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Introduction to Android

« What's Android ?

Galaxy tab Motolola XOOM

« Android is an operating _

system released by fSUS  ARM

Google at 5" of November A é

2007,the goal is to develop e vodekone

open standards for mobile —

devices by Open Handset GARMIN.

Alliance W

TOSHIBA - - TELECLE
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Introduction to Android

2003 Andy Rubin Founded Android
2005.7 Google buy Android
2007.11 Handset Alliance announces Android
2007.11 Early look Android SDK releas
2008.8 Android Market announced

Android 2008.9 Android 1.1 release

Millstone 2008.9 T-Mobile G1, Android 1.0 SDK release 1 available
2008.10 Android Open Source Project
2009.4 Android 1.5 release
2009.9 Android 1.6 release
2009.10 Android 2.0 release
2009.10 Android 2.1 release
2010.5 Android 2.2 release
2010.12 Android 2.3 release
2011 Android 3.0 release
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Introduction to Android

* Version of Android

1.5 (Cupcake) 1.6 (Donut) 2.0/ 2.1 (Eclair)

Based on Linux Kernel 2.6.27 Based on Linux Kernel 2.6.29 Based on Linux Kernel 2.6.29
A ‘

A,
il

2.2 (Froyo) 2.3 (Gingerbread) 3.x (Honeycomb)
Based on Linux Kernel 2.6.32 Based on Linux Kernel 2.6.35 Based on Linux Kernel 2.6.38
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Introduction to Android

Nexus one Nexus S

Nexus galaxy(android 4.0) Nexus 7(android 4.1)
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Introduction to Android

L] 1 '@I | Cooperation :

PacketVideo OpenCore ~ Droid Fonts Family

And many other freeware :
B : Linux Kernel -

A7 -3 P
g i o -~ sQlite

4 Qs Apache Harmony -
FreeType ~

Webkit ~

OpenGL/ES ~

OpenSSL ~

BSD libc(Bionic libc) etc.

Alﬁln)\id Platform

JE
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Introduction to Android - Features

Handset layouts

« VGA, 2D graphics library, 3D graphics library based on OpenGL ES
2.0 specifications

Storage
« SQLite, a lightweight relational database

Connectivity
- GSM/EDGE, IDEN, CDMA, EVDO, UMTS, Bluetooth, WiFi

Messaging
« SMS and MMS

are available forms of messaging, also support Android Cloud
to Device Messaging Framework (C2DM)

Multiple Language Support
« Multiple languages are available on Android
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Introduction to Android - Features

« Web browser

« The web browser available in Android is based on
the open-source WebKit layout engine

 Java support

« Java classes are compiled into Dalvik executables
and run on the Dalvik virtual machine,

« Specialized virtual machine designed specifically
for Android and optimizedfor battery-powered
mobile devices with limited memory and CPU
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Introduction to Android - Features

 Media support

« Android supports the following audio/video/still media formats:
H.263, H.264 (in 3GP or MP4 container), MPEG-4 SP,AMR,
AMR-WB(in 3GP container), AAC, HE-AAC

(in MP4 or 3GP container), MP3, MIDI, Ogg Vorbis, WAV, JPEG,
PNG,GIF, BMP

« Streaming media support

« RTP/RTSP streaming (3GPP PSS,
ISMA), HTML progressive download,

« Adobe Flash Streaming (RTP) and HTTP Dynamic Streaming ar
e supported by the Flash 10.1 plugin

« Additional hardware support

 Android can use video/still cameras, touch screens, GPS,
accelerometers, gyroscopes, magnetometers
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Introduction to Android - Features

Multi-touch

« Android has native support for multi-touch
which was initially made available in handsets such as the
HTC Hero

Bluetooth
« Supports A2DP, AVRCP, sending files (OPP)

Multitasking
» Multitasking of applications is available

Voice based features

« Google search through voice has been available since initial rele
ase, Voice actions for calling, texting, navigation ,etc
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Introduction to Android - Features

* Near Field Communication
« a set of short-range wireless technologies
« atype of RFID
* requiring a distance of 4cm or less
« Application
 Electronic wallet

 P2P Communication
« Tag Reader/Writer

@ﬁ

L

—
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Introduction to Android - Features

« Android Market(Google Play)

« an online software store developed by Google for Android
devices

 allows users to browse and download apps published by third-
party developers, hosted on Android Market

Date Applications Downloads to date

March 2009 | 2 300l"]
December 2009 2[},[}[}[}[8]

August 2010 g0,000[°1[10] | 1 billion

May 2011 200,000 | 3 piltion! "] ‘\\
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Introduction to Android

« Android source code has been available under a
free software/open source license since October,21 2008
« (Google published the entire source code

(including network and telephony stacks)
under an Apache License

* We can get the source code from
http://source.android.com/

Home Compatibility Tech Info Community About
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http://source.android.com/
http://source.android.com/
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Android Architecture

 Android is software stack for mobile devices

* |tincludes
« Application
» Google map ~ Alarm ~ widget
* Middleware
* Framework - libraries ~ Dalvik VM
* Linux kernel

Application

' ' ' Middleware

i
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Android Architecture

APPLICATIONS

Home Dialer SMS/MMS IM Browser Camera Alarm Calculator
Contacts Voice Dial Email Calendar Media Player  Photo Album Clock Application
APPLICATION FRAMEWORK Java based

s Window : View Notification
Activity Manager Manager Content Providers System Manager
Package Manager Tﬂ:ﬁ:;;y Resource Manager l[:%c:atigoc:
LIBRARIES ANDROID RUNTIME
f‘%l;r:f:gcgr Fra';qneec\ii/aork SQlite s e A ‘Corc Sl o
SrenclEs AHET T ST L P— Middleware
C++/C based
HARDWARE ABSTRACTION LAYER
Graphics Audio Camera Bluetooth GPS Radio (RIL) WiFi
LiNuX KERNEL
Display Driver Camera Driver Bluetooth Driver Sharclgrli*'lglrory Binder (IPC) Driver Middleware
USB Driver Keypad Driver WiFi Driver értil\?ci?s Maggg;(r:\gcnt C/Assembly baSEd
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Android Architecture

