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What is Android?

1. A complete software stack for mobile devices
T Joined project of the Open Handset Alliance (OHA)

A Open-sourced under Apache 2.0 licence

2. Android Platform
T Operating system
T Middleware
T Applications

3. Android development environment
i SDK
i NDK
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North Western | Asia-Pacific | Asia-paciic | Eastern | MOdIe East | southand g ooy oy

America Europe | (developed) | (developing) | Europe | norhemn | central Africa
Africa America

W MeeGo 0.01% 0.05% 0.03% 0.10% 0.15% 0.06% 0.07% 0.06%
Palmos 0.14% 0.01% 0.01% 0.01% 0.01% 0.00% 0.28% 0.04%
W Web0S 0.74% 0.74% 0.03% 0.06% 0.44% 0.07% 0.21% 0.01%
Windows Mobile 0.99% 0.60% 1.13% 1.90% 1.91% 0.75% 4.39% 5.77%
W Windows Phone 131% 2.47% 1.32% 0.95% 2.24% 0.99% 1.37% 1.48%
M bada 0.02% 3.44% 1.09% 0.80% 1.74% 0.84% 1.04% 5.05%
Symbian 130% 1660% | 4124% | 36.99% | 46.3% | 31.89% 26.23% | S141%
HRIMOS 14.66% 4.42% 1.63% 18.64% 179% 13.40% 13.29% 10.24%
ios 34.84% 44.18% 34.13% 24.31% 28.96% 37.22% 31.94% 14.28%
Android 45.96% 27.49% 19.41% 16.24% 16.63% 14.78% 20.97% 11.67%

Regional Traffic Share by Smartphone O, June 30, 2011 (© Netbiscuits, 2011)
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Android Diffusion

g Anduid 233 Platform Codename  APILevel Distribution
Android 1.5 Cupcake 3 1.1%
fes Android 16 Donut 4 14%
Android 2.1 Eclair 7 17%
i g Androii 22 Froyo 8 45.3%
= Androd23- | Gingerbread = 9 05%
Android 2.3.2
A : Android 233 - 10 382%
Android 2.2 —— Android 2.3.7
Android 3.0 Honeycomb 11 0.2%
Android 3.1 12 09%
Androit 3.2 13 07%

Data collected during a 14-day period ending on October 3, 2011

Android 2.1

Last historical dataset collected during a 14-day period ending on October 3, 2011

http://developer.android.com/resources/dashboard/platform-viersions.html
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Why Android?

AMulti Platform

AOpen-source
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Android Anatomy

ALinux Kernel
A Native Libraries

A Application Framework
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Linux Kernel

Android is built on the Linux kernel
No native windowing system
No glibc support

Does not include the full set of standard Linux utilities

Android relies on Linux version 2.6 for core system services such as security, memory
management, process management, network stack, and driver model. The kernel also acts as an
abstraction layer between the hardware and the rest of the software stack.

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Linux Kernel

Why Linux kernel:

Great memory and process management
Permission-based security model

Proven driver model

Support for shared library

Open source!

o o o I 2o

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Linux Kernel

Kernel Enhancements

Alarm

Ashmem

Low Memory Killer

Kernel Debugger

Logger

Binder (IPC)

Power Management: wakelock

o Too T Too To To Do

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management |
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Linux Kernel

Kernel Enhancements: Binder

(-) Applications and Services may run in separate processes bus must communicate and share
data
(-) IPC can introduce significant processing overhead and security holes

Solution:

Driver to facilitate inter-process communication (IPC)
A Apool of threads is associated to each application to process incoming IPC
A The driver performs mapping of objects between two processes
A ABindero uses an object reference as an address in
(+) High performance through shared memory
(+) Synchronous calls between processes
(+) pre-process thread pool for processing requests

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver ]

Keypad Driver Wifi Driver Audio Drivers Power

Management
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Linux Kernel

Kernel Enhancements: Binder in Action

Process A Process B

App A Service B

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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| Linux Kernel

Kernel Enhancements: Binder in Action

Process B

Process A

Service B

App A

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Linux Kernel

Kernel Enhancements: Binder in Action

Process A Process B

getService() !

