strings.xml Localizable.strings

Navigation between
controllers

Intent Storyboard Segue

UI decomposition Fragment Children
UIViewController

Serialization Parcelable NSPropertyListSerializa
tion

Dialog boxes AlertDialog UIAlertController

3.2. UI Design Guidelines

Material Design  [https://material.google.com/ ] is the current visual

language that Google has created to unify the visuals and

interactions throughout their complete suite of products, on the

web, on the desktop and of course on mobile devices.

This book is definitely not a book about visual design (and if

you can tell through my UML diagrams, I can say that design in

general is not one of my strenghts!) but it is important to

understand the underlying principlies behind Material Design.

Google created Material Design with the following principles

[https://material.google.com/#introduction-principles ] in mind:
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Material is the metaphor

A material metaphor is the unifying theory of a

rationalized space and a system of motion.

Bold, graphic, intentional

The foundational elements of print-based design Ð

typography, grids, space, scale, color, and use of imagery Ð

guide visual treatments.

Motion provides meaning

Motion respects and reinforces the user as the prime

mover.

Of course, this should come as no surprise to any seasoned iOS

developer; Apple itself is well known for having created visual

guidelines for their own operating systems (starting with

macOS [https://developer.apple.com/library/content/documentation/

UserExperience/Conceptual/OSXHIGuidelines/index.html ] and following

with iOS [https://developer.apple.com/ios/human-interface-guidelines/

overview/design-principles/ ], watchOS [https://developer.apple.com/

watchos/human-interface-guidelines/ ] and tvOS

[https://developer.apple.com/tvos/human-interface-guidelines/overview/ ])

for a long time.

These guidelines, as the name suggest, provide designers and
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developers with a common language, enabling teams to discuss

and elaborate visual architectures for their applications.

I strongly suggest the reader of these lines to spend some time

browsing the Google Material Design website

[https://material.google.com/ ] in order to understand the paradigms

and the ideas behind the different visual elements that make up

an Android application.

3.3. Android Support Library

Historically, the characteristic of Android that frightens most

iOS developers is the sheer diversity of devices and versions of

Android available in the wild. The technical press usually refers

to this issue as the "fragmentation" of the Android worldÉÊbut

as with many things in the press these days, it is safe to say that

these claims (and the fears generated as a consequence) are

overrated.

Early in the development of Android, Google realized that

application developers should be able to support lots of

different devices, with different screen sizes (such as tablets

and smartphones of all sizes) and resolutions. This situation led

to two very important additions to the Android toolkit back in

2011 [http://android-developers.blogspot.ch/2011/03/fragments-for-

all.html ]:

1. Fragments.
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2. The Support Library.

The Support Library, initially known as the Android

Compatibility Package, allows applications running in older

versions of Android to enjoy the UI paradigms and the features

brought to the system in new versions of Android.

This library is available to Android developers through the

Android SDK, and is distributed to users through the Play Store;

this means that Android devices that include the standard

Google Play Store will always have the Support Library

installed, and this enables all applications to run seamlessly in

all devices, starting in Android 2.3 (API level 9) and higher.

Throughout this book, we are going to use this library

extensively. The package is named android.support  and all of our

applications will inherit from

android.support.v7.app.AppCompatActivity  instead of the standard

Activity  class provided by Android.

3.4. Activities

By far, the most important building block of Android

applications are activities.  They fulfill a similar role to that of

UIViewController  instances in iOS, that is, to manage the display

of a screenful of data at any single time.

Android Studio allows developers to build applications around

the Activity paradigm, creating and removing activities for each
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of the specific tasks that are required by the application.

Activities are a powerful architectural mechanism for

organizing and encapsulating your code.

#
Activities must be self-contained and have as

few dependencies from other activities as

possible. This will allow you to reuse them in

the same or in other applications easily.

The Activity Stack

In every Android application, there is a default activity that is

launched and displayed by default when the application starts.

This is similar to the "entry point" defined in iOS Storyboards.

The same way you can move the arrow that represents the

entry point of the Main storyboard in an iOS application, you

can specify the default activity for any Android application as a

simple entry in the AndroidManifest.xml file:
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AndroidManifest.xml

<?xml version="1.0" encoding="utf-8"?>
<manifest  xmlns:android= "http://schemas.android.com/apk/res/android"
Ê         package="training.akosma.basic" >

Ê   <application
Ê       android:allowBackup= "true"
Ê       android:icon= "@mipmap/ic_launcher"
Ê       android:label= "@string/app_name"
Ê       android:supportsRtl= "true"
Ê       android:theme="@style/AppTheme">
Ê       <activity  android:name=".MainActivity" >
Ê           <intent-filter>
Ê               <action  android:name="android.intent.action.MAIN" />

Ê               <category
android:name="android.intent.category.LAUNCHER" />
Ê           </intent-filter>
Ê       </activity>
Ê   </application>

</manifest>

However, Android being different from iOS, it also means that

the way activities are connected to each other is also different.

In Android, all activities are included by default in a default

navigation stack , and any activity can be launched

independently of the other activities bundled in an application.

For iOS developers, it is better to think that the operating

system holds a system-wide UINavigationController  instance that

spans accross all applications; every time the user launches an

application, the activity is "pushed" to this global navigation

stack. When the user presses the [!Back!]  button (which is

usually available in most Android devices by default as a
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hardware button) the current activity is "popped" from the

stack, and the device returns to the previous state of operation,

whichever that is.

This means that if your application launches an activity from

the calendar application, and this one in turn launches another

activity, say for example a contact from the address book, then

when the user presses the back button twice, the current

activity will be again your own activity, the one that started this

chain of operations.

A Basic Application

In the source code bundled with this book, please open the

Android Studio project located in the UI/Basic  folder. This is a

very simple Android application with a single activity, that

shows how to use an activity as a simple controller for the UI of

your application.

To recreate the application by yourself, follow these steps:

1. Create a new Android Studio application. Select the default

options, including the "Empty Activity" template.

2. When Android Studio is ready, you open the activity_main.xml

layout file and delete the label that appears on top of the

screen.

3. Using your mouse, drag three components to the UI, in the

following order: a plain text EditText, a Button, and a

3.4. Activities | 124



TextView widget. You should see them in the palette at the

left side of the editor panel, a familiar sight for those used

to Interface Builder.

4. Select the EditText  component in the designer, and on the

right side of the editor you should see a properties panel.

Change the ID to nameEditText, change the "hint" property to

Enter your name and touch "Greet"  and remove the value of the

"text" property.

5. Select the Button  component in the designer, and on the

properties panel change the properties as follows: set the

ID to greetButton , set the text to Greet, and set the onClick  event

to button_onClick .

6. Select the TextView component in the designer, and set the

properties as follows: ID to greetingTextView  and remove any

value in the "text" property.

$

As you can see, the Android UI designer

properties panel works in a very similar way

as that of Interface Builder; it organizes the

properties following the inheritance chain;

the EditText  properties appearing on top of

those defined in the TextView class.

