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Reqguirements

» Development environment — latest Android Studio (java, IntelliJ)
» http://developer.android.com/sdk/index.html
» Base OS - free choice (MS Windows, OS X, Linux)

» Android based development device for testing — not required.
School has some test equipment available (old devices — ca 2010).

» Personal Android device - (phone/tablet) strongly recommended
» If possible, use personal laptop for development
» Projectsin GitHub


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

Topics

Android overview

Basic Android Studio usage

Ul creation

Web services (REST API)

Local storage and data access (SQLite)
App lifecycle and state

Sensors (proximity, geomagnetic, motion, GPS, ...)
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Google Play - publishing



Android

» Operating system, devised for mobile equipment (mostly)

» Usage: phones, tablets, TV-s, watches, glasses, cars, laptops,
cameras, game consoles, ...

» Market share among smartphones — ca 82%
» Open source project

» Google apps are closed source (mail, map, etc.)



Android - mobile

StatCounter Global Stats
Top Mobile Operating Systems Per Country, Sept 2015
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Android - tablet

StatCounter Global Stats
Top Tablet OSs Per Country, Sept 2015




Short history

» 2003 - founded (lead: Andy Rubin)

» |nitial idea — OS for cameras

» New plan — Mobile OS, (others: Symbian/Nokia and Win Mobile)
» 2005 - Google acquires the whole project
» 2007 - Open Handset Alliance
» Google, HTC, Sony, Samsung, Dell, Motorola, LG, Qualcomm, Intel, etc...
» 2008 - Android 1.0 (HTC Dream, no touchscreen)
» 2009 - Android 1.5 Cupcake (iPhone 2007, iPhone 3G 2008)
» 2010 - Android 2.2 Froyo, 2.3 Gingerbread



Short history

» 2011 - Android 3.0 Honeycomb (tablets only)
» 2011 - Android 4.0 Ice Cream Sandwich

» HOLO UI
» 2014 - Android 5 Lollipop

» Material design

» Dalvik vs ART (Android Runtime) (JIT or precompile, garbage collection)
» 2015 - Android 6 Marshmallow



Version distribution

Lollipop - 5.X -23%
Kitkat, Jelly Bean, Ice
Cream Sandwich - 4.X
- 73%

» Source: http://developer.android.com/about/dashboards/index.htm|



Android
architecture




Android - App types

» NDK-C/C++
» Close to hardware and opsys
» SDK - Native <- this course!!!!
» Java (ART/Dalvik), using system libraries
» Crossplatform — Xamarin (C#), etc
» Html

» One codebase/layout for different platforms

» Problems with Ul, weak access to hardware




Android - App architecture
AndroidManifest.xml

>

The manifest file presents essential information about your app to
the Android system, information the system must have before it can
run any of the app’'s code.

Describes the components of the application — the activities,
services, broadcast receivers, and content providers that the
application is composed of.

Declares which permissions the application must have in order to
access protected parts of the APl and interact with other
applications.

Declares the minimum level of the Android API that the application
requires.




Android — AndroidManifest.xml
Example -

<?xml version="1.0" encoding=""utf-8"7>
<manifest xmlIns:android="http://schemas.android.com/apk/res/android"
package="'‘com.akaver._.myapplication”™ >
<application
android:allowBackup=""true""
android:icon="@mipmap/ic_launcher"
android: label="@string/app_name"
android:supportsRtl=""true"
android:theme="0style/AppTheme"™ >
<activity
android:name=""_MainActivity"
android: label="@string/app_name"’
android:theme="@style/AppTheme.NoActionBar" >
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>
</manifest>




Android — Java code

MainActivity.java

import android.widget.TextView;
public class MainActivity extends AppCompatActivity {
private SectionsPagerAdapter mSectionsPagerAdapter;
private ViewPager mViewPager;

@Override

protected void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedlInstanceState);
setContentView(R. layout._activity main);

