CS371m - Mobile Computing

Android Overview and Android
Development Environment



What is Android?

e A software stack for mobile devices that
includes

— An operating system
— Middleware
— Key Applications
* Uses Linux to provide core system services
— Security
— Memory management
— Process management
— Power management
— Hardware drivers




APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWDORK

Window Content

Activity Manager Manager Providers

Telephony Resource Location Notification
Manager MEDET Manager Manager

Package Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media Core Libraries

Framework
DAk Virtaal ™

OpenGL | ES FreeType Machine

SGL SSL

LINUX KERNEL

Display
Driver

Flash Memory Binder (IPC)

Camera Driver .
Driver Driver

e Audio Power
Keypad Driver WiFi Driver Drivers Management

developer.android.com/guide ics/what-is-android.html



http://www.javatpoint.com/android-software-stack
http://www.javatpoint.com/android-software-stack
http://developer.android.com/guide/basics/what-is-android.html

Android Versioning

* On the order of 25 versions in 8 years.

* Slowing down, current pace is one large,
major release a year

—will this slow down more?

 Android releases have a code name,
version number, and API level
* Most recent:

— Nougat, Version 7.1, APl level 25
* https://en.wikipedia.org/wiki/Android version history



https://en.wikipedia.org/wiki/Android_version_history

A Short History Of Android g

2001 Palm Kyocera 6035, combing PDA and phone
— PDA = personal data assistant, PalmPilot

2003 - Blackberry smartphone released

2005
— Google acquires startup Android Inc. to start Android platform.
— Work on Dalvik VM begins

2007

— Open Handset Alliance announced
— Early look at SDK

— June, iPhone released

2008

— Google sponsors 1t Android Developer Challenge
— T-Mobile G1 announced, released fall

— SDK 1.0 released

— Android released open source (Apache License)
— Android Dev Phone 1 released P Android by Hashimi & Komatineni (2009)



Short History cont.

e 2009

— SDK 1.5 (Cupcake) after Alpha and Beta
* New soft keyboard with “autocomplete” feature

— SDK 1.6 (Donut)
e Support Wide VGA

— SDK 2.0/2.0.1/2.1 (Eclair)
 Revamped Ul, browser

« 2010
— Nexus One released to the public

— SDK 2.2 (Froyo)
* Flash support, tethering

— SDK 2.3 (Gingerbread)

* Ul update, system-wide copy-paste

https://en.wikipedia.org/wiki/Android version history



https://en.wikipedia.org/wiki/Android_version_history

Short History cont.

e 2011
—SDK 3.0 (Honeycomb) for tablets only

* New Ul for tablets, support multi-core
processors, fragments

—SDK 3.1 and 3.2
* Hardware support and Ul improvements

—SDK 4.0 (lce Cream Sandwich)

* For Q4, combination of Gingerbread
Honeycomb




Short History cont.

¢ 2012

—Android 4.1, "Jelly
Bean' released in
July

* 2013

— Android 4.4, KitKat
released October
31, 2013

Top Smartphone Platforms

3 Month Avg. Ending May 2012 vs. 3 Month Avg.

Ending Feb. 2012

Total U.5. Smartphone Subscribers Ages 13+

Source: comScore MobilLens

Share (%) of Smartphone

Subscribers
Feb-12 | May-12 | Point
Change

Total Smarfphone | 100.0% | 100.0% | N/A
Subscnbers
Google 50.1% 50.9% 0.8
Apple 30.2% 31.9% 1.7
RIM 13.4% 11.4% -2.0
Microsoft 3.9% 4.0% 0.1
Symbian 1.5% 1.1% -0.4




Short History (Gettmg Longer)
= dndroid.

* November, 2014
Android 5.0 Lollipop
released.