7. Launch your application on the emulator or, better yet,

connect your device to your Mac and use it to launch the

application. You should see the widgets displayed

according to the layout created in the designer, but for the
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moment you can not do anything on the user interface.

Clicking the [!Greet!]  button yields nothing. It is time to

enter some code.

8. Double click on the MainActivity.kt  file in the project browser

on the left of the Android Studio window (if you have not

done that already.) We are going to add a bit of code to that

file, until it looks like the source code below.

MainActivity.kt

class  MainActivity  : AppCompatActivity() {
Ê   !
Ê   override  fun onCreate( savedInstanceState : Bundle?) {
Ê       super. onCreate( savedInstanceState )
Ê       setContentView( R. layout . activity_main )
Ê   "
Ê   fun button_onClick ( view: View) {
Ê       name = nameEditText. text . toString ()
Ê       greetWithHtml ()
Ê   }

Ê   private  fun greetWithHtml () {
Ê       val  text  = "Hello <span style='color:
blue;'><b>$name</b></span>"
Ê       var  html : Spanned
Ê       if  ( Build . VERSION. SDK_INT >= Build . VERSION_CODES. N) {
Ê           html  = Html. fromHtml( text , Html. FROM_HTML_MODE_LEGACY) #
Ê       } else  {
Ê           @Suppress( "DEPRECATION")
Ê           html  = Html. fromHtml( text )
Ê       }
Ê       greetingTextView . text  = html
Ê   }
}

! Just like UIViewController  instances, Activities have a well-

defined lifecycle . They have several methods that are called

at specific moments in their lifetime. This method, onCreate()
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is roughly equivalent to viewDidLoad in iOS, as it is also called

when the instance is created in memory.

" In addition to using the XML layout to assign event handlers,

you can also add them using simple Kotlin lambdas assigned

via the setOnClickListener  method. Moreover, the kotlin-android-

extensions  plugin allows to create automatically the

connections between variables in the code and widgets in

the layout.

# You can easily display HTML code directly in your TextView

instances. Use the android.text.Html.fromHtml()  method and

assign the result (a Spanned value) to the text  property.

"

The R class is autogenerated, and can

sometimes get out of sync with the resources

of the project. If that happens, a quick

solution is to use the Build Ý Clean Project

menu item in Android Studio.

Activity States

As you have just seen, Activities have a lifecycle very similar to

that of the UIViewController  class. The following diagram shows in

detail the various states and methods called in each state

change, as the Activity instance is created, modified and

disposed.

127 | Chapter 3. User Interface



Figure 39. Activity State Diagram

Inspecting the UI

When inspecting the user interface using the Hierarchy Viewer

bundled in the Android Device Monitor, the screen shown in

the image below appears.
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Figure 40. Inspecting the user interface of the Basic application

Android Widgets

In the Basic application built above, we have used several

different widgets for the user interface.

"

Sometimes Android UI widget classes have

strange sounding names for those of us

coming from the iOS world. The naming

conventions are different, and as such it is

important to learn them.

In the "Basic" application above we have used the TextView,

EditText  and Button  classes, which are all related through

inheritance.
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Figure 41. EditText Hierarchy Diagram

The TextView class is a subclass of android.view.View , the base class

of all visible things in Android. Just like in iOS, a View is a

representation of a rectangle on the screen, including

everything that is drawn inside.

#

Instances of the android.view.View  class, unlike

UIView instances, cannot have children

widgets; this is only possible at the level of

the android.view.ViewGroup  class, itself a subclass

of android.view.View . Remember this when you

will want to create your own complex view

systems.

Many of the most important subclasses of android.view.View  are

shown below.
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Figure 42. View Hierarchy Diagram

Finally, when a developer wants to set or get the text of a

TextView, it turns out that the setter and getter do not take String

instances, but rather reference the CharSequence interface. In the

case of the EditText , the getText()  method returns an object

implementing the Editable  interface.

$
As a general design decision, using

interfaces in your method signatures it is

always a good idea. It makes your APIs more

flexible and extensible.
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Figure 43. String Hierarchy Diagram

Optimizing the Project with Lint

Let us enhance now this "Basic" application a little bit. First of

all, we are going to select the Analyze Ý Inspect CodeÉ  menu

item. The dialog shown in the screenshot below will appear.

Figure 44. Android Studio Code Inspection Dialog

Android Lint is a tool roughly equivalent to the Clang Static
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Analyzer  [http://clang-analyzer.llvm.org: ], available in Xcode in the

Product Ý AnalyzeÉ  menu item. We will run it with the default

options, and among the many improvements, there are a few

"low hanging fruits" which we can fix right now.

The output of the tool appears at the bottom of the screen.

Figure 45. Android Studio Lint Results

The "Inspection" pane at the bottom of the Android Studio

window contains the list of problems found in the project, and

when selecting any of these items, an explanation is shown on

the left side.

String Files

Now let us fix some of these problems.

The first one is actually highlighted in the previous image, and

has to do with the fact that we have hardcoded strings in the

layout file when we created our "Basic" application. This is
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hardly a good idea; first of all, we might want to make our

application available to users in other languages in the future,

and this is where the strings.xml  file comes in handy.

The strings.xml  resource file is more or less equivalent to the

Localizable.strings  file used in Cocoa to provide international

versions of all the strings included in the application. There is,

however, a nice difference; the strings referenced in strings.xml

are immediately parsed by Android Studio, and they are

available through the autogenerated R class.

To solve the problem in the Lint Inspection pane, select it with

your mouse and hit the Cmd+"  keyboard shortcut. This will open

the file where the problem resides and will scroll automatically

to the required line of code. Replace the value Enter your name and

touch "Greet"  with the text @string/edit_hint . At first Android Studio

will complain that the key is non existent, but we are going to

fix that immediately.

Open now the strings.xml  file; for that, let us use another handy

keyboard shortcut: Shift +Cmd+O. This opens a "Quick Open" dialog

that allows you to open any file on the project. Add the required

key on the file, and then do the same with the text on the

[!Greet!]  button.

Your strings file should now look like shown below.
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A simple strings.xml file

<resources>
Ê   <string  name="app_name">Basic</string>
Ê   <string  name="edit_hint" >Enter your name and touch
"Greet" </string>
Ê   <string  name="greet_button" >Greet</string>
</resources>

One of the nice things of concentrating strings inside of the

resources file is that Android Studio proposes to "autocomplete"

most string placeholders with values taken out of it. This

simplifies the handling of these values greatly, and makes it

easy to translate all the strings in a project in one operation,

usually before publication.

One final note about string files: to avoid (mis)handling the

XML code in the file, Android Studio provides a nice interface

that can be used to edit strings instead. This can be accessed by

clicking on the "Open editor" link that appears on the top right

of the strings.xml  file tab in Android Studio.
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Figure 46. Android Studio Translation Editor

Handling Orientation Changes

Whether you are using now a physical device or an emulator,

try now the following: first, enter your name in the EditText  field,

hit the [!Greet!]  button and then change the orientation of the

device.