Toolbar toolbar = (Toolbar) findViewByld(R.id.toolbar);
setSupportActionBar(toolbar);

mSectionsPagerAdapter = new SectionsPagerAdapter(getSupportFragmentManager());
mViewPager = (ViewPager) findViewByld(R.id.container);

mViewPager .setAdapter(mSectionsPagerAdapter);

TabLayout tablLayout = (TabLayout) findViewByld(R.id.tabs);
tabLayout.setupWithViewPager(mViewPager);

FloatingActionButton fab = (FloatingActionButton) findViewByld(R.id.fab);
fab._.setOnClickListener(new View.OnClickListener() {
@Ooverride
public void onClick(View view) {
Snackbar._make(view, "Replace with your own action', Snackbar.LENGTH_LONG)
-setAction(""Action™, null)._show();



Android - Layout - Resource files
activity _ main.xmil fragment_main.xmi

<?xml version="1.0" encoding=""utf-8"?> <RelativelLayout xmlIns:android="http://schemas.android.com/apk/res/android"
<android.support.design.widget.CoordinatorLayout xmIns:tools="http://schemas.android.com/tools"
xmIns:android="http://schemas.android.com/apk/res/android" android: layout_width="match_parent"
xmlns:tools="http://schemas.android.com/tools" i ight="match_parent"
xmIns:app="http://schemas.android.com/apk/res-auto"” android:id="@+id/main_content" men/activity_horizontal_margin®
android: layout_width="match_parent" android:layout_height="match_parent" android:paddingRi ‘@dimen/activity_horizontal_margin”
android: fitsSystemWindows=""true" tools:context="_MainActivity'> android:paddingTop="@dimen/activity_vertical_margin"
android:paddingBottom=""@dimen/activity vertical_margin"
<android.support.design.widget.AppBarLayout android:id="@+id/appbar" tools:context=""_MainActivity$PlaceholderFragment'>
android: layout width="match_parent” android: layout height="wrap_content"
android:paddingTop=""@dimen/appbar_padding_top" <TextView android:id="@+id/section_label" android:layout_width="wrap_content"
android:theme="@style/AppTheme.AppBarOverlay'> android: layout_height="wrap_content" />

<android.support.v7.widget.Toolbar android:id="@+id/toolbar" </Relativelayout>
android: layout_width="match_parent” android: layout_height="?attr/actionBarSize"
android:background=""?attr/colorPrimary" app:popupTheme="@style/AppTheme.PopupOverlay"
app: layout_scrollFlags="scroll|enterAlways">

</android.support.v7._widget.Toolbar>

<android.support.design.widget.TabLayout a id="@+id/tabs"
android: layout_width="match_parent” andr ayout_height="wrap_content" />

</android.support.design.widget.AppBarLayout>

<android.support.v4._view.ViewPager android:id="@+id/container"
android: layout_width="match_parent" andr layout_height="match_parent"
app: layout_behavior="@string/appbar_scrolling_view_behavior" />

<android.support.design.widget.FloatingActionButton android:id="@+id/fab"
android: layout_width="wrap_content” android: layout_height="wrap_content"
android: layout_gravity="end|bottom” android: layout _margin="@dimen/fab_margin"
android:src="@android:drawable/ic_dialog_email" />

</android.support.design.widget.CoordinatorLayout>




Android — O1
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» Images

» Animatior




Android - apk

Android Application Package

ZIP file, combines all the resources and java bytecode
Signed with developer key

Developer key must be the same from version to next version
Don’t lose your keys (passwords)

Android Studio takes care of APK creation

APK-s can be downloaded from store, using 3-rd party utilities

Resources can be used as Is

YNV Ny VvV VvV V

Most elements/code can be decompiled/recompiled
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Android — App security

Every app works in its own private virtual machine (Zygote)
Need permission for system resources (confirmed on app install)
Data is private, no other app can access directly other app data

