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Android Framework
m ¥&( 08

Linux
Linux ,
Linux
Terminal
1 $cd /
1
Is-a

Linux fi

Unix-like ( Unix

Android Linux
Linux
Windows Windows
U
FAT16 FAT32 NTFS

Windows DOS

-a Unix-like

Unix-like



1 Linux

1-1 Linux
bin
boot Linux bootloader
dev
etc
home
lib
opt
proc
root
sbin bin s system administrator
sys
usr
var
Unix-like “ ” “ ” “
” Windows Windows
“ ” rootfs (Root File System) ,
“ ” Unix-like
“ ” U CPU
motfs Windows
sys proc dev
“ ” rootfs rootfs
Windows
Windows Unix-like “
Unix-like “ ” Windows
Windows FAT16 FAT32 NTFS, Linux
ext2 ext3 ext4d vyaffs
Unix-like “ ”

Linux home



Android

/home/userl/work
/' home/userl/enj oy/sports
| /home/user2/ jokes

Windows E
F G Linux
Windows E F G Linux
Windows E F G
“ " Terminal mount umount
Linux
Linux
1-1
1-1
CPU
CPU CPU CPU
CPU CPU
CPU
“ ”  Bootloader)
CPU

SD RS232



Android

decompress_kemel()

startup_32()

start_kemel()

kemel_thread()

Jarch/XXX/boot/compress/misc.c C

Jarch/XXX/kemel/head. S

Jinit/main.c

Jarch/XXX/kemel/process.c

cpu_idle() Jinit/main.c
initrc
1 ./adb pull /init.rc /Desktop
initrc
init.rc Linux
Linux
Linux
e man
man manual,
command command
« find
find
j $find . -name "*.java"
* grep
grep
“Activity”

| $grep "Activity" hello.java

grep find

find

Android

CPU

(FPU)

kernel—thread

ramdisk

Linux

Android

Linux

man Is

Java find

grep

Linux Kernel

CPU
0

ramdisk

init.rc

adb pull

Linux

hello.java

zlib

man



1 Linux

“ ” CPU
Bootloader “
“Home i
Home Windows 1 Home
Home Linux
Terminal Dos Home
Home
Android Linux
Android ARM ARM
Linux ARM CPU
ARM
CPU Intel 8086 A8
CPU
CPU CPU
ARM
ARM ROM ROM
KB Bootloader
uUsB SD Flash
ARM NAND Flash 0x00000000
Android
Android uboot fastboot
SDRAM RS232 NAND Flash
uboot (fastboot)
uboot uboot
NAND Flash Linux uboot
Linux 1-2
1-2 Linux
start() J ach/XXX/boot/head. S cPU st_p—-320

startup_32() Jarch/xxx/boot/compress/head.S BSS



e Xargso
xargs
Linux
f $ls xargs grep "oal

Is
) $find

. -name n*_javan

“status_bar size”

xml
\ $find "find , -name res"
find
1
e cat
cat
cat

{ scat main.java

| $sudo cat /dev/diskO

sudo
+ chmodo

Linux

e user(u),
* group (9),
« other (0),
chmod

113 Oan

“Activity” Java
xargs grep "Activity"
res xml
res

-name | xargs grep status-bar size
find
find res
_Xm I (13 7
Terminal
main.java
/dev/diskO

1

Linux

xml

xml

r)

Linux

find

w)



X) “ ”

Linux 10 bit)
$ Is -1 mybin
total 32
I -rw-r--r--@ 1 keyd staff 73 Mar 9 23:32 Makefile.mk
! druxr-xr-x 4 keyd staff 136 Aug 27 2010 bash
* bito - d
e bit I-bit 3 user)
e bit4 bit6 : group)
e bit7 bit9 : other)
—WXTWX. ..
dr-x-x...
chmod
X),
|  $chmod u+x copy.sh
u+x user X )
a atx a+rwx a
Linux Android Linux chmod
8
| $chmod 777 copy.sh
777 8 111 111 111,
 ps Kkill
ps kill
ps id pid
pid -9 man Kill
e export
PATH, export PATH,

Is-1

directory)

copy.sh

o+X oO+rw g+rwx

all,

Kill-9 pid

PC



XXXCOm_yyypart—dsername Terminal
export PSl=me PS1— Terminal,
Terminal
Shell
| m
Shell
“ ” JavasCript Java
PHP PHP
script “ ” “
C
Java JavasCript
HumanReadable)
Linux Bash Perl, Bash
script “ ”
Linux “ ”
C ifitlse switch/case
#1/bin/ bash
o "Hell bash™ tdisplay one message
me
shell Linux Windows
chmod atxme me Temimal
Ios"
| Hello bash
#!/bin/bash
Bash Perl #1/bin/per
echo Linux #

1 Linux

Java

Perl

script

.sh



Android

Linux

$n

#1/bin/ bash
o $1
o $2
o $3

$./me 1 love you
i

love

you

1.4.2

#1/bin/bash

=all
echo "$Anll
echoA$|A|11

Linux

bll

all,

love,

yOu!

echo

“echoiloveyou”
Tab

Bash



4.

#1/bin/ bash

if [ W = "normal"]
then
echo "this 1is normal case"

I elif [ -z n$In ]

then
echo "no 1input, 1ignal..."
fi
“no input ignal..”
. if then
. elif
. fi
° 13 [’1
“normal” ] “I” “$1= normal
13 [’1
= “normal”
if
[7$1”= “23" ]
13 2311
woge
C
“—eq” if["$1”~eq“23” ] Bash
1-3
1-3 Bash

“normal”

Bash

if ["$1” =

"normal"]

test,

= "normal” ]

if[rl" = 23]

23

true

1

Linux

if ['$1”

Bash

if test

“this is normal case”

“pr

“p1”



Android

true
-&q 2
-neq -eq 2
= 2
1= - 2
-t (less than) 2
ot (great than) 2
-© (great equal) 2
Hde (less equal) , 2
1.4.4 while CZ1.do... done
C do...while
#1/bin/bash
echo "please use add or delete or exit"
ACTI N= default””
while [ -n $ACTI N ]
do
read ACTION
case $ACTI N 1in
add)
echo "add somebody"”
delete)
echo "delete somebody™
exit)
echo "complete"
break
echo "invalide action, please re-enter?l
1 esac
> done
while if read Linux
LF) ACTION case ACTION

in Linux case case



case
while break done
1.45 for
Bash for Java foreach for
#1/bin/bash
for X in 1 2 3 4 5 hello
do
echo $X
done
in in
done
#1/bin/bash
for X in "lIs”
do
echo "basename $X"
echo “dirname $X-
done
uname
ill Linux Is
Linux
!
uname
basename dimame
lusr/local/lib/libexpat.so, dimame  /usr/local/lib

dimame
for if

#1/bin/ bash
#rename files without ext name to txt file.

#author: Yuandan Kerr
for X in “lIs*
do

Base=""basename $X"

if [ -z "echo $Base | grep "\.11" ]

esac Linux

while

Linux

basename

1 Linux

for

won

libexpat.so basename

xt



Android

then
"mv $Base $Base.txt”
echo $Base
fi
done

1.4.6

Bash C

#1/bin/ bash
strcat

ouT="$In" " g2"
return 0

}

strcat2
echo ™1™ "™ $2n

return 3

A=nbirdf
B=nmouseM

oyt=""
strcat $A $B
echo $0UT
OUT2=fstrcat2 $A $B"
echo $?
echo $0UT2
strcat
. return
return
OUT2="strcat2 $A$B'
strcat2 echo "$1"™ ""$2”
"$1+g2" bird+mouse

strcat2
$1 $2 n
return
C exit (int)
strcat2 retum 3 ouT2
ouT2 echo
echo echo

return $?

Linux



return
bird mouse
1 3
bird mouse
1.4.7
$?
Bash
bashref.html
1-4
$@ testabc
$* testabc “abc”
$H testabc 3
$?
$$ PID)
Bash
echo $UID 1D
Make
Linux Make
Make
Make
McGrath  Paul D. Smith
Make
n target): prerequest)
| (Tab

1 Linux

http:/Awwv.gnu.org/software/bash/manual/

g
return Is |eCho"$?" 0
uliD ID
mot ulibD 0
Make Make
Make
GNU Make Richard M. Stallman, Roland

15


http://www.gnu.org/software/bash/manual/

Android

Make Make
Tab “
Make
Make
Make
151 — Makefile
Makefile Makefile
" #Filename Makefile
#this file is used for show how to use makefile
$ (info start working)
hello: hello.c
echo "nothing"1l
hello.bin: hello,c
| @echo "now make hello.bin"
gcc hello.c -o hello.bin
*PHONY: he
he: hello.c
Qecho "now make he"
gcc hello.c -o hello.bin
e #
. $ info
Warning error error
. Tab
e .PHONY .PHONY

13 ”

Make

Make

Makefile



1 Linux

. hello.bin hellac hellac

gcc c hello.bin

J smake -f Wakefile hello

-f
Makefile
hello

$ make

start working
echo "nothing"
nothing

$ make

start working
echo "nothing"
nothing

hdlabin

$ make hello.bin

start working

now make hello.bin

gcc hello.c -0 hello.bin

$ make hello.bin

start working

make: *hello.bin® is up to date.

he

$ make he

start working

now make he

gcc hello.c -o hello.bin
$ make he

start working

now make he

gcc hello.c -o hello.bin

. hello he Make
hello.bin hello.c

. hello he hellox



Android

15.2
Makefile
1-5 Make
= Makefile
o
+=
Make
1 Makefile Makefile include
Makefile
2 target target
target
1-6 Make
a
a=b
a?=b
a:=b
a+=b
define a
b...
®..
b
endef
1.5.3
Make

Makefile

target

18



1 Linux

......... —_ & - —
C ifdef
if-condition
text if the condition is true
endif
if-condition
text if the condition is true
else
text if the condition is false
endif
condition
« ifdefvar, var
e ifndefvar, ifdef var
« ifeqtest test "a'"b"  (a, b)

« ifneqtest, ifeq

1.5.4
Make
Make
| $(fname, param...)
fname param
define
| $ (call fname, param...)
call fname param

| $ (fname)

call



Android

define fname

endef
Tab
Tab $(n) n
(1) $(2)

define showFirstName

echo $ (1)

def
.PHONY: name
name:

$(call showFirstName,Yuandan, Kerr)

showFirstName

name

$ make name
andan

1-7
$(filter pattern..., text) text
fl.c f2.c

$(filter-out pattern..., text) filter
$(findstring string, text) text
$(subst from,to,text) text
$(patsubst from, to, text) text

X.c.0 bar.o
$(strip text) text
$(words text) text

1-7
pattern
string
from to
from
Java trim

$(words i love android)

20

Make
$(0)

he hello he haiii

to

*x fix fl.Lh f2.c

“he"

.c,%.0 x.c.c bar.c

make



$(word n,text)
$(firstword text)
S(wordlist start,end,text)

$(sort list)

2.

