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Google Android /4254

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 - x
v Dirivers

LI5B Driver Keypad Driver
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Google Android A4 424 ccont)

+ Android R G4 A - E RS — 45, KH 147
TIZEK . MWEERY I, Android 2R 4548845 Sk DU
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REFPHESL

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

 BORAEREA N AR 2 — RS R SS MR ¢, Hp i

FEM AT A (Views) , W UAHRIEN Y, ©E55
* dists) , Mk (grids) , CASHE (text boxes) , %4 (buttons) ,
2 AT R A R webiil] Y2 o

NP ERS (Content Providers) {438 A2 rl LATT A] 75— I RS e
s CnBc R NEIR A , s e A S

U FLS (Resource Manager) H4 AL % IR ), WA i 7%
&, EE, FA R ScfE Clayout files ) s

AN Ay (Notification Manager) 145N IR 7] PIAEIR SR 2o
EB QLN E) P

EE)E BLEE ( Activity Manager)  FH SR EIN FRE 7 AR A B IS4t 3
A RLE IR . AR 2 A W REREMKE NN HET, 1§55
Wi 4% 5 —A4 Android Y 2 7.
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RGIeAT

+ Android REEAHY f o —BEC/CH+]%, 1L L% g i Android
RGET A AL AT . T Android IV FEHE 42

AT

REAPEMIRS . DL NS00

24 CJE : —/ M\ BSD é%ﬁﬁléﬁ’ﬂﬂ‘/ﬂ@ C R&wmBE (libc) , Bt
"1 03T embedded linux 1) 3% 2% 52 111

WA - JLT PacketVideo OpenCORE; %% SCHF 2 il i ] 10 & 4. ML

WSROI S, R I S R S B S . G i 24 FEMPEGA4, H.264,
MP3, AAC, AMR, JPG, PNG.

Surface Manager : X B /xR EH, FHH M ZANHRERE 4L 72D
F3DKEZ Hﬁ?ﬁam@/\

LibWebCore : — /™ &8 Hwebii Waas 5 | #5 H, SZFrAndroidi) W28 f1—>
AR T web i P .

SGL : JiKJZ 12D E 5| 4

3D libraries : % F-OpenGL ES 1.0 APISSZH; %)% v] LUAE A i 3D ik
Can2Rml D B H = BEALAL IR 3D N

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

SQLite- — AT AN AR, DiResmEh 1R R o R e 4 T |

=Fo

\
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y Android R A T —MMRD P, A% 0 R
i TIAVAZRFETE S 0 FEN R Z R &1
Android R FP#REE H At istT, #H
H— AL I DalvikRESEL HLSER . Dalvikg i it i)
— g b LA I s iohiz 1T 2 N iU &R St
Dalvik FEFUNLINAT C.dex) FIDalvikr] $fT 301,
1A SOOI A A AR T EAE

y RIS N2 3 T3 A7 2 1, BT WSR2
JAVAZ 2 dm e, SR )a il SDKH 1) "dx" T,
AN dex s A REFUNLINAT o« Dalvik iz S LA

Tlinux Nz — 28 Thfe, LI REHLHIAR 2 A

A7 BRAL o
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Android Z#FBBE RS
P e

Q@O KiRemE
AR LA

bionic C runtime: libc, libm, libdl, dynamic linker
Bionic & A4, 1K HLIIZ — Lo LAl 2 HO U AXAD
bootloader/legacy Bootloader reference code
JA BN 5] A A
build Build system
uild F ¢ F 1y 45 A BT PRI A, T4 L B 5 2 e A
AT H
cts Android3 2 R B 1 pr v
dalvik Dalvik virtual machine
JAVAREIIL
development High-level development and debugging tools
P T 5 B it 2 R ASEAR R T H,
frameworks/base Core Android app framework libraries
H Rl a1 ) — 24 )
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%

11
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Android Z#FAFCIEBBEFREM 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 KB ThREA K

system Android 1 2 [ — L6

vendor J T E A

12
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Bionic

- libc (CIF)

—arch-arm  (ARMZERy, A8 RS0 H V2w SEERD

- arch-x86  (x86ZEHy, & RS I 4w
-- bionic CEHCSEHL I TaE, AR eI

-- docs @@=
-- include C 3T
- inet (? inetho<, HARVEH AR

|- kernd CLinux Y% T [ — 28350
-- netbsd (? nesbsdZGEAHG, HAR/EHAHD
- private (? —SRH LT

|

|

|- stdio (stdioSZIE)

|- stdlib (stdlib5Z 3D

|- string (stringpk £ S
|- tools LT

|- tzcode CIRFPXAH AR
|-- unistd CunistdsEZH)

WO Y Y Y Y Y Y Y e Y Y Y

*-- zoneinfo CHFIXAE ED
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Bionic (cont.)

