FOURTH EDITION

Professional

Android

Reto Meier and Ian Lake






PROFESSIONAL ANDROID®, FOURTH EDITION

INTRODUCTION . ..ttt ittt ettt ittt it et XXXi
CHAPTER 1 Hello, Android . ... 1
CHAPTER 2 GettingStarted ......... ... 13
CHAPTER 3  Applications and Activities and Fragments, OhMy! ............ 57
CHAPTER 4 Defining the Android Manifest and Gradle Build Files,

and ExternalizingResources . ......... ... .. i i 95
CHAPTER 5 BuildingUserlInterfaces........... ..., 129
CHAPTER 6 Intents and Broadcast Receivers. . ......................... 177
CHAPTER7 UsingInternet Resources. .. ........ ... .. ... 211
CHAPTER 8 Files, Saving State, and User Preferences. ................... 245
CHAPTER 9 Creatingand UsingDatabases ............... ... ... ... .... 281
CHAPTER 10 Content Providersand Search. ........ ... ... .. ... ... .... 317
CHAPTER 11 Working inthe Background. .......... ... ... ... ... ... .. 377
CHAPTER 12 Implementing the Android Design Philosophy................ 433
CHAPTER 13 Implementing a Modern Android User Experience . ........... 463
CHAPTER 14 Advanced Customization of Your User Interface . ............. 501
CHAPTER 15 Location, Contextual Awareness, and Mapping. . ............. 541
CHAPTER 16 Hardware Sensors . ........ ...t inininnnenennnnnn. 619
CHAPTER 17 Audio, Video, and Usingthe Camera ....................... 665
CHAPTER 18 Communicating with Bluetooth, NFC, and Wi-Fi Peer-to-Peer. .. 713
CHAPTER 19 Invadingthe HomeScreen ........ ... ... ... .. ... ... .... 743
CHAPTER 20 Advanced Android Development ............ ... ... .. .. ... 787
CHAPTER 21 Releasing, Distributing, and Monitoring Applications . ... ...... 825
IND X . i i i i i i e e e e e 863






PROFESSIONAL

Android®

Fourth Edition






PROFESSIONAL

Android®

Fourth Edition

Reto Meier
Ian Lake

WFroxX

A Wiley Brand



Professional Android®, Fourth Edition

Published by

John Wiley & Sons, Inc.
10475 Crosspoint Boulevard
Indianapolis, IN 46256
www.wiley.com

Copyright © 2018 by John Wiley & Sons, Inc., Indianapolis, Indiana
Published simultaneously in Canada

ISBN: 978-1-118-94952-8
ISBN: 978-1-118-94954-2 (ebk)
ISBN: 978-1-118-94953-5 (ebk)

Manufactured in the United States of America
10987654321

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108
of the 1976 United States Copyright Act, without either the prior written permission of the Publisher, or authorization
through payment of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers,
MA 01923, (978) 750-8400, fax (978) 646-8600. Requests to the Publisher for permission should be addressed to the
Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201)
748-6008, or online at http://www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with
respect to the accuracy or completeness of the contents of this work and specifically disclaim all warranties, including
without limitation warranties of fitness for a particular purpose. No warranty may be created or extended by sales or pro-
motional materials. The advice and strategies contained herein may not be suitable for every situation. This work is sold
with the understanding that the publisher is not engaged in rendering legal, accounting, or other professional services.

If professional assistance is required, the services of a competent professional person should be sought. Neither the pub-
lisher nor the author shall be liable for damages arising herefrom. The fact that an organization or Web site is referred to
in this work as a citation and/or a potential source of further information does not mean that the author or the publisher
endorses the information the organization or Web site may provide or recommendations it may make. Further, readers
should be aware that Internet Web sites listed in this work may have changed or disappeared between when this work was
written and when it is read.

For general information on our other products and services please contact our Customer Care Department within the
United States at (877) 762-2974, outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with stan-
dard print versions of this book may not be included in e-books or in print-on-demand. If this book refers to media such
as a CD or DVD that is not included in the version you purchased, you may download this material at http://book-
support .wiley.com. For more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2018951986

Trademarks: Wiley, the Wiley logo, Wrox, the Wrox logo, Programmer to Programmer, and related trade dress are trade-
marks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates, in the United States and other countries,
and may not be used without written permission. Android is a registered trademark of Google, LLC All other trademarks
are the property of their respective owners. John Wiley & Sons, Inc., is not associated with any product or vendor
mentioned in this book.


www.wiley.com
http://www.wiley.com/go/permissions
http://booksupport.wiley.com
http://booksupport.wiley.com
www.wiley.com

To Kris.

—RETO

To Andrea and Hannabh.

—IJAN






ABOUT THE AUTHORS

RETO MEIER has been working to help Android developers create the best applications possible
for their users since the initial Android release in 2007. Reto grew up in Perth, Western Australia,
and then spent “the next 18 months” in London for a total of 6 years, before settling in the San
Francisco Bay Area with his wife in 2011.

Reto has spent 10 years as a Developer Advocate at Google, contributing articles, online training,
conference talks, and YouTube videos to the developer community.

Before smartphones were invented, Reto spent over 10 years as a software developer in various
industries, including offshore oil and gas and finance.

You can learn more about Reto’s thoughts on Android development, ask him questions, and see pic-
tures of his cats on Twitter at www.twitter.com/retomeier, where he shares more than he prob-
ably should, and read longer thoughts on Medium at medium.com/e@retomeier.

IAN LAKE has lived in nine states across the United States before settling in the San Francisco Bay
Area in 2013.

Ian is a member of the Android Toolkit team at Google, focused on providing the libraries and
APIs needed for modern Android development. His prior experience includes that as an Android
Developer Advocate, Android app developer, and enterprise application developer back when
Android wasn’t even an option.

You can connect with Ian on Google+ (plus.google.com/+IanLake) or Twitter (www.twitter
.com/ianhlake) to learn more about his wonderful family, hobbies (mostly Android development),
and interests.

While Reto and lan work at Google, the views and opinions expressed in this book are theirs alone
and do not necessarily represent those of their employer.


www.twitter.com/retomeier
www.twitter.com/ianhlake
www.twitter.com/ianhlake
mailto:medium.com/@retomeier




ABOUT THE TECHNICAL EDITORS

DANIEL ULERY is a Senior Software Engineer who lives near Lewiston, Idaho. His experience includes
software engineering projects using technologies such as Java Enterprise, C# WinForms, SQL Server,
Raspberry Pi, and Android. Dan received his Bachelor of Science in Computer Science from the
University of Idaho in 2004. When he’s not working on software projects, he’s likely working on one
of many DIY projects.

ED WOODWARD is a Senior Development Manager and Android Developer for OpenStax at Rice
University. He currently manages the Devops team and is tech lead on the Business Intelligence team
along with developing OpenStax’s Android app. Prior to joining OpenStax, Ed was a Vice President/
Application Architect at JPMorganChase. Ed was a Band Director at the high school and middle
school level for several years before transitioning to programming.

CHAIM KRAUSE is an expert computer programmer with more than 30 years of experience to prove
it. He has worked as a lead tech support engineer for ISPs as early as 1995, as a senior developer
support engineer with Borland for Delphi, and has worked in Silicon Valley for over a decade in
various roles, including technical support engineer and developer support engineer. He is currently
a military simulation specialist for the US Army’s Command and General Staff College, working on
projects such as developing serious games for use in training exercises. He has also authored several
video training courses on Linux topics, and has been a technical reviewer for over 20 books, includ-
ing Amazon Web Services for Mobile Developers (Sybex, 2017) and Professional Swift (Wrox,
2015). It seems only natural then that he would be an avid gamer and have his own electronics lab
and server room in his basement. He currently resides in Leavenworth, Kansas, with his beautiful
partner Ivana and a menagerie of four-legged companions: their two dogs, Dasher and Minnie, and
their three cats, Pudems, Talyn, and Alaska.

MURAT YENER is a code geek, open source committer, Java Champion, and ex-Google Developer
Expert on Android, who is working at Google. He is the author of Expert Android Studio (Wiley,
2016) and Professional Java EE Design Patterns (Wiley, 2015). He has extensive experience with
developing Android, Java, web, JavaEE, and OSGi applications, in addition to teaching courses and
mentoring. Murat was an Eclipse committer and one of the initial committers of the Eclipse Libra
project. Murat had been a user group leader at GDG Istanbul and in GDG San Francisco, organiz-
ing, participating, and speaking at events. He is also a regular speaker at major conferences, such as
DroidCon, JavaOne, and Devoxx.






CREDITS

PROJECT EDITOR MARKETING MANAGER
John Sleeva Christie Hilbrich
TECHNICAL EDITORS EXECUTIVE EDITOR
Daniel Ulery Jim Minatel

Ed Woodward

Chaim Krause PROJECT COORDINATOR, COVER
Murat Yener Brent Savage
PRODUCTION EDITOR PROOFREADER

Barath Kumar Rajasekaran Nancy Bell

COPY EDITOR INDEXER

Kimberly A. Cofer Johnna VanHoose Dinse
PRODUCTION MANAGER COVER DESIGNER
Kathleen Wisor Wiley

CONTENT ENABLEMENT AND OPERATIONS COVER IMAGE
MANAGER © 1971yes/iStock.com

Pete Gaughan






ACKNOWLEDGMENTS

FIRST, I'D LIKE TO THANK MY WIFE KRISTY, whose love and support makes everything I do possible.

A big thank you to my friends and colleagues at Google, particularly all the amazing people in the
Android team, without whom I’d have nothing to write about, and the developer relations team who
inspire me every day.

I also thank our army of technical editors, including Dan Ulery, Ed Woodward, Chaim Krause,
Murat Yener, James Harmon, and Chad Darby, without whom this book would contain far more
errors than it does. Those that remain are entirely my fault. Thank you to the whole team at Wrox,
especially John Sleeva and Jim Minatel, whose patience and support in getting this book completed
was non-trivial.

An extra big thank you goes out to the incredible Android community, made up of passionate, gen-
erous, and hard working developers who seem to spend as much time helping each other as they do
building amazing apps. Your efforts have been critical in making Android the huge success that it is.
Thank you.

—RETO

MY FAMILY, ANDREA AND HANNAH, are what make everything worth it. Without their support, I
wouldn’t be able to do much of anything, much less write this book.

I’d like to echo Reto’s thanks for everyone involved in publishing and making this book a reality, the
Android team for giving us plenty to talk about, and the Android developer community for sharing
our passion around building better apps.

—JAN






CONTENTS

INTRODUCTION XXXi
CHAPTER 1: HELLO, ANDROID 1
Android Application Development 1
A Little Background 2
The Not-So-Distant Past 3
Living in the Future 3
The Android Ecosystem 3
Pre-installed Android Applications 4
Android SDK Features 5
What Does Android Run On? 6
Why Develop for Mobile? 6
Why Develop for Android? 7
Introducing the Development Framework 7
What Comes in the Box 8
Understanding the Android Software Stack 8
The Android Run Time 10
Android Application Architecture 1
Android Libraries 12
CHAPTER 2: GETTING STARTED 13
Getting Started Developing Android Apps 14
Developing for Android 15
What You Need to Begin 15
Creating Your First Android Application 20
Getting Started Writing Android Apps Using Kotlin 35
Using the Android Support Library Package 36
Developing for Mobile and Embedded Devices 39
Hardware-Imposed Design Considerations 39
Considering the User’s Environment 43
Developing for Android 44
Android Development Tools 48
Android Studio 49
The Android Virtual Device Manager 51
The Android Emulator 51



CONTENTS

xviii

Android Profiler 52
The Android Debug Bridge 54
APK Analyzer 54
The Lint Tool 55
Monkey, Monkey Runner, and Espresso Ul Testing 55
Gradle 56
CHAPTER 3: APPLICATIONS AND ACTIVITIES
AND FRAGMENTS, OH MY! 57
Applications, Activities, and Fragments 58
The Components of an Android Application 58
The Android Application Life Cycle, Priority, and Process States 59
Introducing the Android Application Class 61
A Closer Look at Android Activities 61
Creating Activities 62
Using the AppCompatActivity 63
The Activity Life Cycle 64
Responding to Memory Pressure 71
Introducing Fragments 73
Creating New Fragments 73
The Fragment Life Cycle 74
Introducing the Fragment Manager 79
Adding Fragments to Activities 79
Communicating Between Fragments and Activities 85
Fragments Without User Interfaces 86
Building an Earthquake Viewer Application 87
CHAPTER 4: DEFINING THE ANDROID MANIFEST
AND GRADLE BUILD FILES, AND EXTERNALIZING RESOURCES 95
The Manifest, Build Files, and Resources 96
Introducing the Android Manifest 96
Configuring the Gradle Build 101
Gradle Settings File 101
Project Gradle Build File 102
Module Gradle Build Files 102
Externalizing Resources 107
Creating Resources 108
Using Resources 119
Creating Resources for Different Languages and Hardware 122
Runtime Configuration Changes 126



CONTENTS

CHAPTER 5: BUILDING USER INTERFACES 129
Fundamental Android Design 130
Density-Independent Design 130
Android User Interface Fundamentals 131

Assigning User Interfaces to Activities 132
Introducing Layouts 132
Defining Layouts 134
Using Layouts to Create Device-Independent User Interfaces 136
Optimizing Layouts 139
The Android Widget Toolbox 143
Working with Lists and Grids 144
Recycler View and Layout Managers 145
Introducing Adapters 146
Returning to the Earthquake Viewer Application 149
Introducing Data Binding 150
Enabling Data Binding 151
Variables in Data Binding 152
Data Binding for the Earthquake Viewer Application 153
Creating New Views 155
Modifying Existing Views 155
Creating Compound Controls 159
Creating Simple Compound Controls as a Layout 161
Creating Custom Views 162
Using Custom Controls 176

CHAPTER 6: INTENTS AND BROADCAST RECEIVERS 177
Using Intents and Broadcast Receivers 178
Using Intents to Launch Activities 178

Explicitly Starting New Activities 179
Implicit Intents and Late Runtime Binding 179
Determining If an Intent Will Resolve 180
Returning Results from Activities 181
Using Platform-Native Actions to Launch Activities 184
Creating Intent Filters to Receive Implicit Intents 186
Defining an Intent Filter 186
Using Intent Filters for Plug-Ins and Extensibility 194
Introducing Linkify 198
Native Linkify Link Types 198
Creating Custom Link Strings 199

Xix



CONTENTS

XX

Using the Match Filter 200
Using the Transform Filter 200
Using Intents to Broadcast Events 200
Broadcasting Events with Intents 201
Listening for Intent Broadcasts with Broadcast Receivers 202
Registering Broadcast Receivers in Code 203
Registering Broadcast Receivers in Your Application Manifest 204
Managing Manifest Receivers at Run Time 204
Monitoring Device State Changes Through Broadcast Intents 205
Introducing the Local Broadcast Manager 207
Introducing Pending Intents 208
CHAPTER 7: USING INTERNET RESOURCES 211
Connecting to the Internet 21
Connecting, Downloading, and Parsing Internet Resources 212
Why Build a Native Internet App? 212
Connecting to an Internet Resource 213
Performing Network Operations on Background Threads Using View
Models, Live Data, and Asynchronous Tasks 214
Parsing XML Using the XML Pull Parser 219
Connecting the Earthquake Viewer to the Internet 220
Parsing JSON Using the JSON Parser 228
Using the Download Manager 233
Downloading Files 233
Customizing Download Manager Notifications 235
Specifying a Download Location 237
Canceling and Removing Downloads 238
Querying the Download Manager 238
Best Practices for Downloading Data Without Draining the Battery 241
An Introduction to Internet Services and Cloud Computing 242
CHAPTER 8: FILES, SAVING STATE, AND USER PREFERENCES 245
Saving Files, States, and Preferences 246
Saving and Restoring Activity and Fragment Instance
State Using the Lifecycle Handlers 246
Retaining Instance State with Headless Fragments
and View Models 248
View Models and Live Data 248
Headless Fragments 251
Creating and Saving Shared Preferences 252
Retrieving Shared Preferences 253



CONTENTS

Introducing On Shared Preference Change Listeners 254
Configuring Auto Backup of Application Files
and Shared Preferences 254
Building a Preference Ul 256
Using the Preference Support Library 256
Defining a Preference Screen Layout in XML 257
Introducing the Preference Fragment 260
Creating a Settings Activity for the Earthquake Monitor 261
Including Static Files as Resources 267
Working with the Filesystem 267
File-Management Tools 267
Creating Files on Application-Specific Internal Storage 268
Creating Files on Application-Specific External Storage 268
Accessing Public Directories Using Scoped Directory Access 270
Sharing Files Using File Provider 274
Creating a File Provider 274
Sharing a File Using a File Provider 275
Receiving a File from a File Provider 275
Accessing Files from Other Applications Using
the Storage Access Framework 275
Requesting Temporary Access to Files 276
Requesting Persistent Access to Files 277
Requesting Access to Directories 277
Creating New Files 278
Using URI-Based Permissions 278
CHAPTER 9: CREATING AND USING DATABASES 281
Introducing Structured Data Storage in Android 282
Storing Data Using the Room Persistence Library 282
Adding the Room Persistence Library 283
Defining a Room Database 284
Persisting Complex Objects Using Type Convertors 286
Defining Room Database Interactions Using Data Access Objects 288
Performing Room Database Interactions 291
Monitoring Query Result Changes with Live Data 292
Persisting Earthquakes to a Database with Room 294
Working with SQLite Databases 298
Input Validation and SQL Injection 299
Cursors and Content Values 299
Defining a Database Contract 300
Introducing the SQLiteOpenHelper 300

XXi



CONTENTS

XXii

Opening Databases with the SQLite Open Helper 302
Opening and Creating Databases Without the SQLite Open Helper 303
Adding, Updating, and Deleting Rows 303
Querying a Database 305
Extracting Values from a Cursor 307
Introducing the Firebase Realtime Database 308
Adding Firebase to Your App 309
Defining a Firebase Database and Defining Access Rules 31
Adding, Modifying, Deleting, and Querying Data from
a Firebase Realtime Database 313
CHAPTER 10: CONTENT PROVIDERS AND SEARCH 317
Introducing Content Providers 318
Why Should | Use Content Providers? 318
Creating Content Providers 319
Creating the Content Provider’s Database 320
Registering Content Providers 321
Publishing Your Content Provider's URI Address 321
Implementing Content Provider Queries 322
Content Provider Transactions 325
Sharing Files Using a Content Provider 327
Adding Permission Requirements to Content Providers 328
Accessing Content Providers with Content Resolvers 330
Querying Content Providers 330
Cancelling Queries 333
Querying for Content Asynchronously with a Cursor Loader 333
Adding, Deleting, and Updating Content 336
Accessing Files Stored in Content Providers 338
Accessing Permission-Restricted Content Providers 339
Using Native Android Content Providers 341
Accessing the Call Log 341
Using the Media Store Content Provider 342
Using the Contacts Content Provider 344
Using the Calendar Content Provider 351
Adding Search to Your Application 354
Defining Your Search Metadata 354
Creating a Search Results Activity 355
Searching a Content Provider 357
Using the Search View Widget 360
Providing Search Suggestions Using a Content Provider 362
Searching the Earthquake Monitor Database 366



CONTENTS

CHAPTER 11: WORKING IN THE BACKGROUND 377
Working in the Background 378
Using Background Threads 379

Using Asynchronous Tasks to Run Tasks Asynchronously 379
Manual Thread Creation Using Handler Threads 383
Scheduling Background Jobs 385
Creating a Job Service for the Job Scheduler 386
Scheduling Jobs with the Job Scheduler 388
Scheduling Jobs with the Firebase Job Dispatcher 391
Scheduling Work with the Work Manager 393
An Earthquake-Monitoring Job Service Example 396
Using Notifications to Notify Users 401
Introducing the Notification Manager 401
Working with Notification Channels 402
Creating Notifications 403
Setting a Notification’s Priority 407
Adding Notification Actions 411
Adding Direct Reply Actions 412
Grouping Multiple Notifications 413
Adding Notifications to the Earthquake Monitor 414
Using Firebase Cloud Messaging 417
Triggering Notifications Remotely with Firebase Notifications 418
Receiving Data with Firebase Cloud Messaging 421
Using Alarms 422
Creating, Setting, and Canceling Alarms 423
Setting an Alarm Clock 424
Introducing Services 424
Using Bound Services 425
Creating a Started Service 427

CHAPTER 12: IMPLEMENTING THE ANDROID

DESIGN PHILOSOPHY 433
Introducing the Android Design Philosophy 434
Designing for Every Screen 434

Resolution Independence 435
Supporting and Optimizing for Different Screen Sizes 436
Creating Scalable Graphics Assets 439
Introducing Material Design 445
Thinking in Terms of Paper and Ink 446
Using Color and Keylines as Guides 447
Continuity Through Motion 449

XXiii



CONTENTS

Material Design Ul Elements 452
The App Bar 452
Applying Material Design to the Earthquake Monitor 455
Using Cards to Display Content 456
Floating Action Buttons 460

CHAPTER 13: IMPLEMENTING A MODERN ANDROID USER
EXPERIENCE 463

The Modern Android Ul 464

Creating Consistent, Modern User Interfaces

Using AppCompat 464
Creating and Applying Themes Using AppCompat 465
Creating Theme Overlays for Specific Views 466

Adding a Menu and Actions to the App Bar 467
Defining a Menu Resource 467
Adding a Menu to an Activity 468
Adding a Menu to a Fragment 469
Updating Menu ltems Dynamically 469
Handling Menu Selections 470
Adding Action Views and Action Providers 470

Going Beyond the Default App Bar 472
Replacing Your App Bar with a Toolbar 472
Advanced Scrolling Techniques for the Toolbar 473
Incorporating Menus Without the App Bar 476