$(wildcard *.c)
$(dirfl.c src/f2.c)
$(notdir fl.c src/f2.c) dir
$(suffFix fl.c fl.h)
$(basename fl .c src/fl .h)
$(addsuffix .c

fl src/f2)

$(addprefix src/

fl.c f2.c)

$Goin fl £2

«c .h)

3.

ifeq ifdef

C if/else

1-9

$(if condition, condition
then—part,

else—part)

list

suffix

text n n 1 $(word 2 i love android)
text
text start end $(wordlist | 2 i love android)
$(sort zI abc acd) abc acd zI
1-8
1-8
.Cc fl.Cf2.Cmain.C
Jsrc/
fIxf2.C
x.h
fl src/fl
fl.c src/f2.c
src/fl.c src/f2.c
fl.c f2.h
C if/else
1-9
true $(if i love android, i am android fans, i am not)

1

love

i love

Linux

i am aildroid fans
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$(error text) make text
$(foreach variable, list variable body $(foreach name, zhao
list, body) wang zhao gian, $(shell echo hello $(name)\)) hello zhao, hello wang, hello zhao, hello gian
155
Make
1.
1-10
1-10 Make
$@ target
$* $@ target
$A (space)
$? 4 3 $?
$+ $ $+ $a
$<
2.
1-11
1-11 Make
MAKE_VERSION make
CURDIR make
MAKEFILE LIST make makefile
VARIABLE
Make C/IC++ C/C++
1-12

22



1 Linux

1-12 C/C++

CcC C gce
CXX C++ g++
CXXFLAGS C++
CPPFLAGS XPP
TARGET-ARCH arm x86

LDLIBS

1.5.6 ( Pattern target)

Make

C 3 C fl.ce f2c mainx, fl
£2 main.c

*PHONY: test
test: fl.o f2 .0 main.o
gcc -o main.bin fl.o f2

fl.o: fl.c
gcc fl.c fl.o

f2.0: f2.c
gcc f2.c -c f2.0

main.o: main.c
gcc main.c -m main.o

0BJ = fl.0 f2.0 main.o
*PHONY: test
test: $ (0BJ)

gcc $(0BJ) -o main.bin

%.0:%.c
gcc -c -0 %0 $<

%.0 “ ” -0
$@ $<



Android

1.5.7 Target-specific variable )
Make
CFLAGS = -C
EloNY: tarl

1
¢ $ (CFLAGS) main.c

tar2 : CFLAGS =
tar?2
gcc $ (CFLAGS) main.c

CFLAGS - Make tarl gcc
-cmain.co tar2 gccmain.c, tar2 CFLAGS
tar2 “ ”
tar2

tar2 : CFLAGS =
I gcc $ (CFLAGS) main.c

make -e

$ make tar2 -e CFLAGS="-c -g"

-c -g main.c

override

2 : override CFLAGS =
tar2
gcc $ (CFLAGS*) main, c

llMake 7 (13 7”7

I $ make tar2 -e CFLAGS="-c -gM



Linux

Make -e override
1.5.8
make

manmake Framework

e ——environment-overrides (-€) make

e —touch(-t) target

e —directory(-c) Makefile Make f

o —file(-f) Makefile Make

Makefile  Makefile.mk
e —just-print(-n) Android
e -1 lib IName libName.so

libName.a



|~ P | 2 Java

el Migin, .. Lo . " L

niROD

c Java C Java
Java Framework

DexClassLoader

Java “ ”  ClassLoader) Class

Java SDK ClassLoader Class ClassLoader
Class

ClassLoader

import import

AppleLet Java
, Class Android
Framework Class
Framework,



2 Java

. Jar
. Framework WindowManagerService
Jar Jar import
Framework Framework
Jar
ClassLoader
ClassLoader
ClassLoader Java Runtime ClassLoader Runtime
Java
ClassLoader ClassLoader, Class ClassLoader
ClassLoader Class ClassLoader Class ClassLoader
ClassLoader Inside the Java Virtual
Machine Bill Venners
http://Amwww.artima.com/insidejvm/ed2/index.htmlo
Android Java Java Class
APK dex dex Class
Class
dex dex Class Class

DexClassLoader Android SDK

DexClassLoader

2.1.1 DexClassLoader

DexClasslLoader
Plugin, Plugin PluginClass

public class PluginClass {
public PluginClass(){
Log.i("Plugin®™, "PluginClass client initialized");

public int functionl(int a, int b){
return a + b;

27

DexClassLoader

APK Host
fimctioiil(),


http://www.artima.com/insidejvm/ed2/index.htmlo

Android

Host DexClassLoader PluginClass fUnctionlO
Plugin.apk Android Host Activity
public void useDexClassLoader(){
Intent intent = new Intent("com.haiii.android.plugin.client”, null);
PackageManager pm = getPackageManager();
final List<Resolvelnfo> plugins = pm.querylntentActivities(intent, 0);
Resolvelnfo rinfo = plugins.get(0);
Activitylnfo ainfo = rinfoeactivitylnfo;
String div = System.getProperty(npath.separator");
String packageName = ainfo.packageName;
String dexPath = ainfo.applicationInfo.sourceDir;
String dexOutputDir = getApplicationlnfo().dataDir;
String libPath = ainfo.applicationlnfo.nativelLibraryDir;
DexClassLoader cl = new DexClassLoader(dexPath, dexOutputDir,
libPath, this.getClass().getClassLoader());
try {
Class<?> clazz = cl.loadClass (packageName + ZePluginClass”’
Object obj = clazz.newlnstance();
Class[l params = new Class[2];
params[0] = Integer.TYPE;
params[1] = Integer.TYPE;
Method action = clazz.getMethod("functionl"f params);
Integer ret = (Integer)actioneinvoke(obj, 12, 34);
Log.i("Host", "return value is " + ret);
DexClassLoader
« dexPath, APK Jar
APK Jar /data/app/com.haiii.android.plugin.apk
System.getProperty
( “path.separtor”
e dexOutputDir, dex APK Jar
APK Jar dex dex Android
Linux id

/data/data/com.haiii.android.pluginhosto
libPath, C/C++

DexClassLoader loadClasY)



2 Java

Class Class PluginClass Class ClassLoader
PluginClass PluginClass
PluginClass Class newlnstance() PluginClass
PluginClass
PluginClass Host PluginClass
PluginClass PluginClass
Method Class getMethod()
functionl getMethod()
Method Method invoke()
PluginClass Class
newlnstance()
Log

05-14 19:24:39.961: INF /Plugin(704): PluginClass client initialized
14 19:24:53.751: INFO/Host(704) : return value is 46

ClassLoader

Method Method
interface interface
interface Plugin Host
Phxgin

public class PluginClass implements Comm{
public PluginClass(){

Log.i ("Plugin', "PluginClass client initialized");
public int functionl(int a, int b){
return a + b;

Comm



Android

public interface Comm {
public int functionl(int a, 1int b);

Plugin.apk
Host Class newlnstance()
try {
Class<?> clazz = cl.loadClass(packageName + "_PluginClass");
Comm comm = (Comm)clazz.newlnstance();
Integer ret = comm.functionl (12, 34);
Log.i1("Host"™, "return value is " + ret);
L]
L]
L]
L]
ClassLoader
Host Plugin 2-1
VvV st Y _src
W com,haii,androidxomm com.haiiLandroid.pliigin
A _ ACommjava | -2 Gient.java
- y| Commjava > 2] PiuginCfassJava
' |Bcorrs.haiii.android.host P Pkigindsss2,|av3
A Welcome java ¥ jm ited
» “Android 23,1
.AAndroid 2.3,1
if-assets > b plugindar - /ysers/k™yci/gionfsiipk
&massets
» S?.sh
lal A*droldManilisst.xmi O AndrosdManifesLxmi
2-1 Host Plugin
. Host Comm.java
* Plugin Comm Jar Jar

Plugin build path “ Jar”

Library



2

Java
Jar Plugin  Host
“Class ref in
pre-verified class resolved to unexpected implementation
0 forPlugin ..

type St*ftext Java Build Path
ﬁ ............................... :_airgg ........... sssve : y ................................................................................
jaeBik B dss aehinth

s java Code Sty* fi ~ AnldroS2J i

HavaCompMer Aplugm

"java Editor -

javadoc Location M4 Odedi jARS.,.

Project References

liefactoring Hsstory

Run/Debug Settings

Task Tags

ed ) ( :
2-2 Plugin Jar
Jar Host Comm Jar
Host sh
#1/bin/sh
; cd /Users/keyd/gongsipk/Host/bin
jar -cvf /gongsipk/plugin.jar ./com/haiii/android/comm
Host action
*com.haiii.android.plugin.client” Activity
AndroidManifestxml action
activity android: name=" .Clientf
android:label=M@string/app_nameM>
<intent-filter>
<action android:name=ncom.haiii.android.plugin.client™ />
</intent-filter>
/activity

PackageManager querylntentActivities()
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res res/values/string.xml
res = pm.getResourcesForApplication(packageName);

m int id = 0
id = res.getldentifier("version™, "string” packageName);

String version = res.getString(id);

Resources version id
getStringO
res/values/string.xml version
Android theme
Ul
Framework Resources
App Store Android Google
interface interface
f JN |
Java Native Interface (JN 1) Java native) — C/IC+ ( C)
Java c
. C Java
. Java C C
. Java C C
Java C
Java JN | JNI
Java (3 C Java
Java C Framework JN I

Framework



2 Java

2.2.1 Java C
Java native native
native C Java native

native C
native C 18 Make
jni.h
native Java C Java
C

Framework AssetManager

| private native final void init();

Cc

static void android_content-AssetManager_init(@@NIEnv* env, jobject clazz)

Java
Java native native

native native
AndroidRuntime registerNativeMethods() Java native C
C JNIEnv Java GVvMm)

JVM “ ” JVM jobject
AssetManager

native native

| private native final String[]l] getArrayStringResource(int arrayRes)

C
static
J ctArray android-content_AssetManager_ getArrayStringResource (JNIEnv* env, jobject clazz,
t arrayResld); »
native Java Java
t native jint String jobjectArray jni.h

./ dalvik/ libnativehelper/include/nativehelper/jni.h
.lexternal/webkit/WebKit/android/JavaVM/ jni.h