APl level 21
"Material Design"

 October, 2015
Android 6.0
Marshmallow

APl level 23

— Runtime
permissions °

= N""'




Still More

* August 2016
—Nougat

Q)

— Daydream Virtual Reality
nterface

— Doze functionality to
improve battery life




Device Distribution Jan 2012

Andrc
ANOrond 23,3

— Android 3.1
j‘- Android 3.1
L Android 3.2
S et
b Androi
- Android 1.6
nelroid 2.3 —— “ Android 2.1
1.5 Cupcake: 0.6%
Aol 5.2 . 1.6 Donut: 1.1%
. , 2.1 Ecliar 8.5%
* Based on active devices 2.2 Froyo 30.4%
* Forward compatible 2.3 Gingerbread: 56%
 Not necessarlly 3.X Honeycomb 3.3%

backward compatible 4.x Ice Cream Sand. 0.6%

http://developer.android.com/resources/dashboard/platform-versions.html



Version Codename API Distribution
Level

Cupcake
1.6 Donut
2.1 Eclair
2.2 Froyo
2.3- Gingerbread
2372
233-
237
3.1 Honeycomb
3.2
40 - lce Cream
402 Sandwich
40.3-
404
41 Jelly Bean

=1 - I B

12
13
14

15

16

August 1, 2012

I=7Uday ol A SHATTTY W LTS Aala AT Wals TLsu BT vy,

0.2%
0.5%
4.2%
15.5%
0.3%

60.3%

0.5%
1.8%
0.1%

15.8%

0.8%

Android 3.1
Androld 3.2
Android 4.0

Android 4.0.3

o
Android 1.5
Androld 1.6
Android 2.1

Android 2.2

Androld 2.3

OS Version, API Level, Nickname
4.1, APl Level 16, Jelly Bean

Data collected during a 14-day period ending on August 1, 20712



August 1, 2013

* Based on device visits to Google Play

version Codename - Distribution

Donut
2.1 Eclair T
22 Froyo 8
23- Gingerbread 9
2372
233- 10
237
3.2 Honeycomb 13
40.3- Ice Cream 15
404 Sandwich
41x Jelly Bean 16
42 17

Jelly Bean

0.1%
1.2%

2.5%

e = EClair
I . i —
D'l % ce Cream Sandwich

e — Frayo

33.0%

Honeycomby

0.1% Gingerbread

22.5%

34.0%
6.2%

Data collected during a 14-day period ending on August 1, 2013.
Any versions with less than 0.1% distribution are not shown.



January 8, 2014

* Based on device visits to Google Play

Version Codename - Distribution

2.3.3-
237

3.2

40.3-
404

41X
42X
4.3
4.4

Froyo
Gingerbread

Honeycomb

lce Cream
Sandwich

Jelly Bean

KitKat

10

13
15

16
17
18
19

1.3%
21.2%

0.1%
16.9%

392.9%
15.4%
T7.8%
1.4%

Jelly Bean

lee Cream Sandwich

e — (1At
= Frayo

Ginger

Honeyc



August, 2014
i | o | i | osioin

Froyo 0.7%
233- Gingerbread 10 13.6%
23.7 Jelly Bean
A403- Ice Cream 15 10.6%
404 Sandwich
41x Jelly Bean 16 26.5%
42X 17 19.8%
4.3 18 T.9%
4.4 KitKat 19 20.9%

Data collected during a 7-day period ending on August 12, 2014,
Any versions with less than 0.1% distribution are not shown.

Kitkat

— Froyo

Gingerbread

Based on unique devices that visit
the Google Play Store.

lce Cream Sandwich



January 2015
-

Froyo 0.4%
233- Gingerbread 10 7.8%
237
4.0.3- Ilce Cream 15 6. 7%
404 Sandwich

KitkKat

41 x Jelly Bean 16 19.2%
4.2 % 17 20.3%
4.3 18 6.9%
4.4 KitKat 14 39.1%

— Froyc

Gingerbread

lce Cream Sandwich

Where |S LO”'pOp? Jelly Bean




2.2

2.3.3-
2.3.7

40.3-
404

4.1.x
4.2
4.3
4.4
5.0
5.1

6.0

Froyo

Gingerbread
Ice Cream

Sandwich

Jelly Bean

Kitkat

Lollipop

Marshmallow

8

10

15

16

17

18

19

21

22

23

January 2016

Distribution

0.2%

3.0%

2.7%

9.0%

12.2%

3.9%

36.1%

16.9%

15.7%

0.7%

Lollipop

Marshmallow

KitKat ~S— NG
Gingerbread
lce Cream Sandwich

Jelly Bean

Took a year for Lollipop to gain
roughly a third of device share.