Improving the Earthquake Monitor’s App Bar 477

App Navigation Patterns 479
Navigating with Tabs 479
Implementing a Bottom Navigation Bar 482
Using a Navigation Drawer 485
Combining Navigation Patterns 491

Adding Tabs to the Earthquake Monitor 492

Choosing the Right Level of Interruption 496
Initiating a Dialog 497
Let's Make a Toast 498
Inline Interruptions with Snackbars 499

CHAPTER 14: ADVANCED CUSTOMIZATION OF YOUR USER

INTERFACE 501
Expanding the User Experience 502
Supporting Accessibility 502

XXiv



CONTENTS

Supporting Navigation Without a Touch Screen 502
Providing a Textual Description of Each View 503
Introducing Android Text-to-Speech 503
Using Speech Recognition 505
Using Speech Recognition for Voice Input 506
Using Speech Recognition for Search 507
Controlling Device Vibration 508
Going Full Screen 508
Working with Property Animations 510
Enhancing Your Views 513
Advanced Canvas Drawing 514
Creating Interactive Controls 530
Composite Drawable Resources 536
Transformative Drawables 536
Layer Drawables 537
State List Drawables 537
Level List Drawables 538
Copy, Paste, and the Clipboard 539
Copying Data to the Clipboard 539
Pasting Clipboard Data 539

CHAPTER 15: LOCATION, CONTEXTUAL AWARENESS,

AND MAPPING 541
Adding Location, Maps, and Contextual Awareness to Your
Applications 542
Introducing Google Play Services 542

Adding Google Play Services to Your Application 543
Determining the Availability of Google Play Services 545
Finding Device Location Using Google Location Services 546
Using the Emulator to Test Location-Based Functionality 548
Finding the Last Known Location 549
“Where Am |” Example 551
Requesting Location Change Updates 555
Changing Device Location Settings 560
Updating the Location in the “Where Am |"” Example 563
Best Practices When Using Location 566
Setting and Managing Geofences 567
Using the Legacy Platform Location-Based Services 571
Selecting a Location Provider 572

Finding the Last Known Location 574

XXV



CONTENTS

Requesting Location Change Updates 575
Best Practice for Using the Legacy Location-Based Services 577
Using the Geocoder 580
Reverse Geocoding 581
Forward Geocoding 582
Geocoding Where Am | 583
Creating Map-Based Activities 585
Getting Your Maps API Key 586
Creating a Map-Based Activity 586
Configuring Google Maps 589
Changing the Camera Position with Camera Updates 590
Mapping Where Am | 592
Displaying the Current Location with the My Location Layer 596
Displaying Interactive Map Markers 596
Adding Shapes to Google Maps 599
Adding Image Overlays to Google Maps 602
Adding Markers and Shapes to Where Am | 602
Mapping the Earthquake Example 605
Adding Contextual Awareness 609
Connecting to the Google Play Services API Client
and Obtaining API Keys 610
Using Awareness Snapshots 612
Setting and Monitoring Awareness Fences 613
Awareness Best Practices 617
CHAPTER 16: HARDWARE SENSORS 619
Introducing Android Sensors 620
Using the Sensor Manager 620
Understanding the Android Sensors 621
Discovering and ldentifying Sensors 623
Determining Sensor Capabilities 625
Wakeup and Non-Wakeup Sensors 627
Monitoring Sensor Results 627
Interpreting Sensor Values 632
Testing Sensors with the Android Virtual Device and Emulator 635
Best Practices for Working with Sensors 637
Monitoring a Device’s Movement and Orientation 637
Determining the Natural Orientation of a Device 638
Introducing Accelerometers 639
Detecting Acceleration Changes 640
Creating a Gravitational Force Meter 642
Determining a Device’s Orientation 645

Creating a Compass and Artificial Horizon 650

XXVi



CONTENTS

Using the Environmental Sensors 654
Using the Barometer Sensor 654
Creating a Weather Station 655

Using Body Sensors 659

User Activity Recognition 662

CHAPTER 17: AUDIO, VIDEO, AND USING THE CAMERA 665
Playing Audio and Video, and Using the Camera 666
Playing Audio and Video 666

Introducing the Media Player 667
Using Media Player for Video Playback 669
Using ExoPlayer for Video Playback 672
Requesting and Managing Audio Focus 674
Pausing Playback When the Output Changes 676
Responding to the Volume Controls 677
Working with a Media Session 678

Using the Media Router and Cast Application Framework 682

Background Audio Playback 686
Building an Audio Playback Service 686
Using a Media Browser to Connect Your Activity to a
Media Browser Service 688
Life Cycle of a Media Browser Service 690
Playing Audio as a Foreground Service 691
Creating Media Style Notifications 693

Using the Media Recorder to Record Audio 695

Using the Camera for Taking Pictures 697
Using Intents to Take Pictures 697
Controlling the Camera Directly 699
Reading and Writing JPEG EXIF Image Details 706

Recording Video 706
Using Intents to Record Video 707
Using the Media Recorder to Record Video 707

Adding Media to the Media Store 710
Inserting Media Using the Media Scanner 710
Inserting Media Manually 71

CHAPTER 18: COMMUNICATING WITH BLUETOOTH,

NFC, AND WI-FI PEER-TO-PEER 713
Networking and Peer-to-Peer Communication 713
Transferring Data Using Bluetooth 714

Managing the Local Bluetooth Device Adapter 714
Being Discoverable and Remote Device Discovery 716

XXVii



CONTENTS

Bluetooth Communications 720
Bluetooth Profiles 725
Bluetooth Low Energy 726
Transferring Data Using Wi-Fi Peer-to-Peer 728
Initializing the Wi-Fi Peer-to-Peer Framework 729
Discovering Peers 731
Connecting with Peers 732
Transferring Data Between Peers 733
Using Near Field Communication 735
Reading NFC Tags 735
Using the Foreground Dispatch System 736
Using Android Beam 738
Creating Android Beam Messages 739
Assigning the Android Beam Payload 740
Receiving Android Beam Messages 742
CHAPTER 19: INVADING THE HOME SCREEN 743
Customizing the Home Screen 743
Introducing Home Screen Widgets 744
Defining the Widget Layout 745
Defining Your Widget Size and Other Metadata 746
Implementing Your Widget 748
Updating the Widget Ul Using the App Widget Manager
and Remote Views 749
Forcing Refreshes of Your Widget Data and Ul 753
Creating and Using a Widget Configuration Activity 756
Creating an Earthquake Widget 757
Introducing Collection View Widgets 763
Creating Collection View Widget Layouts 764
Updating Collection View Items with a Remote Views Factory 765
Updating Collection View Items with a Remote Views Service 767
Populating Collection View Widgets Using a Remote Views Service 768
Adding Interactivity to the Items Within a Collection View Widget 769
Refreshing Your Collection View Widgets 770
Creating an Earthquake Collection View Widget 770
Creating Live Wallpaper 777
Creating a Live Wallpaper Definition Resource 778
Creating a Wallpaper Service Engine 778
Creating a Wallpaper Service 780

XXViii



CONTENTS

Creating App Shortcuts 781
Static Shortcuts 783
Dynamic Shortcuts 784
Tracking App Shortcut Use 785

CHAPTER 20: ADVANCED ANDROID DEVELOPMENT 787

Advanced Android 788

Paranoid Android 788
Linux Kernel Security 788
Re-introducing Permissions 789
Storing Keys in the Android Keystore 792
Using the Fingerprint Sensor 792

Dealing with Different Hardware and Software Availability 793
Specifying Required Hardware 794
Confirming Hardware Availability 795
Building Backward-Compatible Applications 795

Optimizing Ul Performance with Strict Mode 797

Telephony and SMS 798
Telephony 799
Sending and Receiving SMS Messages 806

CHAPTER 21: RELEASING, DISTRIBUTING, AND MONITORING
APPLICATIONS 825

Preparing for Release 826
Preparing Release Support Material 826
Preparing Your Code for a Release Build 827

Updating Application Metadata in Your Application Manifest 828
Reviewing Application Installation Restrictions 828
Application Versioning 830

Signing Production Builds of Your Application 830
Creating a Keystore and Signing Key with Android Studio 832
Obtaining API Keys Based on Your Private Release Key 833
Building and Signing a Production Release 834

Distributing Your Application on the Google Play Store 835
Introducing the Google Play Store 835
Getting Started with the Google Play Store 836
Creating an Application on the Google Play Store 837
Publishing Your Application 845
Monitoring Your Application in Production 848

XXiX



CONTENTS

An Introduction to Monetizing Applications
Application Marketing, Promotion, and Distribution Strategies
Application Launch Strategies
Internationalization
Using Firebase to Monitor Your Application
Adding Firebase to Your Application
Using Firebase Analytics
Firebase Performance Monitoring

INDEX

XXX

853
854
854
855
856
856
857
860

863



INTRODUCTION

For many people, smartphones have become an extension of themselves. Now running on over

2 billion monthly-active devices, Android is the most common smartphone operating system in use
world-wide, with users installing an average of 50 apps each, resulting in over 94 billion apps down-
loaded from the Play app store in 2017 alone.

Ubiquitous and indispensable, smartphones are so advanced and personal that studies have shown
people become anxious if they misplace their device, lose connectivity, or run low on battery.

In the 10 years since launching in 2008, Android has expanded beyond mobile phones to become a
development platform for a wide range of hardware, with 24,000 devices from over 1,300 brands,
including everything from tablets to televisions, watches, cars, and Internet of Things (IoT) devices.
Over the same period, there have been 28 platform and SDK releases.

These innovations, combined with the size of the ecosystem, provide unparalleled opportunities for
developers to create innovative new applications for a global audience of users.

Android offers an open platform for mobile application development. Without artificial barriers, Android
developers are free to write apps that take full advantage of an incredible range of devices. Using Google
Play for distribution, developers can distribute free and paid applications to compatible Android devices
globally.

This book is a hands-on guide to building Android applications for all Android devices. It’s written
based on version 8.1 of the Android SDK, using Android Studio 3.1. Chapter by chapter, it takes
you through a series of sample projects, each introducing new features and techniques to get the
most out of Android. It covers all the basic functionality to get started, as well as the information
for experienced mobile developers to take full advantage of the features of Android, to enhance
existing products or create innovative new ones.

The Android team releases a new major platform every year, a new version of Android Studio
every few months, and incremental changes to Jetpack, such as the support library and Android
Architecture Components, many times each year. With such rapid release cycles, there are regular
changes, additions, and improvements to the tools, platform APIs, and development libraries you’ll
use—and which are described in this book. To minimize the impact of these changes, the Android
engineering team works hard to ensure backward compatibility.

However, future releases will date some of the information provided in this book, and not all active
Android devices will be running the latest platform release. To mitigate this, wherever possible, we
have used backward-compatible support libraries, and included details on which platform releases
support the functionality described—and which alternatives may exist to provide support for users
of devices running earlier platforms.

Further, the explanations and examples included will give you the grounding and knowledge needed
to write compelling mobile applications using the current SDK, along with the flexibility to quickly
adapt to future enhancements.
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WHO THIS BOOK IS FOR

This book is for anyone interested in creating applications for the Android platform. It includes
information that will be valuable, whether you’re an experienced mobile developer on other plat-
forms, making your first foray into writing mobile apps, and if you have some Android development
experience.

It will help if you’ve used a smartphone (particularly an Android device), but it’s not necessary, nor
is prior experience in mobile application development.

It’s expected that you’ll have experience in software development and be familiar with basic object-
oriented paradigms. An understanding of Java syntax is expected, though not a strict necessity.

Chapters 1 and 2 introduce mobile development and the Android development platform, and contain
instructions to get you started. Beyond that, there’s no requirement to read the chapters in order,
although a good understanding of the core components described in Chapters 3-7 is important
before you venture into the remaining chapters. Chapter 11 covers important details on how to
ensure your apps are responsive and efficient, while Chapters 12—14 describe how to provide a

rich and consistent user experience. The remaining chapters cover a variety of functionality whose
relevance will vary based on your application, and can be read in whatever order interest or need
dictates.

WHAT THIS BOOK COVERS

Chapter 1 introduces Android, including what it is and how it fits into the mobile development eco-
system. What Android offers as a development platform and why it’s an exciting opportunity for
creating mobile phone applications are then examined in greater detail.

Chapter 2 covers some best practices for mobile development and explains how to download and
install Android Studio and the Android SDK. It then introduces some of the tools and features
included with Android Studio, and demonstrates how they can be used to create and debug new
applications.

Chapters 3-7 take an in-depth look at the fundamental Android application components—start-
ing by examining the components that make up an Android application, and then moving on to
“Activities” and “Fragments,” and their associated lifetimes and lifecycles.

You’ll then be introduced to the application manifest and the Gradle build system, before learning
more about the external resource framework used to support devices used in different counties, with
different languages, and in a variety of shapes and sizes.

You’ll learn how to create basic user interfaces with layouts, Views, and Fragments, before being
introduced to the Intent and Broadcast Receiver mechanisms used to perform actions and send
messages between application components. Accessing Internet resources is then covered, followed
by a detailed look at data storage, retrieval, and sharing. You’ll start with the preference-saving
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mechanism and then move on to file handling, databases, and Content Providers—including access-
ing data from the native databases.

This section finishes with an examination of how to ensure your app is always responsive, and is
efficient in its use of battery when running in the background. You’ll be introduced to threading
APIs that enable asynchronous execution, and mechanisms that support efficient scheduling of back-
ground work. You’ll also learn how to create and display interactive Notifications.

Chapters 12-14 build on the Ul framework introduced in Chapter 5. You’ll learn to enhance the
user experience through the principles of material design and to make your applications accessible
and optimized for a variety of screen sizes and resolutions. You’ll further improve the user experi-
ence by understanding the variety of navigation options available, adding movement through anima-
tions, and the use of Toolbars and Menus.

Chapters 15-19 look at more advanced topics. You’ll learn how to use Google Play services to add
interactive maps, find the user’s location, and how to create geo- and awareness-fences. Using move-
ment and environmental Sensors—including the compass, accelerometers, and the barometer—
yow’ll make your applications react to their environment.

After looking at how to play and record multimedia, as well as how to use the camera to take
pictures and record video, you’ll be introduced to Android’s communication capabilities, includ-
ing Bluetooth, NFC, and Wi-Fi Direct. Next, you’ll learn how your applications can interact with
users directly from the home screen using dynamic Widgets, Live Wallpaper, and the Application
Shortcuts.

Chapter 20 discusses several advanced development topics, including security, using the fingerprint
sensor, and Strict Mode, followed by the telephony APIs and the APIs used to send and receive SMS
messages.

Finally, Chapter 21 examines the process for building, releasing, monitoring, and monetizing your
applications. In particular, it includes details for publishing and distributing your applications
within Google Play.

HOW THIS BOOK IS STRUCTURED

This book is structured in a logical sequence to help readers of different development backgrounds
learn how to write advanced Android applications. There’s no requirement to read each chapter
sequentially, but several of the sample projects are developed over the course of multiple chapters,
adding new functionality and other enhancements at each stage.

Experienced mobile developers who have already installed Android Studio, and those with a work-
ing knowledge of Android development, can skim the first two chapters—which are an introduction
to mobile development and instructions for creating your development environment—and then dive
in at Chapters 3-7. These chapters cover the fundamentals of Android development, so it’s impor-
tant to have a solid understanding of the concepts they describe.
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With this covered, you can move on to the remaining chapters, which look at material design, maps,
location-based services, background applications, and more advanced topics, such as hardware
interaction and networking.

WHAT YOU NEED TO USE THIS BOOK

To use the code samples in this book, you will need to create an Android development environment
by downloading Android Studio and the Android SDK. It’s also possible to use other IDEs, or even
to build your apps from the command-line. We’ll assume, however, you’re using Android Studio.

Android development is supported on Windows, macOS, and Linux, with Android Studio and the
SDK available from the Android website.

You do not need an Android device to use this book or develop Android applications—though it can
be useful, particularly when testing.

NOTE Chapter 2 outlines these requirements in more detail and describes where
to download and how to install each component.

CONVENTIONS

To help you get the most from the text and keep track of what’s happening, we’ve used a number of
conventions throughout the book.

NOTE Notes, tips, hints, tricks, and asides to the current discussion are offset
and placed in italics like this.

WARNING Boxes like this one hold important, not-to-be forgotten information
that is directly relevant to the surrounding text.

As for styles in the text:
»  We show file names, URLs, and code within the text like so: persistence.properties.

> To help readability, class names in text are often represented using a regular font but capital-
ized like so: Content Provider.
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>  We present code in two different ways:
We use a monofont type with no highlighting for most code examples.

We use bold to indicate changes or additions from a similar previous
code snippet.

> In some code samples, you’ll see lines marked as follows:

[... Existing code ...]
or
[... Implement something here ...]

These represent instructions to replace the entire line (including the square brackets) with
actual code, either from a previous code snippet (in the former case) or with your own
implementation (in the latter).

> To keep the code samples reasonably concise, we have not always included every pack-
age definition or import statement required in the code snippets. The downloadable code
samples described below include all the required import statements. Additionally, if you are
developing using Android Studio, you can enable auto-import or use the keyboard shortcut
Ctrl+Space (Cmd+Space) to add the required import statements.

SOURCE CODE

As you work through the examples in this book, you may choose either to type in all the code man-
ually, or to use the source code files that accompany the book. All the source code used in this book
is available for download at www.wrox.com. When at the site, simply locate the book’s title (use the
Search box or one of the title lists) and click the Download Code link on the book’s detail page to
obtain all the source code for the book.

Once you download the code, just decompress it with your favorite compression tool. Alternately,
you can go to the main Wrox code download page at www.wrox.com/dynamic/books/download
.aspx to see the code available for this book and all other Wrox books.

ERRATA

We make every effort to ensure that there are no errors in the text or in the code. However, no one
is perfect, and mistakes do occur. If you find an error in one of our books, like a spelling mistake
or faulty piece of code, we would be very grateful for your feedback. By sending in errata, you may
save another reader hours of frustration, and at the same time, you will be helping us provide even
higher quality information.

To find the errata page for this book, go to www.wrox.com and locate the title using the Search box
or one of the title lists. Then, on the book details page, click the Book Errata link. On this page, you
can view all errata that has been submitted for this book and posted by Wrox editors. A complete
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book list, including links to each book’s errata, is also available at www.wrox.com/misc-pages/
booklist.shtml.

If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/techsupport
.shtml and complete the form there to send us the error you have found. We’ll check the informa-
tion and, if appropriate, post a message to the book’s errata page and fix the problem in subsequent
editions of the book.
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Hello, Android

WHAT'S IN THIS CHAPTER?

A background of mobile application development
What is Android?
Which devices Android runs on

Why you should develop for mobile and Android

Y Y Y Y Y

An introduction to the Android SDK and development framework

ANDROID APPLICATION DEVELOPMENT

Whether you’re an experienced mobile engineer, a desktop or web developer, or a complete
programming novice, Android represents an exciting opportunity to write applications for an
audience of over two billion Android device users.

You’re probably already familiar with Android, the most common software powering mobile
phones. If not, and you purchased this book in the hope that Android development would help
you create an unstoppable army of emotionless robot warriors on a relentless quest to cleanse
the earth of the scourge of humanity, you should reconsider this book purchase (and your life
choices.)

When announcing Android at its launch in 2007, Andy Rubin described it as follows:

The first truly open and comprehensive platform for mobile devices. It
includes an operating system, user-interface and applications—all of the
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software to run a mobile phone but without the proprietary obstacles that have
hindered mobile innovation.

—WHERE’S MY GPHONE?
(http:/igoogleblog.blogspot.com/2007/11/wheres-my-gphone.html)

Since then, Android has expanded beyond mobile phones to provide a development platform for an
increasingly wide range of hardware, including tablets, televisions, watches, cars, and Internet-of-
Things (IoT) devices.

Android is an open source software stack that includes an operating system, middleware, and key
applications for mobile and embedded devices.

Critically, for us as developers, it also includes a rich set of API libraries that make it possible to
write applications that can shape the look, feel, and function of the Android devices on which they
run.

In Android, system, bundled, and all third-party applications are written with the same APIs and
executed on the same run time. These APIs feature hardware access, video recording, location-based
services, support for background services, maps, notifications, sensors, relational databases, inter-
application communication, Bluetooth, NFC, and 2D and 3D graphics.

This book describes how to use these APIs to create your own Android applications. In this chapter
you learn some guidelines for mobile and embedded hardware development, and are introduced to
some of the platform features available to Android developers.

Android has powerful APIs, a huge and diverse ecosystem of users, excellent documentation, a
thriving developer community, and has no required costs for development or distribution. As the
Android device ecosystem continues to grow, you have the opportunity to create innovative applica-
tions for users, no matter what your development experience.

A LITTLE BACKGROUND

In the days before Instagram, Snapchat, and Pokémon Go, when Google was still a twinkle in its
founders’ eyes and dinosaurs roamed the earth, mobile phones were just that—portable phones
small enough to fit inside a briefcase, featuring batteries that could last up to several hours. They
did, however, offer the freedom to make calls without being physically connected to a landline.

In the 10 years since the first Android device was launched, smart phones have become ubiquitous
and indispensable. Hardware advancements have made devices more powerful, featuring bigger,
brighter screens and featuring advanced hardware including accelerometers, fingerprint scanners,
and ultra-high-resolution cameras.

These same advances have more recently resulted in a proliferation of additional form factors for
Android devices, including a large variety of smart-phones, tablets, watches, and televisions.

These hardware innovations offer fertile ground for software development, providing many oppor-
tunities to create innovative new applications.
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The Not-So-Distant Past

In the early days of native phone application development, developers, generally coding in low-level
C or C++, needed to understand the specific hardware they were coding for, typically a single device
or possibly a range of devices from a single manufacturer. The complexity inherent in this approach
meant the applications written for these devices often lagged behind their hardware counterparts.
As hardware technology and mobile Internet access have advanced, this closed approach has become
outmoded.