« Kernel Layer

 Android is built on the Linux kernel 2.6.24+ and Provide core
system services such as process, memory, power management,
network stack, driver model and security

« Android Driver Ashmem, Binder, Power Management,
LowMemKillrer, logger

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver S ST ISICTy Binder (IPC) Driver

Driver

: ; et Audi P
USB Driver Keypad Driver WiFi Driver Drlilvé?s Mnn;cu)gvzfx:cnt
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Introduction

 Android additional kernel driver

driver Features 2.6.23| 2.6.35 | 2.6.27 | 2.6.29 | 2.6.32 | 2.6.33+
(Froyo)

Alarm Driver v v v v v x

Android Logger (logcat) v 4 4 v v x

Low Memory Killer v 4 4 v v x

Wakelock (power v 4 v v v x

management)

USB Gadget v v v v v x

ASHMEM (shared x 4 v v v x

memory)

PMEM (memory x x v v v x

allocator)

X86 Support x x v v v x

driver/staging/Android x x x v v x
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Android Architecture

« Hardware Abstraction Layer

— Abstract the hardware features , and separate the kernel space
and user space

— Itis user space, not kernel space
— GPL problem

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetooth GPS Radio (RIL)
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Android Architecture

« The library runs in the system.
— Bionic Libc
— Function Libraries
— Hardware Abstraction Libraries

LIBRARIES

Surface Manager Media Framework SQLite

OpenGL|ES Audio Manager FreeType
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Android Architecture

Bionic Libc
e C/C++ library, custom libc implementation, optimized for
embedded use.

« WebKit- Apple Safari
— Based on open source WebKit browser
— Full CSS, Javascript, DOM, AJAX support
« Media Framework
— Based on PacketVideo OpenCORE platform
— Supports standard video, audio, still-frame formats
— Might be replaced by Stagefright framework

« Surface manager
* Audio manager
 OpenGL
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Android Architecture

* Android Runtime.
— Not use java runtime, and java virtual machine
— Core library already contained more originally java API

— Unlike most of virtual machines that are stack based, Dalvik
architecture is register based.

ANDROID RUNTIME

Core Libraries
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Android Architecture

« Application Framework
— Provide developer with complete application programming interface

— Application is composed of Services with System

« Core system
— Activity manager (manages application lifecycle)
— Package manager (loads apk files)

— Window manager (handles applications window manager interaction with surface
flinger)

— Resource manager (handles media resources)

— Content providers (provides data to application)

— View system (provides widgets, views, layouts to applications)
« Hardware Service

— Provides low-level access to hardware device

— Location manager, Telephony manager, Bluetooth service, WiFi service, USB
service, Sensor service

APPLICATION FRAMEWORK

Window View Notification
System Manager

Activity Manager Content Providers

Manager

Location
Manager

25 | ® 2012 MMN Lab. All Rights Reserved ]4 MMN Lab.
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Android Architecture

« Application
— Java programming
— Default Application : Email, Browser, Clock, Calendar, etc.

APPLICATIONS
Home Dialer SMS/IMMS M Browser Camera Alarm Calculator

Contacts Voice Dial Email Calendar Media Player  Photo Album Clock
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Android Architecture

* Program flow

| i Application, java, apk
i myActivity myService ; — ) )
sy s B— i Application Framework, java, jar

_________________________________________________________________________________________

Activity

: Binder Native Binder Proxy E Android Runtime,
i ) i le c/c++, executable
i Native Service |
—— a

bionicC Library

Libraries,

c/c++, s0

System Call

] Kernel, Criver, ¢, ko
Driver

Hardware
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Android Multimedia Framework

 Android Multimedia Framework?

— Media framework in Android
« OpenCORE(before Android 2.2)
« Stagefright(after Android 2.3)
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Android Multimedia Framework

« OpenCORE

— Interfaces for third-party and hardware media codecs, input and
output devices, and content policies

— Media playback, streaming, downloading, and progressive
playback, including 3rd Generation Partnership

— Ensure robustness and stability O
— But the framework is too complicated to maintain pen
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Android Multimedia Framework

 OpenCORE media framework

OpenCore
OSCL Android Nodes
PVMI Protocols extern_libs_v2

Engine Codecs _v2
PVPlayer Audio Video
PVAuthor OpenMAX utilities

File Format

[ MP4 ] [ AVI ] [ MP3 ] [ WAV ] [ AAC ] [ ID3 ]

31 | ® 2012 MMN Lab. All Rights Reserved
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Android Multimedia Framework

* OpenCORE workflow

OpenCore
Engine
PVAuthor Engine PVPlayer Engine 2way Engine
PVMEF
[ Video DataPath J [ Audio DataPath ]

\/ ) 4 \V4 \/
Oscl Schedule
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Android Multimedia Framework

 OpenCORE source tree (simplied)
— <android_src>/external/opencore
|-- engine :
* Resolve the events from the application layer (play, pause, record, stop)
* Maintain the state machine of player
* Invoke the nodes
|--nodes :
Audio/video decode node, parser node, encode node, sink node
Media input/output node
Streaming protocols
Each node has its own state machine
|--pvmi :
* Include media recognizer
| --fileformats :
* Invoked by parser node, get information of media
|-- codec_v2:
* Implementation of OpenMAX components and media codecs
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Android Multimedia Framework

« Stagefright

— An lightweight media framework released in Android 2.0 and
used after Android 2.3