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power

Management
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Camera Driver

Keypad Driver

Display Driver

Wifi Driver

Process B

Service B

Linux Kernel

Flash Memoruy Binder (IPC) Driver
Driver

Audio Drivers Power
Management
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Process A

App A

Camera Driver

Keypad Driver

Process B

Service B

call func(par)

Display Driver

Wifi Driver

Linux Kernel

Flash Memoruy Binder (IPC) Driver
Driver

Audio Drivers Power

Management
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Camera Driver

Keypad Driver

Display Driver

Wifi Driver

Process B

Service B

Linux Kernel

Flash Memoruy Binder (IPC) Driver
Driver

Audio Drivers Power
Management
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Camera Driver

Keypad Driver

Process B

Service B

call func(par) Marshal

Display Driver

Wifi Driver

Proxy object

Linux Kernel

Flash Memoruy Binder (IPC) Driver
Driver

Audio Drivers Power

Management
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Process B

Process A

App A Service B

call func(par) Marshal
Proxy object

Reply to IPC
threads

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Kernel Enhancements: Binder in Action

Process A Process B

App " SEVIEER
I

getService()

Marshal

................... 1 call func(par) o arshal

Reply to IPC
threads

call return

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power

Management
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Linux Kernel

Kernel Enhancements: Power Management

(-) Mobile devices run on battery power
(-) Battery have limited capacity

Solution:

Based on the standard Linux Power Management (PM), Android has its own component.
(+) More aggressive power management policy

(+) Based on the wakelocks policy

A Application uses user space library to inform the framework about its constraints
Constraints are implemented using lock mechanism

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management |
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Linux Kernel

Kernel Enhancements: Power Management in Action

Power PM Driver
Management

Process A

App A

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Linux Kernel

Kernel Enhancements: Power Management in Action

Process A

App A Power PM Driver
Management
|

new wake lock

PARTIAL

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Linux Kernel

Kernel Enhancements: Power Management in Action

Power PM Driver
Management
|

new wake lock

PARTIAL

Process A

App A

|

|

Create wake lock 1
S

s Turn Off LCD

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power

Management
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Process A

App A Power PM Driver
Management
|

|
new wake lock "
PARTIAL 1 Create wake lock 1

........................ ] >

Turn Off LCD

release

s Turn Off CPU

I
|
|

release 1
|
1
f
1

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Native Libraries

A System library (Bionic) - a BSD-derived implementation of the standard C system
library (libc), tuned for embedded Linux-based devices

A Media Libraries - based on PacketVideo's OpenCORE; the libraries support
playback and recording of many popular audio and video formats, as well as static
image files, including MPEG4, H.264, MP3, AAC, AMR, JPG, and PNG

A Surface Manager - manages access to the display subsystem and seamlessly
composites 2D and 3D graphic layers from multiple applications

A Audio Manager i processes multiple audio streams into PCM audio paths

A LibWebCore - a modern web browser engine which powers both the Android
browser and an embeddable web view

A SGL - the underlying 2D graphics engine

A 3D libraries - an implementation based on OpenGL ES APIs; the libraries use either
hardware 3D acceleration (where available) or the included, highly optimized 3D
software rasterizer

A FreeType - bitmap and vector font rendering

A SQLite - a powerful and lightweight relational database engine available to all
applications

Libraries

Audio Manager FreeType Media Framework Surface Manager SQLite

OpenGL|ES WebKit
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Native Libraries

A System _Iibrary (Bionic) -a BSD—d(_erived implemer_nation of the standard C system System
library (libc), tuned for embedded Linux-based devices