The next significant advancement in mobile phone application development was the introduction
of Java-hosted MIDlets. MIDlets were executed on a Java virtual machine (JVM), a process that
abstracted the underlying hardware and let developers create applications that ran on many devices
that supported the Java run time.

Unfortunately, this convenience came at the price of more heavily restricted access to the device
hardware. Similarly, it was considered normal for third-party applications to receive different hard-
ware access and execution rights from those given to native applications written by the phone manu-
facturers, with MIDlets often receiving few of either.

The introduction of Java MIDlets expanded developers’ audiences, but the lack of low-level hard-
ware access and sandboxed execution meant that most mobile applications were regular desktop
programs or websites designed to render on a smaller screen, and didn’t take advantage of the inher-
ent mobility of the handheld platform.

Living in the Future

At its introduction, Android was part of a new wave of modern mobile operating systems designed
specifically to support application development on increasingly powerful mobile hardware.

Android offers an open development platform built on an open source Linux kernel. Hardware
access is available to all applications through a series of API libraries, and application interaction,
while carefully controlled, is fully supported.

In Android, all applications have equal standing. Third-party and native Android applications are
written with the same APIs and are executed on the same run time. Users can replace most system
application with a third-party developer’s alternative; indeed, even the dialer and home screens can
be replaced.

THE ANDROID ECOSYSTEM

The Android ecosystem is made up of a combination of three components:
> A free, open source operating system for embedded devices
> An open source development platform for creating applications

> Devices that run the Android operating system (and the applications created for it)
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More specifically, Android is made up of several necessary and dependent parts, including the
following:

> A Compatibility Definition Document (CDD) and Compatibility Test Suite (CTS) that
describe the capabilities required for a device to support the Android software stack.

> A Linux operating system kernel that provides a low-level interface with the hardware,
memory management, and process control, all optimized for mobile and embedded devices.

> Open source libraries for application development, including SQLite, WebKit, OpenGL, and
a media manager.

> A run time used to execute and host Android applications, including the Android Run Time
(ART) and the core libraries that provide Android-specific functionality. The run time is
designed to be small and efficient for use on embedded devices.

> An application framework that agnostically exposes system services to the application layer,
including the Window Manager and Location Manager, databases, telephony, and sensors.

> A user interface framework used to host and launch applications.
A set of core preinstalled applications.
A software development kit (SDK) used to create applications, including the related tools,

IDE, sample code, and documentation.

What really makes Android compelling is its open philosophy, which ensures that you can fix any
deficiencies in user interface or native application design by writing an extension or replacement.
Android provides you, as a developer, with the opportunity to create applications designed to look,
feel, and function exactly as you imagine them.

With more than 2 billion monthly active users of devices running the Android operating system,
installing over 82 billion apps and games in from Google Play in 2016 alone, the Android eco-
system represents an unparalleled chance to create apps that can affect and improve billions of
people’s lives.

PRE-INSTALLED ANDROID APPLICATIONS

Android devices typically come with a suite of preinstalled applications that users expect. On smart
phones these typically include:

> A phone dialer

An SMS management application
A web browser

An e-mail client

A calendar

Y VYV VY Y Y

A contacts list
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A music player and picture gallery
A camera and video recording application
A calculator

A home screen

Y Y ¥V VY Y

An alarm clock

In many cases Android devices also ship with the following proprietary Google mobile applications:
> The Google Play Store for downloading third-party Android applications

> The Google Maps application, including StreetView, driving directions, and turn-by-turn
navigation, satellite views, and traffic conditions

The Gmail email client
The YouTube video player
The Google Chrome browser

Y Y VY

The Google home screen and Google Assistant
The data stored and used by many of these native applications—such as contact details—are also
available to third-party applications.

The exact makeup of the applications available on new Android devices is likely to vary based on
the hardware manufacturer, the carrier or distributor, and the type of device.

The open source nature of Android means that carriers and OEMs can customize the user interface
and the applications bundled with each Android device.

It’s important to note that for compatible devices, the underlying platform and SDK remains consis-
tent across OEM and carrier variations. The look and feel of the user interface may vary, but your
applications will function in the same way across all compatible Android devices.

ANDROID SDK FEATURES

For us developers, the true appeal of Android lies in its APIs.

As an application-neutral platform, Android gives you the opportunity to create applications that
are as much a part of the phone as anything provided out-of-the-box. The following list highlights
some of the most noteworthy Android features:

> Transparent access to telephony and Internet resources through GSM, EDGE, 3G, 4G, LTE,
and Wi-Fi network support, enabling your app to send and retrieve data across mobile and
Wi-Fi networks

> Comprehensive APIs for location-based services such as GPS and network-based location
detection

> Full support for integrating maps within the user interface
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>  Full multimedia hardware control, including playback and recording with the camera and
microphone

\

Media libraries for playing and recording a variety of audio/video or still-image formats

APIs for using sensor hardware, including accelerometers, compasses, barometers, and finger-
print sensors

Libraries for using Wi-Fi, Bluetooth, and NFC hardware
Shared data stores and APIs for contacts, calendar, and multi-media
Background services and an advanced notification system

An integrated web browser

Y VY Y VY Y

Mobile-optimized, hardware-accelerated graphics, including a path-based 2D graphics library
and support for 3D graphics using OpenGL ES 2.0

\

Localization through a dynamic resource framework

WHAT DOES ANDROID RUN ON?

The first Android mobile handset, the T-Mobile G1, was released in the United States in October
2008. By the end of 2017 there are more than 2 billion monthly active Android devices globally,
making it the most common smart phone operating system in use world-wide.

Rather than being a mobile OS created for a single hardware implementation, Android is designed
to support a large variety of hardware platforms, from smart phones to tablets, televisions, watches,
and IoT devices.

With no licensing fees or proprietary software, the cost to handset manufacturers for providing
Android devices is comparatively low, which, combined with a massive ecosystem of powerful
applications, has encouraged device manufacturers to produce increasingly diverse and tailored
hardware.

As a result, hundreds of manufacturers, including Samsung, LG, HTC, and Motorola, are creating
Android devices. These devices are distributed to users via hundreds of carriers world-wide.

WHY DEVELOP FOR MOBILE?

Smart phones have become so advanced and personal to us that for many people they’ve become an
extension of themselves. Studies have shown that many mobile phone users become anxious if they
misplace their device, lose connectivity, or their battery runs out.

The ubiquity of mobile phones, and our attachment to them, makes them a fundamentally different
platform for development from PCs. With a microphone, camera, touchscreen, location detection,
and environmental sensors, a phone can effectively become an extra-sensory perception device.

Smart phone ownership easily surpasses computer ownership in many countries, with more than 3
billion mobile phone users worldwide. 2009 marked the year that more people accessed the Internet
for the first time from a mobile phone rather than a PC.
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The increasing popularity of smart phones, combined with the increasing availability of high-speed
mobile data and Wi-Fi hotspots, has created a huge opportunity for advanced mobile applications.

Smartphone applications have changed the way people use their phones. This gives you, the applica-
tion developer, a unique opportunity to create dynamic, compelling new applications that become a
vital part of people’s lives.

WHY DEVELOP FOR ANDROID?

In addition to providing access to the largest ecosystem of smart phone users, Android represents a
dynamic framework for app development based on the reality of modern mobile devices designed by
developers, for developers.

With a simple, powerful, and open SDK, no licensing fees, excellent documentation, a diverse
range of devices and form-factors, and a thriving developer community, Android represents an
opportunity to create software that can change people’s lives.

The barrier to entry for new Android developers is minimal:
> No certification is required to become an Android developer.

> The Google Play Store provides free, up-front purchase, in-app billing, and subscription
options for distribution and monetization of your applications.

There is no approval process for application distribution.

Developers have total control over their brands.

From a commercial perspective, Android represents the most common smart phone operating sys-
tem, and provides access to over 2 billion monthly active Android devices globally, offering unparal-
leled reach to make your applications available to users around the world.

INTRODUCING THE DEVELOPMENT FRAMEWORK

Android applications normally are written using the Java or Kotlin programming languages, and are
executed by means of the Android Run Time (ART).

NOTE Historically, Android apps were written primarily using Java language
syntax. More recently, Android Studio 3.0 introduced full support for Kotlin as
an official first class language for application development. Kotlin is a [VM lan-
guage, which is interoperable with existing Android languages and the Android
Run Time, allowing you to use both Java and Kotlin syntax within the same
applications.

Each Android application runs in a separate process, relinquishing all responsibility for memory and
process management to the Android Run Time, which stops and kills processes as necessary to man-
age resources.
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ART sits on top of a Linux kernel that handles low-level hardware interaction, including drivers and
memory management, while a set of APIs provides access to all the underlying services, features,
and hardware.

What Comes in the Box

The Android SDK includes everything you need to start developing, testing, and debugging Android
applications:

>

The Android API Libraries—The core of the SDK is the Android API libraries that provide
developer access to the Android stack. These are the same libraries that Google uses to create
native Android applications.

Development tools—The SDK includes the Android Studio IDE and several other devel-
opment tools that let you compile and debug your applications to turn Android source
code into executable applications. You learn more about the developer tools in Chapter 2,
“Getting Started.”

The Android Virtual Device Manager and Emulator—The Android Emulator is a fully inter-
active mobile device emulator featuring several alternative skins. The Emulator runs within
an Android Virtual Device (AVD) that simulates a device hardware configuration. Using the
Emulator you can see how your applications will look and behave on a real Android device.
All Android applications run within ART, so the software emulator is an excellent develop-
ment environment—in fact, because it’s hardware-neutral, it provides a better independent
test environment than any single hardware implementation.

Full documentation—The SDK includes extensive code-level reference information detailing
exactly what’s included in each package and class and how to use them. In addition to the
code documentation, Android’s reference documentation and developer guides explain how
to get started, give detailed explanations of the fundamentals behind Android development,
highlight best practices, and provide deep-dives into framework topics.

Sample code—The Android SDK includes a selection of sample applications that demonstrate
some of the possibilities available with Android, as well as simple programs that highlight
how to use individual API features.

Online support—Android has vibrant developer communities on most online social
networks, Slack, and many developer forums. Stack Overflow (www.stackoverflow.com/
questions/tagged/android) is a hugely popular destination for Android questions and a
great place to find answers to beginner questions. Many Android engineers from Google are
active on Stack Overflow and Twitter.

Understanding the Android Software Stack

The Android software stack is a Linux kernel and a collection of C/C++ libraries exposed through
an application framework that provides services for, and management of, the run time and applica-
tions, as shown in Figure 1-1.


www.stackoverflow.com/questions/tagged/android
www.stackoverflow.com/questions/tagged/android

Introducing the Development Framework | 9

Application Layer

‘ Your Apps ’ ‘ Other 3rd Party Apps ’ ‘ System/Bundled Apps ’

Support/Compatibility/Proprietary Libraries

-

t Android Support Library J ‘ Google Play Services J t Firebase ’

Application Framework
Views Activity Fragment Resource Notification
Manager Manager Manager Manager

Content Telephony Window Package Location
Providers Manager Manager Manager Manager

N

Native (C/C++) Libraries Android Runtime
. . Graphics Android Runtime
t Media J ‘ libe J t (OpenGL, ...) J t (ART) J
SQlite SSL & Webkit Android Core
Libraries

Hardware Abstraction Layer (HAL)

[ Audio ] ‘ Automotive ] [ Bluetooth ] [ Camera ] [ DRM ’
[ Media ] ‘ Peripherals ] [ Sensors ] [ Storage ] [ v ’

Linux Kernal

p

Hardware Process Memory . .
[ Drivers ] ‘ Management] [ Management] [ Binder (IPC) ] [ Security ’

[ Power Management ’

&

FIGURE 1-1




10 | CHAPTER1 HELLO, ANDROID

> Linux kernel—Core services (including hardware drivers, process and memory management,
security, network, and power management) are handled by a Linux kernel (the specific kernel
version depends on the Android platform version and hardware platform).

> Hardware Application Layer (HAL)—The HAL provides an abstraction layer between the
underlying physical device hardware and the remainder of the stack.

> Libraries—Running on top of the kernel and HAL, Android includes various C/C++ core
libraries such as libc and SSL, as well as the following:

> A media library for playback of audio and video media

> A surface manager to provide display management

> Grapbhics libraries that include SGL and OpenGL for 2D and 3D graphics
> SQLite for native database support

> SSL and WebKit for integrated web browser and Internet security

> Android Run Time—The run time is what makes an Android phone an Android phone
rather than a mobile Linux implementation. Including the core libraries, the Android Run
Time is the engine that powers your applications and forms the basis for the application
framework.

> Core libraries—Although most Android application development is written using the Java or
Kotlin JVM languages, ART is not a Java VM. The core Android libraries provide most of
the functionality available in the core Java libraries, as well as the Android-specific libraries.

> Application framework—The application framework provides the classes used to create
Android applications. It also provides a generic abstraction for hardware access and manages
the user interface and application resources.

> Application layer—All applications, both native and third-party, are built on the application
layer by means of the same API libraries. The application layer runs within the Android Run
Time, using the classes and services made available from the application framework.

The Android Run Time

One of the key elements of Android is the Android Run Time (ART). Rather than using a traditional
Java VM such as Java ME, Android uses its own custom run time designed to ensure that multiple
instances run efficiently on a single device.

ART uses the device’s underlying Linux kernel to handle low-level functionality, including security,
threading, and process and memory management. It’s also possible to write C/C++ applications that
run closer to the underlying Linux OS. Although you can do this, in most cases there’s no reason
you should need to.

If the speed and efficiency of C/C++ is required for your application, Android provides a native
development kit (NDK). The NDK is designed to enable you to create C++ libraries using the libc
and libm libraries, along with native access to OpenGL.
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NOTE This book focuses exclusively on writing applications that run within
ART using the SDK; NDK development is not within the scope of this book. If
your inclinations run toward NDK development, exploring the Linux kernel
and C/C++ underbelly of Android, modifying ART, or otherwise tinkering with
things under the hood, check out the Android Open Source Project at
source.android.com.

All Android hardware and system service access is managed using ART as a middle tier. By using
this run time to host application execution, developers have an abstraction layer that ensures they
should never have to worry about a particular hardware implementation.

ART executes Dalvik executable files (. dex)—named after an earlier virtual machine implementation
named “Dalvik”—a format optimized to ensure minimal memory footprint. You create .dex executa-
bles by transforming Java or Kotlin language compiled classes using the tools supplied within the SDK.

NOTE You learn more about how to create Dalvik executables in Chapter 2.

Android Application Architecture

Android’s architecture encourages component reuse, enabling you to publish and share Activities,
Services, and data with other applications, with access managed by the security restrictions you define.

The same mechanism that enables you to produce a replacement contact manager or phone dialer
can let you expose your application’s components in order to let other developers build on them by
creating new Ul front ends or functionality extensions.

The following application services are the architectural cornerstones of all Android applications,
providing the framework youw’ll be using for your own software:

> Activity Manager and Fragment Manager—Activities and Fragments are used to define the
user interface of your apps. The Activity and Fragment Managers control the life cycle of

your Activities and Fragments, respectively, including management of the Activity stack
(described in Chapters 3 and 35).

> Views—Used to construct the user interfaces controls within your Activities and Fragments,
as described in Chapter 5.

> Notification Manager—Provides a consistent and nonintrusive mechanism for signaling your
users, as described in Chapter 11.

Content Providers—Lets your applications share data, as described in Chapter 10.

Resource Manager—Enables non-code resources, such as strings and graphics, to be external-
ized, as shown in Chapter 4.

> Intents—Provides a mechanism for transferring data between applications and their compo-
nents, as described in Chapter 6.


http://source.android.com
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Android Libraries

Android offers a number of APIs for developing your applications. Rather than list them all here,
check out the documentation at developer.android.com/reference/packages.html, which gives
a complete list of packages included in the Android SDK.

Android is intended to target a wide range of mobile hardware, so be aware that the suitability and
implementation of some of the advanced or optional APIs may vary depending on the host device.


developer.android.com/reference/packages.html
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WHAT'S IN THIS CHAPTER?

>

Y Y Y Y Y Y VY VY VY

Installing the Android SDK and Android Studio development
environment

Creating and debugging your projects

Writing Android apps using Kotlin

Using the Android Support Library

Understanding mobile design considerations

The importance of optimizing for speed and efficiency
Designing for small screens and mobile data connections
Introducing Android Virtual Devices and the Emulator

Tips for using Android Studio and improving build performance
Understanding app performance using the Android Profiler

Introducing Gradle builds and app testing

WROX.COM CODE DOWNLOADS FOR THIS CHAPTER

The downloads for this chapter are found at www.wrox.com. The code for this chapter is
divided into the following major examples:

>

>

Snippets_ch2.zip

HelloWorld.zip
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GETTING STARTED DEVELOPING ANDROID APPS

All you need to start writing your own Android applications is a copy of the Android SDK and a
Java Development Kit (JDK). Unless you’re a masochist, you’ll also want to use an integrated
development environment (IDE)—we strongly recommend using Android Studio, Google’s officially
supported IDE for Android app development that includes an integrated JDK and manages the
installation of the Android SDK and associated tools.

Android Studio, the Android SDK, and a JDK are each available for Windows, MacOS, and

Linux, so you can explore Android from the comfort of whatever operating system (OS) you favor.
Android applications themselves are run within the ART managed runtime, optimized for resource-
constrained mobile devices, so there’s no advantage to developing on any particular OS.

Traditionally, Android code is written using Java language syntax—until 2017 Android app
development required the use of Java. Android Studio 3.0 added Kotlin as a fully supported lan-
guage alternative, allowing you to write Android app in part, or entirely, using Kotlin.

Kotlin is a statically typed language that is fully interoperable with Java source files and the Android
runtime. It’s considered expressive and concise and introduces improvements including reduced
language verbosity, null-pointer safety, extension functions, and infix notation.

NOTE At the time of writing this book Java was still the default for new proj-
ects, and most existing Android projects were written predominantly using Java
syntax. Accordingly, we’ve used Java syntax for the code snippets and sample
projects featured within this book.

Given the advantages of Kotlin, we expect its use to increase quickly, and
highly recommend you familiarize yourself with the Kotlin language for writing
Android apps. More details on using Kotlin for your Android Apps are avail-
able in the aptly named section, “Getting Started Writing Android Apps Using
Kotlin.”

The core Android libraries include most of the features from the core Java APIs in addition to the
rich suite of Android-specific APIs. You can access all these libraries using either Java or Kotlin
when writing your apps.

Although it’s possible to download and install the Android SDK and JDK separately, installing and
using Android Studio simplifies the process of getting started. Android Studio includes an integrated
OpenJDK and manages the installation of the Android SDK components and tools using the inte-
grated Android SDK Manager.

The SDK Manager is used to download Android framework SDK libraries and optional add-ons
(including the Google APIs and support libraries). It also includes the platform and development
tools you will use to write and debug your applications, such as the Android Emulator to run your
projects and the Android Profiler to profile CPU, memory, and network use. All these tools are inte-
grated directly into Android Studio for your convenience.
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By the end of this chapter, you’ll have installed Android Studio, the Android SDK and its add-ons,
and the development tools. You’ll have set up your development environment, built your first Hello
World application in Java and Kotlin, and run and debugged it using the DDMS and Emulator run-
ning on an Android Virtual Device (AVD).

If you’ve developed for mobile devices before, you already know that their small form factor, limited
battery life, and restricted processing power and memory create some unique design challenges.
Even if you’re new to the game, it’s obvious that some of the things you can take for granted on the
desktop, web, or server—such as always-on Internet and power—aren’t applicable when writing
apps for mobile or embedded devices.

The user environment brings its own challenges in addition to those introduced by hardware limita-
tions. Many Android devices are used on the move and are often a distraction rather than the focus
of attention, so your application needs to be fast, responsive, and easy to learn. Even if your appli-
cation is designed for devices more conducive to an immersive experience, such as tablets or televi-
sions, the same design principles can be critical for delivering a high-quality user experience.

DEVELOPING FOR ANDROID

The Android SDK includes all the tools and APIs you need to write compelling and powerful mobile
applications. The biggest challenge with Android, as with any new development toolkit, is learning
the features and limitations of those APIs.

Since Android Studio 3.0, it’s possible to write Android apps using Java, Kotlin, or a combination
of both languages. If you have experience in Java or Kotlin development, you’ll find that the syntax
and grammar you’ve been using will translate directly into Android. If you don’t have experience
with Java, but have used other object-oriented languages (such as C#), you should find the transition
to either Java or Kotlin syntax straightforward.

The power of Android comes from its APIs, not the language being used, so being unfamiliar with
Java or Kotlin syntax and/or Java-specific classes won’t present a meaningful disadvantage.

There’s no cost to download or use the SDK, and Google doesn’t require your application to pass a
review to distribute your finished apps on the Google Play Store. Although Google Play requires a
small one-time fee to publish applications, if you choose not to distribute via the Google Play Store,
you can do so at no cost.

What You Need to Begin

Because Android applications run within the Android Run Time, you can write them on any plat-
form that supports the developer tools. Throughout this book we’ll be using Android Studio, which
currently supports:

> Microsoft Windows 7/8/10 (32- or 64-bit)
>  Mac OS X 10.8.5 or later
>  GNOME or KDE Linux desktop (including GNU C Library 2.11 or later)
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On all platforms, Android Studio requires at least 2 GB of RAM (with 8 GB strongly recom-
mended), and 1280 x 800 minimum screen resolution.

NOTE Android development requires Java Development Kit (JDK) 8 to be
installed. Android Studio has integrated the latest version of the Open]DK since
Android Studio 2.2; if you don’t plan to use Android Studio, you’ll need to
download and install a compatible [DK.