— Easy to add the codec into Stagefright as an OpenMAX
component

— Or, implement the media extractor and media encoder/decoder
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Android Multimedia Framework

« Stagefright media framework

— An lightweight media framework released in Android 2.0 and
replace opencore in Android 2.3

libstagefright

MediaExtractor

OMXCodec

AwesomePlayer AudioPlayer

colorconversion

SoftwareRenderer ColorConverter

OpenMAX

codecs

35 | @ 2012 MMM Lab. All Rights Reserved
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Android Multimedia Framework

« Stagefright workflow

StageFright

AwesomePlayer

Video

[ VideoDecoder

Audio

AudioPlayer ]

|

onVideoEvent

|

fé
Read

-

Parser

Render

— Dec

e ————

Extractor

AudioSinkCallback

A
Read

-

Parser

e —————

Extractor

Render

Dec
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Android Multimedia Framework

« Stagefright source tree(simplied)
— <android_src>/framework/base/media/libstagefright

|-- AwesomePlayer.cpp
* Resolve the events from the application layer (play, pause, record, stop)
* Create AudioPlayer thread
* Manage the video buffer for decoding/encoding/rendering
* Manage Audio/Video Synchronous
| --AudioPlayer.cpp
* Manage the audio buffer for decoding/encoding and output to the audio device
| --*Extractor.cpp
* Recognize the file format of media stream
* Manage the buffer filling for decoding/encoding
| --*Writer.cpp
* Encode the media raw data to the requested media format
|-- codec :
* Raw codec for decoding and encoding
| -- colorconversion :
*  Conver the YUV raw data to RGB for display
|--omx :
* Compatible for openmax components in opencore
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Android Multimedia Framework

* In order to fit Android media framework , Tl implement
the OpenMAX Integration Layer for processing media
decode/encode via DSP in Android

« We can see the implementation in android source code
— <android_src>/hardware/ti/lomap3

diousk@diousk-mmn: ~fandroid_gingerbread/hardware/tifomap3

File Edit View Search Terminal Help

diousk@diousk-mmn:~/android gingerbread/hardware/ti/omap3% 1ls -1

total 28

-rw-r--r-- 1 diousk diousk 682 2010-12-23 18:50 Android.mk Connections between
-rwW-r--r-- diousk diousk 2227 2010-12-23 18:50 CleanSpec.mk

drwxr-xr-x 5 diousk diousk 4696 2010-12-23 18:50 dspbridge opencore or stagefright
drwxr-xr- diousk diousk 4896 2010-12-23 18:50 libopencorehw d

druxr-xr-x 2 diousk diousk 4096 2010-12-23 18:50 liboverlay an

drwxr-xr- diousk diousk 4896 2011-05-09 16:17 libstagefrighthw H

drwxr-xr-x diousk diousk 4096 2010-12-23 18:50 omx Dsp b”dge
diousk@diousk-mmn:~/android gingerbread/hardware/ti/omap3$%
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Android Porting

APPLICATIONS
Home Dialer SMS/MMS IM 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

Telerh~ny Lor==i~n

. 1 ! i
Pac “ge . ‘ana’ or M ager Ko ource M: ager M nage

LIBRARIES ANDRLIL RUNIIME

Surface Media
Manager Framework

Audio
Manager

SQLite WebKit Core Libraries

Native

OpenGL|ES FreeType SSL

HARDWARE ABSTRACTION LAYER
Graphics Audio Camera Bluetooth GPS Radio (RIL)

LINUX KERNEL
Display Driver Camera Driver Bluetooth Driver Sharcg_METm Binder (IPC) Driver

JSE Drivi * K ,pa. Oriver W 5D vel N4 St

s Management

Platform
r . - @ . Y

VIPU'CGore DSPs Devices
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Android Porting

1. Get Android Source and setup develop environment

1. Install tool:
 Gitand Python (get android source tool)
*  JDKG6 for 2.3+ or JDK5 for 2.1- (compiler application, framework)
 zliblg-dev libc6-dev lib32ncurses5-dev ia32-libs, x11proto-core-dev libx11-
dev lib32readline5-dev lib32z-dev (compiler native libraries)
2. Getandroid source

 / v
2. Build LinuxKernel 3. Build Android Filesystem

1. According your platform to configure kernel
2. Porting Android Driver to your kernel
3. Build kernel image

1. Compiler Android source
2. Modify initial produce

Generate ulmage Generate file system image(yaffs2)
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Android Porting

« What do we need ?

— Android filesystem
— Linux kernel

* Android Filesystem
— office
* http://[source.android.com/source/download.html
— Third-party android team

ﬁ * http://code.google.com/p/Oxdroid/
— Support devkit8000 , beagleboard

« http://code.google.com/p/rowboat/
— Support most of Tl platforms for android

* Linux kernel
— linux-02.01.03.11(version 2.6.29 for Tl Platform)
— To be modified

42 | @ 2012 MMN Lab. All Rights Reserved 14 MMN Lab.



http://source.android.com/source/download.html
http://source.android.com/source/download.html
http://source.android.com/source/download.html
http://code.google.com/p/0xdroid/
http://code.google.com/p/0xdroid/
http://code.google.com/p/rowboat/
http://code.google.com/p/0xdroid/

Android Porting

Get Android kernel???

1. Goto http://android.git.kernel.org/
2. Search “kernel”

projects /

Project
kernel/commaon_git
kernel/experimental_git

kernel/linux-2.6.git
kernel/lk_git

kernel/samsung.qit
kernel/tegra.git

platform/external/kernel-headers_git

Description
Commaon Android Kermnel Tree

Experimental Kernel Projects
Mirror of git-/igit_kermel. ..
(Ljttle (K)ernel bootloader

Kemel tree for MSMTXH family...