g =
2.3.7

4.0.3 -
4.0.4

4.1.x
4.2.x
4.3
4.4
5.0
5.1
6.0

Froyo
Gingerbread

lce Cream

Sandwich

Jelly Bean

KitKat

Lollipop

Marshmallow

10

15

16
17
18
19
21
22
23

0.1%
2.2%

2.0%

71.2%
10.0%
2.9%
32.5%
16.2%
19.4%
7.9%

Ve e i

Loliipop
Marshmallow
Froyo
\_*!““ Gingerbread
Ice Cream Sandwich
KitKat

Jelly Bean

Marshmallow not in the weeds
any more.




January 2017

Marshmall
23.3- Gingerbread 10 1.0% ———
23.7
4.0.3 - Ice Cream 15 1.1% Lollipop N
e ougat
4.0.4 Sandwich s\~ Gingerbread

Ice Cream Sandwich
- |

4.1.x Jelly Bean 16 4.0% Jelly Bean
4.2.x 17 9.9%

4.3 18 1.7% o

4.4 KitKat 19 22.6%

5.0 Lollipop 21 10.1% * Developer

5.1 22  23.3% dECiSion?

6.0 Marshmallow 23 29.6%

7.0 Nougat 24 0.5%

7.1 25 0.2%



Clicker Question

* Do you own an Android device?

A. vyes

B. no

* What version of Android are you running?

A. Kit Kat

B. Lollipop

C. Marshmallow

D. Nougat

E. Other, don't know, or don't own Android

device



Android Fragmentation

* August 2014

* Report from
http://opensignal.com
/reports/2014/
android-fragmentation/

* open signal app for
Android and iOS

* 5m-10m Android
downloads

18,796

Distinct Android d

11,868

Distinct Android d

682,000

Devices surveyed for this report.

43%

samsung's share of those devices.

20.9%

Android users on Kitkat

n this year

n last year


http://opensignal.com/reports/2014/android-fragmentation/
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ANDROID OPERATING SYSTEM
FRAGMENTATION

R N

100%

80%

60%

40%

20%

0% | — T T T T T T T T T
April July  October 2011 April July October 2012  April July  October 2013 April July  October 2014 April July
1 2 3 1.1 1.5 16 201 21 22 23232
I . I I .
233237 3.1 3.2 4.0-4.02 40.3-4.04 4.1 42 43 4.4
I . I

The white line shows the market share of the leading APl level at any time



Android Screen Sizes - August 2014




10S Screen Sizes - August 2014



Android Fragmentation

* August 2015

* Report from
http://opensignal.com/rep

orts/2015/08/android-
fragmentation/open signal

app for

e 10m - 50m Android
downloads

24,093

Distinct Android devices seen this

year

18,796

Distinct Android devices seen last

year

682,000

Devices surveyed for this report

37.8%

Samsung's share of those

devices

1,294

Device brands seen this year


http://opensignal.com/reports/2015/08/android-fragmentation/
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http://opensignal.com/reports/2015/08/android-fragmentation/
http://opensignal.com/reports/2015/08/android-fragmentation/

lollipop

kit kat

jelly bean

2011 2012 2013 2014 201 \'CS
ginger

bread

January 2017



http://www.bidouille.org/misc/androidcharts

Dominant Version

100% ~

90% ~

Froyo Gingerbread Jelly Bean

Eclair

80% - ponut

KitKat )
70% — Lollipop

Ice Cream Sandwich Marshmallow

60%

%
Petit Folr ) Nougat

\

50%

40%

30%

20%

10%

0%

* http://www.bidouille.org/misc/androidcharts



http://www.bidouille.org/misc/androidcharts

Android - iOS comparison

COMPARISON WITH 105

05 8 (85%)

i0S 7 (13%)

5.1 (Lollipop) (2.6%)
4.4 (Kit Kat) (39.3%)
4 2 (Jelly Bean) (15.9%)
403-404(1C3)(4.1%)

Moy N i B | T
2.2 (Froyao) (0.23%)

