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Overview of Key Android App Components

* App components are essential building
blocks of mobile apps that provide

various hooks via which Android can [ Activity Service ]
effect an app’s lifecycle

'a )

Broadcast

Content
Provider

Receiver

See developer.android.com/quide/components/fundamentals.html#Components
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Overview of Key Android App Components

« App components are essential building v' Name, Action
blocks of mobile apps that provide [ Intent ]‘/ Data, Category
various hooks via which Android can / \ \/ Extras, Flags
effect an app’s lifecycle, e.qg. -

android:name=""_.__."
* Intents <intent-filter>
« Messages that describe an _saction androldinaness...” />
action to perform or an event </...>
that has occurred \
[ Service ]
[ Activity ] Broadcast
[ Receiver ]

See developer.android.com/reference/android/content/Intent.html
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Overview of Key Android App Components

* App components are essential building
blocks of mobile apps that provide
various hooks via which Android can
effect an app’s lifecycle, e.g.

o Activities

* Provide a screen within
which users can interact
In order to do something

See developer.android.com/quide/components/activities.html
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Overview of Key Android Ap

* App components are essential building
blocks of mobile apps that provide
various hooks via which Android can
effect an app’s lifecycle, e.g.

" Phone System
App Server
» Broadcast Receivers

« Event handlers that respond Act|V|ty Manager ]
to broadcast announcements Service

N

Battery
Service

Components

ANDROID RUNTIME

Core Libraries

JNI

P
~
©
z
]
o

Broadcast
Receivers

See developer.android.com/reference/android/content/BroadcastReceiver.html
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Overview of Key Android App Components

* App components are essential building
blocks of mobile apps that provide
various hooks via which Android can
effect an app’s lifecycle, e.g.

e Services

e Run in background to perform
long-running operations or
access remote resources

Call to
startService()

onCreate()

0

onStartCommand()

J

Service
running
.
The service is stopped
by itself or a client

onDestroy()

v

Service
shut down ]
v

Unbounded
sarvice

Call to
bindService()

onCraate()

.

onBind()

v

Clients are
bound to
service
et R

All clients unbind by calling
unbindService()

L

onUnbind()

.

anDestroy()

v

Service |
_ shut down
e

Bounded
service

See developer.android.com/quide/components/services.html
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Overview of Key Android App Components
* App components are essential building 1 )

. i App2
blocks of mobile apps that provide * app1 | || |
various hooks via which Android can — Content T

Content Resolver Content

effect an app’s lifecycle, e.g. Resolver Resolver
S
& X

Content Provider )
insert()

query()

e Content Providers update()
delete()

« Manage access to structured
data & provide data security =
mechanisms

Network

See developer.android.com/quide/topics/providers/content-providers.htmi
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Overview of Java Threads in Android

 Many example apps in this course use Java threads ImageDownloader*

PingPongReceivers®*




Overview of Java Threads in Android

* Java threads are the smallest unit of execution for sequences of programmed
Instructions

Process A Process B Process C
e ™~ N R
. va
gt AN
P 4
“ J J r

See docs.oracle.com/javase/8/docs/api/java/lang/Thread.html



https://docs.oracle.com/javase/8/docs/api/java/lang/Thread.html

Overview of Java Threads in Android
* Java threads are the smallest unit of execution for sequences of programmed

Instructions
Process A Process B Process C
* Each process can have - N\ N \

multiple threads that
run concurrently

Higs

(0T +~

See docs.oracle.com/javase/tutorial/essential/concurrency/runthread.html
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Overview of Java Threads in Android

* Java threads are the smallest unit of execution for sequences of programmed
Instructions

Process A Process B Process C

e Each thread contains
a call stack to keep
track of method state

See en.wikipedia.org/wiki/Call stack
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Overview of Java Threads in Android

* Java threads are the smallest unit of execution for sequences of programmed
Instructions APPLICATIONS

Home Dialer SMS/MMS M Browser Camera Alarm Calculator

Contacts Voice Dial Email Calendar Media Player Photo Album Clock

APPLICATION FRAMEWORK

Window
Manager

View Notification

Content Providers System Manager

Activity Manager

Location
Manager

Telephony

Package Manager Manager

Resource Manager

LIBRARIES ANDROID RUNTIME

Surface Media
Manager Framework

Audio
Manager

* AndrOid implements \]ava HARDWARE ABSTRACTION LAYER
threads uslng mechanisms Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi
in various layers —INRES 2N

SQLite WebKit Core Libraries

OpenGL|ES FreeType SSL s 3

Shared Memory

Display Driver Camera Driver Bluetooth Driver Driver

Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver &,‘:fé?s M‘\E‘?;i:ent
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Overview of Java Threads in Android

* Java threads are the smallest unit of execution for sequences of programmed
instructions - MyThread.start()
. Thread.start()

. VMThread.create()
. Dalvik _java lang VMThread create()
. dvmCreatelnterpThread() [ )
. pthread_create() e
. InterpThreadStart()
. dvmCal IMethod ()

- MyThread.run()

© 00 N O O A W N P

e Starting a Java thread takes a non-trivial
amount of time & system resources . J
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Overview of Java Threads in Android

« Java threads must be given code to run

public void run(Q) {
// code to run goes here

}

38



Overview of Java Threads in Android

e Java threads must be given code to run, e.g.
* Implement the Runnable interface

public class MyRunnable
implements Runnable {

public void run(Q) {
Log.d(TAG, "hello world");
ks
¥

final Runnable myRunnable
new MyRunnable();
new Thread(myRunnable).start();

