Android Architecture &
Fundamentals



Overview

e Android OS Background
e Android Architecture

e Core Fundamentals

e Kotlin Introduction




What is Android?

Open source mobile OS based on Linux kernel
Ul for touch screens

Used on ~88% of smartphones

Runs on Phones, TVs, Wearables, and Cars

~ 3 Million Android apps in Google Play store




Mobile App Development

e Native
e Cross Platform (Hybrid)
o Web (PWA)




Native Apps

Android i0S
Android Studio Xcode
KotlinJava & XML Swift/Objective-C

10S




Cross Platform Apps

Flutter React Native Xamarin Forms
Dart JavaScript C# & XAML
By Google By Facebook By Microsoft

<




Progressive Web Apps (PWA)

Any application that can works in a web browser for desktop & mobile devices
e Client-side JavaScript Frameworks
o Javascript, HTML, CSS
o  Web Frameworks
m React, Angular, Vue P Progressive




Mobile Dev Apps Comparison

Native Cross-platform PWA
Shared Code Base 0% About 80%-95% 100%
Access to OS API Full Most of them Limited
Performance Best In-between (depending | Worst

on the framework used)




Why Android?



Android Development

e Development Supported on many Operating Systems

A




Y

Open Source

Larger developer and community reach

Increased Marketing

Inter-app integration

Reduced cost of development

Higher Success

Rich development environment



Google Play

e The App Store for Android Apps
e Hosts large variety of Apps
e Google Play Console

O O O O O

Develop and Publish App

Access to Billions of Users

Adjust and Iterate App Showcasing
Maintain App after Deployment
View User Reviews

= Google Play &
HOME GAMES MOVIES & TV MUSI(
-] i1 e 4 i
Faor You Top Charts Categaries  Editors’ Choice  Early £

Kitty City:Help  { WarshipRising  Final Fantasy  §  Angry
Cute Cats ~10vs 10 Real- XV: ANew Matcl
40 FREE 42w FREE 40= FREE 47«

[Ads) suggested for You




Android Software Developer Kit (SDK)

Development tools (debugger, monitors, editors, Android Studio)

[

e Libraries (maps, wearables)

e Virtual devices (emulators)

e Documentation (developers.android.com)
e Sample code

O Gradle sync fiished in 11 5 554 s (moments ago)



Android is like an Onion, it has a lot of layers




Android
P I a tfo r m Java APl Framework
Architecture




Android Architecture

Hardware Abstraction Layer (HAL)

Bluetooth Camera Sensors

e Hardware Abstraction Layer (HAL) -
Standard interfaces that expose hardware e
capabilities as libraries —— Dispey
e Linux Kernel - Android relies on this for
drivers, threading, security, and memory
management

Bluetooth Camera

Shared Memory

Power Management




Android Platform Architecture

e System Apps - Android comes with these
default core applications
e Java APl Framework - you have access to
Java APl Framework
the same APIs used by the core e Managers
applications
e Native C/C++ Libraries - Underneath API Resource | Telephory [ window
Framework Native C/C++ Libraries ‘. |
e Android Runtime - Each app runs in its Android Runtime (ART)
own process with its own instance of the

Android Runtime

System Apps

Dialer Calendar Camera

Media Framework OpenGL ES . Core Libraries



Android Architecture
Summary

System Apps

Java API| Framework
Native C/C++ Libraries
Android Runtime

Linux Kernel

Webkit OpenMAX AL

Media Framework OpenGL ES

Hardware Abstraction Layer (HAL)

System Apps

Calendar Camera

Java API Framework

Managers
Content Providers
Activity Location Package Notification

View System Resource Telephony Window

Native C/C++ Libraries

Android Runtime (ART)

Core Libraries

=
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Hardware Abstraction Layer (HAL)

Bluetooth Camera Sensors

Linux Kernel
Drivers
Binder (IPC) Display

Bluetooth Camera

Shared Memory

Power Management



Core Fundamentals



An d ro | d ve rS | O N S Name Version Released | Supported @ API level

Jelly Bean 41-4.31 July 2012 No 16— 18
e FEach version adds new features
KitKat 4.4-4.44 Oct 2013 N 19 — 20
and changes e © °
e Depending on the manufacturer, Lollipop 5.0 -5.1.1 Nov 2014 No 21-22
the Android OS used can be
L. Marshmallow |6.0-6.0.1 Oct 2015 No 23
modified
Nougat 7.0-7.1.2 Aug 2016 No 24 - 25
Oreo 8.0-8.1 Aug 2017 Yes 26 — 27
Pie 9 Aug 2018 Yes 28
Android 10 10 Sept 2019 Yes 29

