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" GoogleOjjA] 7H&st ADIE 28 QEAA ZBHE
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v 2011.07H o7 =g =&
> Phone&: 2.3 Gingerbread
> Tablet&: 3.x Honeycomb
> Google TV

v 2011.09H 0| 2 HEEl Icecream SandwitchEHF O A= 2] M| EEHE

=2 08
> USB host API =7}

> Android Open Accessory Development Kit

2.3.x HHO|E EX|5IL} AR 8 £ = Icecream Sandwitch version A 2 E{2}11
A Z}E]
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" SUEE OEY] 251 271X =22 eojz 7
v Application: JAVA
v' Native Framework: C/C++
v' Kernel: C
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v Emulator2tZd X| &
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Application Framework

v Application?| X} Al- 1} CHA| 7} 7}
Dalvik VirtualMachine

v' D H{Y ClHO| 20f =[X{3}E.
£3 Hatex

v @E AA Webkit 9IEl 7|8,
aefa] X}

v' 2D/3D(OpenGL ES 1.0 AfY - Android 2.0A L E{ = OpenGL2.0 X| &)

v' Hardware 7} 7|5 X| &
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= SQLite
v Hlo|E XS flIct CIo|E{Ho|A AIXI XS
= ojcjof X| &
v C}eFst @C|Q, H|C|L 9 o]O|Xx] =84 X|2 (MPEG4, H.264, MP3,
JPG, PNG, GIF &)
7|=9] Phonelf] M2 Xl format@t X|€l, PCO|AM AI2SI= formatE2
X|&lslX| 228kex> AVI/WMV 5)
= St=glo] =Xl V| E
v GSM EHlg| = L| 7|=, Bluetooth, EDGE, 3G, and WiFi, Camera, GPS,
e-compass®} accelerometer

= 28 NLBES XY
v TltZg 9I3t Eclipse IDE 7|tto] Clfo|2 of §20|EIS x|
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v’ version 2

> V22 XMMEl FCof Astr|oS A
v’ version 3
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= BSD, Apache license
v et 7Y 2fojMlA
v AA0| ALEO| M| o| YIS (HE=ZA 7L F §l8)

v' Apache license'= BSD 2}0|MIA0f HHX QI HA| =gt FI1xASH 2}0]
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= Android= CHE & Apache v2 E|O|MAE AIE

= GPL1} Apache

= Apache license
v OfL}X| ®IMHE Eshot ofmt x| X THASF: Apache Software

Foundation)?| 2 & AT EQ|O00| M &

v' BSD 20| Ml A0} H|Zol| &2 A E JI| 2| 2| F 71 HESHX| 3.
v' Ct2t 'Apache'2t= O| §0f Cliet HE3HS EOlSHK| @tojof etCt= =g
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v' E35| Apache License 2.00j|A] £35{0j &ct =2t0| A 'EIO-I GPL 2.02
B HjxEk|= 3 EQ} ASk|= 0| o{2{RH 2L, GPL 3.0(2H A= O
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APPLICATIONS
Home Dialer SMS/MMS M Browser Camera Calculator

Contacts Voice Dial Email Calendar Media Player Albums

APPLICATION FRAMEWORK

Window
Manager

View Notification

Content Providers System Manager

Activity Manager

Location
Manager

Telephony

Package Manager Manager

Resource Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media Framework SQLite Core Libraries

OpenGLIES FreeType WebKit
SGL SSL Libc

LINUX KERNEL

Display Driver Camera Driver Bluetooth Driver Sharegrri*lg'rpory Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver érlil\?é?s Maﬁgg;?\"\.ent




= 37 4~5740 7x2 B %
v' Applications (JAVAZ %t/d
v Application Framework (JAVA APIO]| sfj &S

> 0| A|=1} Native framework A}0|0j|= JAVA Virtual Machine(Dalvik)1}
JNI(JAVA Native Interface)7} £

v C/C++2 ZHd Xl Libraries(Native2t 1 &= E S5}

> &8 HE[O|C|of, C|AE 0] dTIS0| of7|of %
v' HAL(Hardware Abstraction Layer): X9/ El= Z L7} 9IS
v OQIERO0|EZC 2 TX|El 2|52 HE
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OLEZRO|E =Y AUXHIA0AM AtEE|= B &2 (binder, ashmem, logger &)
SCHE0 %A =H0| £|l= B & (alarm, low memory killer, power
management &)

Feautures Description

Alarm Android app. AlarmiManager

Lows Memory Killer  Android Out of MemordOOM) Killer Driver
Ashrmem Androidianonymous) Shared Memory DriverShare memory kernel laval)
Kemel Debugger

Binder 1. Driver to facilitate inter—process communication(IPC).