Android

./ ndk/build/platforms/android-3/arch-arm/usr/include/jni.h
e/ ndk/build/platforms/android-4/arch-arm/usr/include/ jni.h
e/ ndk/build/platforms/android-5/arch-arm/usr/include/ jni.h
./ndk/build/platforms/android-5/arch-x86/usr/include/ jni.h
./ndk/build/platforms/android-8/arch-arm/usr/include/ jni.h
.I'ndk/build/platforms/android-8/arch-x86/usr/include/ jnieh

platforms Java
CPU
Java C
Java native C
“ C Java
” Java javah
Java
Foo.java
pockage
3 ppillc Clail Poo {
é :m&tim iiit ftsozCi  a* String b);
6}
javah
-d /Desktop -jni com.haiii.android.client.Foo
-d -d —jni —jni
jni Class javah Class

com_haiii_android_client—+00.h

|7 OQ HOT ESIT THIS FILE - it ii wmchimm frat~cl
|7include <jni.h>

|7 Meader fsr class ili_~radroid_cli@ r?t_fq© /
j#ifodef rsclyded_coffishaii mid_cIm
| detine _In£ ILiderf_c:o”mhsii:i_snGro:Lcf_c:lient_Foo
! cplusplus
| extern ~Cn {
\ mlif
%
¢ Class:

* Wethod s fool
A .
*/SII atyre; {I¥

JINTEXPORT void JINICALL Java_coi!_haiii_an(lroid_client_Foo_fooi
(INIEnv jobject);

Class? coii_haiii,,and roidnclient_Fo®©
Method: fos2
w SigRatyre” liLjaval/lang/String”

7/
:INIFEXPORT jint JINICALL Java_cgin_haiii_android_client_Foo_fo02
(INIEnV jobject, jintr jstring);

i#ifdef cdlusplus
1> —

i#endif

#endif



C 18.6.9
System.loadLibrary( “lib—rame” )

C

get/set

Java
Java

native

Java C
(3
222 C Java
C
Java native
C C Java
Java
Java
1 Java
| els = env->GetObjectClass(jobject)

env Java C
env

els jelass
2 Java id

| Jmethodld mid =

Java
String
2-1
Java
boolean z
byte B
char C,
double D
float F

env->GetMethodld (els, "method_name",

Java
21 Java native
native
int
long
Object
short

Java

native

Java

C Java

2 Java
Java native
Java
C Java
C Java
Java
Java C
C C
Java C
” jobject

" ([Ljava/ lang/String;)V"™)

[Ljava/lang/String

Java

String

\V void GetMethodld

Java

native
1
L
‘'L 1+'packageName’ +";'

S
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Java javap p

\ javap ~s com/haiii/android/client/Foo

-s Signature)

Compiled from "Foo.java"

Params)

public class com.haiii.android.client.Foo extends java.lang.Object{

public com.haiii.android.client.Foo();
Signature: (V

native void fool();
Signature: (V

native int fo 2(int, java.lang.String);

Signature: (ILjava/lang/String;)

¥
f

| env->CallXXXMethod(jobject, mid, ret);

XXX
Long, Float Double JINI

mid
C Java

2

| els = env->GetObjectClass(jobject)

2 id

INI

Void Object Boolean

j jfieldld fid = env->GetFiledld(els, “"filed-name™, T ”~

filed_name Java
3

| value = env->GetXXXField(env, jobject,

ret

Java

Java

Java

Byte Char Short

Java

Java

Int



foo2()

2-3

native
FoDlriternal

void com”™JnitQl
Foolnlemal internal

new FboimernalQO;
\

J
void com,,.jem i Of  -———-

native
Gom i andr

23 C

Foo.java init()
Foolntemal Foolntemal
native

mObject

Java mObiject ,

mn()

2

eprivate int mObf t;.

- nalive void

native void tm iq ;

-—- native _id 20;:

Java
Foo.java

native initQ
native
Foolntemal
int

Java

fool()
Foolntemal



2.3.1

Android

2.3.2 Android

Android

Android

2-4

MessageQueue)

while (true)



2 Java

2-5 Android

Handler Handler
Handler MessageQueue MessageQueue
MessageQueue Handler handleMessageO
Handler MessageQueue Looper

1. Thread Local Storage)

Looper prepare() MessageQueue

public static final void prepareO {
if {sThreadLocal.get() null) {

throw new RuntimeExceptionC”"Only one Looper may be created per threadZ);

slhreadiocal,setfnew LooperC))

1

sThreadLocal ThreadLocal,
TLS) ?



Android

ThreadLocal Looper sThreadLocal
Looper.prepare() prepare() sThreadLocal
sThreadLocal prepare() id
“ ” sThreadLocal set() Looper
Looper
prepare() sThreadLocal.get() Looper
Looper Looper
Looper Looper MessageQueue
Looper “ ”
ThreadLocal “ ” ThreadLocal
ThreadLocal
ThreadLocal 2-2
2-2
X
TLS)
IPC) Bindeis
2. Looper
Looper prepare()
loop()
Looper prepare() Looper Looper
MessageQueue
16Z2- private Looper() {
1b3 mQueue - ne% NessageQueue();
. 164 MRurt - true;
16S mfhreod Thread, currentreadQ i
18fo }\
Thread mn(Q)

Looper.repare()
loop()

MessageQueue Looper.loop()



H public stcitic finol void loop() {

.107 looper ii€ « myLaapetOi
1. Messog©Queue queue M€ .nQueue;
1 _hil# (try#)
116 Message msg - queue.nextCy // might block
111 /11T (Ime.niRun) {
1n // brmmki
113 11}
1.4 if (msg null) {
1S if ( sg,target — null) ({
118 // io tsrfit is & iingici Ueiitifi r for the quit
117 _ty
1S }
11 if JdiLapgingl® oyll) Me,iiLagging<prinlln(
12i Dispatching to 1 ¢ msg,target # * 'f
Ul 4 msg, callback « 4 MSg.what
1=
1J3 mSg,torget,dispstch_esS&QE(mSO;
124 if (e,_loggingl null) €*iiloggin printing
L2S N< «« finished to I insg.target 4 7 *
1~8 4 MSg,callback);
12z msg,recycleC);
}

140 ; }

1 myLooper() Looper sThreadLocal.get()

id Looper
2 while(tme)
(1) MessageQueue next() lj
next() MessageQueue /

(2) msg.target.dispatchMessage()

msg Message msg.target Handler
(3) mSsy.reCyCleO Message Message
Message Message
Message Message

3. MessageQueue

MessagQueue Message
Message next



Android

MessageQueue “ “ ” next()
enquenceMessage() o
next()
1 nativePollOnce(mPtr, inttime ) JNI
MessageQueue JN I C
C NativeMessageQueue nativePollOnce()
int C NativeMessageQueue
w ait); C
Java mMessages
2 SNChroniZed(thiS this
enguenceMessage() synchronized(this)
mMessages
3 mMessages C
mPendingldleHandlers “ " MessageQueue “
enquenceMessage()
msg mMessages
2 nativeWake(mPtr) JN | mMessages C
wait)
4. Handler
MessageQueue / /
Looper.loop() msg.target handleMessage()
msg.target Handler
Handler Handler handleMessage()
Handler Handler
143 looper m Looper.myLoopeti) ;
144 ; if (mLooper null) {
14S thrmi nmi RuritinieExcep ion(
146 : Ican1l create hondler inside thread that has not calli
14r H
Handler Looper.prepare() prepare()

Handler Looper.loopO



Activity Handler
Activity Looper.prepareO
Handler Looper.loop()
handleMessage()
Framework
(IPC) —

2

Activity

Message

Handler

Java

Handler



3 Android

Android Android
http://source.android.com/source/index.html

Mac
Mac Unix-like Android Framework
Mac Mac
Mac

31.1

Mac Case-insensitive)

Photoshop
)
1

2% Applications/Utilities/Disk Utility

Android Framework


http://source.android.com/source/index.html%e3%80%82%e5%9b%a0%e6%ad%a4%ef%bc%8c%e6%9c%ac%e4%b9%a6%e4%b8%8d%e5%87%86%e5%a4%87%e4%bb%8b%e7%bb%8d%e8%af%a5%e9%83%a8%e5%88%86%e5%86%85%e5%ae%b9%ef%bc%8c%e4%bd%86%e5%85%b3%e4%ba%8e%e4%b8%8b%e8%bd%bd%e5%8f%8a%e7%b3%bb%e7%bb%9f%e9%85%8d%e7%bd%ae

3 Android

Android 20GB 3-1
.t andfoid.dmg
1160.04 CB i Save As: android 1j7j
3HL-DT-ST N + keyci . LT 0,
Ft up from
Drv;crs _ android r
r com, google _ android-sdk-mac_S6 JterSdlick
andrond.fin* i.J iDisk andrqd.dmg
P android android3 anr?]TOIdB
j aindroid3,dr - _esrgiroid )
andfoid3 >1.; android22
Name:;Disk image
Size:  Custom... (20 GB) T)
forrmt:  Mac OS Extended joyrnated) T1
Enayptmn: \omie T
Partitions: i Singte pmtMon - Apple Part a?M™ ... _
Image Format: resd/write disk Irrmg* T1 hdfy Disk
New Folder Cancel , Create :
Qii&k Description : Apple read/write Total Capacity 2QAS CB (20,480,032,768 Bytes}
Connection Bws: Disk Disk Write Status: Rcad/MWi"te
Map Scheme: Apple Partition Map
3-1 Mac
3 android.dmg Android
dmg hdiutil

.profile

| function mountAndroid { hdiutil attach /android.dmg -mountpoint /Users/keyd/android; }

hdiutil —mountpoint dmg
/Users/keyd/android keyd android
android.dmg Temimal
mountAndroid

keyd-2: keyd$ mountAndroid

/dev/disk2 Apple-partition-scheme

/dev/disk2sl Apple_partition_map

/dev/disk2s2 Apple-HFSX A sers/keyd/andr id

/Users/keyd/android android.dmg



Android

3.1.2 port
port Mac Ubuntu apt-get
Android port Framework port
port
port port

| $sudo port selfupdate

port

| $sudo port upgrade outdated

| $sudo port install <portname>

port install
port clean
| $sudo port clean --all <portname>
Linux USB
usB Android adb Mac
Linux Linux USB
1 USB Isusb vendorld productld
2 /etc/udev/rules.d/ 99-android.mles

vendorld productld

SUBSYSTEMS=="usb", ATTRS{idVendor}=="18d1", ATTRS{idProduct}==ndel2",
I MODE=M0666n, OWNER=Mkeyd"