Android emulator-specific. ..

Kermel tree for Samsung system. ..

Kemel tree for NVIDIA Tegra...

Search:

Owner

Android Open Source. ..
Android Open Source. .
Android Open Source. ..
Android Open Source. .
Android Open Source. ..
Android Open Source. .
Android Open Source. ..
Android Open Source. .
Android Open Source. ..
Android Open Source. .

kernel

Last Change
15 hours ago
3 months ago
6 days ago
15 months ago
3 months ago
10 hours ago
7 weeks ago
7 weeks ago
8 hours ago

4 months ago

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

summary | shortlog | log | tree

43
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http://android.git.kernel.org/

Android Porting

e Get Android kernel???
1. Go to http://android.git.kernel.org/
2. Search “kernel”

3. HostS git clone git://android.git.kernel.org/kernel/omap.git

i Host$ git clone git://android.git.kernel.org/kernel/omap.git
i Initialized empty Git repository in /fhome/mad/kernel_source/omap/.git/
| remote: Counting objects: 236683

- __ ______ __ __ __ _ __ ________ _ _____ _ ___ __ __ ___ __ _ _ ____ _ _ __ _ __ __ __ _ _

4. HostS git branch -a
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http://android.git.kernel.org/

Android Porting

* Get Android kernel???

4. HostS git branch -a
R R .
' mad@mad-desktop:~/kernel_source/test2/omap$ git branch -a
|
i * (no branch)

[ .
| linux-omap-2.6.38 oad
eads
| origin/android-omap-2.6.38
| . . . 11 hours age  android-omap-3.0 shortlog | log | tree
: orlgm/andrOId-omap-Z. 6.39 11 hours age  linux-omap-3.0 shortlog | log | free
: Orlgln/HEAD 13 hours ago  linux-omap-pm-3.0 shortlog | log | tree
- . i i i - io-3. hortlog | log |
: orlgln/andrOId-omap-Z. 6.38 21 hours ago u-s:ersialmonwﬂsfonfllnuxaomap audio-3.0 shorlog|log|free
| . i 5 days ago linux-omap-dss-3.0 shortlog | log | tree
I orlgln/andrOId-omap-Z. 6.39 12 days ago  android-omap-2.6.39 shortlog | log | tree
: origin/android-omap-3.0 3 weeks ago  linux-omap-mm-3.0 shortlog | log | free
: L. . . 7 weeks ago  linux-omap-audio-3.0 shortlog | log | free
I orlgln/archlve/andro:d—omap-z. 6.29 7 weeks ago  linux-omap-2.6.39 shortlog | log | free
| origin/archive/android-omap-2.6.29-eclair 7 weeks ago linux-omap-mm-2.6.39 shortiog | log | ree
| o .0 . . & weeks ago  linux-omap-dss-2.6.39 shortlog | log | free
l orlgln/archlve/andrOId-omap-Z. 6.32 2 months ago sandbox/ccross/linux-omap-2.6.39-pm shortlog | log | free
| origin/linux-omap-2.6.38 2 months ago linux-omap-audio-2.6.39 shortlog | log | tree
I s o . . _ 2 months age sandbox/ccross/linux-omap-4460-2.6.39 shortlog|log | free
: o”.gl_n/ll.nux i 2.6.39 4 months age android-omap-2.6.38 shortlog | log | tree
: orlgm/lmux-omap-3.0 4 months ago linux-omap-2.6.38 shortlog | log | free
| —
| eeeeee
|
| cooooo
L
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Android Porting

e Get Android kernel???

5.
6.
7.

I heads

I 11 hours ago
11 hours ago
I 13 hours ago
21 hours ago
5 days ago
12 days ago
3 weeks ago
I 7 weeks ago
7 weeks ago
7 weeks ago
8 weels ago
2 months ago
2 months ago
I 2 months ago
4 months ago
I 4 months ago

Host$ git checkout origin/android-omap-3.0

HostS Make menuconfig ARCH=arm

Configure your kernel source and build image

shortlog | log | iree
shartlog | log | tree
linux-omap-pm-3.0 shortlog | log | tree
users/simonwilson/linux-omap-audio-3.0 shortlog | log | tree
linux-omap-dss-3.0 shortlog | log | tree
android-omap-2.6.39 shortlog | log | tree
linux-omap-mm-3.0 shortlog | log | tree
linux-omap-audio-3.0 shortlog | log | tree
linux-omap-2.6.39 shortlog | log | tree
linux-omap-mm-2.6.39 shortlog | log | tree
linux-omap-dss-2.6.39 shortlog | log | tree
shaortlog | log | iree
shorlog | log | tree
shortlog | log | free
shortlog | log | iree
shorlog | log | ree

android-omap-3.0
linux-omap-3.0

sandbox/ccross/linux-omap-2.6.39-pm
linux-omap-audio-2.6.39
sandbox/ccross/linux-omap-4460-2.6.39
android-omap-2.6.38

linux-omap-2.6.38

I rshortlog

2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29
2011-03-29

I 2011-03-29

Erik Gilling
Vikram Pandita
Tony Lofthouse
Tony Lofthouse
Hemant Hariyani
Imagination...
Gustavo Diaz...
Gustavo Diaz...
Gustavo Diaz...
Tony Lofthouse
Rodrigo Cbregon
Gustavo Diaz...
Gustavo Diaz...
Gustavo Diaz...
Rodrigo Obregon
Lajos Molnar

gpu: pvr: remove reference to dbgdrv in makefile linux-omap-2.6.38
OMAP4: SGX-KM: Enable SGX initialisation

OMAP: SYSLINK: cacheflush (modified)

OMAP: SGX-KM: Port PVR services to .38 |
Kernel changes for hwmod and omap_device initialization...

gpu: pvr: Update to DDK 1.7.17.4142 |
SGX: UDD: Changing the early suspend registration level |
SGX: UDD: Create sysfs entry to allow ignoring the...