Hight Performance through shared memory,

Per—Process thread pool for process requests,

Reference counting, and mapping of object references across processes,
Synchronous calls betwesn processes.

ok

FPower
Management

Built on top of standard Linux Power Management(PM),

More aggressive power management palicy,

Components make requests to keep the power on through “wake locks”,
Supports different types of wake locks,

Pl A

—

Logger Support Android Logeat Utility: Using logeat commands, Filtering Log
output, Controlling Log output format, viewing Alternative Log Buffer,

Listing of Logcat Command Options.

17 5 Signal



= Low memory killer
v 7|& 8|5 A L2 Out of memory killer@}2| Xx}0]
> 22| FFA Z2MH2 24=97t B2 2&S WA

> binder A|ARIS 0|857| H20f djLte| S8 Z2IUL of2f 7jo| T2 A
A2 0| 20j7IC}

" binder
v QQERO|E ZH UK IANAM Z2SIHA ARBEl= Z2MAZE SA HFHL]

. ashmem(anonymouns shared memory)
S HEZEZ HAHLU S, F= HAC Lt HSSHAM AHEEICt
" Power management
v" wakelockit Z2 EO0f|A A&0| &0|gt locking H|FHL|SSS =&
v 71EL| BlsA HEHEE = FE LEJOU XHH UAS
= kernel logger
v QEZO|E0M TS ZOE A2
v printf S} Z2 22 ALEE|X| %
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EZ0|E 2lo|EE e AS

= Android Native Framework O|2}11 =&l
= N7IX| BEREoR LU}E 4+ YS
v QtEZ0|E O|H| 7HEE 2lo]lEE{2] 52 2IF A 7|E Z2NH EQ
A AHEotE 2fo|HE2{2|(FE external EIE—*!E1 2])
v olE 2 0| E Framework & 2(frameworks/base C|HIE|2| = C++ &2 %t
dEl A - INIE H|2])

v Ol EZ20|E9| HAL B &

LIBRARIES
Media .
Surface Manager Eramwork SQLite
OpenGL | ES FreeType WebKit
SGL SSL libe
HAL
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JENTE
v Javag} QIE{H|0|A5}7| {5l EXHfctrt.
v' Surface Manager - Ul Windows X|0{ & THehotCt.
v 2D/3D 1zjj= 2jo|H2{2|E ZEHsiC}.
v HE|0|C|of 3, SQLite DB AZl, WWW FIS ZE&3tC}.

O] AS0IM F2loiA| BtoFgt H

v 1% 8T HIO|HE XElst= B &

v otE 20| E s A9l surface manager, media frameworkO| ZEX|
v' binder I]1|9"| LS22 {850 A=

v HALZ} QIS5 22

v

T= blnder Mol dEj= K| QS (Binder service2| HEf)
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v 28 D 20| A L libui, libmedia, libutilstX] &
v libbinderZ 0| & Binder Native Service &1} E%(IPCO/-Q)
v Binder Native ServiceE2 HALZ SdjA HLE = ¢

Application Layer

JNI
Loy | Service (Audoi, Camera,
lihutile | Surface ...)
libcutils |
v HAL
libe |

Kernel
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CHE X Q] Binder A{H|A

= Surfaceflinger
v Surface(Window)& gtdst= AMH
v X-windows?2| X-server?} §Alst 7|

native

I [ I
Java ; surface ! \ . FrameBuffer
; ; service .
JNI Binder c
Interface Transfer empose
: i :
I I
I 1
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A - v
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CiE X Q] Binder A{H|A

= Audioflinger

vV AI2E AAHS FoHR

%
v 2L 47|51 o= o]

Java

JNI
Interface
: 5
I |4
*'Ib - FASEEAEEE SRR

: Audio Source

Media Player v

Tone Audio

'S

I
I
I
I
I
Binder Resampling,
Transfer mixing
| r

: Audio
service ! Codec

;

ear piece

-
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T
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|
|
|
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a®
S
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Q= 20| E 2t0|H2| A|F - HAL