L e e e e B B S L R e B v B S I s

-- libdl
-- libm
-- alpha

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

ClibdISE8L, dUEshA e, SOt R haSHERe % (1 L g

Clibm# 2= FESE T, )
(apahaZifi)
(amd64%244) )
CarmZ244))
(? bsdifJiAs)

(i3862E44))

|387 2R )

abAZER)

(%iﬁﬁ)
CBUABL o h.3, —8yfreeBSDI L)
( powerpcifiy)
(sparc64Z8t))
AR

(libstde++ CH+SZHLIED
ST
RS

(Z R (R R 28 )
ST

(EhAREFEAR)
(SZ FrarmFIx86H Fl 4244
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Bootloader

+  bootable H 3%

.

} |- bootloader (3% £ 4% Fhooot| oader 138 FHARAD )
v | - legacy (AR EREATH], ATAZ2%)

} | |-arch_armvé CVeZLRL,  JLA ] I G ST AT

+ | |-arch_msm7k Cra X 7R A R 28 B4R 1R J LA HEA IR S )
v | J-include CIE Sk SCA R 38 7RG A Sk ST A

} | |- libboot CashPe, #EAHR D

y | |-libe (S T e B0

¥ | |- nandwrite (nandwirtepf £ S0

} | -- usbloader (usbloader 531 )

3 |- diskinstaller (androidBi (241 %%, x861] 4:/=is0)
3 --recovery (RGMEAHIO

} |- edify (TR AAE FH 1 edify A TE 5O

} |- etc Cinit.refi S A4

} |-- minui C—MEEFUD

} |-- minzip CAMRT L S 4 T 2D

} |-- mtdutils (mtd LT H)

} |- res (B

} | °--images (—LE B

3 |-- tools (L

} | “--ota (OTA Over TheAir Updatesft25 T.H.)
} *-- updater T
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Dalvik

} dalvik H 5% dalvik S 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 — g2

b - dx (dx T H, ¥ javal: 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

3 C--vm CREFUNL LI

dalvik H 5 T3t Android JAVA RN FH L P ia 47 i e hl

— JAVAERIML.
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Frameworks

} frameworks H3% (BODHEER—javakC++ES)
- base (EEAHNZR)

—api  (? %&;%xmljc#, E X Tjavarjapi? )
—-awt  (AWTEE)
- build  (ZH]D
--camera (BB LBREERFE)
--cmds  (EZE#r4: am. app_proce)
--core  (RZ.DE)
- data (RIS EFHAE A
--docs (1Y)
- graphics (EFEAER)
--include  CGK3XHH)
-- keystore  (FIE#EZ
--libs  (FE)
- location (HiX FE)
--media  (FfEk
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Frameworks (cont))

+ | |--telephony C(ERIEEREH)
- test-runner (PR T HAHR)
- tests (BRI
--tools (—&M A EZKTHE)
--vpn (VPN)
—-wifi (EZEMZ%)
--opt  (AJIEER)
|-- com.google.android (G {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% %}Fﬁﬂﬁ@ﬁ@iﬁm&—'HALﬁ@)

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

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

e

-- include

-- mount (lﬁﬂﬁﬁﬁﬁﬁ)
howe S

- gemu traugig (’fﬁ’fﬂ%%h’ﬂ%ﬁ)
-- tedts

--uevent  (uevent)
—-vibrator (E3h)
—-wifi  CEBZR)
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Hardware (cont.)