SGX: UDD: Use correct stride when TILER memory is used |
VAL2 GFX: (NEW) video capture driver for SGX texture...

SGX-KM: Add PDump build option |
OMAP4: Virtual display: Add manual update support for...

SGX: Enable early suspend flag for all OMAP3/4 builds |
SGX: UDD: Fix crash when cloning with FB sysfs entries

OMAP4: SGX-KM: Update DDK version to 1.6.16.4061 |
OMAP4: SGX: UDD: Fixed checking of manual update suppor... |
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Android Porting

* Android kernel feature
— Original linux kernel doesn’t support to run android

— Need to add some specific kernel modules for running its
android operating system
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Android Porting

Android kernel feature

— Configure kernel reference : Documentation/android.txt

ANDROID_PARANOID_NETWORK
ASHMEM
CONFIG_FB_MODE_HELPERS
CONFIG_FONT_8x16
CONFIG_FONT_8x8
CONFIG_YAFFS_SHORT_NAMES_IN_RAM
DAB

EARLYSUSPEND

FB

FB_CFB_COPYAREA
FB_CFB_FILLRECT
FB_CFB_IMAGEBLIT
FB_DEFERRED_|O
FB_TILEBLITTING
HIGH_RES_TIMERS

INOTIFY

INOTIFY_USER
INPUT_EVDEV

INPUT_GPIO

INPUT_MISC

LEDS_CLASS

LEDS_GPIO

1.Required enabled config options

LOCK_KERNEL
LKOGGER
LOW_MEMORY_KILLER
MISC_DEVICES
NEW_LEDS

NO_HZ
POWER_SUPPLY
PREEMPT

RAMFS

RTC_CLASS

RTC_LIB

SWITCH
SWITCH_GPIO
TMPFS

UID_STAT

uID16
USB_FUNCTION
USB_FUNCTION_ADB
USER_WAKELOCK
VIDEO_OUTPUT_CONTROL
WAKELOCK
YAFFS_AUTO_YAFFS2
YAFFS_FS
YAFFS_YAFFS1
YAFFS_YAFFS2

2. Required disabled config options

CONFIG_YAFFS_DISABLE_LAZY_LOAD
DNOTIFY

3. Recommended enabled config options
ANDROID_PMEM
ANDROID_RAM_CONSOLE
ANDROID_RAM_CONSOLE_ERROR_CORRECTION
SCHEDSTATS
DEBUG_PREEMPT
DEBUG_MUTEXES
DEBUG_SPINLOCK_SLEEP
DEBUG_INFO
FRAME_POINTER
CPU_FREQ
CPU_FREQ_TABLE
CPU_FREQ_DEFAULT_GOV_ONDEMAND
CPU_FREQ_GOV_ONDEMAND
CRC_CCITT
EMBEDDED
INPUT_TOUCHSCREEN
12C
12C_BOARDINFO
LOG_BUF_SHIFT=17
SERIAL_CORE
SERIAL CORE_CONSOLE
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Android Porting

 Android kernel feature Viodulesior

— Android Binder ANEToe

» The mechanism used to manage the inter-processes
communication (IPC)

— Ashmem : anonymous shared memory map

« The mechanism to use/allocate the shared memory between
processes communication
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Android Porting

 Android kernel feature Viodulesifor;
Android

— Android Low memory killer

» Used to kill process for more memory when the memory is not
enough

— Android PMEM : Physical memory map
» Used to allocate the continuous memory for devices
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Android Porting

 Android kernel feature

— Android Logger

 system logging facility , and support for the 'logcat' command for log
from processes

— Android timed gpio/output class

« A mechanism to allow programs to access and manipulate gpio
registers from user space.

— Wakelock
- used for power management

« Holds machine awake on a per-event basis until wakelock is
released

IViodulesTor:

ANAroic
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Android Porting

« Android kernel feature Viodulesior
Android

— Where to get those modules ?
— The modules are located at <kernel src>/driver/staging/android

dionzkEd ion
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Android Porting

 Android kernel feature

— All we haveto do:
* Move the modules source to our kernel source
* Revise Kconfig for selection in “menuconfig”
» Revice Makefile for building modules into kernel

ﬁ diousk@diousk-mmn: ~/omap_tools/dvsdk_3_00_kernel/linux-02.01.03.11 [96x27] | == i:hJ

EEO) =

Linux Eernel Configuration
Arrow kewvs navigate the menu. <Enters zelectz submenuz ---». Highlighted letterz are
hotkeva. Preszing =¥ includes, <N= excludes, <M= modularizes features. Press
=Bace<Bzc> to exit, <%= for Help, </= for Search. Legend: [*] built-in [ ] excluded
<M= module < = module capable

19999994 ddd] qqqdqqqqdaqqadqqqqqqqqqqqqqqqqqqqaqqdaqaqaqqaqqaqqqaqdqqqqaaqdqqqqaqy

LT d i]

*] Enable loadable module support ---=

*] Enable the block layer ---=
syatem Tvpe ---=
Buz support ---»
Fernel Featureg ---=
Eoot eptiong ---=
P Power Management ---»
Fleating point emnlation ---=
lgerapace binary formats
Fower managenent optiong

[*] Networking support ---=

Device Drivers ---»
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Android Porting

* Get Android filesystem source

— Precondition: git and repo
* Ssudo apt-get install git-core
* Scurl -0 ~/bin/repo http://android.git.kernel.org/repo
* S chmod a+x ~/bin/repo
— Get android source code
* S mkdir beagle-donut

