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The main topics covered by this course cover:
- Using Eclipse IDE for Android development
- Android architecture
- Linux
- Modules
- Processes & threads
- AndroidManifest.xml
- Semantics
- apk

- Activity & Intent

- Matching
- Hook method sequences
- ListActivity
- Content Provider
- Cursor
- SimpleCursorAdapter
- Service
- AIDL
- Thread model
- Starting and stopping a service
- Implementing a service
- Using a service from an application
- Views
- Dialogs
- Menus

- Handler & Message

- Implementing responsive Ul

- Hand-over/synchronization of threads
- Broadcast Receiver




Open Source

|« > | [ ] [ | + [5 hitpi/endroid.gitkemel.oral

To clone one of these trees, install git, and run:

git elene git:/fandroid.git.kernel.orgf + prnject pﬂth.
To clone the entire platform, install repo, and run:

mkdir mydroid

cd mydroid

repe init -u git:/fandroid.git.kernel org/platform/manifest.git
repc Sync

digi
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All the source code of Android is available frors gfit repository. You can
access source code also through web pages atdnitpydid.git.kernel.org. The

repository can be valuable place to check out siet&iled functionality of a Ul
component, for example.

The repository includes all the releases of Andréido, the most recent version
of codes in the repository does not necessarilgespond to the most recent
release of the android.

Particular device may have its own additions magthb mobile device
manufacturer. The android git repository containly time “official” set of codes.
Also, device drivers may or may not be locatechmrepository.



Architecture Overview

Window Content View Notification Sensor
Manager Praviders System Manager Manager

Telephony Resource Location
Manager Manager Manager

Core Runtime
Libraries

Android Runtime

Dalvik
Virtual Machine

Bluetooth Flash Memory Binder (1IPC)
Driver Driver Driver

Keypad iFi i Power
Driver is i Management
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The architecture of Android can be divided intorftayers:
1. Applications, system built-in applications and Party applications
2. Application Framework provides components angises for applications.

3. Core Libraries provides “low-level” functionalithat is wrapped and used by the Application
Framework.

4. Linux Kernel provides the memory, process/threldjce driver, and security management
Linux kernel is based on 2.6 version. There is aigular Linux distribution inside/for Android.

Binder driver is Android specific device driver fil#C (Inter-Process Communication) based on
shared memory.

Between the Linux Kernel and Libraries layers Andrgpecifies its hardware abstraction layer
providing interfaces, for example, for Wi-Fi, GH®dio, Bluetooth, Camera, Audio, and
Graphics. That abstraction specifies what is regufrom the under lying operating system
(Linux kernel and device drivers) by Android.

Libc is dedicated, BSD-based, library for the pugsosf Android. Android libc is optimized for
the memory foot print. There is no glibc in Android

Own native, non-Java, application development ssjiide with Android by using Android NDK
(Android Native Development Kit). The NDK contaioss-compiler, build files, libraries,
headers required for compiling and linking C/C+plagations.

Dalvik is the java virtual machnine of Android, whichoptimized (memory foot print) for
mobile devices. Dalvik executes so-called dex fik\({ik executables). Dex files are
converted from the jave compiler output with the daltof Android.



AndroidManifest.xml

<tuml version="1.0" encoding="utf-8" 7>
- «amanifest «mins: android="http:/ fschemas.android.comfapk/res/android" package="com.example.android.sequenceactivity"
android:versionCode="1" android: versionMame="1.0">
- <application android:icon="@drawable/icon" android:|abel="@string/app_name">
- <activity android:name=".8equenceActivity" android:label="@string/app_name">
- <intent-filter>
<action android: name="android.intent.action.MAIN" /=
<category android:name="android.intent.category .DEFAULT" />
<category android:name="android.intent.category .LAUNCHER" /=
<fintent-filters
z/activity>
- <activity android:name=".MyList">
- <intent-filter>
<action android: name="android.intent.action.MAIN" /=
<category android:name="android.intent.category . SAMPLE_CODE" />
</fintent-filter>
<factivity>
+ <service android:name="com.example.android.sequenceservice.SequenceService" android: process=":service">
- <receiver android:name=".MyReceiver" android: exported="true" android: enabled="true">
- <intent-filters
<action android:name="jep" />
<fintent-filters
<freceivers
<provider android: name="com.example.android.fibonacci.FibonacciContentProvider"
android: authorities="com.example.android.fibonacci" /=
<fapplication=
<uses-=dk android: minSdkversion="6" />
</manifest>

gigia
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AndroidManifest.xml is a specification for your ajgaition. It specifies what are the elements of yapplication:
application name and icon, activities, servicesteot providers, and broadcast receivers. In otloeds, it lists the
elements that could be used, or referenced, bysthe