Developing with Android Studio

The examples and step-by-step instructions in this book are targeted at developers using Android
Studio. Android Studio is Android’s official IDE, built on top of Intelli] IDEA, a popular IDE for
Java development that also supports Android development using Kotlin.

Android Studio is purpose-built by the Android team at Google to accelerate your development and
help you build high-quality apps. It supports all Android form factors including phones, tablets, TV,
Wear, and Auto—and offers tools tailored specifically for Android developers, including rich code
editing, debugging, testing, and profiling.

Some of Android Studio’s features include:
> Intelligent code editing with advanced code completion, refactoring, and code analysis.
> Version control integration including GitHub and Subversion.
> Robust static analysis framework with over 280 different Lint checks along with quick fixes.
>

Extensive testing tools and frameworks including JUnit 4 and functional UI tests. You can
run your tests on a device, an emulator, a continuous integration environment, or in the
Firebase Test Lab.

In addition to these IDE features, using Android Studio for your Android development offers some
significant advantages through the tight integration of many of the Android build and debug tools,
as well as ensured support for the latest Android platform releases.

Android Studio includes the following features:

> The Android Project Wizard, which simplifies creating new projects and includes several
application and Activity templates

Editors to help create, edit, and validate your XML resources

Automated building of Android projects, conversion to Android executables (.dex), packag-
ing to package files (.apk), and installation of packages onto Android Run Times (running
both within the Emulator or on physical devices)

> The Android Virtual Device manager, which lets you create and manage virtual devices to
host Emulators that run a specific release of the Android OS and with set hardware and
memory constraints
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The Android Emulator, including the ability to control the Emulator’s appearance and net-
work connection settings, and the ability to simulate incoming calls, SMS messages, and sen-
sor values

The Android Profiler, which lets you monitor CPU, memory, and network performance

Access to the device or Emulator’s filesystem, enabling you to navigate the folder tree and
transfer files

Runtime debugging, which enables you to set breakpoints and view call stacks

All Android logging and console outputs

NOTE Android Studio replaces the Android Development Tools (ADT) plug-
in for Eclipse, which was deprecated in 2014 and sunsetted after the release of
Android Studio 2.2 in 2016. Though it remains possible to develop for Android
using Eclipse or other IDEs, the use of Android Studio is highly recommended.

Installing Android Studio and the Android SDK

You can download the latest version of Android Studio for your chosen development platform from
the Android Studio homepage at developer.android.com/studio.

NOTE Unless otherwise noted, the version of Android Studio used for writing
this book was Android Studio 3.0.1.

When you have initiated the download for your platform, you will be shown detailed installation
instructions that can be summarized as follows:

>

Windows—Run the downloaded installation executable. The Windows installer download
includes Open]JDK and the Android SDK.

MacOS—Open the downloaded Android Studio DMG file, and then drag Android Studio into
your “Applications” folder. Double-click to open Android Studio, and the Setup Wizard will
guide you through the rest of the setup, which includes downloading the Android SDK.

Linux—Unzip the downloaded . zip file to an appropriate location for your applications,
such as within /usr/local/ for your user profile, or /opt/ for shared users. Open a termi-
nal, navigate to the android-studio/bin/ directory, and execute studio.sh. The Setup
Wizard will then guide you through the rest of the setup, which includes downloading the
Android SDK.

Since Android Studio 2.2, Open]DK has been integrated with Android Studio, ensuring you don’t
need to download and install the JDK separately.


http://developer.android.com/studio
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Once the installation wizard is completed, the latest Android platform SDK; SDK, platform, and
build tools; and support library will have been downloaded and installed.

You can download older platform versions, as well as additional SDK components using the SDK
Manager as described in the following section.

NOTE As an open source platform, the Android SDK source is also available for
you to download and compile from source.android.com.

Installing Additional Android SDK Components Using the SDK Manager

The SDK Manager (Figure 2-1) is available through a shortcut on the toolbar, the Android SDK
settings option, or from within the Tools & Android &> SDK Manager menu item. It offers tabs for
SDK Platforms, SDK Tools, and SDK Update Sites.

# Default Settings X
(Q )] Appearance & Behavior > System Settings > Android SDK
Appearance & Behavior Manager for the Android SDK and Tools used by Android Studio
Appearance Android SDK Location: | Ch\Users\Reto\AppData\Local\Android\Sdk Edit
Menus and Toolbars SDK Platforms | SDK Tools| SDK Update Sites
System Settings Each Android SDK Platform package includes the Android platform and sources
Passwords pertaining to an API level by default. Once installed, Android Studio will automatically
HTTP Proxy check for updates. Check “show package details” to display individual SDK components.
Updates Name API Level| Revision Status
P Android APl 27 27 1 Installed
Usage Statistics Android 8.0 (Orea) 26 2 Installed

Android SDK Android 7.1.1 (Nougat) 25 3 Installed

Notifications [J Show Package Details

Quick Lists

m ‘ Cancel ‘ ‘ App | | Help |

FIGURE 2-1

The SDK Platforms tab shows which platform SDKs you have downloaded. By default, this will
include the newest Android platform SDK—in this case, Android 8.1 Oreo (API Level 27).

The SDK Tools tab shows which tools and support libraries you have installed, including the SDK,
platform, and build tools—as well as the support repository, which is required to use the Android
Support Library (described later in this chapter.)

By selecting the Show Package Contents Details checkbox, you can find additional details on which
versions each tool have been installed.


http://source.android.com
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Downloading and Installing Updates to Android Studio, the Android SDK, and
Tools

Android Studio receives frequent updates that improve stability and add new features. You will
be prompted with an alert tip when a new version of Android Studio is available for download, as
shown in Figure 2-2.

@ Platform and Plugin Updates
Android Studio is ready to update.

@SS FFSFFQ 4845 CRLF: UTF-8¢ Git: Chapter15# Context <no context ® §a

FIGURE 2-2

You will similarly be prompted when new revisions of the Android SDK, developer tools, support
library, Kotlin, and other SDK packages become available.

You can force a check for a new version of Android Studio by opening the Settings dialog box and
navigating to Settings = Updates and clicking the “Check Now” button, as shown in Figure 2-3, or
by selecting the Help &> Check For Updates menu item.

® Settings X
@. ! Appearance & Behavior > System Settings > Updates
Appearance & Behavior Automatically check updates for | Stable Channel ' | Check Now
Appearance

Use secure connection
Menus and Toolbars

SysiEr EE Last checked 2 minutes ago
Passwords Current version Android Studio 3.0
HTTP Proxy Build number Al-171.4443003
Android SDK Taols: 2611
Usage Statistics Android Platform Version: API 27 revision 1
Android SDK
File Colors = View/edit ignored updates

m ‘ Cancel_‘ ‘ App | | Help |

FIGURE 2-3
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NOTE [n addition to the official “stable” release available from the Android
Developer site, the Android Studio team also makes preview releases of the next
version available to developers who like to live on the edge. If you too like to live
dangerously, you can change the channel to which your installation of Android
Studio is subscribed by selecting Canary or Beta from the drop-down menu in
the Updates screen shown in Figure 2-3.

Canary represents the bleeding edge, released approximately weekly. These
are early previews released in order to obtain real-world feedback during
development.

Beta represents release candidates based on stable Canary builds, released and
updated to obtain feedback prior to the stable release.

You can learn more about each release channel, including details on how to
install parallel installations of Android Studio, at developer.android.com/
studio/preview.

Creating Your First Android Application

With Android Studio installed and the SDK downloaded you’re ready to start developing apps
for Android. You’ll begin by creating a new Android project, configuring the Android Emulator,
and setting up your Android Studio run and debug configurations, as described in the following
sections.

Creating a New Android Project

To create a new Android project using Android Studio’s New Project Wizard, do the following:

1. The first time you start Android Studio you are presented with the welcome screen shown
in Figure 2-4. You can return to this screen by selecting the File &> Close menu item to close
any open projects. From the welcome screen, select the “Start a new Android Studio proj-
ect” option. Alternatively, within Android Studio select the File &> New = New Project...
menu item.

2. In the wizard that appears, enter the details for your new project. On the first page
(Figure 2-5) enter an Application Name and your Company Domain. These will be combined
to create a unique Package Name as displayed on the wizard.

Each Android application must have a unique package name, so it’s good practice to use a
domain you own to minimize the chance of a collision. That said, owning the domain you
use isn’t required or enforced, so you can use almost any domain you want provided the
resulting package name is unique.

Finally, select the directory location to which your project will be saved.


http://developer.android.com/studio/preview
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Android Studio

Version 3.0.1

¥ Start a new Android Studio project
Open an existing Android Studio project

¥ Check out project from Version Control ~

[# Profile or debug APK

's Import project (Gradle, Eclipse ADT, etc.)

o Import an Android code sample

# Configure ~ Get Help -

FIGURE 2-4

# Create New Project X

A Create Android Project

Application name

‘ My Application ‘

Company domain

‘ apps.professionalandroid.com ‘

Project location

i C\Users\Reto\AndroidStudioProjects\MyApplication ]D

Package name

com.professionalandroid.apps.myapplication Edit

[ Include C++ support
[J Include Kotlin support

Previous m Cancel Finish

FIGURE 2-5
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3.  The next page (Figure 2-6) lets you select the form factors you wish to support within this
project, as well as the minimum Android platform version on which your application will
run. To get started, we’ll target just phones and tablets and use the default minimum SDK.

® Create New Project X

H Target Android Devices

Select the form factors and minimum SDK
Some devices require additional SDKs. Low APl levels target more devices, but offer fewer API features.

Phone and Tablet

API 19: Android 4.4 (KitKat) n

By targeting APl 19 and later, your app will run on approximately 90.1% of devices.

[ Include Android Instant App support

] Wear

|API 21: Android 5.0 (Lollipop) n
v

|API 21: Android 5.0 (Lollipop) '

[J Android Auto
[ Android Things

|API 24: Android 7.0 (Nougat) -

[a=]

FIGURE 2-6

NOTE Selecting the minimum SDK version allows you to choose the level of
backward compatibility you’re willing to support. The lower this SDK version,
the more devices will be able to run your app, but this will also make it more
challenging to support newer platform features.

Selecting each minimum SDK from the drop down will display the proportion of
active Android devices running that platform version.

At the time of this writing, more than 90% of Android devices were running at
least Android 4.4 KitKat (API Level 19), while the latest release was Android
8.1 (API Level 27).

4. The next page (Figure 2-7) lets you select a template for your app’s main Activity (user inter-
face screen). Select the Empty Activity.
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# Create New Project X

A Add an Activity to Mobile

Add No Activity
Basic Activity Bottom Navigation Activity Empty Activity

’

Previous m Cancel | Finish

FIGURE 2-7

5.  The final page (Figure 2-8) allows you to specify the class name for your initial Activity, and
specify the name for the XML file that will be used to provide the Activity’s Ul layout. In the
case of the empty Activity template, you can also choose if you wish the wizard to generate
a layout file at all. You also have the option to make your Activity backward compatible by
selecting the Backwards Compatibility check box, which is highly recommended. Marking
this box checked will result in the new Activity inheriting from the Android Support
Library’s AppCompatActivity class rather than the framework’s Activity class, which
will allow your Activity to take advantage of new API features in a way that’s backward
compatible.

6.  When you've entered these details, click Finish.
Android Studio will now create a new project that includes a class that extends

AppCompatActivity. Rather than being completely empty, the default template implements “Hello
World.”

Before modifying the project, take this opportunity to create an Android Virtual Device, enable
debugging on a physical device, and run our new Hello World project.
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# Create New Project X

M Configure Activity

Creates a new empty activity

Activity Name

| MainActivity

Generate Layout File

Layout Name

activity_main

Backwards Compatibility (AppCompat)

\Ereviousl | Next } \ Cancel I m

FIGURE 2-8

Creating an Android Virtual Device

Android Virtual Devices (AVDs) are used to simulate the hardware and software configurations of
physical Android devices. The Android Emulator runs within AVDs, allowing you test your applica-
tions on a variety of different hardware and software platforms.

There are no prebuilt AVDs included in the Android Studio or Android SDK downloads so, if you
don’t have a physical device, you’ll need to create at least one before you can run and debug your
applications:

1. Select Tools = Android & AVD Manager (or select the AVD Manager icon on the Android
Studio toolbar).

2. Click the “Create Virtual Device...” button.

The resulting Virtual Device Configuration dialog box (Figure 2-9) allows you to select a
device definition from a list of Pixel and Nexus hardware and standard device configura-
tions—each with its own physical size, resolution, and pixel density.

3. You'll then be asked to select a device system image corresponding to a particular Android
platform release, as shown in Figure 2-10. If you have not already done so, you will need to
download the desired system image before it can be used.
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® Virtual Device Configuration

Select Hardware

Android Studio

Choose a device definition
S ) [ Pixel XL
Category |Play Store| Size \ Resolution | Density
v el Odpi
1440px
Wear Pixel 2 XL 599"  1440x2880 560dpi ;‘;:6 E"f;
Density: 560dpi
Phone Pixel 2 5.0° 1080x1920  420dpi
Tablet Pixel 5.0° 1080x1920  xhdpi
55" 2580px
Nexus S 40" 480x800 hdpi
MNexus One 3.7 480x800 hdpi
Nexus 6P 57" 1440x2560  560dpi
New Hardware Profile J \ Import Hardware Profiles [%] Clone Device...
Previous m I Cancel J \ Finish l I Help J
FIGURE 2-9

® Virtual Device Configuration

System Image

Android Studio

Select a system image

Recommended | x86 Images | Other Images ‘

Release Name | APllevel~ |  ABI
Oreo 26 x86
Nougat Download 25 x86
Nougat Download 24 x86
Marshmallow Download | 23 x86
Lollipop Download 22 x86

Oreo
Target
API Level
o

Android 8.0 (Google APIs) ; 27
Android 7.1.7 (Google APls) Android
Android 7.0 (Google APIs) e i Google Inc.
Android 6.0 (Google A System Image
Android 5.1 (Google APIs) x86

We recommend these images because they run
the fastest and support Google APls.

Questions on API level?
See the API level distribution chart

(@]

(mias) TSN (] [ ) (i)

FIGURE 2-10
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Notice that for each platform release you can choose system images for different ABIs
(application binary interfaces)—typically x86 or ARM. Consider using a system image
using the same architecture as your host computer to maximize Emulator performance.

You can also decide if you want a system image that includes the Google APIs. These are
necessary if your app includes Google Play Services features such as maps and Location

Based Services, as described in Chapter 15.

Specify a descriptive device name, and then hit Finish to create a new AVD, as shown in
Figure 2-11. Note that by clicking Show Advanced Settings you can reveal additional options
to assign your webcam to the front or rear camera, adjust the emulated network speed and
latency, and customize the number of emulated cores, system memory, and storage.

® Virtual Device Configuration

£ Android Virtual Device (AVD)

Android Studio

Verify Configuration

AVD Name ‘ Pixel XL API 27

Graphics Rendering

EI:I Pixel XL 5.5 1440%2560 sochdpi
3 Oreo Android API 27 x86
Startup orientation - [ ]
Portrait Landscape
Ereied SR T -

Device Frame Enable Device Frame

Show Advanced Settings

| Change..

Choose how the graphics should be rendered in
the emulator.

Change...

Hardware

Use your computer's graphics card for faster
rendering.

Software

Emulate the graphics in software, use this to
work around issues with your computer's
graphics card.

IEreviousl ‘ Next I I Cancel } m m

FIGURE 2-11

Starting a new AVD can take some time, so start it now by clicking the green arrow in the
right-most column. This will ensure the emulator is prepared and running when you’re ready

to run your app on it.

Configuring a Physical Device for Testing and Debugging

There’s nothing quite like making software run on real hardware, so if you have an Android device,
it’s simple to run and debug your applications on it directly:
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1.

3 © ¥4l 800

About phone (2]

Jlawus
Phone number, signal, etc.

Legal information
Regulatory labels
Send feedback about this device

Model
Pixel 2 XL

Android version
8.1.0

Android security patch level
December 5, 2017

Baseband version
g8998-00164-1710262031

Kernel version

4.4.88-gb86dd0bc9690 (Android clang version
5.0.300080 (based on LLVM 5.0.300080))
android-build@wpra8.hot.corp.google.com #1
Wed Nov 8 06:19:15 UTC 2017

Build number
O0PM1.171019.011

< @ u

FIGURE 2-12

Start by enabling developer mode on your device. Open the phone’s Settings and find and
select System = “About phone.” Scroll to the bottom of the resulting list until “Build num-
ber” is visible, as shown in Figure 2-12.

Touch “Build number” seven times, until a message is displayed congratulating you on
becoming a developer. If you embarked on your journey to become an Android developer to
win a bet, you can now safely collect. Congratulations!

If not, navigate back, and you’ll find a new settings category labeled “Developer options.”
Select it, and scroll until you see the option for “USB debugging,” as shown in Figure 2-13.
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3O ¥'dls00

&  Developer options (2]

On &
Debugging

USB debugging ®

Debug mode when USB is connected
Revoke USB debugging authorizations

Bug report shortcut
Show a button in the power menu for
taking a bug report

Select mock location app
No mock location app set

Enable view attribute inspection

Select debug app
No debug application set

Verify apps over USB

Check apps installed via ADB/ADT for @
harmful behavior,

4 @ [ |
FIGURE 2-13

4. Enable “USB debugging.”

5. Now connect your device to your development host computer using a USB cable. Your device
will display the dialog box shown in Figure 2-14, asking if you wish to allow USB debugging
when connected to the current computer. Select OK.
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2 Q Wd Nl s00

Allow USB debugging?

The computer's RSA key fingerprint is:
13:08:2A:CF:0E:80:3B:8A:39:03:6B:57:2D:
79:0E:EA

[] Always allow from this computer

CANCEL 0K

FIGURE 2-14

6.  When connected, this device will now be available as a target when launching your app for
running or debugging within Android Studio.

Running and Debugging Your Android Application

You’ve created your first project and created an Android Virtual Device (or connected a physical
device) on which to run it. Before making any changes, let’s try running and debugging the Hello
World project.
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From the Run menu, select “Run app” (or “Debug app”). If you haven’t already selected a default,
youw’ll be presented with the dialog box shown in Figure 2-15, asking you to select your deployment
target—a connected device, a running AVD, or a defined (but not yet running) AVD.

# Select Deployment Target X

Connected Devices
Google Pixel 2 XL (Android &.1.0, API 27)
Available Virtual Devices

5 Nexus 6P Marshmallow

‘ Create New Virtual Device ‘

m | Cancel | ‘ Help ‘

FIGURE 2-15

Running or debugging your application does the following behind the scenes:

> Compiles the current project source to bytecode, and converts that to an Android executable
(.dex)

> Packages the executable and your project’s resources and manifest into an Android package
(.apk)
> Starts the virtual device (if you’ve targeted one and it’s not already running)
Deploys your APK to the target device and installs it
> Starts your application
If you’re debugging, the Android Studio debugger will then be attached, allowing you to set break-
points and debug your code.

If everything is working correctly, you’ll see a new Activity running on the device or in the
Emulator, as shown in Figure 2-16.

Understanding Hello World

Take a step back and have a look at the source code for your first Android application, starting with
the MainActivity.java file.

In Android, activity is the base class for the visual, interactive screens within your application;
it is roughly equivalent to a Form in traditional desktop development (and is described in detail in
Chapter 3, “Applications and Activities and Fragments, Oh My!”).

AppCompatActivity is a variation of the Activity class supplied by the Android Support Library,
which provides backward compatibility. Using AppCompatActivity in preference to the Activity
class is considered best practice, and we’ll be doing so throughout this book. Note that by conven-
tion we still refer to classes that extend AppCompatActivity as Activities.
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o

My Application

Hello World!

FIGURE 2-16

Listing 2-1 shows the skeleton code for an Activity; note that it extends AppCompatActivity and
overrides the oncreate method.

LISTING 2-1: Hello World
package com.professionalandroid.apps.helloworld;

import android.support.v7.app.AppCompatActivity;
import android.os.Bundle;

public class MainActivity extends AppCompatActivity {

@Ooverride

protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView(R.layout.activity main);

}
}

Visual components within Activities are called Views, which are similar to controls or widgets in
traditional desktop and web development. The Hello World template created by the wizard overrides
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the oncreate method to call setContentview, which lays out the Ul by inflating a layout resource,
as highlighted in bold in the following snippet:

@Override

protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView(R.layout.activity main) ;

}

The resources for an Android project are stored in the res folder of your project hierarchy, which
includes 1ayout, values, drawable, and mipmap subfolders. Android Studio interprets these
resources and provides design-time access to them through the R variable, as described in Chapter 4.

Listing 2-2 shows the Ul layout as defined in the activity main.xml file, created by the Android
project template and stored in the project’s res/layout folder.

LISTING 2-2: Hello World layout resource

<?xml version="1.0" encoding="utf-8"?>
<android. support.constraint.ConstraintLayout
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:app="http://schemas.android.com/apk/res-auto"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout height="match parent"
tools:context="com.professionalandroid.apps.myapplication.MainActivity">
<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Hello World!"
app:layout constraintBottom toBottomOf="parent"
app:layout constraintLeft toLeftOf="parent"
app:layout constraintRight toRightOf="parent"
app:layout constraintTop toTopOf="parent"/>
</android.support.constraint.ConstraintLayout>

NOTE The specific layout created as part of the Android Project Wizard may
change over time, so your layout may look slightly different to the XML shown
here, though the resulting Ul should appear very similar.

Defining your Ul in XML and inflating it is the preferred way of implementing your user interfaces
(UIs), because it neatly decouples your application logic from your UI design.