* Scd beagle-donut

1. S repo init -u git://android.git.kernel.org/platform/manifest.git

2. S repo init -u git://gitorious.org/Oxdroid/manifest.git -b beagle-éclair
* Sreposync

F———————— e ——— e ————— e —— —— ——————— e — — —
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Android Porting

e Android Source Tree

* |-- Makefile
|-- bionic (bionic C libraries )
|-- bootable (android boot stage initializtion )
|-- build (rules to build corresponding to user setting makefile )
|-- cts (Android test benchmark )
|-- dalvik ( dalvik JAVA virtual machine )
|-- development ( tools for development like usb driver)
|-- external (open-source or third-party modules in android )
|-- frameworks ( android core framework )
|-- hardware ( third-party defined HAL code )
|-- out ( store the built filesystem and image )
|-- packages (application built with android filesystem )
|-- prebuilt (resources prebuilt for use of other tools like eclipse )
|-- sdk (sdk and emulator)
|-- system ( system tool like adb,init )
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Android Porting
* Android filesystem feature

— Building filesystem from source

* Scd <android_src>

*HostS make —jx

— Take a break (first time : about 1 hours)
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Android Porting

* Android filesystem feature

— Generating filesystem
* Generating path: out/target/product/generic
* root/: rootfs and init program
» system:/ include libraries, framework, application
» data/: android runtime cache
* ramdisk.img: cpio image of root/
* system.img: yaffs2 image of system/
» userdata.img: yaffs2 image of data/
— Generating filesystem for nfs
* Smkdir android_fs
* Scp android_src/out/target/product/generic/root/* android_fs/

* Scp android_src/out/target/product/generic/system/*
android_fs/system/
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Android Porting

* Android filesystem feature
— After building android filesystem, it look likes:

=

@ diousk@diousk-mmn: ~/android_gingerbread/out/target/product/generic/root [101x19] | = | =] |ij-l
BEHC) J|EE ®WEN) |FBEW EEO SHHEH

'seneric/rootd I
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Android Porting

* Building busybox into Android for ease of use
« Download the source code of busybus
 http://www.busybox.net/
 Build via cross compiler
« $cd <busybox_src>
$make menuconfig
Build as static binary:

Busybox Settings ——->
Build Options ———>
[*] Build BusvBox as a static binarv (no shared libks)

$make
$cp —rf _install/bin/* <android_fs>/system/bin
$cp —rf _install/sbin/* <android_fs>/system/sbin
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http://www.busybox.net/

Android Porting

* Building busybox into Android for ease of use

— After porting busybox, we can using “tab” and see the colorful
filesystem in android shell like host PC

etc init.omap3.rc sdcard usr
hello init.rc version.txt
init install qq SYS wake lock

init.goldfish.rc 1ib system wake unlock
initlogo.rle proc thirdpartydemos
init_ma shin
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Android Porting

 Android kernel feature

* Rebuild kernel
« $make ulmage

« Using the modified kernel to boot devkit8000
 Try and error...
« Until see the boot animation
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Android Porting

* envsetup.sh
« Host$ Sourcd build/envsetup.sh

* help: view command

* m : Makes from the top of the tree

* mm : Builds all of the modules in the current directory

* mmm : Builds all of the modules in the supplied directories
* croot : Changes directory to the top of the tree

» godir : Go to the directory containing a file

* printconfig : show configure
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e Introduction to Android

* Android Architecture

* Android Multimedia Framework
* Android Porting

* Android start-up programming
 LAB : Mount Android Filesystem
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Android start-up program

« What happened during Android booting stage ?(con’d)

Bootloader & Kernel

~—..| BSP(Board Support Package) |___

ARM based
Your Target Board

¥

‘ Android bootloader ‘

USE loader

Load Linux ‘

|
Start kernel -
linit/main.c
;
]

Android

________ Android Open Source

Initialization process -
letc/init.rc

Start Android Services -

Console, adbd,
service manager,
mountd, debuggerd,
ril-daemon,
zygote, mediaserver,
installd, flash_recovery

From Korea Android Community- www.kandroid.org
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Android start-up program

« What happened during Android booting stage ?(con’d)
« Kernel will execute “init” for starting android initialization
* “Init” will read the init.rc file to set up the environment variable or
properties and start android services
* “Init” Is the first process after kernel started. The
corresponding source code lies in
<android_src>/system/core/init

diousk@diousk-mmn: ~fandroid_gingerbread/system/fcore/init

File Edit View Search Terminal Help

diousk@diousk-mmn:~/android gingerbread/system/core/init$ 1s -1 |g*
rep init

-rwxr-Xxr-x 1 diousk diousk 21911 2010-12-23 18:51 .C

-rw-r--r-- 1 diousk diousk 3698 2010-12-23 18:51 .h

-rw-r--r-- 1 diousk diousk 19309 2010-12-23 18:51 _parser.c
-rw-r--r-- 1 diousk diousk 1199 2010-12-23 18:51 _parser.h
diousk@diousk-mmn:~/android gingerbread/system/core/init$
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Android start-up program

 Init.rc (under android_src/system/core/rootdir/init.rc)

diousk@diousk-mmn: ~fandroid_gingerbread/system/core/rootdir

File Edit View Search Terminal Tabs Help

diousk@diousk-mmn: ~/android_gingerbread/system/core/ro... diot 5 ermuda_demo/androit

on early-init
start ueventd

on init

sysclktz
loglevel

# setup the global environment
export PATH /sbin:/vendor/bin:/system/sbin:/system/bin:/system/xbin
export LD _LIBRARY_PATH /vendor/lib:/system/1lib