OWNER Linux
3 usb

sudo /etc/init.d/udev restart

f Eclipse Framework

Framework



331

Android

# Y bin/bash
#FileName get-android.sh
PATH=./bin:$PATH

3 Andmid

Android
2GB

repo init -u git://android.git.kernel.org/platform/manifest.git -b master

repo sync
while [ $? = 1 1]; do
echo ,E===========sync failed, re-sync again ====="
sleep 3
repo sync
done
3.2 Framework
Framework Eclipse
1  /root/to/android/development/ide/eclipse .classpath
2 Eclipse Java android2
Eclipse android2 Java
Eclipse Java
Android android2
packages/inputmethods/PinyinIME
.classpath

repo sync

android

android

android2

<classpathentry kind="3rcn path=,packages//inp“atmethods/PinyinlIME/srcn/>

Framework

* Framework Android

TCP

8600

Eclipse

47>

run/debug

.classpath

Android

system_process



Android

¢ Framework SDK
android2
Framework system process
run/debug Framework
Eclipse 3-2
Class Iditor
Soyrce not feynd
The JAR file /Us€!rs/k€yd/itidfoici-»sdk™ ma€_S6/platforms/andrDid-9/androiflj2r has i
Yoy can attach the sourci by clicking Attach Sctyrc€ below:
Attacli Source...
// Compiled from Activity. va Cversion 1S : 490, super bit)
pyblic class and:roid Activity ©xteods android/vifw.ConlextTliemeWrapptr implerr™
3-2 SDK
“Attach Source...” android2 android2
SDK androidjar Framework
packages/apps/Contacts Framework
SDK androidjai* Eclipse
Contacts.apk Contacts.apk Contacts
Jar Jar Contacts
Eclipse Contacts.apk Terminal $make Contacts
Contacts.apk
Eclipse Contacts.apk
run/debug
1 Android Contacts ddms Contacts
TCP Contacts android.process.acore TCP 8602

3-3



3 Andmid

Q Devic€s ~ Emulator Control & §Q$0 9
Name
emulator»5SS4 OnAhiie master [ADSP, debug]
syst€m,,process 66 8600
com.androidJnputmethod.la”n 121 8601
com.android.systemui 132 8504
com.androidJauncher 134 S6QS
com-android.smspush 205 8B07
com.android.phone 264 8603
com. coolsris.medla mi$
1 com,androfd,defcontain€r 397 mm
com.android.voicedialef #07 8611
com.svQX.pico 419 B610
com.android.qgiiscksearclibox 427 B&12
--. - -m
1
3-3 TCP
“run/Debug Configurations...” 3-4
J>~bug Configurations
| Create, manage* and run configurations
Attach to aJava virty"machi ne accepting debug connections
Name:  contacts
5: I r H n
. I i PAgH:
gr 1 _
N 6_ E T
L= |
n r
-ul! I H
n
r
la_ f
osE
e I
! |- X j AHow of rtmott VH \.
| .
Ior w
f
!
Aply
i filter matched 25 of 34 1
m 02033
3-4 Remote Java Application
Remote Java Application
Project android2 Contacts Port
Contacts TCP “Debug”
Contacts “Debug”

system_process system_process



Android

Andmid Activity
systemjrocess
Framework system_process

1 system process TCP

run/Debug Configuration.s ¢ Remote Java Application,

TCP
3 system_process WindowManagerService.java

system_process SDK SDK
system_process
Fmmwork Eclipse
Remote Java Application Contacts
Contacts systemjprocess 3-5

> DalvikVM |localhost:88001
contacts (Remote Java Applicatioul
> Daivik¥Miioc2!:host:86021

com,android.inputmethod.latin 12
com.andfGid.systemyi 13

com.andfoid.defcontainier

corri.androtd.v©ieildtaier



OfID~AOD

git
difference) git
git Linus
Linus BitKeeper
BitKeeper

Linux Linus Torvalds
BitKeeper Linux
BitKeeper Linux

. Linux),
Linux Kernel git, Google Android
git
git
. Repository)
Remote)
. Commit) Snapshot) ,

Delta) git

merge)

2005
Linus

git git

git

SVN



Android

git
http://progit.org/book/
git Window Linux M ac, Mac Linux
git http://git-scm.com/ git
Linux git-core git git

j $apt-get install libcurl4-gnutls-dev libexpatl-dev gettext libz-dev git-core

Mac

1 sudo port install git-core +svn +doc +bash-completion +gitweb

git

JE ey

git
4.2.1

Repository Google repo
branch) commit) “ "
delta),
git svn
git object) commit) tree) blob)

sha-1 4-1


http://progit.org/book/%ef%bc%8c%e8%bf%99%e6%9c%ac%e4%b9%a6%e5%86%85%e5%ae%b9%e6%af%94%e8%be%83%e7%ae%80%e6%b4%81%e6%98%8e%e4%ba%86%e3%80%82
http://git-scm.com/%ef%bc%8c%e5%ae%89%e8%a3%85git%e5%8f%af%e4%bb%a5%e9%80%9a%e8%bf%87%e4%b8%8b%e8%bd%bd%e6%ba%90%e7%a0%81%e5%ae%89%e8%a3%85%ef%bc%8c%e4%bd%86%e6%98%af%e7%ac%94%e8%80%85%e8%bf%98

| size'
Wob S 3 ac
geofte blog 9!fe7 bc

tree  chala fib j
commit ofmy project

4-1 commit tree blob

f blog [ mo”

commit tree)
committer) comment) tree
author committer author committer
tree
blob blob tree tree
tree
git
blob C
git Snapshot) 4-2
4-2
874s. . e234b. .
_ 1 fl R N R ceene-- N
cotnmit commit commit Sim
tree f2ec2 tre« a20fa Q-ee b345¢
author keyd author teyd author keyd
committer google asmmister lie committer google
parent ?Sca9 parent 8754e
comraetTt,
initial commit of  project comment comment B
add apple torton add orifien fuction
(V2 . J v J v J
Snapshot CI Snapshot C2 Snapshot 0

4-2 commit Snapshot

author)
tree
git commit

git



Android

4-2 parent
4-3
4-3
git git
« .git/objects commit tree blob
e git/refs/heads
e git/refs/tags tags)
e .git/logs/HEAD HEAD
e git/logs/refs/heads master HEAD
4 .2 .2
git
$cd /gongsipk/mydir
$echo "this is file A" »
$echo "this is file B" » b.c
$git init
$git add
$git status
$git commit -a -m ""first created"
/gongsipk/mydir * git status
commit -a modify)
(delete) -m memo
-a commit staged area
git
staged area, git commit)
git g it git
stage “ ” “ ” “ ”
stage stage area git add git commit stage area
git add git add
git commit -a



4 git

git branch

$ git branch
aster

master * branch

| $git clone git:z//url local_dir
git://url local_dir
checkout Android git
http://android.git.kemel.org/ Contacts

% $git clone git://android.git.kernel.org/platform/packages/apps/Contacts.git

4.2.3
branch commit), git
snapshot)
40 SHA-1
40 SHA-1
Master development 4-4
4-4
devepment Master Temp A C D

55


http://android.git.kemel.org/%e3%80%82%e5%8f%af%e4%bb%a5%e5%b0%9d%e8%af%95%e5%85%8b%e9%9a%86Contacts%e5%ba%94%e7%94%a8%e5%af%b9%e5%ba%94%e7%9a%84%e4%bb%93%e5%ba%93%ef%bc%8c%e5%91%bd%e4%bb%a4%e5%a6%82%e4%b8%8b%ef%bc%9a

Android

4-1

$git branch

-b temp

$echo "add DIM » a.c

$git add a.c

$git commit

-m "this is DI"

$echo "add D2n » a.c

$git add a.c

$git commit

-m "this is D2"

master

$git checkout master
$echo ™"add C2" » a.c

$git add a.c

$git commit

-m "this is C2"

$echo "add C3" » a.c

$git add a.c

$git commit

-m "this is C3"

$echo "add C4M » a.c

$git add a.c

$git commit

master

-m "this is C4"

development
C2

$git checkout master

it log
it log
gitlog - p,
» gitlog —pretty=oneline,
g§ 1(» 02

development

git branch development 39c2a2399a7e2721a4c3490c57balc51fe68a417

$git branch

git checkout development

-d development

commit

development
C2

development

git branch
git

/gongsipk/mygit

39¢c2...),

branch



git merge
merge “ ” merge
merge

$git checkout master
it merge development

erge merge from,
de pment master

<<<<<<< HEAD
this is C5

this is A 2
» » » > development

7 113 11 “HEAD"

git

45 merge

merge

4-5

Al

git

git



M | merge

development
git merge #

e —eommit, —no-commit commit  Pmerge
merge
| $git merge --no-commit development

 -m merge

| $git merge -m "merge from development” development

merge

master ax 8

public void f1({
// master branch

developer

public void f1(Q{

a.c 8

/1 developer branch

}

master
mergetool
merge

E B it rebase

rebase

developer

git mergetool merge

git commit

4-6 rebase

master

commit,

git

merge

merge

no-commit,

49



master development master owner
master master
development “ ”
$git checkout development
it rebase master
base merge git commit rebase
4-7
development
4-7 rebase
rebase D1
D3’ DI’ D1 C2 D3 D3 C2 rebase
c2
development D3 D3 C4 merge | rebase
e rebase merge rebase “ ” D3 D1
* rebase “ 7 “ 7 merge
° rebase_ (13 7 merge (13 7”7 (13 7
e rebase — development
merge —

rebase



Android

4-8

nl j

fl £2 fi,
fl master
rebase
4-8 rebase——- onto
4-9
$rebase -monto master development issuel
-onto development issuel “

issuel

4-9 rebase——- onto

__|_'

development

£2

rebase

f3

master

£2



4 git

11: 9 _ _
cherry-pick
cherry-pick merge rebase merge rebase
cherry-pick 4-10
master
M1 M2
r
c1 >C c= )AE c= ca
\ >
4-10 cherry-pick
master cherry-pick devl dev2 dev3
master MI M2 FI D2 D3

j $git cherry-pick sha-1

sha_l gitlog gitreflog git f*sck cherry-pick
git git snapshot) ,
delta) svn
4-10
F1 master, F1-D1-C1 C4-C3-C2-C1
git F1 C4
cherry-pick

61>



Android

cherry-pick
D2 master
D2
D2
D2

cherry-pick merge

master
rebase

 cherry-pick
e git merge
e (Qit rebase

1 git reset

reset HEAD)

reset -soft -hard

$ git log --pretty=oneline

3ae2be7814116102da641813bdf7 62a5a74a880e
54a47f1d4f51f9b97e8f283648705ac754ee8b96
7baab210e6f9e5164 67b0528443c04el4681la7f2
316c3441el224151371ddb5f03dde2ffcc8abbcc
41714d84231cfla362c019171f4ea51lec5dab379
0b677419b7f3c5dd0bea087ba691badbl2ac8 9a9
071523bd42a41393b0alc4361365d50160090dd4
39c2a2399a7e2721a4c3490c57bal0c51fe68a417
31492482a0a3db01745a21f2 6f37c72beal271ea
$ git reset --soft HEAD 2

$ git log --pretty=oneline

3f6c3441el224151371ddb5F03dde2ffcc8abbec
41714d84231cfla362c019171f4eablec5dab37 9
0b677419b7f3c5dd0beal087ba691badbl2ac89a9
071523bd42a41393b0alc4361365d501600 90dd4
39c2a2399a7e2721a4c3490c57badc51fe68a417
31492482a0a3db01745a21f26f37c72beal271ea

