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. Google Android 4 {1 2E 44
Android BHERKE

. W5/ BHEAndroid B % IKEN
. HALEA4
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Google Android /4224

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Mecification

Wiew
Manager

Content
System

Window
Providers

ctivity Manager
Activity Manager Manager

Location XMPP Service

Resource
Manager

Telephony
Manager

Package Manager Mirises

LIBRARIES ANDROID RUNTIME
Surface Manager Media SOLite Core Libraries
= £ Framework i ik
. “Dalvik Virta
Webkit Machine

COpenGL|ES FreeType

SGL S5L libe

LiNuxXx KERNEL

Binder (IPC)

Flash Memaory
Diriver

Bluetooth
Diriver

Display -
Drver Camera Driver Diriver

i Audio
WiFi Driver . =
s Drivers

LI5B Driver Keypad Driver
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Google Android A4 424 ccont)

+ Android R BRI LBV E RS — 1, KA T 07)
FIZRHK) . MWZEMIEE, Android R Si 484 4y Ay DL

=, Mim 22U E 5 0N
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* F &5 5

FE P HE

RN DAL BLSE AU ) Rz 00 Y TRy B A3 FH I APIAEE SR

 BORAEREA N AR T2 — RS RS AR ¢, Hp i

F'M AT AL (Views) , W UAHRKEN Y, 855
* dists) , Mk (grids) , CASHE (text boxes) , %4 (buttons) ,
2 AR A R webiil] 2 o

N7 ERS (Content Providers) {438 FHF2 R rl LATT iA] 75— I A e
s CnBc R NEIR A , s e T S

e HL (Resource Manager) It A% % IR ), WA i 7%
&, EE, A JRScfE Clayout files ) s

AN PEEY  (Notification Manager) 145N R 7] PIAEIRER 2o
E QLN )P

EE)E BLEE ( Activity Manager)  FH SR BN FRE 7 AR A IS4t 3
A ELE IR . AR 2 W REMENKE — NN HET, 1§55
Wi 45— Android 3 2.
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/7% éj\gb jg' /ﬁ; > N N

} Android RG22 Al —LeC/CH++E, XL REH Android
RtHA QAL BATEL Android . IR P HE
AFERA RS . UL T L% 0

48 CJE 1 — N\ BSD 4k 7k MAsiE C RGEREE (libe) , EREE

1T embedded linux 4 2% 2 1 -

I : JET PacketVideo OpenCORE; %/ SCkF 22 i ) & 4. WA

W SCIHORI S, TR I S R S PGS . G i 24 FEMPEGA4, H.264,
MP3, AAC, AMR, JPG, PNG,

Surface Manager : X B/n TR EH, FHH M ZANHRERE 4L 72D

F3DKEZ Hﬁ?ﬁam@/\

LibWebCore : — /™ &8 twebii Waas5 | 25, SZFrAndroidi) W28 A1 —>
AR T web i I .

SGL : JKJZH12DE 5] 2

3D libraries : % F-OpenGL ES 1.0 APISSZH; %)% v] LAAE A i 3D ik
CIn SR n] D B8 & BEACAG IR 3D st

FreeType -f7 & (bitmap) k&= (vector) FAREIR.

ggLite- — XTI E N BT, DhRgsmEl ) Ee RO R R PE 5 |
=Fo
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Android 1247

+ Android R SR ZE M FE T — MZOE, % 1‘? »L»FE%
It T IAVAGFRE S0 FER K28, F—1
Android . HFE 7 EE E B RS EJLJT , %‘Ki‘ﬂi
AL Dalvik B2 U HLSEB] . Dalvikg s vt i)
— N n] LUR I stz 4T 2 B R 4
DalvikiEFIHL AT (.dex) [Dalvikn] g4t e,
A TS 7N INAFAE F AR T A

y A RE L ik T A ae 1K, BT 2SR & i
JAVAZRIF a9 e, IR SDKH 1) "dx" L H
AL % dexkg = ?W‘MMTO Dalvik iz S A

Tlinux Nz —L2E8T88, LUIZRENLHIARZE N

& BN
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Linux A%
1 Android %0y R 58 AR S5 1 A