= HAL
v ol=qf|of QEmolAx Y s
v B2 BEE 7850 UL, CHNHE2 = 47iX| 2] HEfZ EXY
v 1. Input
> key, touch, mouse S
> frameworks/base/libs/ui/EventHub.cpp
v' 2. Native ServiceQj|A & | 5l= A2
> BZ I/0 interface class& 7}X|1 Q2.
> Eh ZF O 54 template interfaces A2 E&!
> Audio, Surface(Video), Camera ...
v 3. 7|& Daemon processtj|Q| clientE T X5l= A%
> wifi, ril, bluetooth
v 4. 1 2|°] hw module
> hw EZ QIEH0|AE 7}X|11 S (class or structure)
> ex> sensort# HL2 = gralloc
> root filesystem?| system/lib/hw/* L} =
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E £ 0| E Runtime

= JAVA Runtimel} SS9t ot
v Z2MAJL SE E|HA LibraryE & ¢ Of Al
v JAVA {Z2|#|0| M0l A Libc 7|"tQ| C/C++ LibraryE == o I
Runtime LibraryE 3=
v Android= Dex.(Dalvik Executables (DEX)) Alg{ &
4lsl 1}l 0] Symbolic Resolutiong £} at+~E 7}1X|
LibraryE &
v' Android Runtime& Dalvik VM1} Core Libraries2 /4
v' Android?| 7|22 Eclipsel| ADT Plug-ing S5jA| JAVARE Zut g
1, Class2} Resource7} Dx ZAHE|{ & S| Android App(.apk)2 Hzt
£|0 Dalvik VMQ|0|A| S =t
v' Dalvik VM2 %2 0|2 2|0|AM = x| ™3} E| = Dalvik Executable(.dex)
Eo opelo| AHE X/
v’ Dalvik VM2 A2 a} X=Fo| {22| &2 X|HS 2ol 2ls& #H'E

= 0|8
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oflC 2 0| E Runtime

= Android Runtime®| 1 X

Application JAVA

_—— =

Android
Runtime [ ] I

Native Libraries Native

Binonic, 3™ party libraries,
tools

Services

Hardware Abstraction Layer
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Dalvik VM

= Dalvik VM
v H|®ZF JAVA Virtual Machine
v Android SDKZ = Java 2 A& DalvikE bytecodez A ZHuio| £
t's
v DEX File =8lI9| ApplicationZ 3l
v DX &8 AI89510] XIH}Q] .class LY 2 Dalvik& bytecodez HT15}0]

v C++ 7|HI9| ClassEC} 2t11, S 20|

v SUNZ| 2fo|/d A FHof| mpE 2fo]A H|EF 2|m|st7| 215t 7HE

v JAVAE GPLv28}2| HIZEEl QEAA oLt Java MEO| A 0f| 2|7} ‘2l
MM JAVAE Eolist7| fIoiM= 2to| A HIE B

v 81X(2011.07) Sun microsystemsE 2/ 3F Oracleif Googleif9Sf £
& Y0l 2=

oH)I

=]
=
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Application Framework

APPLCATION FRAMEWORK

[ Activity ] [ Window ] [ Content ] [ View ]

Manager Manager Providers System

[ Package ] Telephony ' Resource ] [ Location ] Nntifcatinn]
Manger Manager . Manager Manager Manager

= JAVA API 7|dto| QIE{L|o|A H|S
= ==& JAVAZ 0|5 0{Z%l Binder AH|AQ} OjL|HS0| =X}
v" Activity Manager
> QAERO|E o Z2|A|0| M =T F7|F 2| ehrt.
v View System
> HE widgetZ SHEholC}.
v Window Manager

> QE 22umzalgl AAE 3

_ O O — — L
v' Package Manager
> A|AHIO|M 2 3¢ 382749 FHE FHE e}

v etc...
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Applications

APPLCATIONS

home | [ comenss | [ prome | [ mowser | [ . )

" JAVAZ TME|0| 98
» 7|2 2L =20l AE Qo =X
" Dalvik VMO|jA| 35|02 HRa|E Ba|st=t] Fo 28
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= SDK 7%

v' Eclipse IDE

> Xtdt S8 Z23S JHES| flet S8 MY SHS

[

> QtE20|E emulator?} HEE|EE A

= OtCc 2 0|E Emulator

v QEMU 7|dt°| ARM emulator
v' Eclipse IDEQ} &

= EfAIEE
v QIERO0|E BUE U T2 9
v Emulator2 Mz2|7| E7I5¢ HH StEH 0L} EHE /WEE
v Evaluation board?| HEjZ B0
v Nexus-one, Nexus-Se} &2 =2 XX 742o| 7}=5|C}

e
=
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" o522 AEZO0|EQ A|A™2 T3t £0] S ECE

h

Application Layer

Application || Application || Application

Application Layer

Application Frameworks

2 1 [ B (with Dalvik VM)
JAVA to native Interface(JNI)
Userspace process process process Userspace
(3GBytes) (3GBytes) System Services
Q J\ J\_ y