To get access to your Ul elements in code, you can add identifier attributes to them in the XML
definition:

<TextView
android:id="@+id/myTextView"
android:layout width="wrap content"
android:layout height="wrap content"
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android:text="Hello World!"

app:layout constraintBottom toBottomOf="parent"
app:layout constraintLeft toLeftOf="parent"
app:layout constraintRight toRightOf="parent"
app:layout constraintTop toTopOf="parent"/>

You can then use the findviewById method to return a reference to each named item at run time:

TextView myTextView = findViewById(R.id.myTextView) ;

Alternatively (although it’s not generally considered good practice), you can create your layout
directly in code, as shown in Listing 2-3.

LISTING 2-3: Creating layouts in code

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;

RelativeLayout.LayoutParams lp;
lp =
new RelativelLayout.LayoutParams (LinearLayout.LayoutParams.MATCH PARENT,
LinearLayout.LayoutParams.MATCH PARENT) ;

RelativeLayout.LayoutParams textViewLP;
textViewLP = new RelativelLayout.LayoutParams (
RelativeLayout.LayoutParams.WRAP_ CONTENT,
RelativeLayout.LayoutParams.WRAP CONTENT) ;

Resources res = getResources() ;
int hpad = res.getDimensionPixelSize(R.dimen.activity horizontal margin) ;
int vpad = res.getDimensionPixelSize(R.dimen.activity vertical margin);

RelativelLayout rl = new RelativeLayout (this);
rl.setPadding (hpad, vpad, hpad, vpad);

TextView myTextView = new TextView (this) ;
myTextView.setText ("Hello World!") ;

rl.addView (myTextView, textViewLP);

addContentView(rl, 1lp);

Note that all the properties available in code can also be set with attributes in the XML layout.

More generally, keeping the visual design decoupled from the application code helps keep the code
concise. With Android available on hundreds of different devices of varying screen sizes, defining
your layouts as XML resources makes it easier for you to include multiple layouts optimized for dif-
ferent screens.

You learn how to build your user interface by creating layouts and building your own custom Views
in Chapter 5, “Building User Interfaces.”
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Opening Android Sample Projects

Android includes a number of well-documented sample projects that are an excellent source for full,
working examples of applications written for Android. When you finish setting up your develop-
ment environment, it’s worth going through some of them.

The Android sample projects are stored on GitHub, and Android Studio provides a simple mecha-
nism for cloning them:

1. From within Android Studio, select File = New = Import Sample... to open the Import
Sample Wizard, as shown in Figure 2-17. You can also select “Import an Android code sam-
ple” from the Welcome to Android Studio Wizard if you have no projects currently open.

® Import Sample X

£  Browse Samples

“\ Android Studio

Select a sample to import

~
@‘ / This sample shows you how a provide a

Actionbar context-sensitive ShareActionProvider with
ActionBarCompat, backwards compatible to APl v7.

Action Bar Compat - Share Action Provider
Action Bar Compat - Styled

Android o preview

Tags: ui,actionbar

Autofill Framework Browse source in GitHub
Autofill Framework 8 12:00
Downloadable Fonts (Kotlin) P "
Emaji Compat i ActionBarCompat-ShareActio.. =
Emoji Compat (Kotlin) -~
" g
Notification Channels Hangouts
Notification Channels (Kotlin)
Android oreo
Picture In Picture

Picture In Picture (Kotlin)

% Bluetooth

- Keep

FIGURE 2-17

2.  Select the sample you wish to import and click Next.

3.  Specify an application name and location on your host machine and click Finish to download
and open the sample.

The selected sample project will be cloned from GitHub and be opened as a new Android Studio
project.

NOTE To view all of the Android code samples available for import into
Android Studio, see the Google Samples page on GitHub at github.com/
googlesamples/.



http://github.com/googlesamples/
http://github.com/googlesamples/

Developing for Android | 35

Getting Started Writing Android Apps Using Kotlin

Until 2017, Android app development required the use of the Java language syntax. Android Studio
3.0 added Kotlin as a fully supported language alternative.

Kotlin is a statically typed language that is fully interoperable with the existing Java language syn-
tax and runtime used with Android. It’s considered expressive and concise, and introduces improve-
ments including reduced language verbosity, null-pointer safety, extension functions, and infix
notation.

Since Android Studio 3.0, Kotlin is an officially supported Android development language; however,
at the time of this book’s writing, Java was still the default for new projects—and most existing
Android projects were still written predominantly using Java syntax. It’s also very easy to convert
Java syntax into Kotlin, simply by pasting Java syntax into a Kotlin source file. As a result, we have
used Java syntax within the code snippets and sample projects featured within this book.

Given the advantages of Kotlin in terms of improved development time and code readability, we
expect the proportion of apps written primarily in Kotlin to increase quickly, and we highly recom-
mend that you familiarize yourself with the Kotlin language for writing Android apps. To assist,
each of the code snippets and sample projects are also available in Kotlin, downloadable from the
Wrox site alongside the Java syntax versions.

Your Android projects can be written from scratch in Kotlin, can include interoperable Kotlin and
Java source files, or can be converted from Java source files to Kotlin during development.

To begin a new project in Kotlin, select the File & New @ New Project... menu item, as previously
described, but on the first page of the wizard, select the “Include Kotlin support” checkbox, as
shown in Figure 2-18.

® Create New Project X

F &Y
’_() Create Android Project

Application name
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Company domain
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Project location

‘ C:\Users\Reto\AndroidStudioProjects\MyApplication5 |D

Package name

com.professionalandroid.apps.myapplication ‘ Edit

[J Include C+ + support
Include Kotlin support

FIGURE 2-18
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Proceed through the wizard as described in the earlier section. When complete, take a look at the
Kotlin source code for your Activity in the MainActivity.kt file. Kotlin files are stored alongside
Java source files and can be found in the Java folder when using the Android project view:

package com.professionalandroid.apps.myapplication

import android.support.v7.app.AppCompatActivity
import android.os.Bundle

class MainActivity : AppCompatActivity() {

override fun onCreate (savedInstanceState: Bundle?) {
super.onCreate (savedInstanceState)
setContentView(R.layout.activity main)

}
}

Note that while the code is somewhat more concise, the syntactic changes at this point are mini-
mal. The package and import statements are the same, the Mainactivity class still extends
AppCompatActivity, and the override of the onCcreate method remains the same.

To add a new Kotlin file to your project, select Kotlin from the Source Language dropdown list
when adding a new application component from the File = New menu. Alternatively, you can select
the File &> New > Kotlin File/Class menu item to create a basic file.

Because Kotlin and Java files can coexist in the same project, it’s possible to add Kotlin source files
to a project you started without ticking the Kotlin support checkbox or to add Java source files to a
project started with Kotlin support.

It’s also possible to convert existing Java syntax source files into Kotlin. You can do this by open-
ing an existing Java source file and selecting the Code => Convert Java File to Kotlin File menu item.
Alternatively, you can create a new Kotlin file and paste Java syntax source code into it. You will be
prompted to convert the pasted code into Kotlin, as shown in Figure 2-19.

# Convert Code From Java X

Clipboard content copied from Java file. Do you want to convert it to Kotlin code?

[ Don't show this dialog next time

[ 30|

FIGURE 2-19

Note that these automatic conversions may not always use idiomatic Kotlin, so the resulting code
might not use Kotlin’s best language features.

Using the Android Support Library Package

The Android Support Library package (also referred to as the compatibility library or AppCompat)
is a set of libraries you can include as part of your projects, to gain either convenience APIs that
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aren’t packaged as part of the framework (such as the View Pager), or useful APIs that are not avail-
able on all platform releases (such as Fragments).

The Support Library enables you to use framework API features that were introduced in newer
Android platform releases on devices running earlier platform versions. This helps you provide a
consistent user experience and greatly simplifies your development process by reducing the burden of
supporting older platform versions, while taking advantage of newer features.

NOTE I#’s good practice to use the Support Library rather than the framework
APIs when you want to support devices running earlier platform releases, and
where the Support Library offers all the functionality you require.

Accordingly, the examples in this book will target Android 8.1 (API Level 27)
and use the support library APIs where available, in preference to the frame-
work, while highlighting specific areas where the Support Library may not be a
suitable alternative.

The Android Support Library package contains several individual libraries, each of which offers
support for a specific range of Android platform versions and features.

We will introduce new libraries as required in the following chapters. To begin with, it’s good
practice to include the v7 appcompat library in all new projects because it supports a wide range of
Android versions—back to Android 2.3 Gingerbread (API Level 9)—and provides APIs for many
recommended user interface patterns.

The application templates provided by Android Studio—including the Hello World example we cre-
ated earlier—include a dependency on the v7 appcompat library by default.

To incorporate an Android Support Library package into your project, perform the following steps:
1. Use the SDK Manager to ensure you have downloaded the Android Support Repository.
2. Add a dependency to your Gradle build for the desired library, either by:
2.1 Opening your module:app build.gradle file and adding a reference to the library
name and version you wish to include, within the dependency node:

dependencies {
[... Existing dependencies ...]
implementation 'com.android.support:appcompat-v7:27.1.1"

}

2.2 Or using Android Studio’s Project Structure Ul as shown in Figure 2-20. Select the File
> Project Structure..., menu item and then select your app module from the list on the
left before choosing the Dependencies tab. Add a new library by selecting the green
“plus” symbol on the right-side toolbar and selecting the desired library.
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Notice that we’re adding a dependency to a specific version of the support library. By design, the
Android Support Library package will be updated more regularly than the Android framework
SDK. By downloading new versions of the Support Libraries, and updating your dependencies to
reference the newest releases, you can continue to incorporate bug fixes and improvements to your
app as the Support Libraries are updated.

NOTE The Support Library classes mirror the names of their framework coun-
terparts. In most cases the Support Library class is postfixed with compat (for
example, NotificationCompat); however, some earlier Support Library classes
use the same names as their framework equivalents. As a result, there’s a sig-
nificant risk that the code completion and automatic import-management tools
in Android Studio (and other IDEs) will select the wrong library—particularly
when you’re building against newer versions of the SDK.

It’s good practice to set your project build target to the minimum platform ver-
sion you plan to support, and to ensure the import statements are using the
compatibility library for classes that also exist in the target framework.
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DEVELOPING FOR MOBILE AND EMBEDDED DEVICES

Android does a lot to simplify mobile- or embedded-device software development, but to build high-
quality apps you need to understand the reasons behind the conventions. You have several factors to
consider when writing software for mobile and embedded devices, and when developing for Android
in particular.

NOTE [n this chapter you learn some of the techniques and best practices for
writing efficient Android code. In later chapters, these best practices are some-
times compromised for clarity and brevity when new Android concepts or func-
tionality are introduced. In the best tradition of “Do as I say, not as I do,” some
examples will show the simplest (or easiest-to-understand) way of doing some-
thing, not necessarily the best way of doing it in production.

Hardware-Imposed Design Considerations

Small and portable, mobile devices offer exciting opportunities for software development. Their lim-
ited screen size and reduced memory, storage, and processor power are far less exciting, and instead
present some unique challenges.

Compared to desktop or notebook computers, mobile devices have relatively:
> Low processing power

Limited RAM

Limited storage capacity

Small screens

High costs associated with data transfers

Intermittent connectivity, slow data transfer rates, and high latency

Y Y Y VY Y Y

Limited battery life

Each new generation of devices improves on many of these restrictions, but the device ecosystem
also caters for a wide variety of prices—which results in significant variety in hardware capabilities.
This is amplified by the huge growth in smart phone adoption in emerging markets, which are sig-
nificantly more price sensitive, and that in turn results in large numbers of new devices with lower
specification hardware.

The expansion of Android into an increasingly diverse variety of form factors—including tablets,
TVs, automotive head-units, and wearable devices further expands the range of devices on which
your application may be running.


Ulysses Carlos
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In some cases you may find your app running on hardware significantly more powerful than you
expected; however it’s always good practice to design to accommodate the worst-case scenario to
ensure you’re providing a great user experience to all users, no matter what their hardware platform.

Performance Matters

Manufacturers of embedded devices, particularly mobile devices, often value thinner form factors
and bigger (and higher resolution) screens over significant improvements to processor speeds. For
us as developers, that means losing the head start traditionally afforded thanks to Moore’s law (the
doubling of the number of transistors placed on an integrated circuit every two years). In desktop
and server hardware, Moore’s Law typically results directly in processor performance improve-
ments; for mobile devices, it instead means thinner devices, with brighter, higher-resolution screens.
By comparison, improvements in processor power take a back seat.

In practice, this means that you always need to optimize your code so that it runs quickly and
responsively, assuming that hardware improvements over the lifetime of your software are unlikely
to do you any favors.

Code efficiency is a big topic in software engineering, so I’m not going to try to cover it extensively
here. Later in this chapter you learn some Android-specific efficiency tips, but for now note that effi-
ciency is particularly important for resource-constrained platforms.

Expect Limited Storage Capacity

Advances in flash memory and solid-state disks have led to a dramatic increase in mobile-device
storage capacities. Although devices with 64, 128, or even 256 GB of storage are no longer uncom-
mon, many popular lower-end devices have significantly less available space. Given that most of the
available storage on a mobile device is likely to be used to store photos, music, and movies, users are
likely to uninstall apps that are taking a disproportionate amount of storage space relative to their
perceived value.

As a result, the install size of your application is an important consideration, though even more
important is ensuring that your application is polite in its use of system resources—so you must
carefully consider how you store your application data.

To make life easier, you can use the Android databases to persist, reuse, and share large quantities
of data, as described in Chapter 9, “Creating and Using Databases.” For files, preferences, and state
information, Android provides optimized frameworks, as described in Chapter 8, “Files, Saving
State, and User Preferences.”

Part of being polite is cleaning up after yourself. Techniques such as caching, pre-fetching, and lazy
loading are useful for limiting repetitive network lookups and improving application responsiveness,
but don’t leave files on the filesystem or records in a database when they’re no longer needed.

Design for Different Screens and Form Factors

The small size and portability of mobiles are challenge for creating good interfaces, particularly
when users are demanding an increasingly striking and information-rich graphical user experience.
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Combined with the wide range of screen sizes that make up the Android device ecosystem, creating
consistent, intuitive, and delightful user interfaces can be a significant challenge.

Werite your applications knowing that users will often only glance at the screen. Make your applica-
tions intuitive and easy to use by reducing the number of controls and putting the most important
information front and center.

Graphical controls, such as the ones you’ll create in Chapter 5, are an excellent means of displaying
a lot of information in a way that’s easy to understand. Rather than a screen full of text with a lot of
buttons and text-entry boxes, use colors, shapes, and graphics to convey information.

You’ll also need to consider how touch input is going to affect your interface design, and how you
can support accessibility and non—touch screen devices such as T'Vs.

Android devices are now available in a huge variety of screen sizes, resolutions, and input mecha-
nisms. With multi-window support included in Android 7.0, the screen size for your app may even
change while running on a single device.

To ensure that your application looks good and behaves well on all the possible host devices, you
need to create responsive designs and test your application on a variety of screens, optimizing for
small screens and tablets, while also ensuring that your Uls scale well.

You learn some techniques for optimizing your Ul for different screen sizes in Chapters 4 and 5.

Expect Low Speeds, High Latency

The ability to connect to the Internet is a big part of what has made smart phones smart, and ubig-
uitous. Unfortunately, mobile Internet connectivity isn’t as fast, reliable, cheap, or readily available
as we would like; when you’re developing your Internet-based applications, it’s best to assume that
the network connection will be slow, intermittent, expensive, and unreliable.

This is especially true in emerging markets where relative data prices are significantly higher. By
designing for the worst case you can ensure that you always deliver a high-standard user experi-
ence. This also means making sure that your applications can handle losing (or not finding) a data
connection.

The Android Emulator enables you to control the speed and latency of your network connection.
Figure 2-21 shows the Emulator’s network connection speed and signal strength, simulating a
distinctly suboptimal EDGE connection.

Experiment to ensure seamlessness and responsiveness no matter what the speed, latency, and avail-
ability of network access. Some techniques include limiting the functionality of your application, or
reducing network lookups to cached bursts, when the available network connection supports only
limited data transfer capabilities.

In Chapter 7, “Using Internet Resources,” you learn how to use Internet resources in your
applications.
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Save Battery Life

The more useful the apps on a device, the more that device is used—and the more quickly its battery
is depleted. Combine this with larger, higher-resolution screens and thinner device form factors, and
battery life quickly becomes a significant issue for device owners.

There’s no more effective way to have users uninstall your app than to have it quickly deplete the
battery. You should always endeavor to create apps that limit their impact on battery life.

One of the most dramatic influencers of how your app affects battery life is its use of network data
transfers—particularly when your app isn’t currently in the foreground. For your app to be a good
citizen on the device, you must carefully consider if, and when, you choose to transfer data.

Android offers a number of APIs to help you minimize your impact on battery life, including Doze,
App Standby, and Job Scheduler—each of which is designed to help you ensure your app adheres
to best practices in conserving battery life when performing network transfers and operating in the
background.

We explore these and other battery-saving best practices in Chapter 11.
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Considering the User’s Environment

Sadly, you can’t assume that your users will consider your application the most important feature of
their device.

In the case of smart phones, they are typically first and foremost a communications device, secondly
a camera, thirdly a music and video player, and fourthly a games platform. The applications you
write will most likely be in the fifth category of “useful stuff.”

That’s not a bad thing—they’ll be in good company with others, including Google Maps and the
web browser. That said, each user’s usage model will be different; some people will never use their
device to listen to music, some devices don’t support telephony, and some don’t include cameras—
but the multitasking principle inherent in a device as ubiquitous as it is indispensable is an important
consideration for usability design.

It’s also important to consider when and how your users will use your application. People use their
mobiles all the time—on the train, walking down the street, or even while driving. You can’t make
people use their phones appropriately, but you can make sure that your applications don’t distract
them any more than necessary.

What does this mean in terms of software design? Make sure that your application:

> Is predictable and well behaved—There’s a fine line between a delightful moment and an
unpleasant surprise. The outcome of any user interaction should be predictable and revers-
ible, making it easy for new users to understand how to perform tasks, and minimizing any
risk from experimenting.

> Switches seamlessly from the background to the foreground—With the multitasking nature
of mobile devices, it’s likely that your applications will regularly move into and out of the
background. It’s important that they “come to life” quickly and seamlessly. Unless users have
explicitly closed your app, they shouldn’t notice a difference between restarting and resum-
ing it; switching should be seamless, with users being shown the Ul and application state they
last saw.

> Is polite—Never steal focus or interrupt a user’s current Activity. Use Notifications (detailed
in Chapter 11) to request user attention, when and as appropriate, when your application
isn’t in the foreground.

> Presents an attractive and intuitive UI—Spend the time and resources necessary to produce a
Ul that is as attractive as it is functional, and don’t force users to interpret and relearn your
application every time they open it. Using your app should be simple, easy, obvious, and
delightful.

> Is responsive—Responsiveness is one of the most critical design considerations on a mobile
device. You’ve no doubt experienced the frustration of a “frozen” piece of software; the mul-
tifunctional nature of mobile devices makes this even more annoying. With the possibility of
delays caused by slow and unreliable data connections, it’s important that your application
always remains responsive.
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Developing for Android

In addition to the preceding general guidelines, the Android design philosophy demands that high-
quality applications be designed for:

»  Performance
Responsiveness
Freshness
Security

Seamlessness

Y Y ¥V VY Y

Accessibility

Being Performant

One of the keys to writing efficient Android code is not to carry over assumptions from desktop
and server environments into embedded devices. A lot of what you already know about writing effi-
cient code will be applicable to Android, but the limitations of embedded systems and the use of the
Android Run Time mean you can’t take things for granted.

There are two basic rules for writing efficient code:
> Don’t do work that you don’t need to do.
> Don’t allocate memory if you can avoid it.
System memory is a scarce commodity, so you need to take special care to use it efficiently. This

means thinking about how you use the stack and heap, limiting object creation, and being aware of
how variable scope affects memory use.

The Android team has published specific and detailed guidance on writing efficient code for
Android, so rather than rehashing it here, visit d.android.com/training/articles/perf-tips
.html for suggestions.

Being Responsive

Generally, 100 to 200ms is the threshold at which users perceive a delay or “jank” in an application,
so you should always endeavor to respond to user input within that timeframe.

The Android Activity Manager and Window Manager also enforce a time limit beyond which the
application is considered unresponsive, and the user will be given the opportunity to force-close
the app. If either service detects an unresponsive application, it will display an “[Application] isn’t
responding” (ANR) dialog box, as shown in Figure 2-22.


http://d.android.com/training/articles/perf-tips.html
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My Application isn't responding

X Close app
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FIGURE 2-22

Android monitors two conditions to determine responsiveness:

> An application must respond to any user action, such as a key press or screen touch, within §
seconds.

> A Broadcast Receiver must return from its onReceive handler within 10 seconds.

The ANR dialog box is a last resort of usability; the generous five-second limit is a worst-case sce-
nario, not a target. You can ensure that your application doesn’t trigger an ANR, and is as respon-
sive as possible, in a number of ways:

> Lengthy tasks such as network or database lookups, complex processing (such as cal-
culating game moves), and file I/O should all be moved off the main Ul thread and run
asynchronously.

Show progress within your Ul if there are long-running tasks happening in the background.

> 1If your application has a time-consuming initial setup phase, render the main view as quickly
as possible, indicate that loading is in progress, and fill the information asynchronously. You
could also consider showing a splash screen—but in either case, indicate that progress is
being made, to avoid the user perception that the application has frozen.



46

CHAPTER 2 GETTING STARTED

Ensuring Data Freshness

From a usability perspective, the right time to update your application is immediately before the user
looks at it—in practice, you need to weigh the update frequency against its effect on battery life and
data usage.

When designing your application, it’s critical that you consider how often you will update its data.
You need to minimize the time users are waiting for refreshes or updates, while limiting the effect

of these background updates on the battery life. You are introduced to the Job Scheduler to update
your application in the background in Chapter 11.