Android 11 11 Sept 2020 Yes 30



https://en.wikipedia.org/wiki/Android_Jelly_Bean
https://en.wikipedia.org/wiki/Android_KitKat
https://en.wikipedia.org/wiki/Android_Lollipop
https://en.wikipedia.org/wiki/Android_Marshmallow
https://en.wikipedia.org/wiki/Android_Nougat
https://en.wikipedia.org/wiki/Android_Oreo
https://en.wikipedia.org/wiki/Android_Pie
https://en.wikipedia.org/wiki/Android_10
https://en.wikipedia.org/wiki/Android_11

APl levels

e Target API level
o Version that the developer wants
to design the application for
e Minimum API level
o QOldest version the application will
be backwards compatible with

ANDROID PLATFORM API LEVEL

4.0

[ 2%

VERSION
15

Jelly Bean

Jelly Bean
Jelly Bean
KitKat
Lollipop
Lollipop

Marshmallow

Nougat
25

Android 10

CUMULATIVE
DISTRIBUTION

99.8%
99.2%
98.4%
98.1%
94.1%
92.3%
84.9%

73.7%
66.2%
60.8%
53.5%

39.5%

8.2%



Android App Fundamental Background

e Single or Multiple interactive screens

e Written with:

o Kotlin/Java and XML
o Uses:

o Android Software Development Kit (SDK)

o Android libraries and Android Application Framework
e [Executes:

o  Android Runtime Virtual machine (ART)



Some Core Challenges

e UI/UX:
o  Multiple screen sizes and resolutions
o  Accessibility
e Performance:
o make your apps responsive and smooth
e Security:
o keep source code and user data safe
e Compatibility:
o run well on older platform versions
e Marketing:

o understand the market and your users
o (Hint: It doesn't have to be expensive, but it can be.)




Exploring Android File
Structure



File Structure

Android View Project Files View View Modes

= FileStructure an "':“ n ':J ro I ‘:i v
= FileStructure % app . Project Files v 3

2 ers\Omar\FileStructure lCl I‘.‘:f_] '.:_‘:t
& Android =
Packages

<

% app

manifests

Project Files

Production

A
L LJ

W 1:Project

Open Files

Android




& File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

= FileStructure il local.properties

5 & Android ¥
FI | e Stru Ctu re :% '.. appr‘nemf&;ti-
% 7a AndroidManifest.xml
- . -fo v + ndroid.example.filestructure
Manifest: declares essential |
. . E > .examplefilestructure
|nf0rmat|on about app for the é > com.android.example.filestructure
=] J

i v 7 com.android.example.filestructure
runtime :

BuildConfig

e FEvery app mustinclude it s o
e Declared Information about the el e
application I =
> mipmap

o App name

values

Components color m[l
strings.xm

O

o Permissions A tylesxmi
. . . ¥ & Gradle Scripts

o Required libraries ‘

Location




File Structure

Manifest: declares essential
information about app for the
runtime

e FEvery app mustinclude it

e Declared Information about the

application
o App name
o Components
o Permissions
o Required libraries

% activity_mainxml r MainActivity.kt & AndroidManifestxml

<?xml version encoding
<manifest xmlns:

T e
package

<application

:roundIcon

:theme
<activity :name

<intent-filter>

<action :name
<category :name
o 7

</intent-filter>
</activity>

</application>

</manifest>

Code



& File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

= FileStructure il local.properties

& Android v

|

® app
v manifests

Manager

File Structure

AndroidManifest.xml

** Resource
<4

amplefilestructure

Source Code (JVM): activities,
services, and helper classes
e Kotlin source code under “Java’
folder s
e Contains MainActivity s ..

v layout

W 1 Project

b - =
v com.android.example.filestructure

BuildConfig

drawable

activity_mainxml
> mipmap
v values

xml

gsxml

stylesxml

¥V & Gradle Scripts

Location




: MainActivity.kt

File Structure

tate: Bundle?) {

Source Code (JVM): activities, }
services, and helper classes |
e Kotlin source code under “Java”
folder
e Contains MainActivity