See what happened? The value in the TextView suddenly

disappeared. This is something that can be very puzzling for

iOS developers. In iOS, the state of a UIViewController  is kept

between orientation changes, and the controller just receives a

few callbacks to be notified of the change.

In the case of Android, the behavior is radically different; when

the user rotates the device, the activity is destroyed and

disposed, and a new one is created and displayed.
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The only possible solution for an Android developer, given

these constraints, is to save the current state of the application,

and to reload it accordingly if required. Let us add some code to

solve this problem.

MainActivity keeping state

Ê   "
Ê   if  ( savedInstanceState  != null ) {
Ê       name = savedInstanceState . getString ( KEY)
Ê       greetWithHtml ()
Ê   }
#
override  fun onSaveInstanceState( outState : Bundle?) {
Ê   super. onSaveInstanceState( outState )
Ê   outState ?. putString ( KEY, name)
}
companion object  {

Ê   !
Ê   private  val  KEY = "name"
}

! This is the key used to store the current value of the TextView

instance when the activity is about to be destroyed.

" When Android creates the activity, it verifies whether there

was already a stored value; if this is the case, then use it to

reset the UI to the previous state.

# This method is called right before the Activity is destroyed;

we use the KEY string to store the current value of the TextView

widget before being called upon oblivion.
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3.5. Intents

The basic communication mechanism between activities is the

android.content.Intent  class. Whenever an activity wants to start

another activity, or to communicate with another process in the

device, it will always use an instance of the Intent  class.

This architecture has no equal in the world of iOS applications,

where the communication between view controllers is usually

strongly coupled; this has the advantage of a simpler

programming model, relatively easier to understand for

newcomers, but it also leads to tangled architectures, where it

is almost impossible to reuse controllers in different contexts.

Thanks to intents, Android activities can truly be independent

from each other at every time, which helps in the creation of

decoupled architectures, with high degrees of testability and

reuse.

$
Follow along

The code of this section is located in the

UI/Age folder.

There are three use cases for intents in Android:

¥ Explicit intents  specify the class of the activity to launch,

and are commonly used inside of a single application to

navigate from screen to screen.
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¥ Implicit intents  are used to open system-wide services,

such as asking the built-in browser to open a web page or

to search for a contact in the contacts database.

¥ Return values  from an activity to the "previous" one in the

activity stack are also Intent  instances, holding on to the

data that must be passed back.

Let us learn now how to use Intent  instances to open other

activities.

Implicit Intents

Implicit intents are the simplest. Just specify the action you

would like to launch (in this case, android.content.Intent.ACTION_VIEW )

and the parameter (in this case, a URL.) This implicit intent has

the net result of opening the default web browser in the device.

Using implicit intents

webButton. setOnClickListener  {
Ê   val  intent  = Intent ( ACTION_VIEW, Uri . parse
( "https://akosma.training" ))
Ê   startActivity ( intent )
}

The startActivity()  method of the Activity  class takes an Intent

instance as a parameter, and asks the operating system to do

the rest.
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Explicit Intents

The simplest use case consists in navigating from one activity to

another, that is, pushing a new activity on the device navigation

stack.

Using explicit intents

ageButton. setOnClickListener  {
Ê   val  i  = Intent ( this , AgeActivity :: class . java )
Ê   i . putExtra ( "age" , age)
Ê   startActivityForResult ( i , 0)
}

In this case we use the startActivityForResult()  method of the

Activity  class, because we are expecting the AgeActivity  class to

return a simple value.

Returning Values

The AgeActivity  class in our example contains a SeekBar that the

user can slide from left to right to choose a suitable age. When

the user presses the "Back" button (or, alternatively hits the

"Finish" button) the current activity is popped off the current

stack and the setResult()  method is called. This method takes an

Intent  as a parameter, one that contains the data to be passed to

the previous activity.
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Returning data with an Intent

private  fun notifyAge () {
Ê   val  data = Intent ()
Ê   data. putExtra ( "age" , age)
Ê   setResult ( Activity . RESULT_OK, data)
}

When an activity calls setResult()  the one that has requested it

through the startActivityForResult()  will be notified of this, and the

onActivityResult()  callback will be activated.

Reading a result value

override  fun onActivityResult ( requestCode: Int , resultCode : Int , data:
Intent ) {
Ê   super. onActivityResult ( requestCode, resultCode , data)
Ê   if  ( resultCode  != Activity . RESULT_OK) {
Ê       return
Ê   }
Ê   age = data. getIntExtra ( "age" , DEFAULT_AGE)
Ê   displayAge()
}

Thanks to this simple architecture, data can flow from one

activity to another freely and simply. The structure of the data

is, of course, part of an implicit contract that should be

documented and specified ÐÊand tested, if at all possible.

Another example of requesting data from the operating system

is shown below, where we ask the user to select a contact from

its device and we display the name on our application.
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Requesting and showing a contact

contactsButton . setOnClickListener  {
Ê   val  intent  = Intent ( Intent . ACTION_PICK, ContactsContract . Contacts
. CONTENT_URI)
Ê   startActivityForResult ( intent , PICK_REQUEST)
}

public  override  fun onActivityResult ( request : Int , code: Int , data:
Intent ) {
Ê   super. onActivityResult ( request , code, data)

Ê   if  ( request  == PICK_REQUEST && code == Activity . RESULT_OK) {
Ê       val  contactData  = data. data
Ê       val  resolver  = contentResolver
Ê       var  c: Cursor? = null
Ê       if  ( contactData  != null ) {
Ê           c = resolver . query( contactData , null , null , null , null )
Ê       }
Ê       if  ( c != null  && c. moveToFirst()) {
Ê           val  column = ContactsContract . Contacts. DISPLAY_NAME
Ê           val  index = c. getColumnIndex( column)
Ê           val  name = c. getString ( index)
Ê           textView . text  = name
Ê           c. close ()
Ê       }
Ê   }
}

companion object  {
Ê   private  val  PICK_REQUEST = 0
}
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#

Data Providers

The contacts example we saw in the

previous section is just one example among

a large collection of generic data providers.

We are going to learn more about Android

data providers in chapter "Storage".

3.6. Fragments

Remember iOS "Universal Applications"? These are, according

to Apple, iOS applications that can run both in the "form factor"

of the iPhone or on that of the iPad. They are usually quite easy

to create on iOS; just create different storyboards for each

device, wire the scenes in your storyboards accordingly, and

iOS takes care of the rest. If the application is running on an

iPhone, then the iPhone storyboard will be displayed; if it is on

an iPad, then the iPad storyboard will be taken into account.

Android works in pretty much the same way; the difference is

that Android applications can have different layout files for

different screen sizes, and even for different resolutions,

orientations, and many other factors!