Developing Secure Applications

Android applications have access to networks and hardware, can be distributed independently, and
are built on an open source platform featuring open communication, so it shouldn’t be surprising
that security is a significant consideration.

The Android security model sandboxes each application and restricts access to services and func-
tionality by requiring applications to declare the permissions they require, and allowing users to
accept or reject those requests.

The framework also includes robust implementations of security functionality including cryp-
tography and secure IPC, as well as technologies like ASLR, NX, ProPolice, safe_iop, OpenBSD
dlmalloc, OpenBSD calloc, and Linux mmap_min_addr to mitigate risks associated with common
memory management errors.

This doesn’t get you off the hook. You not only need to make sure your application is secure for its
own sake, but you also need to ensure that it doesn’t “leak” permissions, data, and hardware access
to compromise the device or user data. You can use several techniques to help maintain device secu-
rity, and they are covered in more detail as you learn the technologies involved. In particular, you
should do the following:

> Be security conscious when storing or transmitting data. By default, files that you create
on internal storage are accessible only to your app, but you must be particularly careful if
your app shares files or data with other applications—for example, through shared Services,
Content Providers, or broadcast Intents. If you have access to user data and can avoid storing
or transmitting the information, do not store or transmit the data. Take special care to ensure
you aren’t sharing or transmitting sensitive information, such as PII (personally identifiable
information) or location data.

> Always perform input validation. Insufficient input validation is one of the most common
security problems affecting applications, regardless of what platform they run on. Take spe-
cial care when accepting input to your application from user input or external sources, such
as the Internet, Bluetooth, NFC, SMS messages, or instant messaging (IM).

> Be cautious when your application may expose access to lower-level hardware to third-party
applications.

> Minimize the data your application uses and which permissions it requires.
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NOTE You can learn more about Android’s security model in Chapter 20,
“Advanced Android Development,” and at developer.android.com/train-
ing/articles/security-tips.html.

Ensuring a Seamless User Experience

The idea of a seamless user experience is an important, if somewhat nebulous, concept. What do
we mean by seamless? The goal is a consistent user experience in which applications start, stop, and
transition instantly and without perceptible delays or jarring transitions.

The speed and responsiveness of a mobile device shouldn’t degrade the longer it’s used. Android’s
process management helps by acting as a silent assassin, killing background applications to free
resources as required. Knowing this, your applications should always present a consistent interface,
regardless of whether they’re being restarted or resumed.

Start by ensuring that your Activities are properly suspended when they’re not in the foreground.
Android fires event handlers when your Activity is paused and resumed, so you can pause Ul
updates and network lookups when your application isn’t visible—and resume them as soon as it is.

Persist data between sessions, and when the application isn’t visible, suspend tasks that use proces-
sor cycles, network bandwidth, or battery life.

When your application is brought back to the front, or restarted, it should seamlessly return to its
last visible state. As far as your users are concerned, each application should be sitting silently, ready
to be used but just out of sight.

Use a consistent and intuitive approach to usability. You can create applications that are revolution-
ary and unfamiliar, but even these should integrate cleanly with the wider Android environment.

Use a consistent design language within your app—ideally following the material design principles
discussed in more detail in Chapter 12 and at material.io/guidelines/.

You can use many other techniques to ensure a seamless user experience, and you’ll be introduced
to some of them as you discover more of the possibilities available in Android in the upcoming
chapters.

Providing Accessibility

When designing and developing your applications, it’s important not to assume that every user
will be exactly like you. This has implications for internationalization and usability but is critical
for providing accessible support for users with disabilities that require them to interact with their
Android devices in different ways.

Android provides facilities to help these users navigate their devices more easily using text-to-speech,
haptic feedback, and trackball or D-pad navigation.

To provide a good user experience for everyone—including people with visual, physical, or age-
related disabilities that prevent them from fully using or seeing a touch screen—you can leverage
Android’s accessibility features.


http://developer.android.com/training/articles/security-tips.html
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NOTE Best practices for making your application accessible are covered in
detail in Chapter 14, “Advanced Customization of Your User Interface.”

As a bonus, the same steps required to help make your touch screen applications useful for users
with disabilities will also make your applications easier to use on non—touch screen devices, such
as TVs.

ANDROID DEVELOPMENT TOOLS

The Android SDK includes several tools and utilities to help you create, test, and debug your proj-
ects. We explore several of these in more detail throughout the remainder of this book, though a
detailed examination of each developer tool is outside our scope. However, it is worth reviewing
what’s available, and for additional details, check out the Android Studio documentation at
developer.android.com/studio.

As mentioned earlier, Android Studio conveniently incorporates all of these tools, including the
following:

> The Android Virtual Device Manager and Emulator—The AVD Manager is used to create
and manage AVDs, virtual hardware that hosts an Emulator running a particular build of
Android. Each AVD can specify a particular screen size and resolution, memory and storage
capacities, and available hardware capabilities (such as touch screens and GPS). The Android
Emulator is an implementation of the Android Run Time designed to run within an AVD on
your host development computer.

>  The Android SDK Manager—Used to download SDK packages including Android platform
SDKs, support libraries, and the Google Play Services SDK.

> Android Profiler—Visualize the behavior and performance of your app. The Android Profiler
can track memory and CPU use in real time, as well as analyze network traffic.

> Lint—A static analysis tool that analyzes your application and its resources to suggest
improvements and optimizations.

> Gradle—An advanced build system and toolkit that manages the compilation, packaging,
and deployment of your applications.

> Vector Asset Studio—Generates bitmap files for each screen density to support older versions
of Android that don’t support the Android vector drawable format.

> APK Analyzer—Provides insight into the composition of your built APK files.

The following additional tools are also available:

> Android Debug Bridge (ADB)—A client-server application that provides a link between your
host computer and virtual and physical Android devices. It lets you copy files, install com-
piled application packages (.apk), and run shell commands.


http://developer.android.com/studio
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Logcat—A utility used to view and filter the output of the Android logging system.

Android Asset Packaging Tool (AAPT)—Constructs the distributable Android package files
(.apk).

> SQLite3—A database tool that you can use to access the SQLite database files created and
used by Android.

> Hprof-conv—A tool that converts HPROF profiling output files into a standard format to
view in your preferred profiling tool.

>  Dx—Converts Java .class bytecode into Android .dex bytecode.

Draw9patch—A handy utility to simplify the creation of NinePatch graphics using a
WYSIWYG editor.

>  Monkey and Monkey Runner—Monkey runs within the Android Run Time, generating
pseudorandom user and system events. Monkey Runner provides an API for writing pro-
grams to control the VM from outside your application.

> ProGuard—A tool to shrink and obfuscate your code by replacing class, variable, and
method names with semantically meaningless alternatives. This is useful to make your code
more difficult to reverse engineer.

Android Studio

As a developer, the Android Studio IDE is where you’ll be spending the majority of your time, so
it pays to understand some of its nuances. The following sections introduce some tips for reducing
build times—specifically through the use of Instant Run—as well as some shortcuts and advanced
features you can use while writing and debugging your code.

Improving Build Performance

The simplest way to improve build performance is by ensuring you have allocated enough RAM to
the build process. You can modify the amount of RAM allocated to the build system (the Gradle
Daemon VM) by editing the gradle.properties file within your project.

For good performance, it’s recommended that you allocate a minimum of 2Gb, using the
org.gradle.jvmargs property:

org.gradle.jvmargs=-Xmx2048m

The ideal value for each system will vary based on different hardware, so you should experiment to
see what works best for you.

Additionally, if you’re on Windows, Windows Defender Real-Time Protection might cause build
slowdowns. You can avoid this by adding your project folder to the list of Windows Defender
exclusions.
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Using Instant Run

Instant Run is an Android Studio feature that significantly reduces the build and deploy times for
incremental code changes during your coding, testing, and debugging life cycles.

The first time you hit Run or Debug, the Gradle build system will compile your source code into
bytecode and convert that to Android .dex files. Those are combined with your application’s mani-
fest and resources into an APK, which is deployed to your target device where the app is installed
and launched.

When Instant Run is enabled, the build process will inject some additional instrumentation and an
App Server into your debug APK to support Instant Run.

From then on, a small yellow lightning bolt icon is available, indicating that Instant Run is active.
Each time you make a change and hit Instant Run, Android Studio will attempt to improve the build
and deploy speed by “swapping” code and resource changes directly into your running debug app
process.

The nature of the improvements varies based on the changes you make as follows:

> Hot Swap—Incremental code changes are applied and reflected in the app without needing
to relaunch the app or even restart the current Activity. Can be used for most simple changes
within method implementations.

>  Warm Swap—The Activity needs to be restarted before changes can be seen and used.
Typically required for changes to resources.

> Cold Swap—The app is restarted (but still not reinstalled). Required for any structural
changes such as to inheritance or method signatures.

Instant Run is enabled by default, and is controlled by Android Studio, so only start/restart your
debug instance from the IDE—don’t start/restart your app from the device or command line.

Tips for Using Android Studio

Hundreds of tips and tricks can make your Android Studio experience faster and more productive.
The following are a small sampling of some not immediately obvious, but very helpful shortcuts to
help you make every keystroke count.

Quick Search

The most useful shortcut to remember in Android Studio is action search, triggered by press-
ing Ctrl+Shift+A (Cmd+Shift+A on MacOS). After pressing that shortcut, you can start typing
keywords, and any available actions or options containing those words will be available for your
selection.

To specifically search for files within a project, you can press Shift twice to display the Search
Everywhere dialog.

Alternatively, wherever there’s a long list—such as files in the project hierarchy or menu options in a
large menu such as Refactor This..., just start typing and it’ll start filtering results.
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Using Tab to Autocomplete Selections

Pressing Tab (instead of Enter) when selecting an autocomplete option replaces any existing methods
and values, rather than inserting the new selection in front of it.

Postfix Code Completion

Postfix code completion lets you transform a simple, already typed, value or expression into a more
complex one.

For example, you can create a for-loop over a List variable by typing . fori after the variable name,
or turn a Boolean expression into an if statement by postfixing .if (or .else). You can see all the
valid postfixes available for a given context by typing Ctrl+] (Cmd+] on MacOS).

Live Templates

Live Templates let you use shortcuts that are available as autocompletion options to insert templa-
tized snippets into your code.

Dozens of generic and Android-specific Live Templates are available, including a selection of logging
shortcuts—or you can create your own to simplify best-practice patterns or boilerplate within your
own code. You can view the existing Live Templates (and create your own) by opening the settings
window and navigating to Editor = Live Templates.

The Android Virtual Device Manager

The Android Virtual Device Manager is used to create and manage the virtual hardware devices
that will host instances of the Emulator.

AVDs are used to simulate the hardware configurations of different physical devices. This lets you
test your application on a variety of hardware platforms without needing to buy a variety of phones.

NOTE The Android SDK doesn’t include any prebuilt virtual devices, so you
will need to create at least one device before you can run your applications
within an Emulator.

Each virtual device is configured with a name, physical device type, Android system image, screen
size and resolution, ABI/CPU, memory and storage capacities, and hardware capabilities including
camera and network speeds.

Different hardware settings and screen resolutions will present alternative Ul skins to represent
the different hardware configurations. This simulates a variety of device types including different
phones and tablets, as well as TVs and Android Wear devices.

The Android Emulator

The Emulator runs within an AVD, and is available for testing and debugging your applications as
an alternative to using a physical device.
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The Emulator is an implementation of the Android Run Time, making it as valid a platform for run-
ning Android applications as any Android phone. Because it’s decoupled from any particular hard-
ware, it’s an excellent baseline to use for testing your applications.

Full network connectivity is provided along with the ability to tweak the Internet connection speed
and latency while debugging your applications. You can also simulate placing and receiving voice
calls and SMS messages.

Android Studio integrates the Emulator so that it’s launched automatically within the selected AVD
when you run or debug your projects.

Once running, you can use the toolbar shown in Figure 2-23 to emulate pressing the hardware
power and volume buttons, software home, back, and recents buttons, rotate the display, or take
screen shots. Pressing the “...” button opens the extended controls, which are also shown in
Figure 2-23, and that allow you to:

> Set the current GPS location, and simulate GPS track playback.

> Modify the simulated cellular network connectivity, including signal strength, speed, and
data connection type.

Set battery health, level, and charging status.
Simulate incoming phone calls and SMS messages.

Simulate the fingerprint sensor.

Y VY VY

Provide mock sensor data including results for accelerometer, ambient temperature, and mag-
netic field sensor.

Android Profiler

The Emulator enables you to see how your application will look, behave, and interact, but to actu-
ally see what’s happening under the surface, you need the Android Profiler.

The Android Profiler displays real-time profiling data for the CPU, memory, and network activity
related to your app. You can perform sample-based method tracing to time your code execution,
capture heap dumps, view memory allocations, and inspect the details of network-transmitted files.

To open the Android Profiler, click the Android Profiler icon in the toolbar, or navigate to the View
> Tool Windows & Android Profiler menu item. The shared timeline window will be displayed, as
shown in Figure 2-24.

The Profiler window displays real-time graphs for CPU, memory, and network usage, as well as an
event timeline that indicates changes in Activity state, user inputs, and screen rotations.

To access the detailed profiling tools for CPU, memory, or network use, click the associated
graph. Depending on the resource being profiled, each detail view will allow you to do one of the
following:

> Inspect CPU activity and method traces.
> Inspect the Java heap and memory allocations.

> Inspect incoming and outgoing network traffic.
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The Android Debug Bridge

The Android Debug Bridge (ADB) is a client-service application that lets you connect with an
Android device (virtual or actual). It’s made up of three components:

> A daemon running on the device or Emulator

> A service that runs on your development computer

> Client applications that communicate with the daemon through the service
As a communications conduit between your development hardware and the Android device/
Emulator, the ADB lets you install applications, push and pull files, and run shell commands on the

target device. Using the device shell, you can change logging settings and query or modify SQLite
databases available on the device.

Android Studio automates and simplifies a lot of your usual interaction with the ADB, including
application installation and updating, file logging, and debugging.

NOTE To learn more about what you can do with the ADB, check out the docu-
mentation at developer.android.com/studio/command-line/adb.html.

APK Analyzer

The APK Analyzer enables you to better understand the composition of your APK files by providing
an interface to:

> View the absolute and relative size of files stored within the APK, including .DEX and
resource files.

> View the final versions of .DEX files stored within the APK.
View the final version of the AndroidManifest .xml file.
> Perform a side-by-side comparison of two APKs.

To analyze your APK, you can drag and drop an APK file directly into the editor window of
Android Studio, navigate to an APK in the build = output = apks directory using the Project per-
spective and double-click the desired APK, or click the Build &> Analyze APK menu item and select
an APK.

The APK Analyzer window, shown in Figure 2-25, displays each file and folder stored within the
APK, and allows you to navigate within each folder or to display additional details on each file.

The Raw File Size column represents the uncompressed size of each entity, while the Download Size
indicates the estimated compressed size of the entity when delivered by Google Play.

By selecting the application manifest, you can view the XML form of the final manifest file pack-
aged within your APK.
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For more details on how to use the APK Analyzer, refer to developer.android.com/studio/
build/apk-analyzer.html.

i Iand

com.p id.apps.myapplication (version 1.0)
@ Raw File Size: 440.4 KB, Download Size: 252.9 KB ‘ Compare with previous APK...
ile Raw File Size Download Size% of Total Download size
148.7 KB 1446 KB 59.6% [
resources.arsc 200.7 KB 483 KB 19.9%
META-INF 21.1KB 19.7KB  8.1%
o Classes.dex 13.8 KB 131KB  5.4%
o Classes5.dex 8 KB TE6KB 3.1%
o Classesb.dex 3.2KB 31KB  1.3%
o Classes2.dex 2.6 KB 25 KB 1%
o Classes3.dex 24 KB 23KB 09%
« AndroidManifestxml 898 B 898B 0.4%
o Classesd.dex 422 B 4078 0.2%
FIGURE 2-25

The Lint Tool

Android Studio provides a static code analysis tool called Lint, which helps identify and correct
structural quality issues within your code, without having to run the app or write those specific
tests.

The configured Lint and IDE inspections run automatically whenever you build your app, checking
your source code and resource files for potential bugs and optimization improvements, including
correctness, security, performance, usability, accessibility, and internationalization.

Potential problems are highlighted within the IDE with a description, severity level, and where pos-
sible a suggested remedy.

Using Lint to identify and rectify potential structural issues within your code can dramatically
improve the readability, reliability, and efficiency of your code. It’s best practice to ensure all Lint
warnings are dealt with as part of your development process.

Monkey, Monkey Runner, and Espresso Ul Testing

UI testing helps to ensure that users don’t encounter unexpected results when interacting with your
app. Android Studio includes a number of tools to assist you in creating user interface/user interac-
tion tests.

Monkey works from within the ADB shell, sending a stream of pseudorandom, but repeatable,
system and Ul events to your application. It’s particularly useful to stress-test your applications to
investigate edge cases you might not have anticipated through unconventional use of the UL

Alternatively, Monkey Runner is a Python scripting API that lets you send specific Ul commands to
control an Emulator or device from outside the application. It’s extremely useful for performing UI,
functional, and unit tests in a predictable, repeatable fashion.


http://developer.android.com/studio/build/apk-analyzer.html
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The Espresso testing framework, provided through the Android Testing Support Library, provides
APIs for writing U tests to simulate specific user interactions for a specific app. Espresso detects
when the main thread is idle, and runs your test commands at the appropriate time to improve test
reliability. This capability also relieves you from needing to add timing workarounds, such as a sleep
period, into your test code.

You can learn more about Espresso testing at developer.android.com/training/testing/
espresso.

Gradle

Gradle is an advanced build system and toolkit, integrated into Android Studio, which makes it pos-
sible for you to perform custom build configurations without needing to modify your app’s source

files.

The use of Gradle as Android’s build system is intended to make it easier to configure, extend and
customize the build process, simplify code and resource reuse, and to more easily create multiple
build variants of an application.

Gradle is plug-in—based, so integration with Android Studio is managed through the Android Plugin
for Gradle, which works with the build toolkit to provide a UI within Android Studio for processes
and configurable settings that are specific to building and testing Android applications.

Gradle itself, and the Android Plugin, are integrated with—but ultimately independent of—Android
Studio. As a result, you can build your Android apps from within Android Studio, the command
line on your machine, or on machines where Android Studio is not installed (such as continuous
integration servers). The output of the build is the same whether you are building a project from the
command line, on a remote machine, or using Android Studio.

Within this book, we will be building our applications within Android Studio using the Android
Plugin for Gradle to manage our interactions with the build system. Full coverage of Gradle, custom
builds, and Gradle build scripts is beyond the scope of this book, but you can learn more details at

developer.android.com/studio/build/.

NOTE Because Gradle and the Android Plugin for Gradle are independent from
Android Studio, you will be prompted to update your build tools separately
from Android Studio, similarly to how SDK updates are performed.


http://developer.android.com/training/testing/espresso
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APPLICATIONS, ACTIVITIES, AND FRAGMENTS

Android applications (or simply “apps”) are software programs that are installed and run natively
on Android devices. To write high-quality applications, it’s important to understand the components
they consist of, and how those components work together. This chapter introduces each of the appli-
cation components, with special attention paid to Activities and Fragments—the visual components
of your application.

In Chapter 2, “Getting Started,” you learned that each Android application runs in a separate pro-
cess, in its own instance of the Android Run Time. In this chapter, you learn how the Android Run
Time manages your application, and the impact this has on the application life cycle. An applica-
tion’s state determines its priority that, in turn, affects the likelihood of its being terminated when
the system requires more resources. You are also introduced to the Activity and Fragment states,
state transitions, and event handlers.

The Activity class forms the basis for all your user interface (UI) screens. You’ll learn how to
create Activities and gain an understanding of their life cycles and how they affect the application
lifetime and priority.

The range of screen sizes and display resolutions for the devices on which your application will be
used has expanded with the range of Android devices now available. The Fragment API provides
support for creating dynamic layouts that can be optimized for all devices including tablets and
smartphones.

You’ll learn how to use Fragments to encapsulate state within your Ul components, and to create
layouts that scale and adapt to accommodate a variety of device types, screen sizes, and resolutions.

THE COMPONENTS OF AN ANDROID APPLICATION

Android applications consist of loosely coupled components, bound by an application manifest that
describes each component and how they interact. The following components comprise the building
blocks for all your Android applications:

> Activities—Your application’s presentation layer. The UI of your application is built around
one or more extensions of the Activity class. Activities use Fragments and Views to lay out
and display information, and to respond to user actions. Compared to desktop development,
Activities are equivalent to Forms. You learn more about Activities later in this chapter.

> Services—Service components run without a Ul, updating your data sources, triggering
Notifications, and broadcasting Intents. They’re used to perform long-running tasks, or those
that require no user interaction (such as tasks that need to continue even when your applica-
tion’s Activities aren’t active or visible). You learn more about how to create and use Services
in Chapter 11, “Working in the Background.”

> Intents—A powerful inter-application message-passing framework; Intents are used exten-
sively throughout Android. You will use Intents to start and stop Activities and Services, to
broadcast messages system-wide or to a specific Activity, Service, or Broadcast Receiver—or
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to request an action be performed on a particular piece of data. Explicit, implicit, and broad-
cast Intents are explored in more detail in Chapter 6, “Intents and Broadcast Receivers.”

> Broadcast Receivers—Broadcast Receivers (or just “Receivers”) are used to receive broadcast
Intents, enabling your application to listen for Intents that match the criteria you specify.
Broadcast Receivers start your application to react to any received Intent, making them per-
fect for creating event-driven applications. Broadcast Receivers are covered alongside Intents
in Chapter 6.

> Content Providers—Content Providers are the preferred means to share data across applica-
tion boundaries. You can configure your application’s Content Providers to allow access
from other applications, and you can access the Content Providers exposed by others.
Android devices include several native Content Providers that expose useful databases such
as the media store and contacts. You learn how to create and use Content Providers in
Chapter 10, “Content Providers and Search.”