A Media Libraries - based on PacketVideo's OpenCORE; the libraries support
playback and recording of many popular audio and video formats, as well as static Multimedia
image files, including MPEG4, H.264, MP3, AAC, AMR, JPG, and PNG
A Surface Manager - manages access to the display subsystem and seamlessly
composites 2D and 3D graphic layers from multiple applications
A Audio Manager i processes multiple audio streams into PCM audio paths
A LibWebCore - a modern web browser engine which powers both the Android
browser and an embeddable web view Rendering
A SGL - the underlying 2D graphics engine
A 3D libraries - an implementation based on OpenGL ES APIs; the libraries use either
hardware 3D acceleration (where available) or the included, highly optimized 3D
software rasterizer
A FreeType - bitmap and vector font rendering

A SQL_ite -a powerful and lightweight relational database engine available to all Storage
applications

Libraries

Audio Manager FreeType Media Framework Surface Manager SQLite

OpenGL|ES WebKit
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Native Libraries: system

System library (Bionic) - a BSD-derived implementation of the standard C system library (libc)
(+) Optimized for embedded use
(+) Size: will load in each process, so it needs to be small

(+) Fast: limited CPU power, so it need to be fast
A Custom pthread implementation

Built-in support for important Android-s p e cseryiaes:

A system properties

getprop ( finy.system.property 0, buff, defaul t);
A log capabilities
LOGLdgging a message withoopriority 61 nfo

Libraries

Audio Manager FreeType Media Framework Surface Manager SQLite

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Native Libraries

Audio Manager

Processes multiple audio streams into PCM audio out paths.
A Handle several types of devices (headphone, ear pi ece, ¢é)
A Redirects audio stream to the specified output

Earpeace

Player Audio Manager

G
Libraries
FreeType Media Framework Surface Manager SQLite

OpenGL|ES WebKit

MA MATER STUDIC TA DI BOLC

Native Libraries

Surface Manager

Surface Manager - manages access to the display subsystem and seamlessly composites 2D and
3D graphic layers from multiple applications
Mrovides system-wi de sur face fc o mgudaserendering to rame buffen dpvica | |
ACan combine 2D and 3D surfaces and surfaces from multiple applications
ASurfaces passed as buffers via Binder IPC calls
ACan use OpenGL ES and 2D hardware accelerator for its compositions
Mouble-buffering using page-p i p

face

—

face

\ Surface

— Surface Manager — Frame buffer

_

Libraries

FreeType Media Framework Surface Manager SQLite

OpenGLIES Webkit

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Native Libraries

Hardware Abstraction Libraries

Defines the interfaces that Android requires h a r d wérivessotdi

implement.

A Set of standardized APIs the developer will have to implement

A User space C/C++ library layer

A Separates the Android platform logic from the hardware interface

A Available for all the components a manufacturer can integrate on its

Android platform

Graphics

Hardware Abstraction
Libraries

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Android Stack

Audio Manager

Graphics

Camera Driver

Keypad Driver

Native Libraries

FreeType Media Framework Surface Manager SQLite

OpenGL|ES ‘WebKit

Hardware Abstraction
Libraries

Camera

Linux Kernel

Display Driver Flash Memoruy Binder (IPC) Driver

Wifi Driver Audio Drivers Power
Management
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Android Runtime

Every Android application runs in its own process, with its own instance of the Dalvik virtual
machine.

(+) Designed to allow multiple VM instances to run at one
A The Dalvik VM executes files in the Dalvik Executable (.dex) format which is optimized for minimal
memory footprint.

(+) An interpreter-only virtual machine (no JIT), register based.
A Dalvik runs classes compiled by a Java language compiler that have been transformed into the .dex
format by the included "dx" tool.

(+) Optimized for low memory requirements
A The Dalvik VM relies on the Linux kernel for underlying functionality such as threading and low-level
memory management.

— Core Libraries Android runtime

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Android Runtime

Android includes a set of core libraries that provides most of the functionality available in
the core libraries of the Java programming language.