August 2015



Android Version Fragmentation

* Why as a developer do you care about
the fragmentation of

— Android versions, API level
—screen sizes
— manufacturers



100B

~
o)
99

25B

Downloads (Billions)
(o)
o
o

0B

Worldwide App Store Downloads

2014

Android vs iOS

2015

2016

m Google Play
m iOS App Store



Revenue
Worldwide App Store Revenue

$408B
=)
8 $308
n
S
— m Google Play
5 $20B | _
= m iOS App Store
S
o
S $108B
)
o

$0B

2014 2015 2016

e Strategy: attract developers with comparison of
revenue generated by applications, average
revenue per user, etc.



Shift to Mobile Still Underway

Worldwide Total Time Spent in Apps*

1,0008

n 800B

-

=2

@ 6008

e

3

O 4008

8

S 2008 |
0B

2014 2015 2016

*Android phone total time, excluding China



Search Trends January 2017

0 androig 0 iPhone blackberry 0 windows phone

M
M T T

Jan1,2004 Feb 1,2009 Mar 1,2014

World wide (Add term galaxy?)



https://www.google.com/trends/

Search Trends January 2017

¢ androig 0 iPhone blackberry 0 windows phone

Jan 1,2004 Feb 1,2009 Mar 1,2014

US only



Mobile Development

Mobile "shops" (contract to develop mobile apps)
— Mutual Mobile, Chaotic Moon, Nerd Ranch
Companies tied to mobile

— Bee Cave Games, Waze, Snapchat, Instagram
Companies with major mobile apps

— Facebook, Ebay

Companies that want mobile apps for
customers

— banks, everybody??

Companies that want mobile apps for
internal use

— everybody?



ANDROID DEVELOPMENT TOOLS



Setup Development Environment

e |Install JDK 8

e |Install Android Studio
—includes API level 25

* Use SDK manager to download lower API
levels

—| suggest down to 16

 Detailed install instructions available on

Android site
http://developer.android.com/sdk/installing.html



http://developer.android.com/sdk/index.html
http://developer.android.com/sdk/installing.html

Elements of Android Projects

Application Name

— seen by users on app chooser, app list, store
Project Name

— in IDE, can be different, often directory
Package Name

— Java package name, not using default package
Minimum SDK Level

— how far back do you support, ~16 as of Jan 2017
Target SDK Level

— device / api you had in mind for app, most recent?
Theme

— look and feel of app, color scheme, various built in themes
such as Theme, Holo, Material (Design)



Android Projects

* Creating a project results in multiple files
and resources being created

=

!

1

s Captures

e
-

i . . | ] Er-‘ Project
i Android - - I+ =
E‘ 2 EE - # H 5_“'_ ¥ |2 BPLTeams (Ch\Users\scottm\Android5StudicProjects
ri_? " app :‘ 3 .gradle
i 1 manifests - ] .idea
= [ java z & app
J 5 7 bui
E_ -E build
w Hres = [ gradle
£ ** Gradle Scripts "5 [5 .gitignore
: -
= ¢ build.gradle (Project: BPLTeams) Il BPLTeams.im!

" build.gradle

(s gradle.properties

B} gradlew

Lt gradle.properties (Project Properties) Izl gradlew.bat

*} settings.gradle (Project Settings) Lall local.properties
' settings.gradle

il External Libraries
'ﬁ' < Android API19 Platform = (Chandroid-=dk)
-ﬁ- < Android APT 21 Platform = (Chandroid-sdk)
[&h subport-annotations-21.0.3

*} build.gradle (Module: app)
El proguard-rules.pro (ProGuard Rules for app) r

[ Captures

st local.properties (SDK Location)

Android Project View Classic Project View




ANDROID PROJECT COMPONENTS



Android Projects - Components
Manifest

AndroidManifest.xml
Like a table of contents

for your app

Main activity
Target and min SDK

Declare all the parts of
your apps:

— activities, services
Request permissions

—network, location, ...