However, no matter how many layout files you have in your

projects, Activities still take all the available screen space, every

single time. Android does not allow many activities to share the

current screen. Hence, a different solution was required. And
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this solution is called fragments .

Fragments are one of the most fundamental visual building

blocks in Android. They allow developers to create flexible user

interfaces that work differently in different devices, yet they

are distributed as the same application in the Play Store.

Fragments are, in a sense, like small UIViewController  instances

that are children of a bigger, "container" UIViewController . You can

compose complex user interfaces in iOS by nesting controllers

inside of other controllers. Each contains its own view logic,

and talks to other controllers using well-defined interfaces (like

notifications, delegate protocols or other mechanisms.)

In Android, Fragments always exist inside an Activity. Activities

can have one or many fragments, each containing its own view

logic.

$
Follow along

The code of this section is located in the

UI/Fragments folder.

We are going to create now a small application that displays the

same data in different ways depending on whether it is running

on a tablet or on a smartphone; we are actually going to create

something similar to a UISplitViewController !

The first step consists in creating the individual fragments for
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our application. We need a fragment that displays a list of

items, and another fragment that displays just one of the items;

the classical "master & detail" user interface paradigm.

We are also going to need two activities; one is the MainActivity ,

the root activity of the application, whether it is running on a

smartphone or a tablet. If the application is running on a tablet,

it will display both fragments at the same time. If it is running

on a smartphone, that means that the "detail" fragment will not

be visible, and then the DetailActivity , itself containing the

DetailFragment  will be called using an intent.

These are the layouts we need for both activities; as you can

see, there are two layouts for the MainActivity, which has two

different "look & feels":

MainActivity layout file for smartphones

<?xml version="1.0" encoding="utf-8"?>
<FrameLayout
xmlns:android= "http://schemas.android.com/apk/res/android"
Ê            android:layout_width= "match_parent"
Ê            android:layout_height= "match_parent" >

Ê   <fragment
Ê       android:id= "@+id/listFragment"
Ê       class= "training.akosma.fragments.ListFragment"
Ê       android:layout_width= "match_parent"
Ê       android:layout_height= "match_parent"  />
</FrameLayout>
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MainActivity layout file for tablets

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout
xmlns:android= "http://schemas.android.com/apk/res/android"
Ê             android:orientation= "horizontal"
Ê             android:layout_width= "match_parent"
Ê             android:layout_height= "match_parent" >

Ê   <fragment
Ê       android:id= "@+id/listFragment"
Ê       class= "training.akosma.fragments.ListFragment"
Ê       android:layout_width= "0dp"
Ê       android:layout_height= "match_parent"
Ê       android:layout_weight= "1"  />

Ê   <fragment
Ê       android:id= "@+id/itemFragment"
Ê       class= "training.akosma.fragments.DetailFragment"
Ê       android:layout_width= "0dp"
Ê       android:layout_height= "match_parent"
Ê       android:layout_weight= "2"  />
</LinearLayout>

The DetailActivity  class only needs one layout:
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DetailActivity layout file

<?xml version="1.0" encoding="utf-8"?>
<RelativeLayout
Ê   xmlns:android= "http://schemas.android.com/apk/res/android"
Ê   xmlns:tools= "http://schemas.android.com/tools"
Ê   android:id= "@+id/activity_detail"
Ê   android:layout_width= "match_parent"
Ê   android:layout_height= "match_parent"
Ê   tools:context= "training.akosma.fragments.DetailActivity" >

Ê   <fragment
Ê       android:id= "@+id/itemFragment"
Ê       class= "training.akosma.fragments.DetailFragment"
Ê       android:layout_width= "match_parent"
Ê       android:layout_height= "match_parent"  />
</RelativeLayout>

In terms of code, the most complex class in the project is the

ListFragment  class, which actually uses a

android.support.v7.widget.RecyclerView  instance to display a list of

strings. The RecyclerView class is the closest thing in Android to an

iOS UICollectionView  or UITableView, and we are going to learn more

about it in the next few chapters. For the moment you only

need to know that the Adapter class inside of it is used as a data

source, just as you would do it in iOS.

The ListFragment  class also defines a "callback protocol" so that

users of that fragment are notified of events on the RecyclerView.

The root activity of the project is responsible for the

coordination of the work between the fragments, and we can

see that at work in the code below.
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The MainActivity class coordinating the fragments

override  fun onItemSelected( value: String ?) {
Ê   Toast. makeText( this , value, Toast. LENGTH_SHORT). show()

Ê   val  detailFragment  = supportFragmentManager. findFragmentById( R. id
. itemFragment) as DetailFragment ?
Ê   if  ( detailFragment  == null  || ! detailFragment . isInLayout ) {
Ê       val  intent  = Intent ( this , DetailActivity :: class . java )
Ê       intent . putExtra ( DetailFragment . PARAMETER, value)
Ê       startActivity ( intent )
Ê   } else  {
Ê       detailFragment . update( value ?: "" )
Ê   }
}

As you can see, here we check for the existence of the detail

fragment in the layout of the activity; if we are running the app

in a smartphone, then the layout will not include that fragment,

and the check will yield a falsy value; hence, we just create an

Intent  and ask the operating system for a new activity, in order

to display the value that the user selected on the list.

On the other hand, if the app is running on a tablet, then the

layout file that has been loaded by the operating system already

includes that fragment, and thus the only thing we need to do is

to simply update its value.

Coordination via LocalBroadcastManager

In the previous example we used a direct communication

pattern between the list fragment and its host activity. You can

use the android.support.v4.content.LocalBroadcastManager   class for a

more disconnected system of interaction, one that is
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suspiciously similar to the one provided in Cocoa by the

NSNotificationCenter  and NSNotification  classes.

Local broadcast are available through the support library, and

they guarantee privacy since no app can accept local broadcasts

from any other application, and no other application can listen

to the local broadcast of other apps.

$
Follow along

The code of this section is located in the

UI/Notifications  folder.

The first thing we need to do is to make the MainActivity  class, the

one that coordinates the communication between fragments, to

register itself as a listener of a local broadcast.

Create an android.content.BroadcastReceiver  object and override its

onReceive()  method, as shown in the following listing.

149 | Chapter 3. User Interface



A local broadcast receiver

private  val  receiver  = object  : BroadcastReceiver() {
Ê   override  fun onReceive( context : Context, intent : Intent ) {
Ê       receive ( intent )
Ê   }
}

private  fun receive ( intent : Intent ) {
Ê   val  value = intent . getStringExtra ( Constants. DATA_KEY)
Ê   Toast. makeText( this , value, Toast. LENGTH_SHORT). show()

Ê   val  detailFragment  = supportFragmentManager
Ê           . findFragmentById( R. id . itemFragment) as DetailFragment ?
Ê   if  ( detailFragment  == null  || ! detailFragment . isInLayout ) {
Ê       val  showDetailIntent  = Intent ( this , DetailActivity :: class .
java )
Ê       showDetailIntent . putExtra ( DetailFragment . PARAMETER, value)
Ê       startActivity ( showDetailIntent )
Ê   } else  {
Ê       detailFragment . update( value)
Ê   }
}

Then register this receiver object in onCreate() .