* F &5 5

LA A

- Linux 2.6 N 4%,

ez ett, WAFEEL, HEREH, MEbhsltkAl
AR Linux P A% [R] I 4 D9 A F R A4

Z AR )= .
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Android RERLIBEREH o
L =

bionic C runtime: libc, libm, libdl, dynamic linker
Bionic & A4, 1K HLIIZ — Lo LAl 2 HO U AN
bootloader/legacy Bootloader reference code
JA BN 5] A A
build Build system
build H 5% TN A H AR BT BOAE, 1 G M0 BT 7 2 F) A
AT H
cts Android3 2 R £ 1 pr v
dalvik Dalvik virtual machine
JAVAREIIAL
development High-level development and debugging tools
P2 P TF R T it S AR AN T H,
frameworks/base Core Android app framework libraries
H R B e ) — 8 )
frameworks/policies/base Framework configuration policies
N R Fr A B 2
hardware/libhardware Hardware abstraction library
E R AR DR R
hardware/ril Radio interface layer
out PR 5T UG ARy 1 5 0t H 5%
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* F &5 5

Android ZRERBERE cont)

prebuilt Binaries to support Linux and Mac OS builds
x86 Ml armZEH4) N g 1) — LBt

packages Android #) 4 P . FH F2 7

sdk sdk S AU

recovery System recovery environment
5 HFRHI KR ThREA K

system Android 1 2 [ — L6

vendor J T E AR
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Bionic

e e e e e e e e A B IV I

(Cl)
(ARMZER, 402 R e T g S50
(864K, 15 ARG iR gm LBl
(HCSEILIIRE, ZEHTE 50
(TR
S
(? inettH¢, BHARIEAABD
CLinux A 3% H i) — 28330 k)
(? nesbsdRZEAHIG, HAREHAPD
(2 —LeRAAG L)
(stdio=Z )
(stdlib=Z )
(stringef Z ST
UL T HD
CHF DXAH SARHS )
CunistdsEZH0)
CHFIX AR ED
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Bionic (cont.)

L e e S S B B S L R R e S =T = T S S SVE R o

-- libdl
-- libm
-- alpha

-- libstdc++
| include
-- src
- I|bthread db
-- include
-- linker
--arch

ClibdISE8L, dUEshA gL, AU R shaSHERe % 1 L g

Clibm# 2= FESE T, )
(apahaZifi)

(amd64%244) )
CarmZ244))
(? bsdifJYshs)

(i3864414))

|387 2R )

abAZER)

(%iﬁﬁ)

B2z s, JE840N.3, —2hfreeBSDIT A A4
(powerpcZE i) )
(sparc64Z8t))
CEARRS)

(libstde++ CH+SZHLIED
CELD)
G5

(Z RSP IR R 28 )
CELD)

(EhAREFEAR)
(ZFrarmAIx86% Fi 4244 )
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Bootloader

L T L T s T o T S B e B B B L T =L T 2 T = = T S R S S Sy SV o)

bootable H %

bootl oader
- legacy

-- nandwrite

*-- usbl cader
diskinstaller
“-- recovery

(3& 5 4% Fibootl oader 13 FI AL %)
(AR EREATH], TAZ2%)
CVO5ERL,  JLA TR R R 2 SC AT
e 7R A 25 B4R 1R J LA HEA IR B )
CIE Sk SCA R 38 7RG A Sk ST A
AZhE, #REAHE M HD
(—285 H cr 50
(nandwirtepf 55280
(usbhloader 231
(androidBE 84T (A%, x861]4:/~is0)
(RGMEB AT
(TR AAE FH 1 edify A TE 5O
Ginit.rePk & A
C—MEEFUD
/Mo s 4 T D
(mtd T H>
CBEUD
(—2E 1)
(THD
(OTA Over TheAir UpdatesFt25 T.H.)
T
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Dalvik
} dalvik H 5% dalvik i flpL
} |- dalvikvm (main.cft) H )
} |- dexdump (dex i %)
b |- dexlist (List all methodsin all concrete classesin a DEX file.)
+ |- dexopt GULANESTI KD
+ |- docs (3CF)
1 |- dvz (Fizygotett R i — Mg 4
b - dx (dx T H, ¥ javai: it Jydex)
1 |- hit (? javaili 55 A
+ |- libcore CANED)
+ |- libcore-disabled (7 ZEFTHZED
1 |- libdex (dex ) E)
+ |- libnativehel per (Support functionsfor Android's class libraries)
b |- tests CIAARAS )
} | tools (THD
}oo--vm CREFMLSELHL)
dalvik H > ] T4 L Android JAV AR F A2 Fria AT B B ftl——IAVARR UL
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Frameworks