Android tools, or Eclipse plug-in, creates the AridManifest for you.

Example:

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

<manifest xmins:android="http://schemas.android fegik/res/android"
package="com.example.android.sequenceactivity"
android:versionCode="1"
android:versionName="1.0">

<application android:icon="@drawable/icon" andrkzbel="@string/app_name">

<activity android:name=".SequenceActivity" andréabel="@string/app_name">
<intent-filter>
<action android:name="android.intent.action. MAIN" /
<category android:name="android.intent.category.RBET" />
<category android:name="android.intent.category. NGHER" />
</intent-filter>
</activity>

<activity android:name=".MyList">
<intent-filter>
<action android:name="android.intent.action. MAIN" /
<category android:name="android.intent.category. $AEM_CODE" />
</intent-filter>
</activity>

<service
android:name="com.example.android.sequencesereigeehceService"
android:process=":service">
<intent-filter>
<l-- These are the interfaces supported by the e&rwhich
you can bind to. -->
<action android:name="servicestub.ISequence" />
</intent-filter>

</service>




Code Insert: The First Activity

How to get started

Eclipse IDE

Creating an Android project
Running an activity

Parts of project

digia
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Activity & Intent
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The main topics covered by this course cover:
- Using Eclipse IDE for Android development
- Android architecture
- Linux
- Modules
- Processes & threads
- AndroidManifest.xml
- Semantics
- apk

- Activity & Intent

- Matching
- Hook method sequences
- ListActivity
- Content Provider
- Cursor
- SimpleCursorAdapter
- Service
- AIDL
- Thread model
- Starting and stopping a service
- Implementing a service
- Using a service from an application
- Views
- Dialogs
- Menus

- Handler & Message

- Implementing responsive Ul

- Hand-over/synchronization of threads
- Broadcast Receiver




Activity
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An activity represents a set of functionality o thser-interface of an application,
not the whole user-interface. In other words, tbertinterface consists of
multiple activities.
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Each APK (Android Package) corresponds to one gsobg default. The start
and stop of a process is transparent for the umktree application developer. If
an activity use another activity from another ARKyrocess is launched for it, if
it does not already exist.

By default there is one thread (main thread) petoaess. The main thread is
running the Looper class (see Activity Hooks slidédwever, the process have
other threads and they are used by IPC mechanism.

Every APK is assigned with a Linux user id meartimat every application is
running as a different user because of security.

Android platform may choose to kill processes ttmhot have visible activities
in cases of low memory.

Activities can pass resulted data back to the icaltavity inside an intent.



Intent Resolution
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Intent can be seen as a request for something(@mero) activity in the
platform is chosen to serve that intent. Intentsed to resolve an activity,
broadcast receiver, and service. Content resolugsed to refer to content
provider.

There are two ways to specify an intent:
1. Explicit intent — the exact class is specifiedjchhs activated.

2. Implicit intent — information is provided by thetént that is then used in
matching the activity by the platform.

In the case of implicit intent, the intent infornoat used in intent resolution is
provided in AndroidManifest.xml files of activitiegdplications. The platform
then choose the best activity, or component, tadbiwated. Intent resolution
can be based on:

- Action

- Type

- URI

- Category

References:
- http://developer.android.com/reference/androidieotiintent.html



Activity Hooks

onCreate()
onStart()
onResume()
onPause()
onStop()
onDestroy() r

-‘

Looper ¢ x

<<main thread>>

Activity

.
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Activity is used by the platform by calling the homethods of that activity.
Hook methods are called always by the same thitbadh{ain/Ul thread). There
are a number of hook methods specified in thefiterof activity. Hook
methods exist, for example, for handling the lifele of activity, managing
dialogs and menus, and handling touch events.