Runnable

run()

f

MyRunnable

run()

Thread

Thread(Runnable)

Create/start Thread using named class object as Runnable

10 start()

See docs.oracle.com/javase/8/docs/api/java/lang/Runnable.html
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Overview of Java Threads in Android

e Java threads must be given code to run, e.g.
* Implement the Runnable interface

This hook

i method is called
public class MyRunnable back at runtime

implements Runnable {
public void runQ) { ,ff/”///
Log.d(TAG, "hello world);
}
X
final Runnable myRunnable

new MyRunnable();
new Thread(myRunnable).start();

Runnable

run()

f

MyRunnable

run()

Thread

Thread(Runnable)

10 start()
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Overview of Java Threads in Android

e Java threads must be given code to run, e.g.
_ Runnable
* Implement the Runnable interface S
f
public interface Runnable { ,
public void run(); <<anonymous>>
h run()
new Thread(new Runnable() {
public void run(){
Log.d(TAG, "hello world™); ... Thread
h Thread(Runnable)
}) .start(); \ 10 start()

Create/start a Thread using anonymous inner class as Runnable

See docs.oracle.com/javase/tutorial/java/javaO0O/anonymousclasses.html



https://docs.oracle.com/javase/tutorial/java/javaOO/anonymousclasses.html

Overview of Java Threads in Android

e Java threads must be given code to run, e.g.

* Implement the Runnable interface

This hook

. method Is called
public iInterface Runnable { back at runtime

public void run();
+

new Thread(new Runnable() {
public void run(Q) {
Log.d(TAG, "hello world™);

}
}) -start();

Runnable

run()
f

<<anonymous>>

run()

Thread

Thread(Runnable)

10 start()
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Overview of Java Threads in Android

e Java threads must be given code to run, e.g. -
run()
» Use Java 8 lambda expressions r
public interface Runnable { ,
public void run(); <<lambda>>
+

run()

new Thread(() -> {

Log.d(TAG, "hello world");

}) -start(); Thread
Thread(Runnable)

Create/start a Thread using a 10 start()
lambada expression as Runnable

See docs.oracle.com/javase/tutorial/java/javaQQ/lambdaexpressions.html
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Overview of Java Threads in Android

e Java threads must be given code to run, e.g.

e Use Java 8 lambda expressions

public iInterface Runnable {
public void run();
}

new Thread(() -> {
Log.d(TAG, "hello world");

1) -start();

Runnable

run()

f

<<|lambda>>

A lambada expression is an unnamed block of
code that can be passed around & executed later

run()

Thread

Thread(Runnable)

10 start()

‘ See www.drdobbs.com/jvm/lambda-expressions-in-java-8/240166764 |
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Overview of Java Threads in Android

e Java threads must be given code to run, e.g.

Runnable
run()
« Use Java 8 lambda expressions : : ,
public interface Runnable { T (GOt 15 ,
- - . called back at
public void run(); . <<lambda>>

¥ run()
new Thread(() -> { /////////’ u

Log.d(TAG, "hello world");

P .start(); Thread

Thread(Runnable)
10 start()

Java 8 lambda expressions are supported in Android API level 24 & beyond




Overview of Java Threads in Android

<<Java Class>>
(& ExecutorCompletionService<V>

 Android contains dozens of classes
related to Java threads

-executor 0

-aes 0.1
<<Java Interface>> = -
& CompletionService<V> <<Java Interface>> <<Java Class>> vaa iss
€ Executor & AbstractExecutorService xec:%rs
g

<<Java Interface>> <<Java Class>>

<<Java Class>> <<Java Class>>
& ExecutorService

@ ThreadPoolExecutor (3 DefaultThreadFactory

(@ RunnableAdapter<T>

% “workers
¥ |=< >>
<<Java Class>> = Java Class

<<Java Class>>
(& QueueingFuture

<<Java Interface>>
¥ Callable<V>

(®ScheduledThreadPoolExecutor GWorker

-callable 10..1

<<Java Interface>>
& ScheduledExecutorService

<<Java Interface=>>
& RunnableFuture<V>

<<Java Interface>>§?'f1"""!

& Runnable

-task! 0..1

<<Java Interface>>
& Future<V>

<<Java Class>> <<Java Class>>

® ScheduledFuture Task<V>

<<Java Class>>
(& DelayedWorkQueue

(& Future Task<V>

See www.dre.vanderbilt.edu/—schmidt/LiveLessons/CPiJava
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Overview of Java Threads in Android

« Android contains dozens of classes Message Background.
related to Java threads /
; M
 Fortunately, Android encapsulates the e
bulk of these Java threads classes (’ Handler
within its concurrency frameworks N Handler
= Message N\
§' Message Runnable
|
Message \ Background,
Thread B —>,
Message
Message E Handler
Message o S5<
J i égg
Ul Thread <] | | Executor
(main thread}_>-
AsyncTask

See upcoming module on Android Activities for more on its concurrency frameworks




Overview of Java Threads in Android

 More information on Java

threads is available online nn[lrﬂill cnnc“"encv_
Overview of Java Threads

Douglas C. Schmidt

I SI s d.schmidt@vanderbilt.edu
www.dre.vanderhilt.edu/~schmidt
E ’ Institute for Software
Integrated Systems
Vanderbilt University

Nashville, Tennessee, USA

See www.youtube.com/watch?v=1YwVH-nhDtc



http://www.youtube.com/watch?v=1YwVH-nhDtc

End of Overview of Android
(Part 2): Middleware
Infrastructure
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