+ frameworks B3 (BDOHEZE—javakC++HES)
- base (HEARZE

——api (? %;%xmljcﬁ:, EX Tjavaiapi? )
--awt (AWTEE)

- build  (ZH))

-- ( 3 )
-- gﬁ‘mdgr ° (E§ iﬂaﬁnﬁ}jﬁ _proceZ)

- (FZIOFE)
e & L‘?uﬁi%ﬁﬁjcm

--data (& =
--docs (XL
A=)
i)

-- graphics (&

-include (kX

- Ik_gystoz%gﬁﬂﬁ B2 UEFAHR)
::Iloc?ation CHB X FE )
--media (A
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Frameworks (cont))

+ | |--telephony C(ERIEEEH)
- test-runner (PR T HAHR)
- tests (BRI
--tools (—&M A EZKTHE)
--vpn (VPN)
—-wifi (EZEMZE)
--opt  (HJIEER)
|-- com.google.android (B Mramework.jar)
|-- com.google.android.googlelogin  (FF 4 client.jar)
--emoji  (standard message elements)
-- policies (Product policies are operating system directions aimed at
specific uses)
“-- base
|- mid (MID#4)
--phone (FHLREE, —HBHAZX)
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Hardware
+ hardware B %Bé% %%ﬁ%@ﬁ@iﬁmEHALﬁﬂ)

-- broadcom  ( ﬁ/z}ﬂ
—-wlan (B f)
-- libhardware  (FE{H-FEE)
|-- include (;ijﬁ:
--modules (Default a SSIbly ar chitectur e dependents) HAL modules)
[—- gralloc (gralloct
-overlay (Skeleton for the overlay HAL module.)

—- libhardware Iegacjy'6 CIH BB )
-- flashlight

e

-- Include

-- mount (lHB‘Jﬁﬁ%ﬁ)

-~ power (ﬁiﬂ

- 3%3 trau;g (ﬁﬂﬁﬁ%)
-- tests

--uevent  (uevent)
—-vibrator (Ez@))
—~wifi  (TGZR)
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Hardware (cont.)
1 |- msm7k (%ﬁ?k&tﬂ%%ﬁﬁﬁlﬁ)%)

- boot (}E‘:ZJJ
- libaudio =)
-- libaudio- qsd8k (qsd8kET‘] BEARE)
--:|Igcamega ( o
-- libcopybit ~ (copybi
-- libgralloc (gralloc%
= Ilbgralloc qsdsk (qsd8kE}<]graIIocJ$)
- liblights (Y6

- librp
—-ril CR&HE#HZEE)

--include  CGK3XH)

- libril ()

-- reference-cdma-sms  (cdmaf@fE &%)
-reference-ril  (ril&3%)
—rild  CrilJE B IRSTER)
--ti (tin T FIRHAL)

--omap3  (omap34LFEER)
|-- dspbridge (DSPfB'%)
|-- libopencor ehw (opencore%#)ﬁ)
|-- liboverlay (overla
[ libstagefrighthw (stagefnght@#)ﬁ)
-omx  (omx )

- wlan (&M +F)
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Prebuilt

ebuil —ANE 5 T Fis:
! B?ebﬂh%%%E}Eig%%ﬁa?&nﬂa%a‘%%ﬁf T—%mﬁ)

--android-arm  (arm-androidff3%)
|-- gdbserver  (qdbiAiX2s)
—-kernd  (BERIKarmA %)

- android-x86 (x86-androidfH3%)
--kernd  (ZBHD

-- common  CE fH 4w Ky 4RA,

- darwin-x86 (drawin x86°F £ )
--toolchain (T E4#%)

|-- arm-eabi-4.2.1
|-- arm-eabi-4.3.1
“-- arm-eabi-4.4.0

-- darwin-x86_64 (drawin x86 64bit¥¥ &)

- linux-x86 ~ (linuxx86°F5) ‘
--toolchain (T EH&E, HBAINZEERHXAS)

|-- arm-eabi-4.2.1

|-- arm-eabi-4.3.1

|-- arm-eabi-4.4.0 ‘

*-- i686-unknown-linux-gnu-4.2.1 (x86hR 4% 1%5e)