> Notifications—Notifications enable you to alert users to application events without stealing
focus or interrupting their current Activity. They’re the preferred technique for getting a
user’s attention when your application is not visible or active, typically triggered from within
a Service or Broadcast Receiver. For example, when a device receives a text message or an
e-mail, the messaging and Gmail applications use Notifications to alert you. You can trigger
these notifications from your applications, as discussed in Chapter 11.

By decoupling the dependencies between application components, you can share and use individual
Content Providers, Services, and even Activities with other applications—both your own and those
of third parties.

THE ANDROID APPLICATION LIFE CYCLE, PRIORITY, AND
PROCESS STATES

Unlike many traditional application platforms, Android applications have limited control over their
own life cycles. Instead, application components must listen for changes in the application state and
react accordingly, taking particular care to be prepared for untimely termination.

By default, each Android application runs in its own process, each of which is running a separate
instance of the Android Run Time (ART). Memory and process management is handled exclusively
by the run time.

NOTE You can force application components within the same application to
run in different processes or to have multiple applications share the same process
using the android:process attribute on the affected component nodes within
the manifest.
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Android aggressively manages its resources, doing whatever is necessary to ensure a smooth and
stable user experience. In practice, that means processes (and therefore applications) will be killed,
in some cases without warning, to free resources if higher-priority applications require them.

The order in which processes are killed to reclaim resources is determined by the priority of their
hosted applications. An application’s priority is equal to that of its highest-priority component.

If two applications have the same priority, the process that has been at that priority longest will
typically be killed first. Process priority is also affected by interprocess dependencies; if an applica-
tion has a dependency on a Service or Content Provider supplied by a second application, the sec-
ondary application is assigned at least as high a priority as the application it supports.

It’s important to structure your application to ensure that its priority is appropriate for the work
it’s doing. If you don’t, your application could be killed while it’s in the middle of something impor-
tant, or it could remain running when it could safely be terminated to free resources and maintain a
smooth user experience.

Figure 3-1 shows the priority tree used to determine the order of application termination.

1. Active Process Critical Priority
Y
2. Visible Process High Priority
Y
3. Started Background Service Medium Priority
Y
4. Background Process Low Priority
FIGURE 3-1

The following list details each of the application states shown in Figure 3-1, explaining how the
state is determined by the application components of which it comprises:

> Active processes (Top Priority)—Active (foreground) processes have application components
the user is interacting with. These are the processes Android tries to keep running smoothly
and responsively by reclaiming resources from other applications. There are generally very
few of these processes.

Active processes include one or more of the following components:

> Activities in an active state—that is, those in the foreground responding to user
events. You explore Activity states in greater detail later in this chapter.

> Broadcast Receivers executing onReceive event handlers as described in Chapter 6.

Services executing onStart, onCreate, or onDestroy event handlers as described in

Chapter 11.
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> Visible processes (High Priority)—Visible but inactive processes are those hosting “visible”
Activities or foreground Services. As the name suggests, visible Activities are visible but they
aren’t in the foreground or responding to user input. This happens when an Activity is only
partially obscured (by a non—full-screen or transparent Activity), or the non-active window
in a multi-window environment. There are generally very few visible processes, and they’ll be
killed only under extreme circumstances to allow active processes to continue. Since Android
6.0 Marshmallow (API Level 23), running Services that have been flagged to run in the
foreground have a slightly lower priority than active processes, making it possible—though
unlikely—for a foreground Service to be killed to allow an active Activity with significant
memory requirements to continue running.

> Started background Service processes (Medium Priority)—Processes hosting background
Services that have been started. Because these Services don’t interact directly with the user,
they receive a slightly lower priority than visible Activities or foreground Services. You learn
more about Services in Chapter 11.

> Background processes (Low Priority)—Processes hosting Activities that aren’t visible and that
don’t have any running Services. Every time you switch between applications by pressing the
home key, or using the “recent apps” selector, the previously active application goes to the
background. There will generally be a large number of background apps that Android will
kill using a last-seen-first-killed pattern, giving some consideration to prioritize killing appli-
cations consuming more memory, in order to obtain resources for foreground processes.

INTRODUCING THE ANDROID APPLICATION CLASS

Your application’s Application object remains instantiated whenever your application is running—
unlike Activities, the Application is not restarted as a result of configuration changes.

Extending the Application class with your own implementation enables you to respond to
application-level events broadcast by the Android run time (such as low memory conditions.)

When your Application implementation is registered in the manifest, it will be instantiated when
your application process is created. As a result, if you choose to create a custom Application class
implementation, it is by nature a singleton and should be implemented as such.

A CLOSER LOOK AT ANDROID ACTIVITIES

Each Activity represents a screen that an application can present to your users. The more compli-
cated your application, the more screens you are likely to need.

Typically, this includes at least a “main Activity”—the primary interface screen—that handles the
main UI functionality of your application. This primary interface is generally supported by a set of
secondary Activities. To move between screens, you start a new Activity (or return from one).
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Creating Activities

To create a new Activity, extend the Activity class—or one of its subclasses (most commonly the
AppCompatActivity, as described in the next section). Within your new class you must assign a Ul
and implement your functionality. Listing 3-1 shows the basic skeleton code for a new aActivity.

LISTING 3-1: Activity skeleton code
package com.professionalandroid.apps.helloworld;

import android.app.Activity;
import android.os.Bundle;

public class MyActivity extends Activity {

/** Called when the activity is first created. */

@Override

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;

}
}

The base Activity class presents an empty screen that encapsulates the window display handling.
An empty Activity isn’t particularly useful, so the first thing you’ll want to do is create the Ul
using Fragments, layouts, and Views.

Views are the Ul widgets/controls that display data and provide user interaction. Android provides
several layout classes, called View Groups, which can contain multiple Views to help you lay out
your UL Fragments—discussed later in this chapter—are also available to encapsulate segments
of your UI, making it simple to create dynamic interfaces that can be rearranged to optimize your
layouts for different screen sizes and orientations.

NOTE Chapter 5 discusses Views, View Groups, and layouts in detail, examin-
ing what’s available, how to use them, and how to create your own.

To assign a Ul to an Activity, call setContentView from the onCcreate method. In this next snippet,
an instance of a TextView is used as the Activity’s Ul:

@Override

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
TextView textView = new TextView(this);
setContentView (textView) ;

}
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There’s a good chance you’ll want to use a slightly more complex UI design. You can create a layout
in code using layout View Groups, or you can use the standard Android convention of passing a
resource ID for a layout defined in an external resource, as shown in the following snippet:

@Override

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView(R.layout.main) ;

}

To use an Activity in your application, you need to register it in the manifest. Add a new activity
tag within the application node of the manifest; the activity tag includes attributes for meta-
data, such as the label, icon, required permissions, and themes used by the Activity.

<activity android:label="@string/app name"

android:name=".MyActivity">
</activitys>

An Activity without a corresponding activity tag can’t be used—attempting to start it will result
in a runtime exception:

Within the activity tag you can add intent-filter nodes that specify the Intents that can be
used to start your Activity. Each Intent Filter defines one or more actions and categories that your
Activity supports. Intents and Intent Filters are covered in depth in Chapter 6, but it’s worth
noting that for an Activity to be available from the application launcher, it must include an Intent
Filter listening for the MAIN action and the LAUNCHER category, as highlighted in Listing 3-2.

LISTING 3-2: Main Application Activity definition

<activity android:label="@string/app name"
android:name=".MyActivity">
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activitys>

Using the AppCompatActivity

As mentioned in Chapter 2, the AppCompatActivity class is an Activity subclass available from
the Android Support Library. It provides ongoing, backward compatibility for features added to the
Activity class in each new platform release.

As such, it’s considered best practice to use the AppCompatActivity in preference to the Activity
class, and we’ll continue to do so throughout this book, generally referring to classes that extend
AppCompatActivity as Activities.

Listing 3-3 updates the code from Listing 3-1 showing the skeleton code for a new Activity that
extends AppCompatActivity.


ucarlos
Highlight

Ulysses Carlos


64 | CHAPTER 3 APPLICATIONS AND ACTIVITIES AND FRAGMENTS, OH MY!

LISTING 3-3: AppCompatActivity Activity skeleton code
package com.professionalandroid.apps.helloworld;

import android.support.v7.app.AppCompatActivity;
import android.os.Bundle;

public class MyActivity extends AppCompatActivity {

/** Called when the activity is first created. */

@Override

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;

}

}
The Activity Life Cycle

A good understanding of the Activity life cycle is vital to ensure that your application provides a
seamless user experience and properly manages its resources.

As explained earlier, Android applications do not control their own process lifetimes; the Android
Run Time manages the process of each application, and by extension that of each Activity within it.

Although the run time handles the termination and management of an Activity’s process, the

Activity’s state helps determine the priority of its parent application. The application priority,
in turn, influences the likelihood that the run time will terminate it and the Activities running
within it.

Activity Stacks and the Least-Recently Used (LRU) List

The state of each Activity is determined by its position on the Activity stack (or “back stack”), a
last-in—first-out collection of all the currently running Activities. When a new Activity starts, it
becomes active and is moved to the top of the stack. If the user navigates back using the Back but-
ton, or the foreground Activity is otherwise closed, the next Activity down on the stack moves up
and becomes active. Figure 3-2 illustrates this process.

As described previously in this chapter, an application’s priority is influenced by its highest-priority
Activity. When the Android memory manager is deciding which application to terminate to free
resources, it uses this Activity stack to determine the priority of applications.

When none of an application’s Activities are visible, the application itself moves onto the least-
recently used (LRU) list, which is used to determine the order in which applications will be termi-
nated to free resources as described earlier.
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Activity States

Throughout an application’s life cycle, its Activities move in and out of the Activity stack, as shown
in Figure 3-2. As they do so, they transition through four possible states:

>

Active—When an Activity is at the top of the stack it is the visible, focused, foreground
Activity that is receiving user input. Android will attempt to keep it alive at all costs, killing
applications that own Activities further down the stack as needed, to ensure this Activity has
the resources it needs. When another Activity becomes active, this one will be paused—and
when it is no longer visible, it will be stopped, as described in the following points.

Paused—In some cases your Activity will be visible but will not have focus; at this point it’s
paused. This state may also be reached in which your application is being used in a multi-
window environment—where multiple applications may be visible, but only the Activity
with which the user last interacted is considered active. Similarly, if your Activity has a
transparent or non—full-screen Activity active in front of it, it will remain in a paused state.
When paused, an Activity is treated as if it were active; however, it doesn’t receive user input
events. In extreme cases Android will kill a paused Activity to recover resources for the active
Activity. When an Activity becomes totally obscured, it is stopped; all Activities transition
through the paused state before becoming stopped.
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Stopped—When an Activity isn’t visible, it “stops.” The Activity will remain in memory,
retaining all state information; however, it is now a likely candidate for termination when the
system requires memory. When an Activity is in a stopped state, it’s important to save data
and the current Ul state, and to stop any non-critical operations. Once an Activity has exited
or closed, it becomes inactive.

Inactive—After an Activity has been killed, as well as before it’s been launched, it’s inactive.
Inactive Activities have been removed from the Activity stack and need to be restarted before
they can be displayed and used.

State transitions occur through user and system actions, meaning your application has no control
over when they happen. Similarly, application termination is handled by the Android memory
manager, which will start by closing applications that contain inactive Activities, followed by those
that are stopped. In extreme cases, it will remove those that are paused.

NOTE To ensure a seamless user experience, transitions between states should
be invisible to the user. There should be no difference in an Activity moving from
a paused, stopped, or inactive state back to active, so it’s important to save all
Ul state and persist all data when an Activity is stopped.

It’s best practice to perform any time-consuming state persistence operations
(such as database transactions or network transfers) when the Activity transi-
tions to the stopped state (within the onStop handler, as described later in this
chapter), rather than during the transition to the paused state (within onPause).

Activities may transition between active and paused states frequently and rap-
idly—particularly when used in a multi-window environment—so it’s important
that this transition execute as quickly as possible. Once an Activity does become
active, it should restore those saved values.

Similarly, apart from changes to the Activity’s priority, transitions between the
active, paused, and stopped states have little direct impact on the Activity itself.
It’s up to you to use these signals to pause and stop your Activities accordingly,
and to be prepared for termination at any time.

Understanding Activity Lifetimes

To ensure that Activities can react to state changes, Android provides a series of event handlers that
are fired as an Activity transitions through its full, visible, and active lifetimes. Figure 3-3 summa-
rizes these lifetimes in terms of the Activity states described in the previous section.

Within an Activity’s full lifetime, between creation and destruction, it goes through one or more
iterations of the active and visible lifetimes. Each transition triggers the method handlers previously
described. The following sections provide a closer look at each of these lifetimes and the events that
bracket them.
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The Full Lifetime

The full lifetime of your Activity occurs between the first call to onCreate and when it is destroyed.
It’s not uncommon for an Activity’s process to be terminated without the corresponding onDestroy
handler being called.

Override onDestroy to clean up any resources created in onCreate, and ensure that all external
connections, such as network or database links, are closed.

As part of Android’s guidelines for writing efficient code, it’s recommended that you avoid repeated
creation of short-term objects. The rapid creation and destruction of objects forces additional gar-
bage collection, a process that can have a direct negative impact on the user experience. If your
Activity creates the same set of objects regularly, consider creating them in the oncreate method, as
it’s called only once during the Activity’s lifetime.

The Visible Lifetime

An Activity’s visible lifetimes are bounded between calls to onstart and onStop. Between these
calls your Activity will be visible to the user, although it may not have focus and may be partially
obscured. Activities are likely to go through several visible lifetimes during their full lifetime as they
move between the foreground and background. Since Android 3.0 Honeycomb (API Level 11), you
can safely assume onStop will be called before your application process is terminated.

The onstop method should be used to pause or stop animations, threads, Sensor listeners, GPS
lookups, Timers, Services, or other processes that are used exclusively to update the UL There’s little
value in consuming resources (such as memory, CPU cycles, or network bandwidth) to update the
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UI when it isn’t visible. Use the onstart method to resume or restart these processes when the Ul is
visible again.

The onRestart method is called immediately prior to all but the first call to onstart. Use it to
implement special processing that you want done only when the Activity restarts within its full
lifetime.

The onstart/onstop methods should also be used to register and unregister Broadcast Receivers
used exclusively to update the Ul

NOTE You learn more about using Broadcast Receivers in Chapter 6.

The Active Lifetime

The active lifetime starts with a call to onResume and ends with a corresponding call to onPause.

An active Activity is in the foreground and is receiving user input events. Your Activity is likely

to go through many active lifetimes before it’s destroyed, as the active lifetime will end when a
new Activity is displayed, the device goes to sleep, or the Activity loses focus. Try to keep code in
the onPause and onResume methods fast and lightweight to ensure that your application remains
responsive when moving in and out of the foreground. You can safely assume that during the active
lifetime onpPause will be called before the process is terminated.

NOTE If the system determines that this Activity state may need to be resumed,
then immediately before onPause a call is made to onsaveInstancestate. This
method provides an opportunity to save the Activity’s Ul state in a Bundle that
may be passed to the onCreate and onRestoreInstanceState methods.

Use onsaveInstanceState to save the Ul state to ensure that the Activity can
present the same Ul when it next becomes active. The onSaveInstanceState
handler will not be called if the system determines that the current state will not
be resumed—for example, if the Activity is closed by pressing the Back buiton.

Since Android 3.0 Honeycomb (API Level 11), the completion of the onstop handler marks the
point beyond which an Activity may be killed without warning. This allows you to move all
time-consuming operations required to save state into onStop, keeping your onPause lightweight
and focused on suspending memory- or CPU-intensive operations while the Activity isn’t active.
Depending on your application architecture, that may include suspending threads, processes, or
Broadcast Receivers while your Activity is not in the foreground.

The corresponding onrResume method should also be lightweight. You do not need to reload the Ul
state here, because this should handled by the oncreate and onRestoreInstanceState methods as
required. Use onResume to reverse actions performed within onPause—such as allocating released
resources, initializing or registering removed or unregistered components, and resuming any sus-
pended behavior.
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Monitoring State Changes

The skeleton code in Listing 3-4 shows the stubs for the state change method handlers available in
an Activity as described in the previous section. Comments within each stub describe the actions
you should consider taking on each state change event.

LISTING 3-4: Activity state event handlers
public class StateChangeMonitoringActivity extends AppCompatActivity {

// Called at the start of the full lifetime.

@Override

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;

// Initialize Activity and inflate the UI.

}

// Called before subsequent visible lifetimes
// for an Activity process. That is, before an Activity
// returns to being visible having previously been hidden.
@Override
public void onRestart () ({

super.onRestart () ;

// Load changes knowing that the Activity has already
// been visible within this process.

}

// Called at the start of the visible lifetime.
@Override
public void onStart() {

super.onStart () ;

// Apply any required UI change now that the Activity is visible.
// This is where you'd typically start any processes that

// are required to ensure your UI is appropriately populated and
// updated.

}

// Called after onStart has finished, in cases where an Activity is

// started after having last been destroyed by the runtime rather than

// through user or programmatic action (such as the user hitting back or

// your app calling finish().

@Ooverride

public void onRestoreInstanceState (Bundle savedInstanceState) {
super.onRestorelInstanceState (savedInstanceState) ;

// Restore UI state from the savedInstanceState.
// This bundle has also been passed to onCreate.
// Will only be called if the Activity has been
// killed by the system since it was last visible.
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// Called at the start of the active lifetime.
@Override
public void onResume () {

super.onResume () ;

// Resume any paused UI updates, threads, or processes required
// by the Activity but suspended when it becomes inactive.

// At this stage, your Activity is active and receiving input
// from users actions.

}

// Called at the end of the active lifetime.
@Override
public void onPause() {

super.onPause () ;

// Suspend UI updates, threads, or CPU intensive processes
// that don't need to be updated when the Activity isn't

// the active foreground Activity. Note that in multi-screen
// mode, paused Activities may still be visible, and as such
// should continue performing required UI updates.

}

// Called when appropriate to save UI state changes at the

// end of the active lifecycle.

@Override

public void onSavelInstanceState (Bundle savedInstanceState) {
super.onSavelnstanceState (savedInstanceState) ;

// Save UI state changes to the savedInstanceState.

// This bundle will be passed to onCreate and

// onRestorelnstanceState if the process is

// killed and restarted by the run time. Note that

// this handler may not be called if the runtime determines
// that the Activity is being "permanently" terminated.

}

// Called at the end of the visible lifetime.
@Override
public void onStop() {

super.onStop () ;

// Suspend remaining UI updates, threads, or processing
// that aren't required when the Activity isn't visible.
// Persist all edits or state changes as your Activity
// may be killed at any time after onStop has

// completed.

// Sometimes called at the end of the full lifetime.
@Override
public void onDestroy() {

super.onDestroy () ;

// Clean up any resources including ending threads,
// closing database connections etc.

}
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As shown in the preceding code, you should always call back to the superclass when overriding these
event handlers.

Responding to Memory Pressure

The Android system will terminate applications without warning in order to free resources required
by any active and visible applications.

To provide the best possible user experience, Android must find a balance between killing applica-
tions to free resources and provide a responsive system, and retaining as many background apps as
possible to improve the experience of switching between apps.

You can help by overriding the onTrimMemory handler, to respond to system requests that you
reduce your memory usage. When killing application processes, the system will begin with empty
processes before moving on to background applications—those hosting Activities that aren’t visible
and that don’t have any running Services. In extreme cases, applications with visible Activities, or
even foreground Services, may be terminated to free resources for the application hosting the active
Activity.

The order in which applications are terminated is generally determined by the least-recently used
(LRU) list—where the applications that have been unused the longest are the first killed. However,
the run time does also consider the amount of memory potentially freed by killing each application,
and is more likely to kill those that offer higher gains. So the less memory you consume, the less
likely it is that your application will be terminated, and the better the overall system performance.

You should implement onTrimMemory to incrementally release memory based on current system con-
straints using the level parameter that provides context for the request. Note that the levels passed
into onTrimMemory don’t represent a simple linear progression, but rather a series of contextual
clues to help you decide how best to reduce overall system memory pressure:

TRIM MEMORY RUNNING MODERATE—Your application is running and not being considered
for termination, but the system is beginning to feel memory pressure.

TRIM MEMORY RUNNING LOW—Your application is running and not being considered for
termination, but the system is beginning to run significantly low on memory. Releasing
memory now will improve system (and therefore your application’s) performance.

TRIM MEMORY RUNNING CRITICAL—Your application is running and not being considered
for termination, but the system is running extremely low on memory. The system will now
begin killing background processes if apps don’t free resources, so by releasing non-critical
resources now you can prevent performance degradation and reduce the chance of other
apps being terminated.

TRIM MEMORY UI HIDDEN—Your application is no longer displaying a visible UL This is

a good opportunity to release large resources that are used only by your UL It’s considered
good practice to do this here, rather than within your onstop handler, as it will avoid purg-
ing/reloading Ul resources if your UI quickly switches from hidden to visible.
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TRIM MEMORY BACKGROUND—Your application is no longer visible and has been added to
the least-recently used (LRU) list—and is therefore a low-risk candidate for termination.
However, the system is running low on memory and may already be killing other apps on
the LRU list. Release resources that are easy to recover now, to reduce system pressure and
make your application less likely to be terminated.

TRIM MEMORY MODERATE—Your application is in the middle of the LRU list and the system
is running low on memory. If the system becomes further constrained for memory, there’s a
good chance your process will be killed.

TRIM MEMORY COMPLETE—Your application is one of the, if not the, most likely candidates
for termination if the system does not recover memory immediately. You should release
absolutely everything that’s not critical to resuming your application state.