A Data structures
Utilities

File access
Network Access

Graphics

Do P P > >

e

- Core Libraries Android runtime

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Android Stack

Native Libraries Android runtime

Surface Manager Media Framework SQLite
Core Libraries

OpenGLIES FreeType WebKit

Audio Manager libc

Hardware Abstraction
Libraries

Graphics Camera

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management

STUDIC

Application Framework

Underlying all applications is a set of services and systems.

Developers have full access to the same framework APIs used by the core
applications.

(+) The application architecture is designed to simplify the reuse of components:
A any application can publish its capabilities and any other application may then make
use of those capabilities (subject to security constraints enforced by the framework).
This same mechanism allows components to be replaced by the user.

Services:
A Core Platform Services
A Hardware Services

Application Framework

Acivity Manager Window Manager Content Providers View System Notification

Manager

Service Manager Telephony Resource Manager Location Manager é
Manager
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Application Framework

Core Platform Services

A Activity Manager

A Service Manager

A Window Manager

A Resource Manager

A Content Providers

A View System

Acivity Manager

Application Framework

Window Manager View System Notification
| Manager

Telephony Location Manager é
Manager
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Application Framework

Start Up

Shutdown

Core Platform Services  Activity Lifecycle

A Activity Manager

A Handles Application lifecycle

OnCreate() The Activity :shcreated
i ot
m The system put the application on top of the execution stack
The user cannot interact with.

OnResume()

OnPause()

The Activity is removed from the execution stack |

e resources (i.e. create a thread, connection to database)

1. onCreate()
2. onStart()
3. onResume()

The Activity is on focus and visible to the user

3. onResume()
2. onStart()
. onRestart()

onResume()

onStop()

The focus is lost
Save data (persistence)

_ =&kl

The Activity is killed AN
Sapestond Resources can befreed  CSSSEUET

ALMA MATER STUDIORL

UNIVERSITA DI BOLOGNA
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Application Framework

Core Platform Services

rammlh QOI'Ipﬂlﬁmmll
mo
A Service is an application component that can perform long-running

operations in the background and does not provide a user interface. nCreats() anCreats)

A Another application component can start a service and it will continue Msmjmam M:m, ‘
to run in the background even if the user switches to another T
application. (.,'Z.L'.m";,';'""

A Acomponent can bind to a service to interact with it and even perform S""’“""‘“""g Active Wmﬂ'ﬂm
interprocess communication (IPC). Hietme et g oo

A For example, a service might handle network transactions, play music, l unbing!
perform file /O, or interact with a content provider, all from the background. T“,fjfs’gﬁ,'ii’,‘jﬁ,ﬁ’,“ I

A When a Service is using IPC, an Android Interface Definition
Language (AIDL) is used to generate code to allow communication
between two processes through IPC (Bound Service). odesion) | [ oowon |

¥ v

Caution: A service runs in the main thread of its hosting processd the - -

service does not create its own thread and does not run in a separate Unbounded Bounded

process (unless you specify otherwise).

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Application Framework

Core Platform Services : Content Providers

Content providers provide a level of abstraction for any data stored on the device that is accessible by multiple
applications. The Android development model encourages you to make your own data available to other
applications, as well as your own a building a cont:
over how your data gets accessed.

A The only way to share data between Android applications.
. . . {Android Appication #1
A Any form of data storage can be used like SQLite database, files,
or memory hash map. ContenProvider

A Content Providers exposes a unique URI used to query, add,
update and delete Data

Application Framework

Acivity Manager Window Manager Content Providers View System Notification
Manager

Service Manager Telephony esource Manager Location Manager é
Manager

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Application Framework

Hardware Services

Provide access to lower-level hardware APls

P T I I S 8

Telephony Service
Location Service
Bluetooth Service
Wifi Service

Sensor Service

USB Service

Application Framework

Acivity Manager Window Manager Content Providers View System Notification
Manager