Registering a local broadcast receiver

val  filter  = IntentFilter ( Constants. NOTIFICATION_NAME)
val  manager = LocalBroadcastManager. getInstance ( this )
manager. registerReceiver ( receiver , filter )

Needless to say, you should deregister it on onDestroy() .
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Deregistering a local broadcast receiver

override  fun onDestroy() {
Ê   val  manager = LocalBroadcastManager. getInstance ( this )
Ê   manager. unregisterReceiver ( receiver )
Ê   super. onDestroy()
}

Finally, let us modify the ListFragment  class so that local

broadcasts are sent every time that the user taps on an item.

Sending a local broadcast

override  fun onClick ( view: View) {
Ê   val  intent  = Intent ( Constants. NOTIFICATION_NAME)
Ê   intent . putExtra ( Constants. DATA_KEY, item)
Ê   val  activity  = activity
Ê   val  manager: LocalBroadcastManager
Ê   manager = LocalBroadcastManager. getInstance ( activity !!)
Ê   manager. sendBroadcast( intent )
}

3.7. Layouts

Android is an incredibly popular operating system, running in

billions of devices all over the planet. These devices can have

dramatically different sizes, ranging from small smartphones to

large tablets.

When designing Android applications, it is important to never

hardcode the positions of the widgets on the screen, but rather

to place them in relative positions, and then to test the

application in as many devices as possible.
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Android applications use XML files to define the user interface

shown in activities and fragments. These XML files use different

"layouts" to place the widgets in similar ways across all devices.

There are several kinds of layouts available, and this chapter

will describe the most common ones.

Figure 47. Layouts available in Android Studio

!
Follow along

The code of this section is located in the

UI/Layouts  folder.
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What is a Layout?

Android layouts are views which have the characteristic of

being able to have children. By default, Android views cannot

have children, and the first view that presents this

characteristic in the class hierarchy is the ViewGroup class. All

layouts inherit from the ViewGroup class, as shown in the diagram

below. Also, some common widgets, such as the RadioGroup and

the DatePicker  class inherit from layouts, helping their complex

structures.

Figure 48. Layout Hierarchy Diagram

Since layouts are ViewGroup subclasses, they can contain other

layouts as well. This means that complex user interfaces can be

built by composition, using different layouts where they make

sense, one inside the other.
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Constraint Layout

By default, new Android application projects will use the

Constraint Layout for their user interface. This is the latest and

the most powerful layout system available in Android, and it is

very similar to Auto Layout in iOS.

!

Cassowary Algorithm

Both iOS' Auto Layout and Android

Constraint Layout derive from the same

mathematical foundation, the Cassowary

linear arithmetic constraint solving

algorithm  [https://dl.acm.org/citation.cfm?

id=504705 ].

The idea behind the Constraint Layout is to describe the

positions of the widgets on the screen using equations that are

solved at runtime; all of the widgets are positioned in such a

way that these equations are solved and correct. For example,

we might want a text label with a title to be centered on the

screen, but always placed 42 points below the title bar; then we

would want a button to have a flexible width but a fixed height,

and to be placed always 30 points below the previous text label;

and so on. Android will solve this equations at runtime for you.

To make your life easier, Android provides a visual layout

editor.

3.7. Layouts | 154

https://dl.acm.org/citation.cfm?id=504705
https://dl.acm.org/citation.cfm?id=504705
https://dl.acm.org/citation.cfm?id=504705


Figure 49. Constraint Layout Editor

In the XML file you can see the results of your manipulation.

Constraint Layout XML

<Button
Ê   android:id= "@+id/linearButton"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:layout_marginEnd= "64dp"
Ê   android:layout_marginStart= "8dp"
Ê   android:layout_marginTop= "80dp"
Ê   android:text= "Linear"
Ê   app:layout_constraintEnd_toStartOf= "@+id/relativeButton"
Ê   app:layout_constraintHorizontal_bias= "0.794"
Ê   app:layout_constraintStart_toStartOf= "parent"
Ê   app:layout_constraintTop_toBottomOf= "@+id/frameButton"  />

Linear Layout

The Linear Layout is the simplest of all layouts available. It just

places the widgets on the screen in the order in which they are
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defined in the XML file, either vertically or horizontally.

Linear Layout XML

<LinearLayout  android:layout_width= "match_parent"
Ê   android:layout_height= "match_parent"
Ê   android:orientation= "vertical"
Ê   xmlns:android= "http://schemas.android.com/apk/res/android" >

Ê   <Button
Ê       android:id= "@+id/button"
Ê       android:layout_width= "match_parent"
Ê       android:layout_height= "wrap_content"
Ê       android:text= "Button"  />

Ê   <CheckBox
Ê       android:id= "@+id/checkBox"
Ê       android:layout_width= "match_parent"
Ê       android:layout_height= "wrap_content"
Ê       android:text= "CheckBox" />

Figure 50. Linear Layout Editor
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Frame Layout

The Frame Layout blocks a part of the screen so that only one

component can be drawn. The idea of the Frame Layout is to

position a single child element, although it is technically

possible to use the android:layout_gravity  parameter of child views

to place an item on a corner, at the center or at the middle of

the layout. The example below shows how to do this.

Frame Layout XML

<Button
Ê   android:id= "@+id/button2"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:text= "Button"
Ê   android:layout_gravity= "center"
Ê   />

<CheckBox
Ê   android:id= "@+id/checkBox2"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:text= "CheckBox"
Ê   android:layout_gravity= "top|right"
Ê   />
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Figure 51. Frame Layout Editor

Grid Layout

As the name explains, the Grid Layout is used to place child

views in a grid structure. This can be useful in many situations,

like for example the buttons of a calculator; the example below

shows how to create a simple grid layout resembling the keypad

of a pocket calculator in a few steps.
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Grid Layout XML

<Button
Ê   android:id= "@+id/button08"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:layout_column= "1"
Ê   android:layout_row= "0"
Ê   android:text= "8"  />

<Button
Ê   android:id= "@+id/button09"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:layout_column= "2"
Ê   android:layout_row= "0"
Ê   android:text= "9"  />

Figure 52. Grid Layout Editor

Relative Layout

The Relative Layout is used to place widgets relative to one

another; it is a bit simpler to understand than the Constraint
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Layout, but it is also less powerful.

Relative Layout XML

<ProgressBar
Ê   android:id= "@+id/progressBar2"
Ê   style= "?android:attr/progressBarStyle"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:layout_below= "@+id/checkBox3"
Ê   android:layout_marginEnd= "14dp"
Ê   android:layout_marginTop= "25dp"
Ê   android:layout_toStartOf= "@+id/checkBox3" />

<Switch
Ê   android:id= "@+id/switch3"
Ê   android:layout_width= "wrap_content"
Ê   android:layout_height= "wrap_content"
Ê   android:layout_alignEnd= "@+id/checkBox3"
Ê   android:layout_below= "@+id/progressBar2"
Ê   android:layout_marginTop= "27dp"
Ê   android:text= "Switch"  />

Figure 53. Relative Layout Editor
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3.8. Summary

Activities are the basic building block of Android applications.