I export ANDROID BOOTLOGO

export ANDROID ROOT /system

export ANDROID ASSETS /system/app
export ANDROID DATA /data

export EXTERNAL STORAGE /mnt/sdcard

- -
on fs
# mount mtd partitions
A\ # Mount /system rw first to give the filesystem a chance to save a checkpoint

mount yaffs2 mtd@system /system

mount yaffs2 mtd@system /system ro remount
mount yaffs2 mtd@userdata /data nosuid nodev
mount yaffs2 mtd@cache /cache nosuid nodev

on post-fs
# once everything is setup, no need to modify /
mount rootfs rootfs / ro remount
on boot
# basic network init
ifup lo
hostname localhost
domainname localdomain
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Android start-up program

* “Init” does the following tasks step by step:
« 1l.Initialize log system.
« 2.Parse /init.rc
« 3.Execute early-init action parsed in step 2.
<init.c>

main( argc, **argv)

BINFO (
init parse config file(

import kernel cmdline( );

get hardware name(hardware, &revision);
snprintf(tmp, sizeof(tmp), , hardware) ;
init parse config file(tmp);

action for each trigger( , action add queue tail);
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Android start-up program

* “Init” does the following tasks step by step(con’d):

— 4.Device specific initialize. For example, make all device node in
/dev

— 5.Initialize property system. Actually the property system is
working as a share memory. Logically it looks like a registry
under Windows system.

— 6.Execute init action in the two files parsed in step 2.

M S @ diousk@diousk-mmn: ~/android_gingerbread/system/core/init

File Edit View Search Terminal Tabs Help

diousk@diousk-mmn: ~/android_gingerbread/system/core/init diousk@diousk-mmn: ~/bermuda_demo/android_fs

action for each trigger( , action add queue tail);

queue builtin action(wait for coldboot done action,

queue builtin action(property init action, )5
queue builtin action(keychord init action, )
queue builtin action(console init action, )z
queue builtin action(set init properties action,

action for each trigger( , action add queue tail);
action for each trigger( , action add queue tail);
action for each trigger( , action add queue tail);
action for each trigger( , action add queue tail);
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Android start-up program

* “Init” does the following tasks step by step(con’d):
« 7.Start property service.

« 8.Execute early-boot and boot actions in the two files parsed
In step 2.

» 9.Execute property action in init.rc parsed in step 2.

« 10.Enter into an indefinite loop to wait for device/property
set/child process exit events.

action for each trigger( , action add queue tail);

action for each trigger( , action add queue tail);
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Android start-up program

« After init process , there are two main functions (Zygote,
System server)in booting:

« Zygote does the following tasks step by step:
* 1.Create JAVA VM.,
« 2.Register android native function for JAVA VM.

 3.Call the main function in the JAVA class named
com.android.internal.os.Zygotelnit

— Call Zygote::forkSystemServer (implemented in
dalvik/vm/native/dalvik_system_Zygote.c)to fork a new process.

« 4. call IPCThreadState::self()->joinThreadPool() to enter into service
dispatcher.
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Android start-up program

« SystemServer will start a new thread to start all JAVA services as follows:

« Core Services:
— 1.Starting Power Manager
— 2.Creating Activity Manager
— 3.Starting Telephony Registry
— 4.Starting Package Manager
— 5.Set Activity Manager Service as System Process
— 6.Starting Context Manager
— 7.Starting System Context Providers
— 8.Starting Battery Service
— 9.Starting Alarm Manager
— 10.Starting Sensor Service
— 11.Starting Window Manager
— 12.Starting Bluetooth Service
— 13.Starting Mount Service

71 | © 2012 MMN Lab. All Rights Reserved l'J MMN Lab.




Android start-up program

* Booting diagram

Kernel

v

Init

v

Service Media
Daemons Mt Zvgote

A .
; : i
: ! P Fork() L.
l : ,
: : ‘&-;xf \,"

: . ?
i : Dalvik VM GUI
: : % Apps
! I
; | [ System Home
: : Server Activity
| 1
i__Fork) _§ [ System
Services
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Android start-up program

 Service in android

Entropy
Service

Package
Manager

Battery
Service

Window
Manager

Inp. Method
Service

Notification
Manager

Search
Service

Headset
Observer

Services

Power
Manager

Account
Manager

Hardware
Service

Bluetooth
Service

NetStat
Service

Mount
Service

Checkin
Service

Dock
Observer

Activity
Manager

Content
Manager

Alarm
Manager
Status Bar
Connectivity
Service

Dev. Storage
Monitor

Wallpaper
Service

Backup
Service

Telephony
Registry

Sys Cont.
Provider

Sensor
Service

Clipboard
Servce

Accessibility
Manager

Location
Manager

Audio
Service

AppWidget
Service
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e Introduction to Android

* Android Architecture

* Android Multimedia Framework
* Android Porting

* Android start-up programming
 LAB : Mount Android Filesystem
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Stepl. Uncompressing android fs

$cd dvsdk_lab

$sudo tar —zxvf android_fs course.tgz

$cd android_fs
Check the filesystem

File Edit View Search Terminal Help

diousk@diousk-mmn: ~fomap_tools/tmp/03_work/android_Fs

diousk@diousk-mmn:~/omap tools/tmp/03 work/android fs$ 1s
cache
config

hello

init

d init.goldfish.rc
data initlogo.rle
default.prop init.omap3.rc
dev init.rc

lib

[_'l FOC
sbin
sdcard

usr
version.txt
wake lock
SYS wake unlock
system

thirdpartydemos
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Step?2.Activate the android drivers

« Select the android related drivers mentioned previously
by menuconfig
$cd dvsdk_lab/dvsdk_kernel/linux-02-01-03-11
$make menuconfig

« Using “/” to find the needed drivers by keywords

File Edit
dicousk@diousk-m...

View Terminal
¥ diousk@emMMN: ...

Tabs Help

% dicousk@diousk-m...