I
L

Andraoid

- %)
apE
manifests
& AndroidManifest.xml

edu.utexas.scottm.bplteams
edu.utexas.scottm.bplteamns (androidTest
4 res
drawable
layout
menu
raw
values
* Gradle Scripts
= build.gradle (Project: BPLTeams)
- build.gradle (Module: app)
=| proguard-rules.pro (ProGuard Rules for app)
gl gradle.properties (Project Properties)

*} settings.gradle (Project Settings)


http://developer.android.com/guide/topics/manifest/manifest-intro.html
http://developer.android.com/reference/android/Manifest.permission.html

Android Manifest - Sample

<?xml version="1.0" encoding="utf-8"2?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"

package="edu.utexas.scottm.bplteams" >
defines Android namespace

<uses-permission android:name="android.permission.CAMERA"/>
<uses-permission android:name="android.permission.INTERNET" />

<application
android:allowBackup="true"
android:icon="@drawable/ic_launcher"
android:label="BPL Teams"
android:theme="(@style/AppTheme" >



Android Manifest - Sample

<application
android:allowBackup="true"
android:icnn="@drawable/ic_launcher"
android:label="BPL Teams"
android:theme="(@style/AppTheme" >
<activity]
android:name=".BPL Activity"
android:label="BPL Teams" >
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNC
</intent-filter>
</activity>
</application>

</manifest>




Android Projects - Components
Java Source Code

' Android - 0 = | & I
e Source Code: aop

manifests
£ || wilmdNTilicla -

Java

* |n java directory in
Android Project View

edu.utexas.scottm.bplteams

edu.utexas.scottm.bplteams (androidTest)

* Actually in src

. layout
directory on system meny
raw
values
* Gradle Scripts
= build.gradle (Project: BPLTeams)
- build.gradle (Module: app)
=| proguard-rules.pro (ProGuard Rules for app)
ill gradle.properties (Project Properties)
*} settings.gradle (Project Settings)



Android Projects - Components
Resources

Android - (3] % 2 I+
Resources or the res aop
o rmanifests
d I rECtO ry 23 AndroidManifest.xmil
Java
non source code L

resources for the app

drawable
. layout
packaged up with app meny
raw
. values
important role and use . e
. = build.gradle (Project: BPLTeams)
in development of app & suidgrde trosuic oo

=| proguard-rules.pro (ProGuard Rules for app)

gl gradle.properties (Project Properties)

*} settings.gradle (Project Settings)



Resource Directories

res/drawable for graphic images
such as png, jpeg

res/layout for

xml files that define the layout

of user interfaces inside the app
res/menu for xml based menu specifications

res/values for
colors, lists of

res/raw for ot
clips, video cli

res/xml for ot

lists of strings, dimensions,
data

ner kinds of files such as audio
ns, csv files, raw text

ner general purpose xml files



Gradle
.apk files, Android Package Kit

— Android executables

Development environment takes, source
code, manifest, libraries, resources, etc
and packages them together in an APK

some things known and set
some things variable and configurable
Gradle



Gradle

Android . D | B
Gradle is the build ® o
engine that Android B AndroidManifest i
Studio uses to convert 1 edu e scoftmbpteams
your project into an APK o imsssesmBpRems e

drawable

What needs to be layout
created and how to do it men

Like
— make for C/C++
— Ant/Maven for Java

build.gradle file

raw

radle Scripts
= build.gradle (Project: BPLTeamns

= build.gradle (Module: app

=| proguard-rules.pro (ProGuard Rules for app

il gradle.properties (Project Properties

®) settings.gradle (Project Settings

P W




sample build.gradle file - PROJECT

// Top-level build file where you can add
// confiquration options common to all sub-projects/modules.

buildscript {
repositories {
jcenter ()
}
dependencies {
classpath 'com.android.tools.build:gradle:1.0.0'

// NOTE: Do not place your application dependencies I
// 1n the individual module build.gradle files

}

allprojects {
repositories {
jcenter ()

}

1



sample build.gradle file - MODULE / APP

hpply plugin: 'com.android.application'

android {
compileSdkVersion 21
buildToolsVersion "19.1.0"

defaultConfig {
applicationId "edu.utexas.scottm.bplteams"
minSdkVersion 15
targetSdkvVersion 21
versionCode 1
versionName "1.0"

}
buildTypes {
release {
minifyEnabled false
proguardFiles getDefaultProguardFile ('proguard-android.