Every activity manages a screenful of information, just like

UIViewController  instances would on iOS. The UI of activities can

be designed visually, just like with Interface Builder in Xcode.

Attach event handlers to UI widgets directly using Kotlin

lambdas, instead of using Java anonymous classes, which

makes code easier to write, read and maintain.

Intents are objects used to launch other activities, either in this

application or in any other application in the system. They

provide the glue that allow applications to talk to each other.

Applications should be built around Fragments, to ensure their

adaptation to other device sizes, such as tablets. In that sense,

Activities should be seen as containers for fragments, allowing

them to collaborate and to share information at runtime.

Finally, the whole operating system works like a giant

UINavigationController  instance, onto which Activity instances are

constantly pushed and popped, and this explains the

importance of the back button in Android devices.
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Chapter 4. Graphics
Android applications, just like their iOS counterparts, rely

heavily in strong, bold, beautiful graphics to convey their

meaning and to help users perform their tasks. In this chapter

we are going to learn the basics of Android graphics ÐÊwhich, as

we will see, are very similar to those of iOS Ð as well as a few

techniques to gather complex events and drawing intricate

graphics in the easiest possible way.

4.1. TL;DR

As usual, for those readers in a hurry, the table below

summarizes the most important pieces of information in this

chapter.

Table 8. Android Graphics

Android iOS

Framework android.graphics UIKit

Views View UIView

Coordinate system Origin at top left Origin at top left

Location on screen LayoutParams CGRect

Images ImageView UIImageView

Colors Color  (manipulates int !) UIColor

Bezier curves Path UIBezierPath

Drawing method onDraw() draw()

Drawing context Canvas CGContext
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Android iOS

Mark as "dirty" invalidate() setNeedsDisplay()

Gestures GestureDetector UIGestureRecognizer

Pinch gesture ScaleGestureDetector UIPinchGestureRecognize
r

Affine Transformations Matrix CGAffineTransform

Simple animations View.animate() animate(withDuration:an
imations:)

Complex animations android.animation.Anima
tor

CAAnimation

Application-level
memory warnings

Application.onLowMemory
()

applicationDidReceiveMe
moryWarning()

Activity-level memory
warnings

Activity.onTrimMemory() didReceiveMemoryWarning
()

4.2. Graphics on Android

Let us begin our discussion about drawing on Android devices

with a little bit of theory. This section will explain the

coordinate system used in Android graphics, the units, the

variety of screen densities, and will provide some background

about how to solve some common memory problems that arise

when handling large amounts of data.

Coordinate system

To draw, we not only need to know what to draw, but where to

draw it. In iOS, the coordinate system has its origin Ð the (0, 0)

point Ð at the top left of the screen. In Android, it is exactly the

same .
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!
Follow along

The code of this section is located in the

Graphics/ScreenSize  folder.

To learn more about the Android coordinate system we are

going to create a small project with a main activity taking the

whole screen; no status bar, no action bar, nothing. Just the

activity.

To do that, no need to add any code; the XML resource files are

enough. First we are going to modify the base application

theme in res/values/styles.xml  so that it looks like shown below:

Fullscreen application style

<resources>

Ê   <style  name="AppTheme" parent="Theme.AppCompat.Light.NoActionBar">
Ê       <item name="windowNoTitle" >true </item>
Ê       <item name="windowActionBar">false </item>
Ê       <item name="android:windowFullscreen" >true </item>
Ê       <item name="android:windowContentOverlay" >@null</item>
Ê       <item name="colorPrimary" >@color/colorPrimary </item>
Ê       <item name="colorPrimaryDark" >@color/colorPrimaryDark </item>
Ê       <item name="colorAccent" >@color/colorAccent </item>
Ê   </style>

</resources>

We are going to take the basic style called

Theme.AppCompat.Light.NoActionBar provided by Android and we are

going to personalize it, removing the title bar and the action bar

as required.
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We are also going to remove all padding from the activity,

modifying the res/values/dimens.xml  and /res/values-w820dp/dimens.xml

files:

Dimension specifications

<resources>
Ê   <dimen name="activity_horizontal_margin" >0dp</dimen>
Ê   <dimen name="activity_vertical_margin" >0dp</dimen>
</resources>

Our activity will contain a single TextView centered in the middle

of the screen, and we are going to programmatically add other

TextView instances on the screen, using something that all iOS

developers know too well: absolute positioning.
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Absolute positioning of views

val  width  = 300
val  height  = 300

val  display  = windowManager. defaultDisplay
val  metrics  = DisplayMetrics ()
display . getRealMetrics ( metrics )
val  maxX = metrics . widthPixels
val  maxY = metrics . heightPixels
val  density  = metrics . densityDpi

sizeLabel . text  = """
Ê   Screen: $maxX x $maxY px
Ê   Density : $density  dpi
Ê   """.trimIndent()

val  topLeftTextView  = TextView( this )
topLeftTextView . text  = "Top Left"
val  topLeft  = RelativeLayout . LayoutParams( width , height )
topLeftTextView . setBackgroundColor( Color . BLUE)
topLeftTextView . setTextColor ( Color . WHITE)
topLeftTextView . setTypeface( null , Typeface. BOLD_ITALIC)
topLeftTextView . textSize  = 20f
relativeLayout . addView( topLeftTextView , topLeft )

The final result of this operation is visible in the following

figures, both real screenshots taken in devices running the

application.
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Figure 54. Screen dimensions in a smartphone

Figure 55. Screen dimensions in a tablet
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Do not use absolute positioning

The code above only serves the purpose of

showing the sizes and position of elements

on the screen, but views on Android screens

should always  be positioned relatively or

using some kind of flow layout, like

LinearLayout . This will allow your user

interfaces to adapt gracefully to new screen

sizes.

Units

The previous exercise shows values on the screen, in pixels and

in dots per inch. Just like in iOS, the drawing system in Android

is device independent, and as such it can accomodate and work

in devices of all kinds. The following list provides the complete

reference of units supported in Android. [1: Source:

stackoverflow.com/a/2025541/133764 ]

px

Pixels - corresponds to actual pixels on the screen.

in

Inches - based on the physical size of the screen. 1 Inch =

2.54 centimeters

mm
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Millimeters - based on the physical size of the screen.

pt

Points - 1/72 of an inch based on the physical size of the

screen.

dp or dip

Density-independent Pixels - an abstract unit that is based

on the physical density of the screen. These units are

relative to a 160 dpi screen, so one dp is one pixel on a 160

dpi screen. The ratio of dp-to-pixel will change with the

screen density, but not necessarily in direct proportion.