-soft

HEAD 2 HEAD 2
-8 HEADARA HEAD 2
——hard soft
hard

git merge

git rebase

git merge
git rebase

rest ok
Merge branch
add A_1
merge from development
add Al

this is C4
this is C3
this is C2

first create

merge from development
add Al

this is C4

this is C3

this is C2

first create

reset

"development®

4

4-10

master

C1l

HEAD
HEAD

commit

soft

C4,



4 git

reset HEAD commit 40 SHA-1

j $git reset --soft 41714d

reset reset
g it (13 7 13 ”
. reset branch HEAD
branch branch, branch “
git log
HEAD reset git
log reset

localhost:mygit keyd$ git log --pretty=oneline
a3bel4bea69b687c4affdbf96108d906cc9dfaba reset new
071523bd42a41393b0alc4361365d50160090dd4 this is C3
39c2a2399a7e2721a4c3490c57ba0c51fe68a417 this is C2
31492482a0a3db01745a21f2 6f37c72beal271ea first create
localhost:mygit keyd$
localhost:mygit keyd$ gtreset — soft HEADAA
localhost:mygit keyd$ gt log --pretty=oneline
39c2a2399a7e2721a4c3490c57ba0c51fe68a417 this is C2
31492482a0a3db01745a21f2 6f37c72beal271lea first create

j localhost:mygit keyd$ gtreset --soft a3bel4bea69b687c4affdbf96108d906ccIdfa5a
localhost:mygit keyd$ gt log --pretty=oneline

j a3bel4beat69h687c4affdbf96108d906cc9dfaba reset new
071523bd42a41393b0alc4361365d50160090dd4 this is C3
39c2a2399a7e2721a4c3490c57ba0c51fe68a417 this 1is C2
31492482a0a3db01745a21f2 6f37c72beal271ea first create

gitreflog HEAD HEAD, HEAD
reset “ ” 4-11



Android

Cl C2 C3 Ca
411 M| “ !

M | reset c2 Cc2
C3 ¢C4 M 1 git log M I
git log gitreflog, c4
C3 C2 M I, M | HEAD

localhost:mygit keyd$ git log --pretty=oneline
489e07ab4 9423bb4f56075107a2e42723413be7e C4
66702461d3daf095573ced4f04fae53833023d5d C3
39c2a2399a7e2721a4c3490c57baldc51fe68a417 this is C2
31492482a0a3db01745a21f26f37c72beal271ea first create
localhost:mygit keyd$ git reflog -1 -5

489e07a HEAD@{0}: commit: C4

6670246 HEADO{1}: commit: C3

39c2a23 HEADO{2}: HEADA: updating HEAD

Te09052 HEAD@{3}: commit: MI

39c2a23 HEAD@{4}: 39c2a2399a7e2721a4c3490c57ba0c51fe68a417: updating HEAD
localhost:mygit keyd$ git branch mirestore fe09052

reflog -1-5 limit) 5 M |
mirestore
git fsck-fiill branch
.git/logs/ “ ”
.git/logs .git/logs/ HEAD
“ ” 4-12

development



4 git

developmetn D1 D2 .git/logs gitreflog
D1 D2 git fsck

$git branch -D development

$rm -Rf _/git/logs/

$git reflog

$git fsck full

dangling commit 07b9badcc38304df92f9d0de5f72113c6fa25000
dangling commit 20cfbh66627a3099c36ce08806da2 6b27a0 99bc7a
dangling commit 3ae2bhe7814116102da641813bdf762a5a74a880e
dangling blob 4170f6e80clc3fab501abd2a5369971c42252f18
dangling blob 832004c148a0515b68d01fchbl5507d154d2c00a6

“ ” commit blog, tree
commit commit D2, ccommit D1

cat-file

localhost:logs keyd$ git cat-file -p 07b9badcc38304df92f9d0de5f72113c6fa25000
tree a8508b95d9ebeObada8bc2a4407371e82d02f8c6

parent d32229c7fld98b6ab7a244bfb5ea5a5530a3d634

author Yuandan Kerr <yuandanke@gmail.com> 1284953366 +0800

committer Yuandan Kerr <yuandankeOgmail.com> 1284953366 +0800

D2
$git branch temp 07b9badcc

git cat-file commit -p pretty

git fsck
Jqgit/logs/

git remote

remote 4-13


mailto:yuandanke@gmail.com

Android

4-13 original master
name/bmnch
HEAD remote 4-13 master
original/master tracking)
master remote master original/master
git clone
remote remote

| $git remote add name url
| $git remote add provider git://git.android.kernel.org/platform/msm.git

$git remote $git remote -v

$git remote show name, name

L]
, fetch
pull fetch |t curcompenyzan
pull fetch
(a~(ci oe >S~(m)
merge
(tracking) merge 1
git push
$git checkout master
$git fetch original
4-14
fetch
orginal/master
4-14 git fetch

| $git

pull original



$git commit -a -m "merge completel
it push original

it push

| push git_name src:des

cp) git_ name
des des src
git name master:master

. tracking)

| $git checkout -b new_branch_name remote/name

| $git checkout --track remote/name

name

. push

| $git push git_name :des

des src
git
git
e-mail
gitignore git
git

 /etc/gitconfig
/opt/local/etc/gitconfig
« /.gitconfig:

« .git/config

git config—-system name value

4 git

src des
git push git name master git push
remote/name
merge)
Snowlepard

git config—global name value

git config-local name value

.git/config



Android

49.1

E-mail

$git config user.name “Yuandan Kerr*
it config user.email “yuandanke@gmail.com®

git config —list git config prop name

d:mygit keyd$ git config - list
color.ui=auto
user.name=Yuandan Kerr
user.email=yuandanke@gmail.com
core.excludesfile=/Users/ keyd/ .gitignore
merge .tool=extMerge
mergetool.extMerge.cmd=extMerge "$BASE"™ "S$LOCAL" "S$REMOTE" "$MERGED™

mergetool .trustexitcode=false
diff.external=extDiff
coreerepositoryformatversion=0
core.filemode=true

core.bare=false
core.logallrefupdates=true

keyd:mygit keyd$ git config user.name
Yuandan Kerr

keyd:mygit keyd$

4.9.2 merge diff

merge
Linux meld Mac pdmerge p4merge
http://mwww.perforce.com/perforce/products/merge.html merge git
merge $git mergetool merge git
merge $git
mergetool $git commit
merge
diff
Mac merge diff Linux
1 extDiff extMerge,

$ cat /usr/local/bin/extMerge
bin/sh r


mailto:yuandanke@gmail.com
http://www.perforce.com/perforce/products/merge.html%e3%80%82%e5%bd%93%e8%bf%9b%e8%a1%8c%e5%90%84%e7%a7%8d

/' Applications/p4merge.app/ Contents/ MacOS/ p4merge $

$ cat /usr/local/bin/extDiff
#1/bin/sh
[$# -eq 7 ] && /usr/local/bin/extMerge "$2" "$5"

Mac

$ sudo chmod +x /usr/local/bin/extMerge
udo chmod +x /usr/local/bin/extDiff

git
config --global merge .tool extMerge
$ git ~config--global mergetool.extMerge.cmd \
"extMerge "$BASEn n$LOCAL"™ "$REMOTE"™ n$MERGEDN "

$ git config--global mergetool.trustExitCode false
$ git config--global diff.external extDiff

merge

keydimygit keyd$ git merge dev
Auto-merging a.c
CONFLICT (content): Merge conflict in a.c

/usr/local/bin

Automatic merge failed; fix conflicts and then commit the result.

keydimygit keyd$git mergetool

gitmergetool,

4-15 p4merge

4-15

git
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keydrmygit keyd git commit -a -m "commit merge"

merge—
mergediff

$git checkout master
$git diff

4-16

nNANNAN A O > 4 "
1diffs Ognore line ending differences) Tab spacing: 4 Encoding: System
9 1/-Tmp-//1F1NC5 a,c Q ac
4-16 gitdiff
4.9.3 .gitignore
.gitignore git eclipse ADT
ADT bin gen
.gitignore
# a comment - this is ignored
bin
gen
.classpath
.project
.gitignore

e [abc] abc

Android



4 git

.gitignore “ ” git

.gitignore
f $git rm -r --cached bin
—-cached

.svn

$find . -iname M.svn" xargs git rm -r --cached

\
III git svn

svn svn
git
svn swn ci git
git
git checkout 4-17

4-17 git svn %
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svn svn git
.gitignore git svn
svn git svn
svn://192.168.1.3/svn/contacts

$svn co svn://192.168.1.3/svn/contacts
e $cd contacts

$git init

$echo ".svn" » .gitignore

$git add *

$git commit -a -m "first creation”

contacts git
branch svn checkout svnci

git
githelp Gnd__name
cmd_name git help branch gitbranch

4.11.1 git branch

sensor

| $git branch sensor

sensor hardware

| $git branch sensor hardware

commit) sha-1

| $git branch branch_name sha-1

sensor
J $git branch -D sensor

-D commit) git

4.11.2 git checkout

sensor



| $git checkout -b sensor

sensor hardware
| $git checkout -b sensor hardware
(commit) sha-1
\ $git checkout -b branch_name sha-1
4.11.3 qit log
log 5 (commit)
| $git log -1 -5
log
| $git log --pretty=oneline
log
| $git log since..untill
since untill sha-1
4.11.4 git commit amend
git Vi
$git reset --soft HEADA
it commit -c ORIG_HEAD
ORIGHEAD HEAD ORIGHEAD
HEAD@{1} ORIG_HEAD reset
4.11.5 qit cherry—pick sha-1
“ 7 cherry-pick

amend) —

HEAD@{1}
HEAD

git
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4.11.6 git merge-base

4-18

haiii  gongsipk C3 C3 sha-1

$git merge-base haiii gongsipk
02461d3daf095573ced4f04fae53833023d5d

4. .7 qgit diff master...dev

4-18 gongsipk haiii
git diff gongsipk haiii M2 C3
C6 M2 gongsipk haiii
— C5 Gb6o

$git merge-base haiii master
66702461d3daf095573ced4f04fae53833023d5d

$git checkout gongsipk

$git diff 66702461d3daf095573ced4f04fae53833023d5d

| $git diff haiii...gongsipk

haiii  gongsipk oo gongsipk) haiii)
Cc3)



4.11.8 qit revert

revert reset

reset

4-19 revert reset

revert
revert

4.11.9 git diff

| $git diff HEAD

| $git diff --cached HEAD

| $git diff master dev temp

4.11.10 qitrm
git

gitrm
gitrm git
svn

( $git rm -Rf .svn

4 git

revert reset

$git revert HEAD
$git revert HEAD

revert reset reset
log revert
log
4-19
reset
branch
master diff (master, dev) diff (mastertemp)
gitrm git
gitadd, git git
svn
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-R f commit)

svn svn

| $git rm -Rf --cached .svn

—-cached git

4.11.11 git tag

Android Android tag

android-1.6
android-1.6
android-1.6
android-1.6
6
6

.1
rl.2
rl.3
rl.4

android-1.6_rl.5

android-1.6_r2

git
tag:
| $git tag -a vl.4 -m "my version 1.4"
commit tag:
| $git tag -a vl.2 sha-1 ,sha-a commit
tag:

I $git tag

tag
( $git tag -1 "vl.4.2.*"

tag:

| $git show vl .4
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_ 5 Binder

Binder, “or Andmid
Binder IPC) “or
Binder Linux
Binder Binder
Binder
Binder Binder 5-1
Binder Binder
Binder Binder
onTransactO Binder
onTransact()
onTransactO onTmnSact()
onTransact() transact() transact()
onTransact()
Binder Binder Binder

mRemote Binder mRemote



mRemote
Binder mRemote

(notify) o

Binder
Binder Binder

51 Binder

mRemote
transact()

Binder
Binder

79

5 Binder

Binder

Binder

transact’)

Binder
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Service Binder
MusicPlayerService
Service start(String filePath)  stop()

public class MusicPlciyerService extends Binder{

protected feooleon onTranstaetCint code, Parcel daia, Parcel reply, int flags)
telKception {
mtum syp€f *cmTremsQctiCcode* dsta* reply, fiogs)|

ppbltc startCStri-ng
|

pyblic vm4 stop(){

MusicPlayerService
MusicPlayerService ddms

[ Consolo % Threads U

Tid!Status utime stime Name
437 wait 25 30 main
438 vmwait 9 HmpWorker
439 vimait 0 Signal Catcher
440 running 9 JDWP
441 native 0 Binder Thread M
I 6 442 native o] 0 Binder Thfead #2
5-2 ddms Binder
MusicPlayerService Binder
onTrasact() data
start() filePath
data filePath
switch(code){
cose 1088:
ddto .enforcelpt€rfocm( sMysic Ploye rSmrvi CE?)
String fil#P « d&tm. raaiistriiigc) |

start(filePath);
//"eployteXXX();
breokj

AO

Servier

Activity
5-2

data

onTransactO



5
code int
transactO code
startO
enforcelnterface() writelnterfaceToken()
readString() filePath stot()
IPC reply Parcel
Binder
Binder mRemote
tmnsact()
public final boolean transact(int code, Parcel data, Parcel reply,int flags)
data Binder (Parcel) ,
Parcel Parcel
writeParcel() Binder
Parcel
MusicPlayerService transacted
liiinder i")/ I ]
String Nsdcsrd/Mysic/h€al™:th@_»orld;
iflt code
Porc€l data * ParcelattaiMQ.;
Pareal Parcel, ;
dcrts  telinterf ('Nysi cPloyer rvi.cmn);
dejta. «urit€String (file Nth);
.trorisactCcodea datut rfplya §);
Hinder binder reply,. r#i3dStroiRglincl€rOi
reply*récyc! O ;
dator’cycleC)i
Parcel.obtain()
EMS) data reply
reply
writelnterface Token()
Binder Binder
writeString() String

onTransact()

81

Binder

1000

String int long



transact()

Binder

Binder notify
transactO IPC
reply
Service
Binder
Binder
. int
Binder
Android
Android Component)
Content Provier Receivero
Service
541 Binder
Service
Service 14
AmS startServiceO

getSystemServiceO

Binder Binder
reply
Binder
0
1
Service
Activity Service
Service Binder
Service Binder Service
f

android.app. Contextimpl \



5 Binder

_] public ComponentName startService(lntent intent);

intent Binder

| public boolean bindService(lntent service, ServiceConnection conn, int flags);

interface

interface .
public interface ServiceConnection {

public void onServiceConnected(ComponentName name, IBinder service);

public void onServiceDisconnected(ComponentName name);

interface onServiceConnected() Service AmS
Service Service AmS Activity Thread ApplicationThread
Service Binder ApplicationThread bindService
conn onServiceConnected() Service
Binder
5-3
AmS_, 1 AellvitvThrQad | ICofttextimiT
bindServioeO
scheduleBindServiee()
Sinder
liSarvioeCDnneGion
mBindO Binder
53 Binder
5.4.2 aid|
Android SDK aidl aidl
Java Java transact onTransactO
aidl

83



aidl MusicPlayerService

, startC"P stop() IMusicPlayerService.aidl
package com.haiii.android.client;
interface IMusicPlayerService{
boolean start(String filePath);
void stop();
}
w
“1” linterface ——— MusicPlayerService
aidl Java
Eclipse ADT aidl
aidl
aidl Java package Java
Java import
* Java int long String
e Binder
. Parcelable
import Java
interface interface oneway, service
void
aidl IMusicPlayerService.java

package com.haiii.client;
public interface IMusicPlayerService extends android.os.llInterface

{

/** Local-side IPC implementation stub class. */
public static abstract class Stub extends android.os.Binder
implements com.haiii.client. MusicPlayerService

private static final java.lang.String DESCRIPTOR =
"com.haiii .client.IMusicPlayerServicel

/** Construct the stub at attach it to the interface. */
public Stub(Q

{

this.attachlnterface(this, DESCRIPTOR)

Cast an IBinder object into an com.haiii.client.IMusicPlayerService interface,

84



5 Binder

* generating a proxy if needed.

*/

public static com.haiii.client.IMusicPlayerService
aslnterface(android.os.IBinder obj)

if ((obj==null)) {
return null;
}

android.oselInterface iin =
(android.os. Interface)obj.queryLocallnterface(DESCRIPTOR);

if (((iin'=null)&&(iin instanceof com.haiii.client.IMusicPlayerService))) {
return ((com.haiii.client.IMusicPlayerService)iin);

return new com.haiiieclientelMusicPlayerServiceeStub.Proxy(obj);

}

public android.os.IBinder asBinder(

{
}

©Override

return this;

public boolean onTransact(int code, android.os.Parcel data,

{

android.os.Parcel reply, int flags) throws android.os.RemoteException

switch (code)

{

case INTERFACE_TRANSACTI N:
reply.writeString(DESCRIPTOR);
return true;

}

case TRANSACTION_start:

{
data.enforcelnterface(DESCRIPTOR);
java.lang.String argO;
—arg0 = data.readString();
boolean -result = this.start(_arg0);
reply.writeNoException();
reply.writelnt((Cresult)?(1): (0)));
return true;

}

case TRANSACTION_stop:
data.enforcelnterface(DESCRIPTOR);
this.stop();
reply.writeNoException();
return true;
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return super.onTransact(code, data, reply, flags);

}

private static class Proxy implements com.haiii.client.IMusicPlayerService
private android.oseIBinder mRemote;
Proxy(android.bs.IBinder remote)

{

mRemote = remote;

public android.os.IBinder asBinder(Q

{

return mRemote;

public java.lang.String getlnterfaceDescriptor(

{

return DESCRIPTOR;

public boolean start(java.lang.String filePath) throws android.os.RemoteException
{
android.os.Parcel _data = android.os.Parcel.obtain();
android.os.Parcel —-reply = android.os.Parcel.obtain();
boolean -result;
try {
—-data.writelnterfaceToken(DESCRIPTOR);
_data.writeString(filePath);
mRemoteetransact(StubeTRANSACTI N_start, _data, -reply, 0);
_reply.readException();
-result = (0!=_reply.readlnt());
Einally {
-reply.recycle(;
data.recycle();

}

return -result;

public void stop(Q throws android.os.RemoteException

{

android.os.Parcel -data = android.os.Parcel.obtain();
android.os.Parcel -reply = android.os.Parcel.obtain();
try {

_data.writelnterfaceToken(DESCRIPTOR);
mRemoteetransact(StubeTRANSACTION-stop, _data, -reply, 0);
-reply.readException();

Einally {
-replyerecycle();
_data.recycle(); »



5 Binder

static final int TRANSACTION_start = (androideoseIBindereFIRST-CALL-TRANSACTION + 0);
static final int TRANSACTI N_stop = (android.os.IBindereFIRST_CALL_TRANSACTI N + 1);

}

pi~ic boolean start (Java.lang. String filePath) throws android.os .RemoteException;
public void stop(Q throws android.os.RemoteException;

} .
. Java interface aidl IMusicPlayerService
linterface asBinder()
. Proxy
. Stub abstract Binder IMusicPlayerService
abstract
IMusicPlayerService Stub
Stub onTransactO transact() aidl
onTransactO aidl
Stub int TRANSACTION_start transactO
onTransactO code
IMusicPlayerService
aidl
Stub Stub asinterfaceO
aidl IMusicPlayerService
asinterface
IPC
Binder queryLocalinterface (String description)
Binder Binder 5-1
Binder Binder Binder
Binder Binder U Binder Binder
Binder Binder 54

87
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54 MusicPlayerService

aslnterface() queryLocalinterface()
Binder Binder aslnterface()
IMusicPlayerService Proxy Stub
Binder
getSystemService (String serviceName)
Binder startServiceO
getSystemService() Contextlmpl Service

Service — ServiceManager

55.1 ServiceManager

ServiceManager



5 Binder

S«rvlcaya.napr

55 ServiceManager

ServiceManager Service Framework Service
Binder BinderIntemal.getContextObject() ServiceManager
ServiceManager Service Binder

ServiceManager

Binderintemal.getContextObject() Binder
Binder
ServiceManager
Binder ServiceManager
(addService)
Contextlmpl.getSystemService() Service
INPUT-METHOD_SERVICE
} else it TINPUI"MELIHODNSER¥ICE. equalsinamQ' )} ¢
return InputNethodNorioger t"ceCthis);
|8 InputMethodManager.getinstance (this)
: syficliranizad iml"staficeSync™ {
459 if imIn~tance I» nyll) {
Mii tmturn mimt€incei
#11 }

ISinder b « ServiceN”~nager “etServicreCCciiitext. IMPUTAMETHEDM.SER¥I€£");
4bA 11lnpytNet ldllonoger service « IllnpuiNethodNanager.Stub.£?sl~terface(b);
464 mlnstance - nem InputMethodNanagerCservices mainLooper);
4h }

466 d vy n
ServiceManager InputMethod Service Binder b Binder
linputMethodManager.Stub.asInterface() lInputMethodManager
ServiceManager.getService() k r
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pyfelic Static ISinder getServicefString name) {
try {
liipd~r service BCa€he,8€tinmm}i
if (s€rvicE | awll} {
r tuPin service;
}oillg {
return getlServiceManagerOtgetService(name);

} ccitch C”"emoteExceptioni e) {
Log.e (e r r or in gEtSEr¥i.GEM e)

sCache Binder

getlServiceManager().getService(name) getlServiceManager()

ServiceManager Binder
privptt static IServiceNanager getlServiceNcinciger®) {

if (sServiceManager : inyll) {
mtum sServiceMamger;

/J Find i€ s™rwicm
sServic"Mamget m ServicslloincigerMativt(ssl*terfyceCBiridBrintBPnal -

return sServt ceManager;