-- linux-x86_64  (linux x86 64bitF&)

--windows (windows*}F&)

-- windows-x86_64 (64bit windowsF£ )

NiZ% i) avaff])
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System

}

- Bluetooth  CIEZFAHK)
—-core (RGEZO T HEEID

- adb  Cadbifiid, T H)

--cpio  (cpio . H, fiJ#img)

- debuggerd (i1 T H)

- fastboot  CHRIA | B)AH )

—include (RGLFEEI L)

- init Gnithe AR

- libacc (Rt HCohmEA)

- libctest  ClibeIRAH )

-- libeutils  Clibc T H)

- liblog  (loglE)

- libmincrypt ~ G5 %)

- libnetutils (2% T HL.J%)

- libpixelflinger (A ALHEFZE)

- libsysutils (&% T HF)

-- libzipfile (zipPE)

- logcat (& FHlog [ H)

-- logwrapper  (logd)2E T )

" mkbootimg  CHIVEJ2boot.imgif) T HL £k 4
-- netcfg (2% IC & netcfgilii )

--nexus  (googlets{r F-HLIKAHE) .
-- rootdir ~ Crootfs, 75 —%Eetc I 1) IASFIBLED
sh (shellftiig) ‘

-- toolbox  (toolbox, Z&fBlbusyboxi T H4E)
--vold (SDREF4S)
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System (cont.)

b |-extras (AR T HD
-- latencytop (atool for software developers, identifying system
latency happen)
-- libpagemap (pagemap)%:)
-- librank  (Java Library Ranking System/% )
-- procmem  ( pagemap#AH <)
-- procrank (Java Library Ranking System#H><)
-- showmap (showmap T H)
-- showslab (showdab T H.)
--sound  (FEEFAHI)
—-su  (sufir RS
- tests (L85 T HD
- timeinfo (IS X AHZ)
—-wlan  CEZRAHR)
-t GRS T A KD
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Vendor

¥

--aosp  (android open source project)
“-- products  (—2ERRZL R )
-htc  (HTCA#D
|- common-open (il F#47)
| "--akmd O imgM R T HD
- dream-open  (GLIF S 4))
|- prebuilt-open (FgwFIT G
-~ sapphire-open  (sapphirei # 7 5 TR A 25
-- pv-open  (EZATE)
- qeom  CHUAIEEACZE A1)
-- sample (go)%gle%%ﬁ% IEERCID)
—-apps  (MWHD.
|- client  C(HH/)
-- upgrade (F+Z%)
-- frameworks ~ (HEZE)
-- PlatformLibrary V-6 )
-- products (77D
-- sdk_addon  (sdkis Nk o)
- skins  (JZHD
- WVGAMedDpi  (WVGAIE FIE B
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Android |FAR [IGHT

0 = - setup Develop Environment & Get Android So
(1) Host System Setup [~ Git, Repo...

}

(2) Getting Android Source Code

2. Budd Linux Kernel

(1) Configuration Options
¥ 3 Asuild File System
(2) Code modification for Android (1) Produce file system
L v
(3) Building Linux Kernel (1) Modity Initialization Procedure
1= v
A ulma (3) Generating File System Image
.. Download :
< — yaffs2 image /
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HAL HE2x

} Android ) HAL (Hardware Abstract Layerfifi {F4i1% )2 ) & Googlel V] 7

EARTFE | FJZORTS, ProEh pppnile, H2amin .

Hardware Abstraction Layer

APPLICATIONS
Home Dialer SMS/MMS 1™ Browser Camera Alarm Calculator

Contacts Voice Dial Ermail Calendar Media Player Photo Album Clock

APPLICATION FRAMEWORK

. _ Window e e View Motification
Activity Manager Manager Ceontent Providers System Manager

Location
Manager

Telephony

Package Manager Manager

Resource Manager

LIBRARIES ANDROID RUNTIME
Surfa Medi e ! ore Libraries
M;nag?:r Fr:_'.rneewaork SQLite vvebkit E =

OpenGLIES s FreeType SsL

Manager
HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetocoth GPS Radio (RIL)

LiNUX KERNEL

Display Driver Camera Driver Bluetooth Driver Shareli::l:'rf\i"‘l'rzrr_rlary Binder (IPC) Driver