Service Manager Telephony Resource Manager jon Manager
Manager

ALMA MATER STUDIC UNIVERSITA DI BOLO

Android Stack

Application Framework

Acivity Manager Window Manager Content Providers View System Notification
Manager

Service Manager Telephony Resource Manager Location Manager é
Manager

Native Libraries Android runtime

Surface Manager Media Framework SQLite

Core Libraries

OpenGLIES FreeType WebKit

Audio Manager

Hardware Abstraction
Libraries

Graphics Camera

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management
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Android Stack

Applications

Contacts Alarm Email Clock

Application Framework

Acivity Manager Window Manager Content Providers View System Notification
Manager

Service Manager Telephony Resource Manager Location Manager é
Manager

Native Libraries Android runtime

Surface Manager Media Framework SQLite

Core Libraries

OpenGLIES FreeType WebKit

Audio Manager libc

Hardware Abstraction
Libraries

Graphics Camera

Linux Kernel

Camera Driver Display Driver Flash Memoruy Binder (IPC) Driver
Driver

Keypad Driver Wifi Driver Audio Drivers Power
Management

MA MATER STUDIORUM ~ UNIVERSITA DI

Platform Initialitazion

Similar to mosLinux -basedsystems at
startup, thévootloadettoads the Linux kernel
and starts thait process.
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Platform Initialitazion

Kernel

Init starts Linux daemons:

USB Daemon (ushd) to manage USB connections

Android Debug Bridge (adbd) to manage ADB connections

debuggerd

Debugger Daemon (debuggerd) to manage debug processes requests
(dump memory, etc.)

A Radio Interface Layer Daemon (rild) to manage communication with the
radio

A é

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Platform Initialitazion

L l Init process starts the zygote process :
e — Zygote;
A Anascent process which initializes a Dalvik VM instance
A Loads classes and listens on socket for requests to spawn
VMs
A Forks on request to create VM instances for managed
processes
A Copy-on-write to maximize re-use and minimize footprint

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Platform Initialitazion

l l. Init starts runtime process:

— l Zygote |
Daemons

Runtime A Initializes Service Manager i the context manager

for Binder that handles service registration and

Service Manager lookup

A Registers Service Manager as default context

manager for Binder services

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Platform Initialitazion

Init starts runtime process:

A Initializes Service Manager i the context manager

Runtime

[<_

ﬁ -

for Binder that handles service registration and

Service Manager lookup

A Registers Service Manager as default context

manager for Binder services

Runtime process sends request for Zygote
to startSystem Service

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Platform Initialitazion

!

Z.ygula

Daemons

| Zygote forks a new VM instance for the Syste
Service process and starts the service

— | Runtime process sends request for Zygote
to startSystem Service

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Platform Initialitazion

< !
ﬁ Zygote! Runtime

Service Manager

System Service starts the native system
System Server servers, including

Surface Manager Audio Manager

A Audio Flinger

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Platform Initialitazion

!

Zygote

Daemons

Native system servers register with Service
Manager a$PC servicdargets

Service Manager

System Service starts the native system
servers, including

A Surface Flinger

A Audio Flinger
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Platform Initialitazion

l

Zygote.

Runtime

Service Manager

System Service starts the
Android managed services

System Server

Surface Manager

Acivity Manager Window Manager Content Providers View System Notification Manager

Service Manager Resource Manager Location Manager Telephony Manager é
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Platform Initialitazion

!

Zygote:

Daemons

Service Manager

System Service starts the
Android managed services

Service Manager
System Server

Android managed Services
register with Service Manager

7
Acivity Manager Window Manager Content Providers View System Notification Manager

Resource Manager | _ Location Manager [—— ¢ I

ALMA MATER STUDIO =~ UNIVERSITA DI BOLOGNA

Surface Manager

Platform Initialitazion

!