Rather than compare the current level to these exact values, you should check if the level value is
greater or equal to a level you are interested in, allowing for future intermediate state, as shown in
Listing 3-5.

LISTING 3-5: Memory trim request event handlers

@Ooverride
public void onTrimMemory (int level) {
super.onTrimMemory (level) ;

// Application is a candidate for termination.
if (level >= TRIM MEMORY COMPLETE) {
// Release all possible resources to avoid immediate termination.
} else if (level >= TRIM MEMORY MODERATE) {
// Releasing resources now will and make your app less likely
// to be terminated.
} else if (level >= TRIM MEMORY BACKGROUND) {
// Release resources that are easy to recover now.

}

// Application is no longer visible.

else if (level >= TRIM MEMORY UI HIDDEN) ({
// Your application no longer has any visible UI. Free any resources
// associated with maintaining your UI.

}

// Application is running and not a candidate for termination.
else if (level »= TRIM MEMORY RUNNING CRITICAL) ({
// The system will now begin killing background processes.
// Release non-critical resources now to prevent performance degradation
// and reduce the chance of other apps being terminated.
} else if (level >= TRIM MEMORY RUNNING MODERATE) {
// Release resources here to alleviate system memory pressure and
// improve overall system performance.
} else if (level >= TRIM MEMORY RUNNING LOW) {
// The system is beginning to feel memory pressure.
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NOTE You can retrieve your application process’s current trim level at any point
using the static getMyMemoryState method from the ActivityManager, which
will return the result via the passed in RunningAppProcessInfo parameter.
Additionally, to support API levels lower than 14, you can use the onLowMemory
handler as a fallback that’s roughly equivalent to the TRIM_MEMORY COMPLETE
level.

INTRODUCING FRAGMENTS

Fragments enable you to divide your Activities into fully encapsulated reusable components, each
with its own life cycle and state.

Each Fragment is an independent module that is loosely coupled but tightly bound to the Activity
into which it is added. Fragments can either contain a UI or not, and can be used within multiple
Activities. Fragments that encapsulate a Ul can be laid out in a variety of combinations to suit multi-
pane Uls, and also added to, removed from, and exchanged within a running Activity to help build
dynamic user interfaces.

Although it is not necessary to divide your Activities (and their corresponding layouts) into
Fragments, doing so can drastically improve the flexibility of your Ul and make it easier for you to
adapt your user experience for new device configurations.

NOTE Fragments were introduced to Android as part of the Android 3.0
Honeycomb (API Level 11) release. They are now also available as part of the
Android Support Library, including through the use of the AppCompatActivity,
as we are using.

If you are using the compatibility library, it’s critical that you ensure that all
your Fragment-related imports and class references are using only the Support
Library classes. The native and Support Library set of Fragment packages are
closely related, but their classes are not interchangeable.

Creating New Fragments

Extend the Fragment class to create a new Fragment, (optionally) defining the UI and implementing
the functionality it encapsulates.

In most circumstances you’ll want to assign a Ul to your Fragment. It is possible to create a
Fragment that doesn’t include a Ul but instead provides background behavior for an Activity. This is
explored in more detail later in this chapter.

If your Fragment does require a Ul, override the oncreateview handler to inflate and return the
required View hierarchy, as shown in the Fragment skeleton code in Listing 3-6.
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LISTING 3-6: Fragment skeleton code

import android.content.Context;

import android.net.Uri;

import android.os.Bundle;

import android.support.v4.app.Fragment;
import android.view.LayoutInflater;
import android.view.View;

import android.view.ViewGroup;

public class MySkeletonFragment extends Fragment {

public MySkeletonFragment () {
// Required empty public constructor

}

@Override
public View onCreateView(LayoutInflater inflater, ViewGroup container,
Bundle savedInstanceState) {
// Inflate the layout for this fragment
return inflater.inflate(R.layout.my skeleton fragment layout,
container, false);

You can create a layout in code using layout View Groups; however, as with Activities, the preferred
way to design Fragment Ul layouts is by inflating an XML resource.

Unlike Activities, Fragments don’t need to be registered in your manifest. This is because Fragments
can exist only when embedded into an Activity, with their life cycles dependent on that of the
Activity to which they’ve been added.

The Fragment Life Cycle

The life cycle events of a Fragment mirror those of its parent Activity; however, after the contain-
ing Activity is in its active—resumed—state, adding or removing a Fragment will affect its life cycle
independently.

Fragments include a series of event handlers that mirror those in the Activity class. They are trig-
gered as the Fragment is created, started, resumed, paused, stopped, and destroyed. Fragments also
include a number of additional callbacks that indicate attaching and detaching the Fragment to
and from its parent’s Context, creation (and destruction) of the Fragment’s View hierarchy, and the
completion of the creation of the parent Activity.

Figure 3-4 summarizes the Fragment life cycle.

The skeleton code in Listing 3-7 shows the stubs for the life-cycle handlers available in a Fragment.
Comments within each stub describe the actions you should consider taking on each state change
event.
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NOTE You must call back to the superclass when overriding most of these event
handlers.

LISTING 3-7: Fragment life cycle event handlers
public class MySkeletonFragment extends Fragment {

// Required empty public constructor
public MySkeletonFragment () {}

// Called when the Fragment is attached to its parent Activity.
@Override
public void onAttach (Context context) {

super.onAttach (context) ;

// Get a reference to a Context representing

// the parent component.

}

// Called to do the initial creation of the Fragment.
@Override
public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
// Initialize the Fragment.

}

// Called once the Fragment has been created in order for it to
// create its user interface.
@Override
public View onCreateView (LayoutInflater inflater,
ViewGroup container,
Bundle savedInstanceState) {
// Create, or inflate the Fragment's UI, and return it.
// If this Fragment has no UI then return null.
return inflater.inflate(R.layout.my skeleton fragment layout,
container, false);
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// Called once the parent Activity and the Fragment's UI have

// been created.

@Override

public void onActivityCreated(Bundle savedInstanceState) {
super.onActivityCreated (savedInstanceState) ;

// Complete the Fragment initialization - particularly anything
// that requires the parent Activity to be initialized or the
// Fragment's view to be fully inflated.

}

// Called at the start of the visible lifetime.
@Override
public void onStart() ({

super.onStart () ;

// Rpply any required UI change now that the Fragment is visible.

}

// Called at the start of the active lifetime.
@Override
public void onResume () {

super.onResume () ;

// Resume any paused UI updates, threads, or processes required
// by the Fragment but suspended when it became inactive.

}

// Called at the end of the active lifetime.
@Override
public void onPause() {

super.onPause () ;

// Suspend UI updates, threads, or CPU intensive processes
// that don't need to be updated when the Activity isn't
// the active foreground activity.

// Persist all edits or state changes

// as after this call the process is likely to be killed.

}

// Called to save UI state changes at the

// end of the active lifecycle.

@Override

public void onSavelnstanceState (Bundle savedInstanceState) {
super.onSavelnstanceState (savedInstanceState) ;

// Save UI state changes to the savedInstanceState.
// This bundle will be passed to onCreate, onCreateView, and
// onActivityCreated if the parent Activity is killed and restarted.

}

// Called at the end of the visible lifetime.
@Override
public void onStop() {

super.onStop () ;
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// Suspend remaining UI updates, threads, or processing
// that aren't required when the Fragment isn't visible.

}

// Called when the Fragment's View has been detached.
@Override
public void onDestroyView() {

super.onDestroyView() ;

// Clean up resources related to the View.

}

// Called at the end of the full lifetime.

@Override

public void onDestroy() {
super.onDestroy () ;

// Clean up any resources including ending threads,
// closing database connections etc.

}

// Called when the Fragment has been detached from its parent Activity.
@Override
public void onDetach() {

super.onDetach () ;

// Clean up any references to the parent Activity
// including references to its Views or classes. Typically setting
// those references to null.

}
}

Fragment-Specific Life-Cycle Events

Most of the Fragment life-cycle events correspond to their equivalents in the Activity class, which
were covered in detail earlier in this chapter. Those that remain are specific to Fragments and the
way in which they’re added to their parent Activity.

Attaching and Detaching Fragments from the Parent Context

The full lifetime of your Fragment begins when it’s bound to its parent’s Context and ends when it’s
been detached. These events are represented by the calls to onaAttach and onDetach, respectively.

The onAttach event is triggered before the Fragment’s UI has been created, before the Fragment
itself or its parent have finished their initialization. Typically, the onattach event is used to gain a
reference to the parent component’s Context in preparation for further initialization tasks.

The onbetach handler will be called if you remove a Fragment from its parents, as well as if the
component containing your Fragment is destroyed. As with any handler called after a Fragment/
Activity has become paused, it’s possible that onDetach will not be called if the parent component’s
process is terminated before completing its full life cycle.
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Creating and Destroying Fragments

The created lifetime of your Fragment occurs between the first call to oncreate and the final call to
onDestroy. It’s not uncommon for an Activity’s process to be terminated without the corresponding
onDestroy method being called, so a Fragment can’t rely on its onDestroy handler being triggered.

As with Activities, you should use the oncreate method to initialize your Fragment. It’s good prac-
tice to create any class-scoped objects here to ensure they’re created only once in the Fragment’s
lifetime.

Note that unlike Activities, the Fragment Ul is #ot inflated within the oncreate handler.

Creating and Destroying User Interfaces

A Fragment’s Ul is initialized (and destroyed) within a new set of event handlers: onCreateview and
onDestroyView, respectively.

Use the onCreateview method to initialize your Fragment: inflate the Ul and get references (and
bind data to) the Views it contains.

Once you have inflated your View hierarchy, it should be returned from the handler:

return inflater.inflate(R.layout.my skeleton fragment layout,
container, false);

If your Fragment needs to interact with the UI of a parent Activity, wait until the onActivity-
Created event has been triggered. This signifies that the containing Activity has completed its
initialization and its UI has been fully constructed.

Fragment States

The fate of a Fragment is inextricably bound to that of the component to which it belongs. As a
result, Fragment state transitions are closely related to the corresponding Activity state transitions.

Like Activities, Fragments are “active” when they belong to an Activity that is focused and in the
foreground. When an Activity is paused or stopped, the Fragments it contains are also paused and
stopped, and the Fragments contained by an inactive Activity are also inactive. When an Activity is
finally destroyed, each Fragment it contains is likewise destroyed.

As the Android memory manager regularly closes applications to free resources, the Fragments
within those Activities are also destroyed.

While Activities and their Fragments are tightly bound, one of the advantages of using Fragments

to compose your Activity’s Ul is the flexibility to dynamically add or remove Fragments from an
Activity. As a result, each Fragment can progress through its full, visible, and active life cycle several
times within the active lifetime of its parent Activity.

Whatever the trigger for a Fragment’s transition through its life cycle, managing its state transitions
is critical in ensuring a seamless user experience. There should be no difference in a Fragment mov-
ing from a detached, paused, stopped, or inactive state back to active, so it’s important to save all UI
state and persist all data when a Fragment is paused or stopped. Like an Activity, when a Fragment
becomes active again, it should restore that saved state.
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Introducing the Fragment Manager

Each Activity includes a Fragment Manager to manage the Fragments it contains. As we’re using
the support library, we’ll access the Fragment Manager using the get SupportFragmentManager
method:

FragmentManager fragmentManager = getSupportFragmentManager () ;

The Fragment Manager provides the methods used to access the Fragments currently added to the
Activity, and to perform Fragment Transactions to add, remove, and replace Fragments.

Adding Fragments to Activities

LISTING 3-8: Adding Fragments to Activities using XML layouts

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="horizontal"
android:layout width="match parent"
android:layout height="match parent">
<fragment android:name="com.professionalandroid.apps.MyListFragment"
android:id="@+id/my list fragment"
android:layout width="wrap content"
android:layout height="match parent"
android:layout weight="1"
/>
<fragment android:name="com.professionalandroid.apps.DetailFragment"
android:id="@+id/details fragment"
android:layout width="wrap content"
android:layout height="match parent"
android:layout weight="3"
/>

</LinearLayout>

Once the Fragment has been inflated, it becomes a View Group within the view hierarchy, laying out
and managing its Ul within the Activity.

This technique works well when you use Fragments to define a set of static layouts based on
various screen sizes. If you plan to dynamically modify your layouts by adding, removing, and
replacing Fragments at run time, a better approach is to create layouts that use container Views into
which Fragments can be placed at run time, based on the current application state.

Listing 3-9 shows an XML snippet that you could use to support this approach.
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LISTING 3-9: Specifying Fragment layouts using container views

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="horizontal"
android:layout width="match parent"
android:layout height="match parent"s>
<FrameLayout
android:id="@+id/list_ container"
android:layout width="wrap content"
android:layout height="match parent"
android:layout weight="1"
/>
<FrameLayout
android:id="@+id/details_container™
android:layout width="wrap content"
android:layout height="match parent"
android:layout weight="3"
/>

</LinearLayout>

You then need to create and add the corresponding Fragments to their appropriate parent containers
within your Activity using Fragment Transactions, as described in the next section.

Using Fragment Transactions

Fragment Transactions are used to add, remove, and replace Fragments within an Activity at run
time. Using Fragment Transactions, you can make your layouts dynamic—that is, they will adapt
and change based on user interactions and application state.

Each Fragment Transaction can include any combination of supported actions, including adding,
removing, or replacing Fragments. They also support the specification of the transition animations
to display and whether to add a Transaction to the back stack.

odify the layout using the add, remove, and replace methods, as required, before set-
ting the animations to display, and setting the appropriate back-stack behavior. When you are ready
to execute the change, call commit to add the transaction to the UI queue asynchronously, or com-

mitNow to block until the transaction is fully complete:
FragmentTransaction fragmentTransaction = fragmentManager.beginTransaction() ;
// Add, remove, and/or replace Fragments.

// Specify animations.
// Add to back stack if required.

fragmentTransaction.commitNow () ;

Using commitNow is the preferred alternative, but is only available if the current transaction is no#
being added to the back stack. This option, as well as each transaction type and related options, is
explored in the following sections.
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Adding, Removing, and Replacing Fragments

When adding a new UI Fragment, begin by creating it and pass the new Fragment instance, along
with the container View into which the Fragment will be placed, to the add method of your
Fragment Transaction. Optionally, you can specify a tag that can later be used to find the Fragment
when using the findFragmentByTag method:

final static String MY FRAGMENT TAG = "detail fragment";

With the tag defined, you can use the add method as follows:

FragmentTransaction fragmentTransaction = fragmentManager.beginTransaction() ;
fragmentTransaction.add(R.id.details container, new DetailFragment(),

MY FRAGMENT TAG);
fragmentTransaction.commitNow () ;

FragmentTransaction fragmentTransaction = fragmentManager.beginTransaction() ;
Fragment fragment = fragmentManager.findFragmentByTag (MY FRAGMENT TAG) ;
fragmentTransaction.remove (fragment) ;

fragmentTransaction.commitNow () ;

You can also replace one Fragment with another. Using the replace method, specify the container
ID containing the Fragment to be replaced, the Fragment with which to replace it, and (optionally) a
tag to identify the newly inserted Fragment:
FragmentTransaction fragmentTransaction = fragmentManager.beginTransaction() ;
fragmentTransaction.replace(R.id.details container,
new DetailFragment (selected index),

MY FRAGMENT TAG);
fragmentTransaction.commitNow () ;

Fragments and Configuration Changes

In order to maintain a consistent Ul state between configuration changes, all the Fragments added
to your Ul will automatically be restored when an Activity is re-created following an orientation
change or unexpected termination.

This is particularly important if you are populating your Activity layout with Fragments within
the oncreate handler—in which case you must check if the Fragments have already been added to
avoid creating multiple copies.

You can do this either by checking for Fragments before adding them, or if this is an Activity restart
by checking if the savedInstancestate is null:

protected void onCreate (Bundle savedInstanceState)
super.onCreate (savedInstanceState) ;
setContentView(R.layout.activity main) ;

if (savedInstanceState == null) {
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// Create and add your Fragments.
} else {

// Get references to Fragments that have already been restored.
}

}

Using the Fragment Manager to Find Fragments

To find Fragments within your Activity, use the Fragment Manager’s findFragmentById method. If
you have added your Fragment to the Activity layout in XML, you can use the Fragment’s resource
identifier:

MyFragment myFragment =
(MyFragment) fragmentManager . findFragmentById(R.id.MyFragment) ;

DetailFragment detailFragment =
(DetailFragment) fragmentManager. findFragmentById(R.id.details container) ;

Alternatively, you can use the findFragmentByTag method to search for the Fragment using the ta
4 g g g
you specified in the Fragment Transaction:

DetailFragment detailFragment =
(DetailFragment) fragmentManager. findFragmentByTag (MY FRAGMENT_ TAG) ;

Later in this chapter you are introduced to Fragments that don’t include a UI. The findFragment -
ByTag method is essential for interacting with these Fragments. Because they’re not part of the
Activity’s View hierarchy, they don’t have a resource identifier or a container resource identifier to
pass in to the findFragmentByTd method.

Populating Dynamic Activity Layouts with Fragments

If you’re dynamically changing the composition and layout of your Fragments at run time, it’s good
practice to define only the parent containers within your XML layout and populate it exclusively
using Fragment Transactions at run time to ensure consistency when configuration changes (such as
screen rotations) cause the Ul to be re-created, as described earlier.

Listing 3-10 shows the skeleton code used to populate an Activity’s layout with Fragments at run
time; in this case we test for the existence of a Fragment before creating and adding a new one.

LISTING 3-10: Populating Fragment layouts using container views

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;

// Inflate the layout containing the Fragment containers
setContentView (R.layout.fragment container layout);

FragmentManager fragmentManager = getSupportFragmentManager () ;
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// Check to see if the Fragment containers have been populated
// with Fragment instances. If not, create and populate the layout.
DetailFragment detailsFragment =

(DetailFragment) fragmentManager.findFragmentById(R.id.details container) ;

if (detailsFragment == null) ({
FragmentTransaction ft = fragmentManager.beginTransaction() ;
ft.add(R.id.details_container, new DetailFragment()) ;
ft.add(R.id.list container, new MyListFragment());
ft.commitNow () ;

}
}

To ensure a consistent user experience, Android persists the Fragment layout and associated back
stack when an Activity is restarted due to a configuration change.

For the same reason, when creating alternative layouts for run time configuration changes, it’s con-
sidered good practice to include any view containers involved in any transactions in all the layout
variations. Failing to do so may result in the Fragment Manager attempting to restore Fragments to
containers that don’t exist in the new layout.

To remove a Fragment container in a given orientation layout, simply mark its visibility attribute
as gone in your layout definition, as shown in Listing 3-11.

LISTING 3-11: Hiding Fragments in layout variations

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="horizontal™"
android:layout width="match parent"
android:layout height="match parent">
<FrameLayout
android:id="@+id/list container"
android:layout width="wrap content"
android:layout height="match parent"
android:layout weight="1"
/>
<FrameLayout
android:id="@+id/details_container"
android:layout width="wrap_ content"
android:layout height="match parent"
android:layout weight="3"
android:visibility="gone"
/>

</LinearLayout>

Fragments and the Back Stack

Earlier in this chapter we described the concept of Activity stacks—the logical stacking of Activities
that are no longer visible—which allow users to navigate back to previous screens using the Back
button.
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Fragments enable you to create dynamic Activity layouts that can be modified to present significant
changes in the Uls. In some cases these changes could be considered a new screen—in which case a
user may reasonably expect the Back button to return to the previous layout. This involves reversing
previously executed Fragment Transactions.

Android provides a convenient technique for providing this functionality. To add the Fragment
Transaction to the back stack, call addToBackstack on a Fragment Transaction before calling
commit. It’s important to note that commitNow cannot be used when applying Fragment
Transactions that are added to the back stack.

In the following code snippet, we have a layout that displays either the list or the detail view. This
transaction will remove the list Fragment and add the detail Fragment, and adds the change to the
back stack:

FragmentTransaction fragmentTransaction = fragmentManager.beginTransaction() ;

// Find and remove the list Fragment
Fragment fragment = fragmentManager.findFragmentById(R.id.ui_ container) ;
fragmentTransaction.remove (fragment) ;

// Create and add the detail Fragment
fragmentTransaction.add (R.id.ui_container, new DetailFragment ());

// Add the Fragment Transaction to the backstack and commit the change.
fragmentTransaction.addToBackStack (BACKSTACK TAG) ;
fragmentTransaction.commit () ;

Pressing the Back button will then reverse the previous Fragment Transaction and return the Ul to
the earlier layout.

When the preceding Fragment Transaction is committed, the List Fragment is stopped, detached,
and moved to the back stack, rather than simply destroyed. If the Transaction is reversed, the Detail
Fragment is destroyed, and the List Fragment is restarted and reattached to the Activity.

Animating Fragment Transactions

To apply one of the default transition animations, use the setTransition method on any Fragment
Transaction, passing in one of the FragmentTransaction.TRANSIT FRAGMENT * constants:

fragementTransaction.setTransition (FragmentTransaction.TRANSIT FRAGMENT OPEN) ;

You can also apply custom animations to Fragment Transactions by using the setCustomAnimations
method, before calling the add or remove methods in your Fragment Transaction.

This method accepts two Object Animator XML resources: one for Fragments that are being added
to the layout, and another for Fragments being removed:

fragmentTransaction.setCustomAnimations (android.R.anim.fade in,
android.R.anim.fade out) ;

This is a particularly useful way to add seamless dynamic transitions when you are replacing
Fragments within your layout. You can find more details on creating custom Animator and
Animation resources in Chapter 14, “Advanced Customization of Your User Interface.”
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Communicating Between Fragments and Activities

When your Fragment needs to share events with its host Activity (such as signaling UI selections),
it’s good practice to create a callback interface within the Fragment that a host Activity must
implement.

Listing 3-12 shows a code snippet from within a Fragment class that defines a pub