Code



& File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

= FileStructure il local.properties

& Android v

|

® app
v manifests

File Structure

AndroidManifest.xml

** Resource Manager
<
5
o

v com.android.example filestructure

Resources: Layouts, images, strings,  MainActivity
colors as XML and media files in key
Value pairs v fEJ'H‘Eﬂdl'l:lii.é-Elﬂ’lflEflﬁih'tlit‘.”‘é

BuildConfig
e Contains app resources
o Layouts
ic_launcher_foreground.xml
Values v BN layout
. activity_mainxml
Stl’lngS > mipmap
Images il
Audio st
S stylesxml
Color v Gadies
& More| build.gradle

W 1 Project

v drawable

c_launcher_background.xml

gsxml

ripts

build.gradle

vrapper.properties

ard-rules.pro

roperties

Location




A olorsxml

1 <?xml version encoding 2
. <{resources>
Flle StrUCtu re <color name >#620BEE</color>
<color name >#3700B3</color>
& <color name #83DAC5</color

Resources: Layouts, images, strings, i
colors as XML and media files in key
value pairs

e Contains app resources

Layouts
Values
Strings
Images
Audio

Color

& Morel!

Code




& File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

= FileStructure il local.properties

~ & Android
- g
File Struct e
I e ruc u re :_ v manifests
é =5 AndroidManifest.xml
; v java

v com.android.example filestructure

Gradle: Determines the proper order

¢ MainActivity

com.androi amplefilestructure

com.android.examplefilestructure

of tasks to run
o Manages the bUild CYCIe Via a '.7 fEY"'V‘Eﬂdl‘l:lii.é-Eﬂ'lfl{:‘:flfish"_lv:ttﬂ‘e
series of tasks

W 1 Project

BuildConfig

v drawable

5u ic_launcher_background.xml

o Compiles Kotlin sources, runs tests,
ic_launcher_foreground.xml
installs app to device v PN layout

activity_mainxml

Builds automation system > B mipmap

values

Manages dependencies between colorsrl
strings.xml
projects and third-party libraries
Common tasks include:
o Clean ‘ |
pr::guar::-rules‘p:r:
O TaSkS 1l gradle.properties
O InSta”Debug 1 ::CSF.;Z‘ \;'L‘?Ebi:i-

Su stylesxml
¥V & Gradle Scripts

build.gradle

build.gradle

1l gradle-wrapper.properties

Location




Gradle Scripts (top-level)

e build.gradle (Project:
apptitle)

e top-level build file for the
entire project

e defines build configurations
that apply to all modules in
your project




Gradle Scripts
(module-level)

build.gradle (Module: app)
separate build files for
each module

edit the build settings to
provide custom packaging
options for each module
Build types, product
flavors, ...

Overrides top-level
build.gradle




apply
a@ly

/ apply

android {

Specify android-specific
gradle plugins compilesdkVersion 29

buildToolsVersion

defaultConfig {

android {} block defines / ot

minSdkVersion 24
target sdk for compiling targtsdversion 2
defaultConfig{ } block

) . } C cionRunner
defines core settings

buildTypes {
release {
. minifyEnabled false
bulldTypes { } blOCk C O S proguardfiles getDefaultProguardFile( ¥

app building and packaging y

¥

. dependencies {
dependenCIeS{ } blOCk implementation fileTree( : ’ N § D
implementation $kotlin_version
define what your app et
implementation
implementation
depends On testImplementation
androidTestImplementation

androidTestImplementation

Code



Android Development
Basics



Create a Project

-

Q Select a Project Template

Android Studio rereny - .

Empty Activity




Android Studio

Toolbar
Navigation bar
Editor window
Tool window bar
Tool windows
Status bar

o

¥ 2: Favorites / @\anures

"0 W MainActivity.java - MyApplication - [~/AndroidStudioProjects/MyAgcation]
DD ¢#2 XO0 QAR ¢ |\ Zap- P B RGE|L 82 &L 2 Q
[ MyApplication ) ["Japp ' [ src  ["1main ) [7] java | [£] com | [£] example ) [] myapplication | (f/ MainActivity |