Zyyois

Runtime

Service Manager

System Server

Surface Manager

Acivity Manager

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Platform Initialitazion

After system server | oads all servi

Acivity Manager

Daemons Runtime Zygote) Surface Manager

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

Platform Initialitazion

After system server | oads all servi

Home

Acivity Manager

Daemons Runtime Zygote, Surface Manager

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Platform Initialitazion

After system server | oads all/l

Acivity Manager

Home

Daemons Runtime E Surface Manager

libc libc libc

ALMA MATER STUDIO

=~ UNIVERSITA DI BOLOGNA

Platform Initialitazion

ser vi

Each subsequent application is launched in i t ofrsprocess

Acivity Manager

Daemons Runtime

libc libc

ALMA MATER STUDIORUM -

Home
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Application Stack

Media Recorder Function Call

Application

Native Libraries

Audio Manager Media Framework

Surface Manager OpenGLIES

Hardware Abstraction

Graphics Camera . :
Libraries

Linux Kernel

Camera Driver Display Driver Audio Drivers Binder (IPC) Driver

e \
— a = oo

ALMA MATER STUDIC M = UNIVERSITA DI

Application Stack

Media Recorder Function Call

Application

setCamera
iSurface
selectAudio

Native Libraries

Audio Manager Media Framework

urface Manager OpenGLIES

Hardware Abstraction

Graphics . -
Libraries

Linux Kernel

[ Display Driver Audio Drivers Binder (IPC) Driver
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Application Stack

Application
setCamera
iSurface
selectAudio

Native Libraries

Audio Manager Media Framework

Surface Manager

Graphics Camera

Linux Kernel

Camera Driver Display Driver

ALMA MATER STUDIC

Media Recorder Function Call

Audio Drivers

g

M

OpenGLIES

Hardware Abstraction
Libraries

Binder (IPC) Driver

e \
- oo

UNIVERSITA DI

Application Stack

Application
setCamera
iSurface
selectAudio

Native Libraries

Audio Manager Media Framework

urface Manager

Media Recorder Function Call

OpenGLIES

- ... K - K ... ¥ .. ® Hardware Abstraction

Graphics

Linux Kernel

[ Display Driver

ALMA MATER STUDIORUM -

Audio Drivers

Libraries

Binder (IPC) Driver

UNIVERSITA DI BOLOGNA
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Application Stack

Media Recorder Function Call and Playback

Application
setCamera
iSurface
selectAudio

Native Libraries

SurfaceManager _ Media Framework —é AudioManager

—————— - - —————— ———— HardWare AbS[raC[iOn
Graphics . .
Libraries

Camera Driver Audio Drivers Binder (IPC) Driver
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Android layer cake
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2 App featuring audio contents
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Android applications

A Android applications are written in Android package (.apk)
the Java programming language,

compiled for the Dalvik VM. Android ' Dalvik ‘
A The Android SDK tools build the
code into an Android package

(.apk archive). Resources |

A single .apk file is considered to be one application.

A Each application has its own virtual machine (VM), and runs in
isolation from other applications.

Principle of least privilege A each application has access only to the
components that it requires to do its work and no more

SECURE EXECUTION ENVIRONMENT
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Application components

A Application components are the building blocks of an
Android application.

A There are four types of components:

Activities T An activity represents a single screen with a user
interface.

Services T A service is a component that runs in the
background to perform long-running operations or to perform
work for remote processes.

Content providers - A content provider manages a shared set
of application data.

Broadcast receivers i A broadcast receiver is a component
that responds to system-wide broadcast announcements.
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Processes and Threads

A When an application starts, the Android system starts a new
Linux process for the application with a single thread of
execution.

A By default, all components of the same application run in the
same process and thread (called the main thread).
I The main thread is in charge of dispatching events to the appropriate
Ul widgets (including drawing events).
A When an app performs intensive work in response to user
interaction, this single thread model can yield poor
performance.