The time spend in these hook methods, especiatlyeirvent handling functions,
should be minimized to keep the application respens



Activity Life Cycle Shut down

Instantiated srBEsE)
onCreate() \ @
onRestart()
onStop()

onStar‘t()
onResume()
Paused
Active
-
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Activity is paused if there is another activity tmp of it. The paused activity can
be visible because the top most activity is trarepzor it has a window not
covering the whole screen. The paused activitybsaresumed to be active.

Activity is stopped if there is another activity top of it covering it totally. The
stopped activity can be restarted to be activernagai

Hook methods of activity:

-onCreate() — called when an activity is createdsMiitialized can be done in
this hook method.

-onStart() — called just before the activity becomisgble to the user..
-onResume() — called just before an activity stiautisracting with the user.

-onPause() — called when another activity is stastetbp of this. This his the
moment to freeze animations, for example. Afterauge() the platform may kill
the process where the activity resides. It is revemded that the application
commits changes on any persistent data when on@asisalled.

-onStop() — another activity is covering the acyivitaking the activity invisible.
Next: onRestart() or onDestroy().

-onDestroy() — activity is destroyed, called whenity.finished() is called.

onCreate(), onStart, and onResume() functions are wr less related in start-up
phase of activity. Activity should decide how ividie its functionality into these
phases.

After theActivity.onPaus() the process can be killed and rest of the t



Layouts

. Res/layout/main.xml

ViewGroup

digia
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Layouts specified in XML and used by activitiesloé¢ application are located in
res/layout directory.

AbsoluteLayout is used to position its children iet@ct x, y location.

FramelLayout stacks ups its children into one pasitio

LinearLayout positions its children horizontally\artically.

RelativeLayout aligns its children based on the tomss$ of other views (parent or
other children).

Other view groups: Gallery, GridView, ListView, $tiew, Spinner,
SurfaceView, TabHost, TableLayout, ViewFlipper, afidwSwitcher.

References:
-http://developer.android.com/reference/androidiiéewGroup.html
-http://developer.android.com/reference/androidiiéew.html



User-interface Elements

LinearLayout

 digia
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The visual appearance of an activity is consistihgew groups and views
inside a view group.

Note that the hierarchy of elements can be nestdadtantain nested view
groups.

Commonly, elements are built by the platform basedpecifications in XML
(res/layout).

Views are associated with an id. Activity can ascasy view by calling
findViewByld() function. Activity needs to accesews, for example, for setting
listeners to views.



Event Listeners

View.OnClickListener.onClick()
View.onLongClickListener.onLongClick()
View.onFocusChangelListener.onFocusChange()
View.onKeyListener.onKey()
View.onTouchListener.onTouch()

. .
— digia
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An activity, for example, can process events bylamgnting various event
listener interfaces and subscribing the obsenamvi




Code Insert: OnClickListener

Using a Button
Defining OnClickListener
Subscribing listener to a button

. .
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Saving and Restoring the State

1. onSavelnstanceState(Bundle)
|P—
‘ ‘ 2_

Activity

-‘
| v x

in thread>> Activity digia
3. onCrea onRestorelnstanceState(Bundle)
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<<main thread>>

onSavelnstanceState()/onRestorelnstanceStatefecased to save the transient
state of activity.

onRestorelnstanceState() is called just after ot(pta
Bundle can be used to store name/value pairs dsarithe the state of activity.

Note that onSavelnstanceState() is not calleceifuber is navigating with BACK
button, which does not save the current statetdfigc In other words, if the
user navigates back, there is no way to restoradheity (other than just start it
again, have a fresh copy).



Code Insert: Saving the State

Using a Bundle

. Introducing onSavelnstanceState()

. Introducing onRestorelnstanceState()
Saving and restoring the state of an activity
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Notifications

n
i

Notification Android
Platform

Application

Notification Manager

Android provides various notifications. These im=u

1.

Messages (texts and icons)

2. Turning LEDs on and off
3.
4

Vibrating
Playing a sound

NotificationManager is the interface for the applica to display and cancel

notifications represented by Notification class.