.config - Linux Kernel w2.6.29-rc3-omapl Configuration

Arrow keys navigate the menu.
<N> excludes,

<¥> includes,
Search.

Legend:

[#*] built-in [ 1 excluded

<M> modularizes features.
=M= module

<Enter> selects submenus ---=>.

Pr

% diocousk@diousk-m...

% dicusk@diousk-m... 3 diousk@diousk-m... 3¢

Highlighted letters are hotkeys.
ess <Esc=<Esc> to exit, <?> for Help,
= = module capable

Pressing
</> for

ystem Type --->

us support ---=

ernel Features --->

oot options --->

PU Power Management

loating point emulation

serspace binary formats

ower management options

*] N tworklng support ---=>

N et e Tt

ile systems --->=

ernel hacking ---=

-- =

--->
e
--->

< Exit =

< Help =
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Step?2.Activate the android drivers

« Keywords : android, pmem, ashmem

File Edit View Terminal Tabs Help
dicusk@diousk-m... # |diouski@emMMN: ... & diousk@diousk-m... #& diousk@diousk-m... & diousk@diousk-m... #& diousk@diousk-m... &
.config - Linux Kernel v2.6.29-rc3-omapl Configuration :

Search Configuration Parameter
Enter CONFIG (sub)string to search for (with or without "CONFIG")

Android |
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Step?2.Activate the android drivers

e Searching result

o

diousk@diousk-mmn: ~fomap_tools/dvsdk_3_00_kernel/linux-02.01.03.11
File Edit View Search Terminal Help
.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Search Results

Symbol: ANDROID [=y]
Prompt: Android Drivers

Defined at drivers/staging/android/Kconfig:3

Depends on: STAGING && !STAGING EXCLUDE BUILD

Location:

-> Device Drivers
-> 5taging drivers (STAGING [=y])
-> Exclude Staging drivers Trom being built (STAGING EXCLUDE BU
-> Android

Symbol: ANDROID RAM CONSOLE ERROR CORRECTION DATA SIZE [=]
Prompt: Android RAM Console Data data size
Defined at drivers/staging/android/Kconfig:36

78 | ® 2012 MMN Lab. Al Rights Reserved ]4 MMN Lab.



Step?2.Activate the android drivers

 Build-in the android modules

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Android
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <=M> modularizes
features. Press <Esc><Esc> o exit, <7?> for Help, </> for Search. Legend:
built-in [ ] excluded <M> module < > module capable

[#] Android Drivers

*] Android Binder IPC Driver
*= Android log driver

*] Android RAM buffer console
®

[
<
[
[ *] Enable verbose console messages on Android RAM console
[ ] Android RAM Console Enable error correction --->

| ] Start Android RAM console early

[*] Timed output class driver

<*> Android timed gpio driver

[*] Android Low Memory Killer

< Exit > < Help >
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Step?2.Activate the android drivers

« Keywords : android, pmem, ashmem

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Search Configuration Parameter
Enter CONFIG (sub)string to search for (with or without "CONFIG"

pmem
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Step?2.Activate the android drivers

e Searching result

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Search Results

Symbol: ANDROID PMEM [=y]
Prompt: Android pmem allocator

Defined at drivers/misc/Kconfig:15

Depends on: MISC DEVICES

Location:

-> Device Drivers
-> Misc devices (MISC DEVICES [=y])
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Step?2.Activate the android drivers

 Build-in the android modules

.contTig - Linux Kernel v2.6.29-rc3-omap onfiguration

Misc devices
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y= includes, <N=> excludes, <M= modularizes
features. Press <Esc><Esc> to exit, <?> for Help, =/> for Search. Legend:
built-in [ ] excluded <M> module < > module capable

l-- Misc devices
[*

Android pmem allocator
} Integrated Circuits IC59325401
] Serial Trace Interface support
> Enclosure Services
-

Silicon Labs C2 port support (EXPERIMENTAL)
EEPROM support --->

< Exit > < Help >
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Step?2.Activate the android drivers

« Keywords : android, pmem, ashmem

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Search Configuration Parameter
Enter CONFIG (sub)string to search for (with or without “"CONFIG")

ashmem

83 | ® 2012 MMN Lab. All Rights Reserved 14 MMN Lab.



Step?2.Activate the android drivers

e Searching result

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

Search Results
Symbol: ASHMEM [=y]
Prompt: Enable the Anonymous Shared Memory Subsystem
Defined at init/Kconfig:872
Depends on: SHMEM || TINY SHMEM
Location:
-> General setup
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Step?2.Activate the android drivers

 Build-in the android modules

.config - Linux Kernel v2.6.29-rc3-omapl Configuration

General setup
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> o exift, <7?> for Help, </> for Search. Legend:
built-in [ ] excluded <M> module < > module capable

Enable signalfd() system call
Enable timerfd() system call
Enable eventfd() system call
Use full shmem filesystem
Enable AIO support
Enable the Anonymous Shared Memory Subsystem
Enable VM event counters for /proc/vmstat
Profiling support (EXPERIMENTAL)

*] Activate markers

*> OProfile system profiling (EXPERIMENTAL)
Kprobes

< Exit > < Help >
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Step3.Build kernel

« After select all the needed android drivers , the “.config”
under kernel source folder will be updated ,then

— $make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi-
— $Pmake ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- ulmage

 If compile error , remove include/asm
— $sudo rm include/asm

« After compile , generate the “ulmage” under
arch/arm/boot
— Use this ulmage to boot (tftp or RS232)
— $sudo cp arch/arm/boot/ulmage /var/lib/tftpboot/
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Step4.Mount Android Filesystem

 Onyour host PC

— Add the path of android filesystem to /etc/exports as network
filesystem

« On devkit8000

— revise bootargs for android network filesystem path and add
“Init=/init noinitrd rw” to bootargs

— Boot!
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