Note: The compiler accepts both "dip" and "dp", though "dp"

is more consistent with "sp".

sp

Scale-independent Pixels - this is like the dp unit, but it is

also scaled by the userÕs font size preference. It is

recommend you use this unit when specifying font sizes, so

they will be adjusted for both the screen density and userÕs

preference.

The following table shows the relationship and major

characteristics of these units.

Table 9. Android Graphical Units
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Unit Description Units Per
Physical Inch

Density
Independent

Same
Physical Size
On Every
Screen

px Pixels Varies No No

in Inches 1 Yes Yes

mm Millimeters 25.4 Yes Yes

pt Points 72 Yes Yes

dp Density
Independent
Pixels

~160 Yes No

sp Scale
Independent
Pixels

~160 Yes No

#

Use dp whenever possible

As a rule of thumb, always privilege the use

of density-independent pixels (dip)

whenever possible, just like you would use

points instead of pixels in iOS.

Screen Densities

The following tables show the "classical" Android screen

densities; please keep in mind that most modern Android

smartphones and tablets fall into the xhdpi  and xxhdpi  classes,

offering incredibly high levels of contrast and display. You

should ideally test your app in the largest possible number of

devices to ensure that your designs scale well into new size

classes.

171 | Chapter 4. Graphics



Table 10. Android Graphical Densities

Density Bucket Screen Density Physical Size Pixel Size

ldpi 120 dpi 0.5 x 0.5 in 0.5 in * 120 dpi =
60x60 px

mdpi 160 dpi 0.5 x 0.5 in 0.5 in * 160 dpi =
80x80 px

hdpi 240 dpi 0.5 x 0.5 in 0.5 in * 240 dpi =
120x120 px

xhdpi 320 dpi 0.5 x 0.5 in 0.5 in * 320 dpi =
160x160 px

xxhdpi 480 dpi 0.5 x 0.5 in 0.5 in * 480 dpi =
240x240 px

xxxhdpi 640 dpi 0.5 x 0.5 in 0.5 in * 640 dpi =
320x320 px

#

About color warmth and other issues

Designing beautiful graphics is a subject that

falls outside of the scope of this book, but

please keep in mind that different devices

feature different screen technologies, and as

such the warmth and gamut of the colors

could vary sensibly from the drawing

application to the device. Again, the only

solution here is to test in a wide range of

devices, from different manufacturers.

Out of Memory when Using Graphics

One of the most common problems when working with
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graphics in Android is the dreaded, never welcome, drastically

horrid OutOfMemoryError, also referred to as "OOME" in the Java

literature. Given the tight conditions in which Android

applications run, it is entirely possible Ð actually, extremely

likely ÐÊthat you will encounter one of these errors in your life

as a graphical Android developer. Allocate a huge

android.graphics.Bitmap  instance in memory, and you could end the

life of your application right away.

The first and simplest solution could be toÉ well, load a smaller

version of the same image. This advice seems silly but

remember that most Android devices do not have big screens,

and loading that 20 MB image all of a sudden could not be the

best idea, particularly if a 50 KB version of the same image

offers the same quality to the end user.

If you still have to load large images in memory, there are a

couple of tricks you can use.

1. You can add the android:largeHeap="true"  property to your

AndroidManifest.xml  file. This will tell the operating system to

pay attention to the fact that your application might need

more memory than usual. However, doing this can slow

down your application in some devices, because more

memory means longer (and potentially more frequent)

garbage collection cycles, which impact performance

directly.

2. Use java.lang.ref.SoftReference<>  objects to hold your Bitmaps.
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SoftReference objects are guaranteed to be removed from

memory before the system throws the dreaded OOME.

3. Resample the image using BitmapFactory.decodeResource() (and,

of course, save that image afterwards in the local storage of

your device for it to be reused later.)

4. Implement the onTrimMemory() method in your Activity

subclasses; this method is the equivalent of the

didReceiveMemoryWarning() method of the UIViewController  class in

UIKit.

5. Add a subclass of the android.app.Application  to your project,

register it in your AndroidManifest.xml  file and implement the

onLowMemory() method, which is the equivalent of the

applicationDidReceiveMemoryWarning(_:)  method of the

UIApplicationDelegate  protocol in UIKit.

!
Follow along

The code of this section, showing how to use

BitmapFactory.decodeResource() is located in the

Graphics/LargeBitmap folder.

Checking for the current memory status of your device is quite

straightforward.
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Checking the current memory status of your device

val  memoryInfo = availableMemory
val  mem = humanReadableByteCount( memoryInfo. availMem, false )
var  message = String . format ( "Available memory: %s" , mem)

if  ( memoryInfo. lowMemory) {
Ê   message += "\nLow memory!"
}

val  builder  = AlertDialog . Builder ( this )
builder . setTitle ( "Memory status" ). setMessage( message)
val  dialog  = builder . create ()
dialog . show()

The code below shows what kind of action to take when an

activity receives low-memory warnings.
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Receiving and reacting to a memory warning

override  fun onTrimMemory( level : Int ) {
Ê   super. onTrimMemory( level )

Ê   when ( level ) {
Ê       // Called when the app went to the background
Ê       ComponentCallbacks2. TRIM_MEMORY_UI_HIDDEN -> {  }

Ê       // These happen at runtime, even if your app is
Ê       // on the foreground. If CRITICAL, the operating
Ê       // system will begin to kill processes.
Ê       ComponentCallbacks2. TRIM_MEMORY_RUNNING_MODERATE,
Ê       ComponentCallbacks2. TRIM_MEMORY_RUNNING_LOW,
Ê       ComponentCallbacks2. TRIM_MEMORY_RUNNING_CRITICAL -> {  }

Ê       // This is even worse; this process is in the
Ê       // list to be terminated as soon as possible.
Ê       // This might be your last chance to survive.
Ê       ComponentCallbacks2. TRIM_MEMORY_BACKGROUND,
Ê       ComponentCallbacks2. TRIM_MEMORY_MODERATE,
Ê       ComponentCallbacks2. TRIM_MEMORY_COMPLETE -> {  }

Ê       // This is a generic low-memory level message.
Ê       // Do your job. Release memory. Now.
Ê       else  -> {  }
Ê   }
}

The code below shows some "last resort" measures, asking the

operating system to trigger the JVM garbage collection. Not

precisely a good idea in itself, but useful for the curious among

you.
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Reacting to a memory warning on the Application subclass

class  LargeBitmapApp : Application () {
Ê   override  fun onLowMemory() {
Ê       super. onLowMemory()
Ê       System. runFinalization ()
Ê       Runtime. getRuntime(). gc()
Ê       System. gc()
Ê   }
}

Remember to declare your custom Application  subclass in the

AndroidManifest.xml  file! Otherwise it will not be taken into

account.