Everything is possible on rooted device

sy VvV V VYV

End user is the weakest link



Android — dev problems

V N N Y

Gazillion different hardware devices and capabilities

Lots of different Android implementations

» Samsung TouchWiz
» HTC Sense
» CyanogenMod

Migration to newer versions very slow (or not done at all)
Rooted phones
Ca 2X time spent on development compared to iIOS

Ca 60% better income on iOS




Android - testing on devices

1 Excepl Vimmesntherwise noted, this work is licensed under
n I m Dc a ’ @ @ @ Mtp:f.lﬂn'll:nmmns.arnmmns;sﬂry-nﬁﬂ.m 5




Android — HelloWorld

¥ Create New Project * Create Mew Project

New Project Target Android Devices
Android Studio

Configure your new project Select the form factors your app will run on

Different platforms may require separate SDKs

o Phene and Tablet

Application name: | He
Minimum SDK | API 19: Android 4.4 (KitKat) n
Company Domain: | akaver.com

Lower AP| levels target more devices, but have fewer features available,
Package name: s oworld By targeting APl 19

our app will run on approximately 49.5% of the devices that
on the

] Wear
Minirmurr
Project location: <an droidStudioP Uw

Minirnun

[] Android Auto

N (o] | breior | (I (o |




Android - HelloWorld

@ Create New P roject

’_()Add an activity to Mobile

i « ra
LdJd
Add Mo Activity

Blank Activity Empty Activity Fullscreen Activity Google AdMob Ads Activity Google Maps Activity
} ) 9 ) 9 P )

By $omm o

Legin Activity Master/Detail Flow Mavigation Drawer Activity Scrolling Activity Settings Activity Tabbed Activity

| Previous | m | Cancel | |




Android - HelloWor

¥ Create New Project

Customize the Activity

Creates a new empty activity

Activity Name: | MainActi\rity{

Generate Layout File

Layout Mame: | activity_main

Empty Activity

The name of the activity class to create

Previous | | | | Cancel | Finish




Android - HelloWorld

¥ HelloWorld - [Ch\Users\akaver\AndroidStudioProjects\HelloWorld] - [app] - ..\app\src\main'res\layouthactivity_main.xml - Android Studio 1.4
File Edit View MNavigate Code Analyze Refactor Build Run Tools VC5 Window Help

ODHS O ] Vi [ ®eapp -] D ¥
HelloWeorld - [ app L main ; CZres 2] layout © # activity_mainxml

Android v - 15| = activity_mainaxml % € strings.xml % @ stylesxm| % € MainActivity java * & AndroidManifestaml %
arp Palette -2l Ui Nexus 4= [ = (DAppTheme ~— MainActivity= @)~ 1§23~ Component Tree
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Relativelayout HelloWorld
Widgets
[AE| Plain TextView
[ Large Text
[BE] Medium Text
[4B] Small Text
- Button

i| ic_launcher.png (xf | Small Buttan Properties

(& Captures
spalold usnep 3

com.akaver.helloworld
c MainActivity

com.akaver.helloworld (androidTest)

4+ 1: Project
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drawable
layout
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o
=
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]
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=
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'

mipmap
ic_launcher.png (3
i| ic_launcher.png (hdpi

i| ic_launcher.png (r
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|| CheckBox layout:height match_parent
Switch style

= ToggleButton

dimensxml (2 B ImageButton accessibilityLiveRegion

i| ic_launcher.png (oochdpi
values
@ colorsxml
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" | ImageView
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@ WebView contentDescription

Text Fields 2 contextClickable O
Plain Text
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Person Mame
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Design | Text

[E Terminal “ B Android Monitor =| 0 Messages @: TODO Event Log [Z] Gradle Console
Gradle build finished in 10s 281ms (a minute ago) -]

(]




Android - HelloWorld

B HelloWorld - [C:\Users\akaver\AndroidStudioProjects\HelloWorld] - [app] - ..\app\src\main'res\layout\activity_mainxml - Android Studio 1.4
File Edit View MNavigate Code Analyze Refactor Build Run Tools VC5 Window Help
ODHO ¢4 X000 QR | ¢ > ¥ (wap-| P> &6 L #F