Hardware Abstraction Layer(HAL)

Kernel Layer Kernel Layer

Kernelspace
(1GBytes)

filesystem device driver
memory Process
management management

Linux system architecture

Kernelspace
(1GBytes)

filesystem device driver
memory Process
management management

Android Features

Android system architecture
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Android £ EI9| 2 49} Root filesystem

= OlC20|EL B|EAE J|HIO 2 i}

v BlEA BEIo| 371X 24
> RERL
- 74
> Root Filesystem
. QIE 20|E £ Root filesystemZ A S| 4%+ zio|C}.

" QIEZO|C A& HEUA SHE|E AHE
v AT &
v' out/target/product/{productname}/ C|&l E2|0j] Z1}Z0| A/
v ramdisk.img, system.img, userdata.img A|7j2| m}2l 0] A

v root, system, data 2t C|HAE2| T MMEE|| QS
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Android Root Filesystem

" Root filesystem £t=4 ma} Cj|el E2| 2
v ramdisk.img
> root C|HEZ|E cpio HEf2| ramdiskE TtE upd

v’ system.img

-

> system C|HIE 2| E yaffs2 filesystem image® Tt= u}ed
v" userdata.img
> data C|H E2| & yaffs2 filesystem imageZ 2tE I}

v Ol ES2 44 £2| NAND ItE[d FHO|| writeElC.
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Android Root Filesystem — £

= OIEZO|EV} REIE| $o| ClAER LAHe Ct2at ZC}

| .

Android Root Filesystem

-- acct Account 2t& A|AH! UID M 9|
- cache Cache L}E|NE 2|3t F4
- config Account(google/host)J—FE1 MY
d -> /sys/kernel/debug A AH E|AA CIH A CIHEZ
data A2 X} 0|0 E|, DB, property 2| A A

|-- anr, app, app-private, backup, dalvik-cache, data, dontpanic
*-- local, lost+found, misc, property, secure, system, tombstones

dev CIHFO|A L€ Tal Cla g
- etc -> /system/etc ZtE Ao I:IE“EEI

“-- asec, obb, sdcard, secure

proc procfs OI2E FEQIEOQ|X} C|HZ EQIE
- shin superuser £ H}O|LH2| C|H EZ|
- sdcard -> /mnt/sdcard sdcard O E EOIE
sys sysfs O} 2 E FOIE A|AH 2| A AP
system Android Platform 221 SHAl CJ3IE 2]

|-- app, bin, etc, fonts, framework, lib
|-- media, tts, usr, vendor

|
|-
|-
|--
|--
|
|
|
|--
|-
|-- mnt sdcard S92 filesystem 5! storage OI2E EQIE
|
|
|--
|-
|-
|--
|--
|
|
| -- xbin
|

-- vendor -> /system/vendor Chipvendor 23 2|AA CIHIEZ|
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Android Root Filesystemll} {142 A9| X%

= NAND =2 Storagel| T+ 1} Root Filesystem?| 1144 Oj %!

mtd0: *

mtd1:”

mtd2: *

mtd3: *

mtd4: *

mtd5: *

boot”
kernel”
ramdisk”
system”
userdata”

cache”

Android Root Filesystem

Bootloader

(1) root mount

Kernel

/’ |-- init.rc (2) init processZ} initrc2| L2 2 parse &
// |-- init.%hardware%.rc  WEL= CtE C|2E2] mount

e |- data

ramdisk.img: cpio HEf

L {4) data mou
- dev

system.img: yaffs2 image=Ef

- etc -> /system/etc

userdata.img: yaffs2 image@& Ef

- shin

.

cache &9

e I

(3) syster:r:ﬁm:n\‘;dcafd -> /mnt/sdcard
=system

-- vendor -> /system/vendor
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Root filesystem

. HgRA
v BERCH 4Y
v 74z B
v ramdisk.img& ramdiskZ 24: 0| [ / C|H EZ|E 24
v init.rc 2} init.%hardware%.rc o} 2 &l
v’ system.imgE yaffs2 filesystem2 £ /system C|El EE2| 2 mount
v userdata.imgE yaffs2 filesystem2 & /data C|&Hl E2| 2 mount
v NAND I}E|M9O| cache¥HZ /cache C|H E 2|2 mount
o LET
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Android toolchain, Root Filesystem