EMULATORS



AVD Manager
SDK Manager

- LAapphsraiandroid Testyjavah eduhutexas\scottmmyfirstapp ApplicationTe

VCS Window Help \srchandroidTest\java\edu\utexas\scottm\myfirstappApplicationT
o 0 ¥ § g | ? indow Help

|ﬁ| ?

QL o s
texas [ scottm - [ myfirstapp o} ApplicationTest - & ¥

- MainActivity,java ¥ | € DisplayMessageActivity.java e"Jf'.r.q::-lin::ati=—-| scottm  [] myfirstapp = ApplicationTest -

wchivity.) x C DisplayM efctivity,) * 2" Applicat
Paﬂkage Edu-UtEKHS.SEGttm.my vity.|ava isplayMessageActivity.java pplica

ckage edu.utexas.scottm.my

mimport ...
oort ...

g/ **
* <a href="http://d.androic*
o */ <a href="http://d.androic

e T - S | R, [ . Y 1 1 [Pt




Android Emulator or AVD

 Emulator is useful for testing apps but is
not a substitute for a real device

* Emulators are called Android Virtual
Devices (AVDs)

* Android SDK and AVD Manager allows
you to create AVDs that target any
Android API level

* AVD have configurable resolutions, RAM,
SD cards, skins, and other hardware



Android Emulator: 1.6

- -~
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Dialer Contacts Browser




Android Emulator: 2.2

%' 5554:Froyo-level8

See all your apps.
Touch the Launcher icon.




Android Emulator: 3.0

5554:MyTablet

B Ty +
API Demos Browser Calculator Camera Contacts Custom Locale

£ ¥ - =

Dev Tools Downloads Gallery

@ @ r

Settings Spare Parts Speech Recor Widget Preview

Gestures Buil Messaging




Android Emulator: 4.0

fo] & ==

7| 5554:Emud.0.3
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Android Emulator: 5.0

5554:Nexus_5_API 21_x86

~—Controls
ey




Emulator Basics

Host computer’s keyboard can be used
Host’s mouse acts as finger

Uses host’s Internet connection

Other buttons work: Home, Back, Search,
volume up and down, etc.

More info at
https://developer.android.com/studio/run/managing-avds.htmi



https://developer.android.com/studio/run/managing-avds.html

Emulator Limitations

No support for placing or receiving actual phone calls
— Simulate phone calls (placed and received)

No support for USB connections

No support for camera/video capture (input)

No support for device-attached headphones

No support for determining connected state

No support for determining battery charge level and
AC charging state

No support for determining SD card insert/eject
No support for Bluetooth

No support for simulating the accelerometer
— Use Openlintents’s Sensor Simulator

That's why we need the dev phones and tablets!



Android Runtime: Dalvik VM

Subset of Java developed by Google

Optimized for mobile devices (better
memory management, battery utilization,
etc.)

Dalvik runs .dex files that are compiled from
.class files

Introduces new libraries

Does not support some Java libraries like
AWT, Swing

* http://developer.android.com/reference/packages.html



http://developer.android.com/reference/packages.html

Applications Are Boxed

* By default, each app is run in its own Linux
process

— Process started when app’s code needs to be
executed

— Threads can be started to handle time-
consuming operations

* Each process has its own Dalvik VM

* By default, each app is assigned unique Linux
ID

— Permissions are set so app’s files are only
visible to that app



Producing an Android App
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Other Dev Tools

* Android Debug Bridge
e Part of SDK

e command line tool to communicate with an
emulator or connected Android device

— check devices attached / running

—install apk's, Android PacKage files,
"executables"”, can find samples on places
besides Google Play (security?)

—and more!

https://developer.android.com/studio/command-line/adb.html



https://developer.android.com/studio/command-line/adb.html

Dalvik Debug Monitor Server

DDMS
debugging tool

"provides, screen capture on the device,
thread and heap information on the device,
logcat, process, and radio state information,
incoming call and SMS spoofing, location
data spoofing, and more."

can interact with DDMS via Android Studio



DDMS
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iPhone vs. Android
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