HelloWorld - |- app - src ¢ main res ¢ layout + € activity_mainxml -

i Android - € = | #- 1° | =¥ activity_mainxml % | & stringsxml ¥ | € stylesxml % C MainActivity.java ¥ | © AndroidManifestxml x

app <?ml version="1.0" encoding="utf-8"2x>
manifests <RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"

@ AndroidManifestaxml xmlns: tools="htip://schemas.android.con/tocls" android:layout width="match parent"
android:layout height="match parent" android:paddingleft="16dp"
android:paddingRight="16dp"
android:paddingTop="16dp"

£''6 MainActivity android:paddingBottom="16dp" tools:context=".MainActivity">

com.akaver.helloworld (androidTest)

@ res «TextView android:text="Hello World!" android:layout width="wrap content"
android:layout height="wrap content" />

</Relativelayouts>

(sr Captures
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java
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‘% 1: Project

drawable
layout

< activity_main.xml

0@ 7 Structure

mipmap
ic_launcher.png (3)
ic_launcher.png (hdpi)
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Android - HelloWorld

® HelloWorld - [Ch\Users\akaver\Android5tudioProjects\HelloWaorld] - [app] - ..\app\srcmaintAndroidManifestxml - Android Studio 1.4
File Edit View MNavigate Code Analyze Refactor Build Run Tools VC5 Window Help
- Y = = - ———— p
ODHEH O &« XHO0 QR ¢ D> & (wapp~| P &
HelloWorld - [ japp | 1src |1 main = & AndroidManifestxml
';' Android - € = | #- |~ | =& activity_mainxml % | & stringsxml % | & stylesxml % C MainActivity.java * | £ AndroidManifestxml %

app <?xml wersion="1.0" encoding="utf-§"?>
manifests <manifest xmlns:android="http://schemas.android.com/apk/res/android"
o AndroidManifestxml package="com.akaver.helloworld" >
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<application

android:allowBackup="true"
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com.akaver.helloworld

‘% 1: Project

com.akaver.helloworld (androidTest) android:label="HelloWorld"
4 res android: supportsRtl="true"
android: theme="gstyle/AppTheme" >
<activity android:name=".MainActivity"™ >
<intent-filter>
<action android:name="android.intent.action.MAIN" />
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drawable
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Android - HelloWorld

® HelloWorld - [C:\Users\akaver\AndroidStudioProjects\HelloWorld] - [app] - ...\app\src\main\java\combakaver\helloworld\MainActivity.java - Android Studio 1.4
File Edit View MNavigate Code Analyze Refactor Build Run Tools VC5 Window Help
= el = o (B o =
ODHO ¢« X000 QRA ¢ D 4 [Faper] P ¥ ¥ B ¥ ¢EE W ?
HelloWorld - [ app - src main ¢ j ] com - akaver helloworld ' © MainActivity
i Android - € activity_mainxml % | € stringsxml % | € stylesxml % | (€ MainActivity.java % | £ AndroidManifestxml *

app package com.akaver.helloworld;

manifests
o AndroidManifestaml import android.support.v7.app.AppCompatictivicy;
import android.cs.Bundle;
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spalodd u=aepy 3

java
com.akaver.helloworld
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public class Mainkctivity extends RApplompatRctivicy |

'+ 1: Project

com.akaver.helloworld (androidTest) [
4 res protected woid onCreate (Bundle sawvedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.layout. activity main);
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@ stylesxml

& Gradle Scripts

¥ 2: Favorites
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¥ Build Variants
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Android - HelloWorld

® Virtual Device Configuration

: Select Hardware

Choose a device definition

|Q -

Category Mame *

[[] Nexus5

Resolution Density
1L Mexus & \ 1440 2560 560dpi

Mexus 35X 10801920 -1--"ﬁdp| 1080px

Size:  normal

Density: xxhdpi

Tablet Mexus 4 47" T68x1280 xhdpi

| Mew Hardware Profile | Import Hardware Profiles |

| Clone Device... |




Android - Hel

® Virtual Device Configuration

-
(@) System Image
H) Select a system image

Release Name APl Level = | Target
Marshmallow x86 Android 6.0 (wi

Marshmallow armeabi-v7a Android &

Marshmallow Android 6.0

[_] Show downloadable system images

loWorld

Marshmallow

AP Level

23

Android
6.0

Android Open
Source Project

Systern Image
gle APls to

Questions on AP| level?