= Android 2t toolchain

v gcc: GNU compilerAt&

v’ bionic C
> BSD9| libcE 74M
» BfO|MA : User Application0jjA{ GPL 2X| 3| ]
> Size : 2F 200k 2 Glibco| Xyt 3 7|
> I8 T2 M ADOICH Z£SHE|0{0F ol= £F20[7] I 20 HetEl CPU | of| A

2 S S = AL 517| 2l

v Linker?| T+

= Root filesystem binary /4
v 7|&9| Linux0jjA| B0| A5} busyboxE AI25X| %S
v toolboxE Al
v I A= busyboxE AlEdl=A HLiH 22 7|20 0|g
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= QIC2O|C SHE Jfiol M2l 0f2{7hX|

v' SDK(Software Development Kit)
> S8 ZEIH Y

v' PDK(Platform Development Kit)
> Android £2AE 71X| 1 7L dt= Hi
> HALS| {130 iz} 74z of| o]z} '

v NDK(Native Development Kit)
> S8 T2 Y

> C/C++2 B3 2t0|=2{2| S JAVAOIN X 358 4 YEE 7

=
> INIE 522 HjTs|F= S0l2tn B Ho| Mg
> PDKOJAM £ NDKE 0|83 70| 7}<sict

v SDKQ} NDK= OIE 2 0|E AAQI0] 7jEH0] 7ts

> Et, NDK= PDKO|E Z3H0| E[0] QleB2, AATI Ao E|10 QIoE 7Y

s



= SDKE 0|2% 7|t - =2 Application2| A 0| W Al
v Android Emulator?} SDKE 0| 238l A 7}

APPLCATIONS
[ Application } :
Binder IPC |
APPLCATIONS FRAMEWORK v
[ Runetime Service ]
lJNI
LIBRARIES

Native Service

l Dynamic load

HAL library

v
Kernel ]

LINUX KERNEL [
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= GPS9| qf

LIBRARIES

APPLCATIONS
[ Application }
Binder IPC I
\ 4
APPLCATION3 FRAMEWORK Location Manager Service
\ 2
GpsLocationProvider

l NI

GpsLocationProvider

l Dynamic load

libgps.so

LINUX KERNEL

\ 4
[ Kernel driver ]

42
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PDKS 0] &8¢t 7T - (1)

= PDK(Platform Development Kit)E O|&2¢ct 7j{'& HitH 1
v Android Porting2| 7'd: Android T AAE 7}X| 1 7|
v F£2 Android £2A0O 2 0| R0{Tl MH|A FH'LUA] AL

APPLCATIONS
[ Application ]—l
APPLCATIONS l
FRAMEWORK Runtime
[ Service ]
JNI
LIBRARIES Nativev‘.‘-‘.ervice
Binding o Native Service
l Dynamic load
HAL Library
!
i
I
v
LINUX KERNEL
[ Kerner Driver ]
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PDKZ o|279l

= PDK(Platform Development Kit)E O| &%t 7|{ & Htd 2
v Android Porting?2| 7{'d: Android ™H| AAE 7IX| 1 7|
Z|&£9] Linux2 Daemon =2 81Z Android7} 0| &8%}=
> RILD(Radio Interface Layer Daemon), WiFi, Bluetooth

Applications Phone Application
Call Tracker SMS Diapatch Service Troker Data Tracker
Applications Phone
Framework Aava'android'telephony
RIL
favelandroid/telephane/gsm
e — -
MNative Libraries Radlio Daemoninild)
(user space HAL) ! Gommf'da"”'d
Vender RIL
systerm/liba/libni-vendergms
T T T T T T T T T T T Y Packet Senvice B
Linux Kernel Linux IP Stack
Veoice and v
Control
Packet Driver
\_ PER. forlexsmple )
—————————————————————————— e LT S e
Baseband Baseband
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PDKE 0O|&%t 7 - (2)

= RILDQO| 0
v' RILD®Q} Vendor RIL1}O| Z+A|
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PDKS 0|83 74 - (2)

= Wifio| of

Java VM
et otc 2 0| E HAL
- OtE 20| E 0| M 2| WiFi &=
wpa_supplicant ©| client 2 Z%&f
Socket Socket
Interface [ I terface

wpa_supplicant
- 7|E&9| |5 A A|AHE daemon
ZZ]Mos S Hotap HE
EXE
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