T It is important to guarantee the re
programmers do not block the Ul thread: operations that are not
instantaneous should be managed dy separate threads (worker
threads).
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Processes, Threads and Tasks

[ _’2\*
q ¥

& APK & APK
Service Service

All activities, content providers and services run in separate threads
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Processes, Threads and Tasks

o o
(g APK @ APK
Activity . _Activty CActiity . Activity ||

P2

PO

My default,, Android binds the content of an APK to a Linux process
A custom configuration can be used to tune this relation with a lower granularity
(actiivity, , service,,h &)
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Processes, Threads and Tasks

o o
Vé:as APK ‘i;« APK
T1

TO

| Activity  Activity | Activity | Activity
___Content Provider _| ___Content Provider _|
. Sevice . Sevice

A task is a collection of related activities
Arasks are usually interpreted as single applications.

ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA I

40



Android
SDK

Alessio Bonfietti
Giuseppe Tagliavini
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Android SDK tools

A Android SDK consists of a set of tools programmers
can use through the Eclipse ADT plugin or from the
command line.

A Important tools:

android i Creates and updates Android projects, configures
AVDs

emulator 1 Launches the emulator
adb 1 Interface with running emulator or connected device

bmgr i shell tool to interact with the backup manager on
Android devices
logcat i shell tool to view log messages

e
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New project with Eclipse

Create Android Project

Select project name and type of project

New An Project

©

St e p 1 Project Name: ‘Sample

reate new project in workspace
Create project from existing source

Create project from existing sample

i Use default location

Working sets

Add project to working sets

@) <Back Next >

Cancel

TER STUDIORUM - U

New project with Eclipse

Select Build Target

Choose an SDK to target
St e p 2 Build Target
Target Name Vendor
Android 2.2 Android Open Source Project
Android 2.3.3

Android Open Source Project
Android Open Source Project

Google APIs Google Inc.
Android + Google APIs
@) <Back

New Android Project

)

Platform  APILev

2.2 8
233 10
4.0 14
4.0 14

Cancel
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New project with Eclipse

New Android Project
Application Info

Configure the new Android Project e
Step 3 Application Name: “Sample

Package Name: ‘unibo.micrellab |

I Create Activity: ‘SampleActivity |

Minimum SDK: 14 ~

] Create a Test Project

® <Back

Cancel Finish |
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Project structure

Android project

Android Java
H \ src/ directory
Resources '

\ AndroidManifest.xml file
res/ directory
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" ‘Eclipse auto-generated activity

A The onCreate() method is
called by the Android system
when this Activity starts

package unibo.micrellab;
import android.app.Activity;

public class SampleActivity e
/** Called when the agid
@0verride
public void onCreate(Bundle savedInstance

ds Activity {
1ty is first created. */

A An Android user interface is

composed of hierarchies of
super.onCreate (savedInstanceState); objects called views:

, setContentView(R. layout.main) ; setContentVieW() set the

Y activity content to an explicit
view

A R.layout.main references to a
XML-based layout file
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XML layout file

<?xml version="1.8" encoding="utf-8"7>

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill parent"
android:layout height="fill parent"
android:orientation="vertical" =

<TextView
android:layout width="fill parent"
android:layout height="wrap content"
android:text="@string/hello" />

</LinearLayout>

Similar to Microsoft XAML
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- XML layout file (visual editor)
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Manifest file

Before the Android system can start an application component, the
system must know that the component exists by reading the
application's AndroidManifest.xml file.

This file must be at the root of the project directory, and it contains
the declaration of all components used by the application.

Additional features:

Identify any user permissions the application requires, such as Internet
access or read-access to the user's contacts.

Declare the minimum API Level required by the application, based on which
APIs the application uses.

Declare hardware and software features used or required by the application,
such as a camera, bluetooth services, or a multitouch screen.

APl libraries the application needs to be linked against (other than the Android
framework APIs), such as the Google Maps library.

é
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