ST

: «J 7:Structure

4 Build Variants

# Android v €3 o< - I (© MainActivityjava x E
v Clapp package com.example.myapplication; i S
» [ manifests _ %
- Cljava ~import ... i |
» [EJcom.example.myappli @ puplic class MainActivity extends AppCompatActivity
» [ com.example.myappli implements NavigationView.OnNavigationItemSelectedListener {
» [E1com.example.myappli
5 GRS @0verride
~ ol protected void onCreate(Bundle savedInstanceState) { savedInstar)
v (& Cradle Scripts super.onCreate(savedInstanceState); savedInstanceState: null
(2 build.gradle (Project: My/ setContentView(R. layout.activity_main);
& build.gradle (Module: apy Toolbar toolbar = (Toolbar) findViewById(R.id.toolbar); tool
3 . @ setSupportActionBar(toolbar);
[i gradle-wrapper.propertie
&l proguard-rules.pro (ProC FloatingActionButton fab = (FloatingActionButton) findViewByT
[7i gradle.properties (Project ® - fab.setOnClickListener((OnClickListener) (view) - {
Debug ~ = app - L
P Debugger [F]Console +* b= ¥ M M A gy ¥ M o
Il & Frames «* = Variables +* [ Watches -

2 &'ma... + 3 7" = this = {MainActivity@4567}

: S = savedinstanceState = null
FHll onCreate:24, MainActivi g = No watches

= = . g - W

wcperee = toolbar = {Toolbar@4570} "android.support.vi... View >

@ performCreate:6237, Act 3

callActivityOnCreate:110 S

(] ; >
performLaunchActivity:2

handleLaunchActivity:24 g

» - AW [ 8

11 1 Ars . Tk - + 5]

——

@ 0:Messages [m| Terminal & 6:Android Monitor ~ J 4:Run = 4§ 5:Del »TODO ™ Eventlog [¥ Gradle Consold

Q—Q Can't bind to local 8700 for debugger (2 minutes ago)

24:1 LF: UTF-82 Context: <no context> = 80



Android Studio - Layouts

Project Window
Palette
Components Tree
Design Editor
Attributes

e0e
2 Tour ) bz app ) B src ) B main ) = s ) £ oyt ) s sctvy_ i
= Androd ~ @ aohty_manam @ Manscayia
Jomes
> I manitests ~
java pate Qs -[&¢
" £ com.example androd.tour ey em
& Mainkctvty | S Bution
com.example.androld tou (anroidTes) Y magoview
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> java (generated) Widgets. s
e | ¢ gt
- Loy
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Goog
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£
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Ao Tour “Heto Wi
§
3
=
3
s
*
5
A
H
§
H
3
Bremns A Bt £ 6loon ;P p £Rn =100
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0 Pixel «
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77
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CLPoei2API28 v
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Activities - Introduction

e An Activity tells Android how the app should interact with the user
e FEvery Android app contains at least one activity

e Activities range from showing displays of:
o Lists from a feed (ie: Reddit)
o Details about individual items (ie: Amazon Shopping)
o Using other apps to achieve functionality (ie:
Snapchat Filters)

e MainActivity.kt
o Where core app behavior gets defined
o Can change views dynamically

o  Work with functions like onCreate() to create views
and bind data

g Select a Project Template




Activities - MainActivity.kt

e MainActivity.kt
o  Where core app behavior gets defined
o Can change views dynamically

o  Work with functions like onCreate() to create views
and bind data =

Q Select a Project Template




Activities - A Closer Look

——

onCreate()

'

App is running

'




Android Studio - Emulator

e Android Virtual Device (AVD) manager

. \n BULBRSAURE  LuE

o Creates virtual device/lemulator simulating an IS )
Android—powered device What will PFIGHT  BAG

BULBASAUR da? POKEMON ~ RUN

e Use AVD Manager to

o Define hardware characteristics of a device and its APl level,
and to save it as a virtual device configuration.

o Upon starting, the emulator reads a specified configuration
and emulates a device that behaves like a physical
phone/device