}

-- msm7k (%ﬁ?k&bﬂ%%ﬁﬁﬁlﬁ%)
- boot (}E‘:ZJJ

- libaudio =)

-- libaudio- qsd8k (qsd8kET‘] BEARE)

--:|Igcamega ( o

-- libcopybit  (copybi

-- libgralloc (grallocg)

= Ilbgralloc gsdsk (qsd8kE}<]graIIocJ$)

- liblights (6D

il (R EmEE)

- include  CGL3C#kE)
- libril (&)
-- reference-cdma-sms (cdmaﬁﬁﬂf“ﬁ%‘)

--referenceril  (rilz3%)

~rild GBS REER)

- ti (tiAFE FIRHAL )

--omap3  (omap34LFEER)

|-- dspbridge (DSPfB"%)

|-- libopencor ehw (opencor%#)i)

|-- liboverlay (overla

[ libstagefrighthw (stagefnghtﬁ,@#)i)
-omx  (omx )

- wlan (LLM+F)
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ebuil — /R W R iz
! B? ebﬂi |¥ Hﬁiiﬁﬁiﬁ%ﬁa?&%g%@a‘%ﬁéﬁ%tgﬁﬁ )

|- android-arm  Carm-android#g3%)

-- gdbserver  (qdbiEiAER)
l--glj<ernel (R armA %)

-- android-x86  (x86-android4H3%)

-- kernel

(2]
--common  CGEH %ﬁ%ﬂ?ﬁ‘lﬁ@s M%&) avaft])

.- darwin-x86  (drawin x86°F &

--toolchain (T H%)
|-- arm-eabi-4.2.1
|-- arm-eabi-4.3.1
“-- arm-eabi-4.4.0

-- darwin-x86_64 (drawin x86 64bitF &)
— linux-x86 ~ (linux X863 %)

“--toolchain (T H#, BAINZFEZERHIXA)
|-- 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¥&)
-- windows-x86_64 (64bit windowsE& )
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System

}

- Bluetooth  CIEZFAHK)
—-core (RGEZOTHEEID

—adb  Cadbifiid T H)

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

- debuggerd (i1 T H)

- fastboot  CHRIA o BIAH )

—include (ARG

- init Gnithe AR

- libacc (Rt HCohmIEA)

- libctest  ClibelRAH )

-- libcutils  Clibc T H)

- liblog  (loglE)

- libmincrypt ~ CInss %)

- libnetutils (2% T HL.J%)

- libpixelflinger (T ALHEFZE)

- libsysutils (&% T HF)

-- libzipfile (zipPE)

- logcat (& FHlog . H)

-- logwrapper  C(logd)2E T H5)

-~ mkbootim (ﬁélﬂ"ﬁ}ﬁ Zjboot.img ) T H S A
-- netcfg (4% 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/’E)
-- librank  (Java Library Ranking System/% )
-- procmem  ( pagemapAH <)
-- procrank (Java Library Ranking System#H><)
-- showmap (showmap T H.)
-- showslab (showdab T H.)
--sound  (FEEAHI)
—-su  (sufir RS
- tests (L858 T HD
- timeinfo (IS X AHZ)
—-wlan  CGZeAHR)
-t CHRRAHSS T A D
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Vendor

¥

--aosp  (android open source project)
“-- products  (—2ERRZL R )
--htc  (HTCAH])
|- common-open (il F3#47)
| “--akmd O imgM R T HD
- dream-open  (GLIF S 4))
|- prebuilt-open (Fgw I BGH7)
-~ sapphire-open  (sapphirei # 7 5 TR A 25
-- pv-open  (EZATE)
- qeom  CHUAIEEACZE A1)
-- sample (go)%gle%%ﬁ% IEERCID)
—-apps  (MWHD.
|- client  C(JH/)
-- upgrade (F+2%)
-- frameworks ~ (HEZE)
-- PlatformLibrary V-6 )
-- products (7))
-- sdk_addon  (sdkis Nk o)
--skins (O
- WVGAMedDpi  (WVGAIE FIE B
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Android 2t fE

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

}

(2) Getting Android Source Code

2. Bpid 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 = P ¥
“* " yulma 5-.;__/ (3) Generating File System Image
) Download :
"' i it /
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HAL 2

} Android f¥) HAL (Hardware Abstract Layerfifi {414 )=2) f&£GooglelRI N i [ 4
BEANTFEM | BFJERY, Pt ey, A Rl

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
Manager

View MNotification

Content Providers SR Manager

Activity Manager

Location
Manager

Telephony

Package Manager Manager

Resource Manager

LIBRARIES ANDROID RUNTIME

Surface Media
Manager Framewark

Audio

Manager

SQLite Webkit i Core Libraries

OpenGLIES FreeType S5L

HARDWARE ABSTRACTION LAYER

Graphics Audio Camera Bluetocoth GPS Radio (RIL)

LiNUX KERNEL

Shared Memary

Display Driver Camera Driver Bluetooth Driver Diriar

Binder (IPC) Driver

Audio Power

USB Driver Keypad Driver WiFi Driver Cirivers Management
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foEEmp

+ 2. Kernd driveriV ¢ 3GPL I RRAN « 21y 251
38 B FEAS IR A T IR S, B LAA EHAL T 3
21T GPL .