USB Driver Keypad Driver WiFi Driver éﬁfé'?s Marﬁ,:;rhﬁ:le-rruent
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* F &5 5

FAR
1. FREANEITE AR A AR A linux kernel
foEEmp
+ 2. Kernd driveriV ¢ 3GPL B RRAY « 41y 251
1 i AN RN o FEEAE IR, B PAA ZEHAL 5 2
1T GPL .
1 3. EERTERLSREY, Androidfa SRR K
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* F &5 5

LA A

HAL faj /1~ SR 23 #f
1 LA HALZER Patrlck Brady (Google) ££2008

Google |/OE{ P H

e, B AE R B FRAT RN,

HAL EI’J H 24 7 2 Android framework 5 Linux
cernel 563 [B5HF] o ik Android As 23 5 4k i
_inux kernel, 5 [kernel independent] =L,

R R ETT
BT B AR ) 28

Bl
} 15% H B THALZ
T AR B HEZL K

RANTTIEARNS [ SX )R Fr A 2
SR 5 R P A Y A

BRMFH G FE B b A 2
HAHALRLAH
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HAL 4 %5

v HAL 2R SRR T LT H sk
1. libhardware_legacy/ - [H B8R SREUEE L FERBLER O & kAT
2. libhardware/ - Hr 4844 . 1454 HAL stub 0 &
3. ril/ - Radio Interface Layer
Amsm7k QUAL-F & 1%
Gps
Vibrator
Wifi
Uevent
Copyhbit
Audio
Camera
Lights
Ril
Overlay
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IHIFTHAL ZE#2 (libhardware _legacy)

Framework & Applications

+ libhardware |legacy 1575, &A%
417 [module] 7=, a2 ‘

External Libraries &
Runtime

*.50 A4 [ shared library |
KA, fEruntime (INI #343) ‘

) direct function call {# H HAL
module. @ﬁﬁ%ﬂ%@é&ﬂ%ﬁﬁ%ﬁ ‘ *.s0 (libhardware_legacy)
N, REAEIKSIIEF

+ \é/lﬁj?’ Elﬁﬁ%%}?ﬂlﬁum%g@ [ Linux Device Driver
o INI 7 kAT, EAE N

* 50 f# (dlopen) B8 A
*.s0 TS (symbol) & —

s 3
P RIS ZekAadEk, LR
EICSERES S (RTTL
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HTITHAL ZE#4 (libhardware)

v HLYEM libhardware 224y, A T
stub] [IPRIE T . HAL stub 2 —Fb
REELN Cproxy) [FIMER, stub B4
1552 L * sokig I e A7 AE, (H HAL
L& *.s0 R FSE K T . Stub |7
HAL [#efit] #AER4 (operations
), M runtime TS 7] HAL BUASEr
SERRER (stub) 11 operations, 5
callback X LE4 A %L . X AP LA
indirect function call 11224y, iEHAL
stub Al —F Tfd | R&R, B
HAL A& TIHFF2 20 stub (4R
FEAD) o Runtime H3E{00] [257Y
], Bl module D, mtn] LAEN 545 4E
PR, SHT HErIHAL, 7RI K
AndroidiE X THAL E4EMHESE, 18
LA 1 Uy T B A AT 48— T 3
72,

Framework & Applications

External Libraries & Runtime

HAL (libhardware)

i

Sensor
Stub U Stub U Stub L

Linux Device Driver
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INI ZEHALZE R b 47 B

‘ Framework & Applications I
External Library &
Runtime(Core Library)
l *.s0 (libhardware__legacy) I

‘ Linux Device Driver l
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Android HAL Zg7)
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HAL moduleZ&ty

+ HAL moudle = %%
Ay (AP

struct hw_module t;

struct hw_module_methods t; I\

struct hw_device t;

} ﬁXﬁ hardwar ehi’ﬁ: %ﬁ version_major : uint1 6 t
y ATk R G R A ot

Mo N how_rendule roethods t
M ’

+open()

hw_tmodule t

tag ;wnt32 t

Verslon rinor  nintl6 t

author : const char *

N

bwr desrice t

tag : uint3d_t
version wintld t

+close)
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i code & A4 HE 8

HAL

I I | ' I LedService | LedService
LED App LedManager (Java) (Native)
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Wi codeFE A HE 2L (cont.)

HAL

LedService
(Native)
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