BinderIintemal.getContextObject() ServiceManager
Binder
getServiceManagerO
ServiceManager
ServiceManager ServiceManager String
Binder

addService() ServiceManager SystemService

9 Framework
5.5.2 Manager

ServiceManager Service Manager

Framework Manager Manager —

Android Manager
Manager manage API

Manager manage API Binder



Manager, Manager
Manager
Binder
Binder
AmS AmS
Memoryinfo
Manager

56 Manager

Binder
ServiceManager

ActivityManager
RecentTaskinfo

5-6

Service

5 Binder

Manager
Binder

API
ActivityManager
Task



6 Framework [

T r
CiniROD
Android Framework
Reset) C
main() C main() Java
main(
Win32 GUI X Window
X Window Server
Android Android Android Framework
AndmidAPK
Framework “ ” “.apk”
Linux
6.1.1

WindowManagerService (WmS)  ActivityManagerService



6 Framework
(AmS) WmS
AmS Activity
e KeyQ WmsS KeylnputQueue KeyQ
Ul trackball,
QueueEvent

¢ InputDispatcherThread

QueueEvent

6.1.2
e ActivityThread APK ActivityThread
static main()
 Activity APK APK Activity
ActivityThread Activity
« PhoneWindow Window PhoneWindow DecorView
PhoneWindow FrameLayout
e Window Window) API,
WmsS Window View ViewGroup

DecorView DecorView WmS Window abstract

e DecorView FramelLayout PhoneWindow Decor
Decoration “ ” DecorView FrameLayout
Title bar
¢ ViewRoot WmsS
Handler ViewRoot Handler WmS

« W Binder ViewRoot
¢ WindowManager WmS

WindowManager WmS

WmS

%
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6.1.3 Linux
Linux Framework SurfaceFlingger (SF) Binder
Surface, SF Surface
Binder
APK
ActivityThread main() prepareMainLooper() U I
(MessageQueue)
ActivityThread ActivityThread H (Handler)
ApplicationThread (Binder) Binder AmS IPC
Handler Ul
start stop pause
Ul Looper.loopO
ActivityThread AmS start Activity Activity Activity
PhoneWindow DecorView View ViewGroup Activity
WindowManager ViewRoot
ViewRoot w ViewRoot WindowManager WmsS
KeyQ QueueEvent
InputDispatcherThread wWms WmsS
W
W Binder, wWmS IPC ViewRoot ViewRoot
Ul ActivityThread, ActivityThread
DecorView DecorView
View ViewGroup PhoneWindow
Activity o

* Android APK



6 Framework

. ul
. Thread Ul
Activity 6-1 Binder
Activity ViewRoot.W ActivityThread
ApplicationThread Binder Linux Binder
IPC ul)
Eclipse Hello Android debug
debug 6-1
@ Console v Tasks Problems °q Breakpoints LogCat
|y8 MyQin [Android Application]
/\ DafvikVNflocal host: 86111
A Thread {<!> main] {Running)
Thread (<6> Binder Tfiread #2] CRyimlfig}
~Thread {<S> Binder Thread #1] (Running)
6-1
Thread U ul ActivityThread main()
Looper.prepareMainLooper() Looper
MessageQueue) Activity Handler Handler
MessageQueue) Thread
Thread Handler Thread
Ul

6.4.1 Acitivity

Activity s
“ ? Activity. ActivityThread
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Ul Activity ActivityThread Activity
Java Rect Trigle “Rect Trigle "
A B C
C C
Activity
Activity Framework
startActivityO Framework Activity Acitivity
Activity.getApplicationO
Application Application Activity
Application AndroidManifest.xml
Application Activity
Framework Activity Intent
startActivityO Activity Activity
startActivityForResult(), Activity Intent Activity
Android Activity Preference
Storage Activity
Activity Activity
Activity Thread Service, Thread Service
6.4.2 O
Window ViewRoot W
. Window):
Title Bar  Activity Menu
Android
Window wWmsS WmS



6 Framework

WmS
IPC ViewRoot
¢ Window android.view abstract
View ViewGroup res/layout
xml
¢ ViewRoot android.view
wWmsS ViewRoot ViewRoot
e W ViewRoot Binder, wWmsS IPC
WmsS
WmS)
View ViewGroup Activity DecorView

Phone PhoneWindow



V4 Context

Context Context
Andmid Context “ "

Context
rw, i1
Context
Context Activity
Context Service Context
Context Andmid “ ” Context
Service)

Activity Context, Service Context Activity
Context interface extends

Activity Context Context

Activity Service
Context Activity



7 Context,

Activity onCreate() onPause() onStart()
Activity Activity interface
Task, Context abstract interface,

Task

| <class Task implements Activity, Context, ...

Context “ ”
Google Task Context Activity
Context Context abstract  Activity Context Google
Service Context Service Context
1 Context
Context
Activity Context
Context.getResources() Resources Activity
Resources
. Activity Context) Service
Activity Service Context

» getResourcesO

Context 7-1

7-1 Context
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Context abstract
ContextWrapper ContextWrapper
Context ContextWrapper attachBaseContext()
ContextWrapper Context ContextWrapper
Context
ContextThemeWrapper , Theme)
AndroidManifest.xml android:theme  Application Activity
Activity Service Service
Service ContextWrapper
Contextlmpl Context Context
Context
Activity Context Activity ContextWrapper
ContextWrapper Context Context Contextimpl
“ Context” (Contextlmpl)
ActivityThread Context
Contextlmpl 7

. Packagelnfo.makeApplication()
. performLaunchActivity )

. handleCreateBackupAgent()

. handleCreateService()

. handleBindApplication()

. handleBindApplication()
. attach()
10 Activity
Contextimpl attach() Framework (system_server)
9 Framework
system_server ActivityThread

ActivityThread attach() Contextimpl



7 Context

7.4.1 Application Context
Application Application
Application AndroidManifest.xml  Application
Application Application
handleBindApplication()
Contextimpl if(data.instmmentationName = null)
Android Unit Test Test
Android Unit Test Android SDK
makeApplication()
~ 4 Applicotion opp - doto sinfo .mokeApplicotionCdeitQ ,

makeApplication()

6'4" Contextliifipl oppContext » M ConttxtlinplO;
nyll*r mActi¥ityThr©od)i
b14 app « ctivityThreod ,_Instru_entation, newApp
clr sppCloss® appContent) i
bc(i oppContext.setoutmrContext(opp);

Contextlmpl init() this Packagelnfo
Contextimpl mPakcagelnfo
Packagelnfo makeApplicationO

AmS ActivityThread bindApplication()
Applicationinfo Parcelable AmS IPC

ActivityThread

bindApplication() AppBindData
handleBindApplication()

handleBindApplication() AppBindData info
data.info = getPackagelnfoNoChecked() info
AppBindData Applicationinfo mPackageName Packagelnfo
ActivityThread Activity Application
mPackageName Activity Thread Packagelnfo
data.info.makeApplication() Packagelnfo

7-2
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NSASDVa
mmmmm
] pPHm®=
info ft, j
<PockageNcme, ?ctcxc3ge!nfo> f, AciVfy hreGd
M- . 4/ .1 UK
7-2 Context Packagelnfo
7.4.2 Activity Context
Activity AmS IPC ActivityThread  scheduleLaunchActivity()
Activitylnfo Parcelable AmS
IPC ActivityThread;
scheduleLaunchActivity() ActivityRecord
ActivityThread Activity ActivityRecord
Activity
handleLaunchActivity() performLaunchActivity ()
Contextimpl
Contextimpl appContext - NnMm Contextimpl();
:1hM appContext»in it(r packogelnfo* r,token[TtNis) i
oppContextsetOyterContextCoctivity)
appContext.init() r.packagelnfo
Activitylnfo olnfo - r,octivitylnfo;
if (r.packagelnfo — null} {
r .packagelnfo getPackagelnfo(alnf<Kapplicationlnfo
Context.CONIEX IHCLUDE"CODE};
performLaunchActivity() r.packagelnfo getpackagelnfo
getPackagelnfoNoChecked() r.packagelnfo Packagelnfo Application

packagelnfo Vv



7 Context

Ac __{Paros_M)_

han<lleLaynchActlvitvO

J

I"erformLaociiActlvityO

tpaika”elnfo ~getPackage!nfo{);
N

rMm om k, t

Pockcge nfo

7-3 Activity Context
7.4.3 Service Context
Service AmS IPC ActivityThread  scheduleCreateService()
Servicelnfo Parcelable
AmS IPC ActivityThread
scheduleCreateService() CreateServiceData
ActivityThread Service Service
handleCreateService() Contextimpl
Contextlmpl context - new ContextlrnplO”*;
27\5j context.initCpackogelnfo® nullt this);
2SSS Application app pockagelnfo.mokeApplicationCfalse,
context.,setOuterContext(service);
context.init() packagelnfo
Packagelnfo packagelnfo - getPackage!nfoNoCheck(
5h datanfo,applicationinfo)”

getPackagelnfoNoCheck()

mPackagelnfo  Activity Application

7-4

Service Context
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7-4 Service Context
744 Context
Context
Application Activity Service
7-1 Context Pckagelnfo

Application Applicationinfo AppBindData
Activity Activitylnfo ActivityRecord
Service Servicelnfo CreateServiceData

Context = Service +Activity +1

1 Application Context
7-5

7-5 Contextlmpl

Packagelnfo

getPackagelnfoNoCheck()
getPackagelnfo()

getPackagelnfoNoCheckQ

Context



Contextlmpl
Contextlmpl
Contextlmpl
mPackagelnfo

105>

7 Context

mPackagelnfo Packagelnfo
Packagelnfo
Contextimpl
Packagelnfo
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wWmsSs Window View WmsS
View WmsS

IWindow IWindow ViewRoot.W W View

WmsS View) wWms

w W View

View

Framework WindowManager

. Activity, Activity

Activity
. Activity,
WindowManager int
Layer) WmS int
z-order

8-1

int

AmS



8-1
FIRST_APPLICATION_WINDOW= 1;
TYPE_BASE_APPLICATION =1;
TYPE_APPLICATION =2 Activity
TYPE_APPLICATION-STARTING = 3; Activity Activity
Activity
LAST_APPLICATION_WINDOW = 99
Activity TYPE-APPLICATION WmS
99
82
8-2
FIRST_SUB_WINDOW(F) = 1000
TYPE_APPLICATION-PANEL =F PopupWindow
TYPE_APPLICATION_MEDIA=F +
TYPE APPLICATION-SUB-PANEL =F +2
TYPE-APPLICATION-ATTACHED-PIALOG =F +3 OptionMenu  ContextMenu
TYPE_APPLICATION_MEDIA_OVERLAY =F +4
LAST SUB WINDOW =1999
1000 1999 WmS
8-3
8-3
FIRST_SYSTEM_WINDOW(F) = 2000 TYPE-SYSTEM-BIALOG
TYPE_STATUS_BAR TYPE_KEYGUARD-BIALOG
type_search_bar = TYPE SYSTEM_ERROR
TYPE-PHONE = TYPE-INPUT-METHOD
TYPE SYSTEM ALERT TYPEINPUT-METHOD-BIALOG
TYPE KEYGUARD TYPE WALLPAPER
TYPE TOAST Toast TYPE_STATUS_BAR_PANEL
TYPE_SYSTEM—OVERLAY = LAST_SYSTEM_WINDOW = 2999