References:

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

http://developer.android.com/reference/androidfidppficationManager.htm
I



Toast
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Update

Local increase

Busy...
Show more fibonacci numbers

Confirmed exi
Recelved stuff
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Android provides an easy way to show text notifmad on top of the screen.
They can be triggered by background applicationksanvices.

ToastmakeText(context, "Received stuffTIME_TO_DISPLAY).show();

The Toast is a quick way to make simple notificasidor the user without
disturbing the user too much. The notificationas blocking the active
application and it is dismissed automatically.

The Toast notification can use an application dpeleiyout to create a custom
notification message.

References:
-http://developer.android.com/guide/topics/ui/netis/toasts.html




February1,2010 R @ 2:00 Am

Android [ﬂj

Status Bar Notification

#il Removed SD card

SD card removed. Insert a new one.

[T —
Sequence
@ & Ml @ 9:08

Sequence
Hello

7 Fibonacci numbers
Service Is now started for servi ngreq 9:07 AM

Update

Update

Local increase
10

Local increase

JIPPI1! DONE!

Show more fibonaccl numbe JIPPII! DONE!

Confirmed exit Show more fibonacc numbers

Confirmed exit
digia
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A status bar notification provides a persistentfivation. The dismissal policy of the notificati@an be specified by the
application.

Notification is associated with an intent that $&d to start an activity if the user taps on thiination. That can be used
to activate the application (if in the backgroutitjt published the notification, for example.

Publishing a notification:
private void showServiceStartedNotification() {

Notification notification =new Notification(android.R.drawablgtar_big_on,
getString(R.stringnoteServiceSarted_ticker Text), SystencurrentTimeMillis());

notification.flags |= Notificatiodr=LAG_AUTO_CANCEL;

String contentTitle = getString(R.strimpteServiceSarted_contentTitle);
String contentText = getString(R.stringteServiceSarted_contentText);
Intent notificationIntent snew Intent(SequenceActivitthis, SequenceActivitglass);

Context applicationContext = getApplicationContext()
Pendinglintent contentintent = PendingIntgetActivity(applicationContext, 0, notificationintent, 0);

notification.setLatestEventinfo(applicationConteedntentTitle, contentText, contentintent);

NotificationManager manager =
(NotificationManager)getSystemServib§TIFICATION_SERVICE);

manager.notify(NOTIFICATION_SERVICE_STARTED, notifition);
}

Cancelling a notification:
private void dismissServiceStartedNotification() {

NotificationManager manager =
(NotificationManager)getSystemServibi§TIFICATION_SERVICE);

manager.cancel(NOTIFICATION_SERVICE_STARTED);



Code Insert: Status Bar Notification

Creating a notification
. Use of Intent and PendinglIntent
. Setting notification information

Showing and cancelling the notification with
Notification Manager
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Dialog

@i 1:52 PM

Do you really want to exit?
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Dialog can be built, or constructed, by using dadjduilder:
protected Dialog onCreateDialog(t id) {
Dialog result =null;

if (MY_EXIT_DIALOG ==id) {
AlertDialog.Builder builder =new AlertDialog.Builderghis);
builder.setMessage(getString(R.straxitDial ogMessage))
.setCancelablélse)

.setPositiveButton(getString(R.striegitDial ogYes), new
DialogInterface.OnClickListener() {

public void onClick(Dialoglinterface dialognt id) {
SequenceActivityhis.finish();
}

)

.setNegativeButton(getString(R.striegitDialogNo), new
DialogInterface.OnClickListener() {

public void onClick(Dialoglnterface dialognt id) {
dialog.cancel();
}
i

result = builder.create();

Return result;

}




Managing Dialogs

. Dialogs are managed with the following functions:
Activity.showDialog(int id)
Dialog Activity.onCreateDialog(int id)
Activity.onPrepareDialog(int id, Dialog dialog)
Activity.dissmisDialog(int id)
Activity.removeDialog(int id)
Dialog.cancel()

T digia
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Code Insert: AlertDialog