See the AP level distribution chart

Previous | m | Cancel | | nish




Android - HelloWorld

® Virtual Device Configuration

| Android Virtual Device (AVD)

Verify Configuration

AVD MName AVD Name

[ Nexuss 4,95" 1080%1920 xxhdpi
The name of this AYD.
3'_. ' Marshmallow Android 6.0 x86
Startup size

and
orientation

Orientation:

Portrait Landscape

Emulated

Use Host GPU Recommendation
Performance :

_ der us
|| Store a snapshot for faster startup

You can either use Hos
P B Ml C.-bl- Mensica Crome

Show Advanced Settings

Previous | | | | Cancel | m




Android

THURSDAY, OCTOBER 15




Android - HelloWorld

¥ Device Chooser

"4 5:46

© Choose a running device

Device State Compatible Serial Mumber
8% Ermulator Nexus 5 API 23 x86 Android 6.0 (API 23 Mt

HelloWorld

") Launch emulator
Android virtual device: | Nexus 5 AP| 23 | |

[ | Use carne device for future launches

m | Cancel | | Help |




Android — HelloWorld — add TextBox

¥ HelloWorld - [C:\Users\akaver\AndroidStudioProjectsiHelloWerld] - [app] - ..\app\src\main\res\layoutiactivity_mainxml - Android Studio 1.4

File Edit View Mavigate Code Analyze Refactor Build Run Tools VC5 Window Help
ODH O ¢ 3 0 ¢ AE TN N o
HelloWorld ' “app ' [ Jsrc ' [ main * [ res layout @ activity_mainxml
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Android — HelloWorld —
activity _ main.xmil

<?xml version="1.0" encoding="utf-8"7>

<RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmIns:tools="http://schemas.android.com/tools" android: layout_width="match_parent"
android: layout_height="match_parent" android:paddingLeft="@dimen/activity_horizontal margin"
android:paddingRight="@dimen/activity_horizontal_margin"”
android:paddingTop="@dimen/activity_vertical_margin”
android:paddingBottom="@dimen/activity vertical margin" tools:context="_MainActivity'>

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

<EditText
android: layout_width="wrap_content"
android: layout height="wrap_content"
android:id="@+id/editText"
android: layout below="@+id/textView"
android: layout _alignParentStart="true"
android: layout alignParentEnd="true" />

<Button
android: layout width="wrap content"
android: layout height="wrap_content"
android:text="Set text"
android: id="@+id/button”
android: layout below="@+id/editText"
android: layout_alignParentStart="true"
android:onClick="buttonClicked"
/>

</RelativelLayout>




Android — HelloWorld —
MainActivity.Java

package com.akaver_helloworld;

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

import android.view._.View;

import android.view. inputmethod. InputMethodManager ;
import android.widget._EditText;

import android.widget.TextView;

public class MainActivity extends AppCompatActivity {

@Override

protected void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedlnstanceState);
setContentView(R.layout.activity_main);

}

public void buttonClicked(View view) {
TextView textView = (TextView) findViewByld(R.id.textView);
EditText editText = (EditText) findViewByld(R.id.editText);
textView.setText("'Hello "+editText.getText()+"1"");
editText.setText(""");

InputMethodManager imm = (InputMethodManager) getSystemService(INPUT_METHOD SERVICE);
imm_hideSoftInputFromWindow(getCurrentFocus() .getWindowToken(), 0);
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