1 3. EERTERLSRE, Androidfa SRR I K




KA e BEIE
199%%

umi.org.cn

HAL faj g S AR S) #r

v LA HALZE4: h Patrick Brady (Google) ££2008
Google /O R g, M LTI 284 B i1 501,
HAL EI’J H 1524 17 #2 Android framework 5 Linux
ernel 523 [[ETF] o ik Android A 2 ik & 4K i
_inux kernel, 5 & [kernd independent | 1) M.

v RS R T B A FHIEACAE 1) BX Bl A AR 2H,
PSR B AR ) 2R M A SR T R 1) S A

Bl
} 1El%éaﬁﬁlélﬁHA BB FEEE A 2
T B ARG HE SR R AR S HA LR 4]
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HAL 4 %5

+ HAL EZRSAEA A T LU H 3%
1. libhardware_legacy/ - [H 48R SREUEE L FERBLER RO & kAT
2. libhardware/ - HT4EH4 . 22 HAL stub 02
3. ril/ - Radio Interface Layer
4.msm7k QUAL & AHK
Gps
Vibrator
Wifi
Uevent
Copyhbit
Audio
Camera
Lights
Ril
Overlay
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1+ libhardware legacy 1E15, 4%

2511 [module] 773\, tEt2
*.50 A1l [ shared library |
KA, fEruntime (INI #343)
) direct function call {# H HAL
module. L H 2R HOR I
X, SREAEIRBIRET

5K, N HRE AT PLAN TG E il
of INL 7 kT, BEEEINE
* 5o i (dlopen) I H A
*.s0 BEFTS (symbol) & —
LW

F REZREAaNERK, LR

CIIPSERES (S THE

IHIFTHAL ZE#2 (libhardware _legacy)

Framework & Applications

External Libraries &
Runtime

g

*.s0 (libhardware_legacy)

Linux Device Driver
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v ILAE) libhardware 2844, A [

stub] [IPRIE T . HAL stub 2 —Fb
REELN Cproxy) FIMER, stub EAA
11552 L * sokig I e A7 AE, {H HAL
L2044 *.s0 R FSEEE K T . Stub |7
HAL [#ffk | #AEr %L (operations
), M runtime M) 7] HAL BUASEr
SEFRER (stub) [ operations, 5
callback X L84 % . X AP LA
indirect function call 114444, iFHAL
stub Al —F Tfd | k&R, B
HAL BAE TIHFFZ2 20 stub (€
FEAD) o Runtime K300 [257Y
], Bl module D, mtn] LAE /545 4E
PR, HT HAErHAL, 7RI K
AndroidiE X THAL E4EMHESE, 18
LA Uy T B A AT 68— T 1
72,

HTITHAL ZE#4) (libhardware)

Framework & Applications

External Libraries & Runtime

HAL (libhardware

i

)
Sensor Stub Stub
Stub

Linux Device Driver
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INI ZEHALZERY 147 B

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

‘ Linux Device Driver l
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HAL moduleZEf

+ HAL moudleZ= 53k =
A AF
struct hw_module t;
struct hw_module _methods t;
struct hw_device t;

v 5E X AEhardware. hsC 4 HL
v AT 4k o R A K

bow_raodule roethods t
+open()

N\

tag ;wnt32 t

hw_tmodule t

wersion major - wintlé t
Verslon rinor  nintl6 t
1d : comst char *

ratrne © const char *

author : const char *

N

bwr desrice t

tag : uint3d_t
version wintld t

+close)
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i code & A4 HE 8

LedService
(Native)

I LED App | |LedManager l l LE?E‘:;“ |

HAL
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i codeFE A HE 2L (cont.)

LED App LedManager LE? dsair:}lm

HAL

LedService
(Native)