Creating a dialog
. Building of the dialog with AlertDialog.Builder
. Specifying the factory method for the dialog

. .
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Options Menu

Local increase

DO NOT PRESS THIS

Start a long operation

Show more fibonacci numbers

Spin

Show list

32

digia

© 2009 - 2010 Digia Plc




Managing Options Menus

. Options menus are managed with the following
functions:
. Boolean onCreateOptionsMenu(Menu menu)
. Boolean onOptionsitemSelected(Menultem item)
. onOptionsMenuClosed(Menu menu)

T digia
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Menu Items

Local increase

DO NOT PRESS THIS

Start a long operation

Show more fibonacci numbers

Sequence
Hel
Update

- U -
DO NOT PRESS THIS

Start a long operation
Show more fibonacci numbers

Show list

digia
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There are six slots for menu items in the optioesim




Code Insert: Options Menu

Creating a options menu
Populating a menu
Reacting on menu item selection
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Broadcast Receiver

36
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Broadcast Receiver

Broadcast Receiver
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\ BroadcastReceiver::onReceive() d Ig I3
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For example, an activity can send broadcast everss called broadcast
receivers, or classes deriving from BroadcastReceiv

There are system initiated broadcasts for varioests:

Intent is matched against intent filters of broadcaceivers by the platform.

Intent is broadcast by calling Context.sendBroatfré&mction.




Intent Filter of Broadcast Receiver

- <receiver android: name=".MyReceiver" android: exported="true" android: enabled="trua"=
- «zintent-filters=
<action android: name="jep" />
<fintent-filters
</rRCEIVErS

digi
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Broadcast receivers can be created dynamicallyrirtime and be registered to
receive intents.

Also, a broadcast receiver can be static meansngtiéent filter is specified in

AndroidManifest.xml and it is registered automatigdly the platform to receive
intents.



Code Insert: Broadcast Receiver

Implementing a broadcast receiver
Defining the intent filter of a broadcast receiver
Sending broadcast intents

. .
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Service

40
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Example AIDL Specification

package servi cest ub;

interface | Sequence {

i nt get Sequence();

_\ -
i .
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Reference:

-http://developer.android.com/guide/developing/dadl.html




Service

AIDL

Service

Client

Application process Service process
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Client uses a service thru a stub that is genefedetd an interface specification
written in AIDL language. The AIDL specification sleribes the interface of
service.

Android provides the IPC mechanism used by the. stub




Binding to a Service

Activity/Client  ServiceConnection Service impl

bindService(Intent, ServiceConnection)
—_—

onBind(Intent)

onServiceConnected(ComponentName, IBinder

T

call()

onServiceDisconnected(ComponentName, IBinder)

T

digi
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When the onServiceConnected() is called, the ctietd the reference to the
service implementation and the client can callsbeice implementation.

The onServiceDisconnected() gets called if theisemmplementation crashes.




Thread Model of&&&¥yvice
e® % thread
threadt
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The use of the interface of a service is synchrerouthe client.

If there are multiple simultaneous clients to asisey, the service is accessed by
multiple threads. The platform creates the threadematically in the service
process to handle the requests of clients.

The service can be explicitly started (ContexttStnvice()) by an application,
which implies that the service is explicitly shutwh (Context.stopService()) at
some point.

Normally, service is started when the first clierés to bind to that service. Also,
when the last client unbinds the service is claagdmatically.



Service in XML

- <service android:name="com.example.android.sequenceservice.SequenceService" android: process=":service">
- <intent-filters
.
These are the interfaces supported by the service, which
wou can bind to.
-
<action android:name="servicestub.ISequence" />
<fintent-filtars
< services

digi
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Service is specified inside the application tagamaroidManifest.xml file.

By default a service resides in the same procetweaapplication itself. The
service can be “extracted” into another processpegifying the android:process
attribute of the service tag, which gives a nanrdte process. For clients it is
transparent if the service is located in other pssc Also, the platform
instantiates the service automatically.

Intent filters of a service specifies the supportedrfaces of that service. The
action and its name attribute of intent filter ged to match the bind request of
client (the intent used in binding) to the matchaggvice.