Create and Run a Virtual Device

Tools > Android > AVD Manager, or click the AVD
Manager icon

Your Virtual Devices Select Hardware

H Android Studio

Choose a device definition

H Android Studio

Type Name | Play store | Resolution | APl Target CPUJABI Size on Disk Actions. o
7 = = = [ Nexus 5X
ED Nexus 4 API 19 768 x 1280: xhdpi 19 Android 4.4 (Google ...  x86 1GB | I A4 Categery Name ¥ | Play,Store, Size s Ronoltion | Denaly,
™v Pixel XL 5.5" 1440x2... 560dpi
ED Nexus 5 API 23 1080 x 1920: xxhdpi 23 Android 6.0 (Google ... ~ x86... 2GB | I A4 West Pixel 50" 10801...  xxhdpi 10800x . !
ize:  large
N . Ratio:  long
[ Nexus 5 API 25 Nou... 1080 x 1920: xxhdpi 25 Android 7.1.1 (Googl...  x86.. 2 GB b o~ Ehone i 40 40%000 | 'nle! Density: 420dpi
Tablet Nexus One 37 480x800  hdpi
B . i i
ED Nexus 5X O API 26 B 1080 x 1920: 420dpi 26 Android 8.0 (Google ...  x86 2GB | I 44 — o= p—_ oo
ED Nexus 7 2012 API 16 800 x 1280: tvdpi 16 Android 4.1 x86 4GB | I A4 Nexus 6 5.96" 1440x2...  560dpi
Nexus 5X (3 52" 1080x1...  420dpi
ED Nexus 7 API 23 1200 x 1920: xhdpi 23 Android 6.0 (Google ... ~ x86... 4GB | 2 4 4
Nexus 5 [ 4.95" 1080x1...  xxhdpi
ED Nexus 9 API 23 2048 x 1536: xhdpi 23 Android 6.0 (Google ... ~ x86... 2GB | I A4 Nexus 4 a7 768x12...  xhdpi
[0 NexusOne API 6 480 x 800: hdpi 16 Android 4.1 x86 4GB > 2~ New Hardware Profile | Import Hardware profiles | @ Clone Device...
? + Create \lirtual Device... [%]

& L3 2 Cancel previous | (TN Finish

Run > Run app OR Click the
Android Studio Run icon Run



Debugging

e Thelogis a debugging tool to look at values, execution paths, and exceptions

e To see the Logcat pane, click the Logcat tab at the bottom of the Android
Studio window

e Set to default Verbose (shows all Log messages.) Other settings include
Debug, Error, Info, and Warn.

Logcat Aty
£
-'g‘ 18 Emulator Nexus_5_API_25_Nougat Android 7.1.1, API 2 B com.example.android.helloworld (282 B Verbose B . Re
: SSUPPUT LUyl apiidis. Uidwau il yEL LU vigwdu LeLuipa L. Upud LeE T ULrallgi iangi vad gl gpridls . rul el Lo ra e, dllUiULu.LUlluL’Hn-lti LWl JlaleLlisy,
g [ android.graphics.PorterDuff$Mode) would have incorrectly overridden the package-private method in android.graphics.drawable.prawable
. | =2 11-24 12:20:00.063 2820-2839/com.example.android.helloworld I/0penGLRenderer: Initialized EGL, version 1.4
- = 11-24 12:20:00.064 2820-2839/com.example.android,helloworld D/OpenGLRenderer: Swap behavior 1 ?
11-24 12:20:00.067 2820-2839/com.example.android.helloworld W/OpenGLRenderer: Failed to choose config with EGL_SWAP_BEHAVIOR_JRESERVED, retrying 3
g without... s
s 11-24 12:20:00.067 2820-2839/com.example.android, helloworld D/OpenGLRenderer: Swap behavior @ ;
é g4 11-24 12:20:00.072 2820-2839/com. example.android.helloworld D/EGL_emulation: eglCreateContext: 0x72c18943e0a@: maj 2 min © rcy 2 m
& 0 11-24 12:20:00.078 2820-2839/com,example,android,helloworld D/EGL_emulation: eglMakeCurrent: @x72¢18943e@a@: ver 2 @ (tinfo 042c18948c3c0) -
% 11-24 12:20:00.103 2820-2839/com.example.android.helloworld D/EGL_emulation: egMakeCurrent: @x72c18943¢0a0: ver 2 @ (tinfo @42c18940¢3¢0) §
P.4&Rn TOO0 BB 72 Android Profiler [ Terminal B O Messages ) Evert [#] Gradle Corsole
[Z] Gradle build finished in 165 968 (today 12:19 PM) 141 LF: UTF-8: a B




Logging Example

e |ogtags are defined as constants for the Activity:
o private static final String LOG_TAG = MainActivity.class.getSimpleName();
e T[ypes of logs
o d: Debug, e: Error, w: Warn, i: Info
e Sample log statement
o Log.d(LOG_TAG, "Hello World");
e Expected Output:
o 11-24 14:06:59.001 4696-4696/? D/MainActivity: Hello World