Declaring a custom Application class and extending the JVM heap

size

<application
Ê   android:allowBackup= "true"
Ê   android:icon= "@mipmap/ic_launcher"
Ê   android:label= "@string/app_name"
Ê   android:supportsRtl= "true"
Ê   android:theme="@style/AppTheme"

Ê   android:largeHeap= "true"
Ê   android:name=".LargeBitmapApp">

4.3. Custom Views

This is one of my preferred sections in this book: we are going

to learn how to create a simple drawing application. This

application will have three very simple features:

1. Users can choose a color and a brush size
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2. They can draw freely on the screen.

3. They can erase and start from scratch.

The most important point in this whole application is that the

final code will be very small ÐÊno more than 100 lines of code

for the View class where the drawing takes place!

!
Follow along

The code of this section is located in the

Graphics/Draw folder.

You can see a screeshot of the application in action in the

following picture.
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Figure 56. Drawing application on a tablet

The application consists of a single Activity which does not do

anything else than wiring events to the different components in

the UI; we have a Button , a SeekBar to select sizes, and a couple of

RadioButton instances to select the color of the brush.

The core of the application is undoubtedly the DrawableCanvas

class, itself a subclass of android.view.View .
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The declaration of the DrawableCanvas class

class  DrawableCanvas( context : Context, attrs : AttributeSet ) : View
( context , attrs ) {

Ê   private  var  strokeColor  = Color . BLACK
Ê   private  var  strokeWidth  = 3.0f
Ê   private  var  currentLine : Line? = null
Ê   private  var  lines : ArrayList <Line> = ArrayList ()

DrawableCanvas is a subclass of android.view.View , the most important

class in the drawing system of Android. Every single component

you can see on most Android apps (with the exception of those

apps drawing their own widgets, like OpenGL games for

example) is an instance of a subclass of View.

And the good news for iOS developers is that View is very similar

to UIView in many ways. The biggest similarity is the fact that

both include an overridable method that can be used to

perform custom drawing on the screen; in the case of iOS itÕs

the UIView.draw()  method; in the case of Android is the View.onDraw()

method. Even the names are similar!

The snippet below shows how to draw lines on the screen, using

the android.graphics.Path , which is in many ways the same thing as

a UIBezierPath  on iOS.
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The DrawableCanvas.onDraw() method

override  fun onDraw( canvas: Canvas) {
Ê   super. onDraw( canvas)

Ê   for  ( line  in  lines ) {
Ê       val  path = line . path
Ê       val  paint  = line . paint
Ê       canvas. drawPath( path, paint )
Ê   }
}

As you can see, the onDraw() method shares many points in

common with its iOS counterpart:

1. This method is never  called directly by the user; the

application Looper decides when and how to refresh the

screen. The task of the developer is merely to include the

drawing code, and nothing else.

2. The method receives an instance of android.graphics.Canvas  as

a parameter, which looks suspiciously similar to a CGContext

parameter received by UIView.draw() . Both represent an in-

memory structure where visual changes can be made, and

the Android operating system will take those changes and

pass them to the GPU (if the current device has one) or the

graphics subsystem, in order to refresh the screen. In this

case we are calling canvas.drawPath()  which, as the name

implies, draws a particular path object on the screen, using

a android.graphics.Paint  object, with information about color,

stroke width and other details.
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Of course, the lines must be drawn by the user, and the

DrawableCanvas class should react to the touch events generated by

the user. We are going to override yet another method, in this

case View.onTouchEvent() which reminds us of similar methods in

the UIResponder class.

The DrawableCanvas.onTouch() method

override  fun onTouchEvent( event: MotionEvent): Boolean {
Ê   val  result  = super. onTouchEvent( event)
Ê   if  (! result ) {
Ê       when ( event. action ) {
Ê           MotionEvent. ACTION_DOWN -> {
Ê               val  newLine = Line( strokeColor , strokeWidth )
Ê               lines . add( newLine)
Ê               newLine. moveTo( event. x, event. y)
Ê               currentLine  = newLine
Ê               invalidate ()
Ê               return  true
Ê           }

Ê           MotionEvent. ACTION_MOVE -> {
Ê               val  x = event. x
Ê               val  y = event. y
Ê               currentLine ?. lineTo ( x, y)
Ê               invalidate ()
Ê               return  true
Ê           }

Ê           MotionEvent. ACTION_UP -> {
Ê               currentLine  = null
Ê               invalidate ()
Ê               return  true
Ê           }
Ê       }
Ê   }
Ê   return  result
}

The code above is quite straightforward, but there is one very
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interesting method called inside of that switch  statement: the

View.invalidate()  method is the exact equivalent of setNeedsDisplay()

in iOS. It tells the operating system that the current instance is

"dirty" and that it should be redrawn as soon as possible,

usually at the end of the current Looper iteration.

4.4. Persisting the State of Views

In the chapter "User Interface", more exactly in section

"Handling Orientation Changes" we talked about how Android

activities must save their state when the orientation of the

screen changes; and that this is actually a very good idea for

dealing with low memory situations, in which your application

might be killed to free memory for other processes.

It turns out that this requirement applies not only to activities,

but also to all the views contained in that activity. The

View.onSaveInstanceState()  and View.onRestoreInstanceState()  are called

automatically in all views, so that their state can be safely

restored in the case of an orientation change or an application

restart.

The code below shows how our DrawableCanvas class is able to save

and restore its own state whenever the hosting activity suffers

from some kind of destruction event.

183 | Chapter 4. Graphics



Saving the state of views

override  fun onSaveInstanceState(): Parcelable ? {
Ê   val  bundle = Bundle()
Ê   bundle. putParcelable ( "superState" , super. onSaveInstanceState())
Ê   bundle. putParcelableArrayList ( "lines" , lines )
Ê   return  bundle
}

public  override  fun onRestoreInstanceState ( state : Parcelable ) {
Ê   if  ( state  is  Bundle) {
Ê       lines  = state . getParcelableArrayList ( "lines" )
Ê       super. onRestoreInstanceState ( state . getParcelable (
"superState" ))
Ê   }
}

The most important concept of saving application state revolves

around the android.os.Parcelable  interface. Parcelable specifies the

methods to implement to make any object subject to

serialization and deserialization in the case of a destruction

event.

The most common class implementing Parcelable  is the

android.os.Bundle  class, which is simply a bag of string keys and

Parcelable  values.

In our drawing application we have implemented the Parcelable

interface in our Line  and Point  classes; these are used by the

DrawableCanvas class to store the information about the lines

created by the user as the finger moved around on the screen.
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Architecture of the Draw application

In the "Draw" application, the Line  class holds

an array of Point  instances, representing the

locations on the screen "visited" by the

finger of the user. A Line  also contains a Paint

object with information about color, stroke

width and other parameters, and can

generate on demand a Path object providing

its visual representation.

The listing below shows how the Line  class implements Parcelable ,

which involves overriding two methods and adding one public

static final field called CREATOR (this might be the most puzzling

fact about the Parcelable  interface, by the way.)
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