Code Insert: Service

AIDL specification for a service

. Implementing a service

. Defining AndroidManifest.xml for a service
Using a service in the client side
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User-interface Responsiveness

A sorry!

Activity Sequence (in
application Sequence) is not
responding.

{ Force close J { Wait

digia
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All the “onSomething” hook methods should returrsasn as possible.

If the platform notices that activity is spendig tmuch time inside the hook
method, the platform shows the ANR dialog (Applicatis Not Responding).

All event functions (for example, onTouchEventfpsld return in 5 secs. A
broadcast receiver should finish in 10 secs.




Handler "Bicycle” Diagram

=
Message queue
\ Poy |

Handler

-t

<<main thread>> <<work thread>>
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The Android Ul framework is not thread-safe and nalways be manipulated on
the main thread.

Handler, its message queue provide an easy wayplement data hand-over
between threads.

A handler is associated with the thread that ceetle instance of the handler.
That thread processes all the messages and rusadsieed into the message
gueue. Posting can be done from any thread. Pastedble is then executed by
the thread owning the handler (and message queue).

Messages (a message is practically integer nunmoke®©aject reference) and
Runnables can be posted into the message queue.



Code Insert: Worker Thread

Creating a worker thread
Using a handler
Interacting between the work thread and main thread
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Content Provider

50
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Content Provider '}-:ivif

Process boundary

s 4 .__/

Application

i Content Provider d| g | g
(\ 51 © 2009 - 2010 Digia Plc

Content Provider provides a generic way to shdmnmation between the
applications in the mobile device. For example taochinformation is shared
through a content provider to any application.

A content provider is often accessed from anothecgss. The platform provides

the means of IPC (Binder).

An application using a content provider access thataugh the cursor without

any direct reference to the content provider. Tlmsar represents the results of a

guery from the content provider. The cursor alsepisetrack of position on the
result, that is, it is an iterator of the result.

The cursor can also be used to modify data in timéenit provider.

The application gets an cursor through any activytontent resolver. The
“correct” content provider is resolved based onUid.



Content Providers in XML

<provider android: name="com.example.android.fibonacci.FibonacciContentProvider"
android: authorities="com.example.android.fibonacci" />

digi
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The provider tag is used inside the application tag

The name attribute specifies the class name impigntgethe content provider.

The authority identifies the content provider amndhie part of its URI. The client
of the content provider refers to the content peviby URI, for example:
content://com.example.android.fibonacci/2/10. Thatharity is used in intent
resolution. The client



Ways to Store Data Persistently

1. Flat file

2. Preferences

3. SQLite

4. Content Provider
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Code Insert: Content Provider

Implementing a content provider
. Implementing a cursor for the content provider
. Using a cursor in the client side
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SimpleCursorAdapter

Cursor

[ Ml @ 10:38Am

Sequence

Adapter 4

ListActivity d i
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Cursor is not used directly by activities. Cursamsl content providers are generic classes. Adppeides means for
displaying that generic data in a list activity.

Adapter uses a cursor that is a result from theygofeparticular data (set of columns of conteravidler data) and maps
that into views of one item of the activity.

Adapter is built-in functionality of the list actty. Interface for an adapter is android.widget.ptgs. One implementation
of the interface is SimpleCursorAdapter. SimpleGuislapter can be used to show text and icons istédim. The user
of the SimpleCursorAdapter provides the mapping fdata (column name) into a view (TextView or ImagaV).

Adapter can implement re-cycling of views, or griaghitems, for efficiency.

Example:
protected void onCreate(Bundle savedinstanceState) {
super .onCreate(savedInstanceState);

setContentView(R.layoulist);

ContentResolver resolver = getContentResolver();

final Uri uri = Uri.parse(FibonacciContentProvidéeONTENT_URI.toString() + "/10/20");
cursor = resolver.query(umull, null, null, null);

startManagingCursor(cursor);

ListAdapter adapter new SimpleCursorAdapter(
this,
R.layoutalist,
cursor,
new String[] {" value"},
new int[] {R.id.Another TextView});

setlListAdapter(adapter);



Code Insert: ListActivity & Cursor

Showing data from a content provider in ListActivity
Using SimpleCursorAdapter
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