TYPE-PRIORITY-PHONE
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token
token
W token,
Activity
Activity
token

Activity
Window

WindowManager.LayoutParams
ViewRoot
View

View.Attachinfo

8-4
8.2.1 Activity mToken
AmS
Binder, mToken

8-1

2000 2999 wWmsS
WmsS
token
IBinder IBinder
IPC IPC 1
HistoryRecord token HistoryRecord AmS
Binder Activity Binder
8-4
8-4 token
IBinder mToken
IBinder mAppToken
IBinder token
View.Attachinfo mAttachinfo;
View.AttachInfo mAttachinfo;
IBinder mWindowToken,;
IBinder mPanelParentWindowToken;
IWindow m Wndow;
Activity HistoryRecord
HistoryRecord Activity.init()



8 O
8-1 Activity mToken
8.2.2 Window mAppToken
Window mAppToken Window
View Window Window
View) mAppToken W
AmS Activity HistoryRecord
Window Binder Window Activity,
Window Activity mAppToken mAppToken Activity
mToken
8.2.3 WindowManager.LayoutParams token
WindowManager.LayoutParams token
token Binder WmsS Binder
IPC
’ Binder token W
token
. token Window mAppToken
. token W

token
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8.2.4 View token
ViewRoot,
View mAttachlinfo,
ViewRoot
W
View
mAttachinfo View

mAttachinfo

mAttachinfo

¢ mWindowToken,

ViewRoot mAttachinfo
View mAttachinfo
View w View
mAttachinfo View mAttachinfo
View ViewRoot performTraversal()
ViewGroup dispatchToWindow() ViewRoot
mAttachinfo, View

8-2

82 View token

Binder



+ mPanelParentWindowToken, W
mWindowToken mWindowToken
« mWindow, Binder IWindow IBinder
IWindow 5 Binder mWindowToken

mwWindow Token=IWindow.asBinder()

token 8-3
8-3 token
Framework
2
+ Activity Activity
AmS Activity
ActivityThread Activity Activity
Activity Thread

Activity Activity



Android

Activity activity —null;
try |
javaslang,ClassLooder c\ - r,packagelnFo,getClasslooder()j
octivity - ffdnstrumentoLion,ne/*Activity(
cl 4 component.gelClassNQriieO! r,intent}”"
r,intent,setLxirasClQSsLoader(cl);
if (r,stole ]1- null) {
r*slate,seiC'osslooderCcl);

} catch (Exception e) {
if (Inilnstrumentation,onLxceplionCactivity * e)) {
throw n&h RyntirtieLxcepiion(
HUnable to insioniioie ociiviiy 5 4 component
+ if + eftoString0Oj e);

ClassLoader Activity Class
2 Acitvity Activity attach()

activity,attach(oppContextj this, getlnstrumeniotionOs

r,ideni, appj r,inlenij r.aciiviiylnfo, title*

S12 r ,embeddcdID! r.'lostNonConfiguraliDrilnstonce”
r*lasLMonConfigufotionChild nstQnees., config);

attachO Activity Activity

« appContext Activity BaseContext 7 Activity
Context Activity ContextWrapper Context

appContext new Contextimpl()

e this ActivityThread Activity

e rtoken r ActivityRecord token AmS HistroyRecord

e r.parent Activity Activity Activity
Activity ActivityGroup ActivityGroup

3 attachO Activity

Window PolicyManager makeNewWindow()
PolicyManager com.android.intemal.policy.impLPolicy

PhoneWindow
Framework Window MidWindow
PhoneWindow m Andrc™d



Mobile Internet Device)
Window Activity mWindow Window Callback

Activity Activity

final void ottochCContext context® Activity lhreod aThread3
Instruoientation "instr” Binder token* int ident”
Application application® Intent intent, Activitylnfo info”
ChorSequence Activity parent. String id,
Object LQstNonConfigurQtionlnsionce”
HashNap<String” Dbject> lastMonConfigurotionChildlnstonces j
Configuration config) {

attachBoseContext(context)”

mrindo-A — PolicyHanoger, MakeNewWi ndowCtbis}”
miindo~tsetCallback(this);
4 Window Window mWindowManager
WindowManager Window WindowManager
WindowManager Window
WindowManager interface
Window.LocalWindowManager WindowManagerimpl LocalWindowManager
ContextWrapper WindowManager
WindowManager WindowManagerimpl 84

84 WindowManager



Android

Window WindowManager
mWindowManager

m~indov”.setiindo®NonagerCnylis mToken® mComponeni
if (mPoreni !- null)" {
m irtdo setCcmtQ'inerOtiPQrent.

i 37 }
/>,-1" mlindo"Nonoger - mWindo”.getWindo”NanagarC)
setWindowManager() null Window
null LocalwWindowManager AmS Activity
HistroyRecord Binder Window mAppToken
Activity mWindowManager Window
5 Activity  Window View
ViewGroup performLaunchActivity () callActivityOnCreate()
Activity onCreate()
Activity onCreateO setContentViewO
Window setContentView()
Ib-Ih . pyblic void setContentView(irit IldyoytReslO) {
Lh m getiindowC),setContent¥iloyoutReslID)
10 1
Window layout.xml Window

6 PhoneWindow setContentView()

pyblic void setContentView(int layoutResiD) {

i if (mContentParent — null) {

194 installDecor()j

198 } else {

1 iiContentPorent ‘removeAllVie¥«sC);

197 }

- mLayoylinflciter.inflate(layoylResID, mConieniPareni);
1)# finol Callback cb - getCallback(};

if (cb U null) {
cb,onContentChangedO;

installDecor() Window
layoutxml
ViewGroup, Window
8-5



Framework installDecor()
; pri.¥ot« vgicl insbQllDecorC) {
if (mDecor — null) {

ms

>218 i

£217?
HIE
um

rtiDecor,setDescendantFocusabilityCViewGroyp. fOCi i SAMFTER"MSCENDAMTS} ;

i mDecor —generateDecor();
i
| _Oecor,setlsRootNa spacm(tmm};

I i}f (mContentParent null) {
rfiContentPorent m generateLoyout(nDecor);
generateDecor() DecorView mDecor
mDecor
mDecor
generateLayout() mDecor.addView()
mContentParent ViewGroup contentParent=(ViewGroup)findView

Byld(ID_ANDROID_CONTENT) ID_ANDROID—CONTENT id=content
FramelLayout

id=content FrameLayout FramelLayout

XML frameworks/base/core/res/res/layout
R.layout.dialog_title_icons
R.layout,screentitleicons
R. layout.screen_progress n

R.layout.dialog_custom_title



Android

« R.layout.screen—ustom title

RJayout.dialog—title

* R.layout,screentitle

¢ R.layout.screen simple

layoutxml
setContentView() inflate() mContentParent id=content
FrameLayout
cb.onCcmtentChangedO

cb Activity Activity Window.CallBack attachQ
Window Callback

Activity onCreate() Window, requestFeature()
generatelLayout() getLocalFeature() feature
AndroidManifest.xml  Activity android:theme="xxx" generateLayoutO
getWindowsStyle()

getWindowsStyle(): PhoneWindow  generatelLayout()

obtainStyleAttributes(): Window

getTheme().obtainStyledAttributes(): Context

getTheme(), android:theme

genemtelLayoutO 8-6

<Aeti

Window f WmsS, WmS



Activity AmS AmS
Activity makeVisible()
WmS
void mokeVisible() {
M if (!milndof*dded) {
3204 Vierflanciger - g€t _indc3_ancigerx)i
\Y wm addyiewCmbDecot s getfiodow ()geM tirributesO)
8 makeVisible() Activity WindowManager
Window.LocalWindowManager , addView WindowManagerimpl
addViewO
addView() mDecor DecorView
Activity Window
WindowManager.LayoutParams Window
117 /1 The eyrrent: indo

I1l.privote finol Windo®"Manoger,LayoutPor*ms eiiindo”Attributes

A ll4 I mm WindomManage), LayoutParamscC);

WindowManager.LayoutParams
- pyblic LayoutPoroiusC) {

c sijpfr(Lo”yt Poroiis, M4aTcfL PAM. EMT, IayoutParms ,MATCHAPAREMT);
MO type TYPEMAPPLKATIONi
bil format  PixtIForm at. OPAQUEI

TYPE_APPLICATION

Activity WindowManagerimpl
LocalWindowManager WindowManager.LayoutParams
token WindowManagerimpl params ,

LocalWindowManager
addViewO “ ?

117>



Android

')& if C’p.type Windoy*Nanager, LayoutParams,. il.
,lype <- Windo”Nanoger.LayoutPorams, LAS I"SUB~WI iWOW) {
A4b if Op-‘token — null) {
58/ view dmcor  p~tk&ecorVi-eitO;
if (decor ! null) {
*token —decor,get®indo”~"TokenOi
391
params token, token Activity
token params  token
mAppToken params token Activity
Activity Activity mAppToken params token
41/ if Op,token mil) {
414 mp.tok€o ® mContoiner null ? mAppToken : mContoiner.mAppToken;
nb
9 LocalWindowManager  addView()
WindowManagerimpl  addView() Activity,
WindowManagerimpl WindowManagerimpl
¢ View[] mViewSo View WmsS
* ViewRoot[] mRootSo ViewRoot mViews View ViewRoot
¢ WindowManager.LayoutParams[] mParams mViews View
WmS WmsS LayoutParams mParams
addView()
(1)
(2) panelParentView
ViewRoot setView()
(3) ViewRoot ViewRoot
(4) ViewRoot setView()
10 ViewRoot ViewRoot mRoots
1 mViews mRoots mParams

View ViewRoot WindowManager.LayoutParams
8-7



viiw
root
old params
i
i
i
i
i
Roots
m¥iewi
mPanm!
8-7 ViewRoot
11 ViewRoot setView (View view WindowManager.LayoutParams attrs
panelParentView)
e view WindowManagerimpl mViews
e attrs
token, Activity )
e panelParentView WindowManagerimpl mVies
setView()
(1) ViewRoot mView mWindowAttributes mAttachinfo
view;
41ib filiindow ttributes, copyFro”Cattrs) i
rriSoftinpytNode - attrs,softlnputNode;
460 m~indowAttributesChongedi - true;
1 mA~ttochinfo.mRootVien -
4bS if ipanelParent¥iew ! 11) {
bb _Atxdchlrifo.ffiPcinelPorentiindowToKkiri
w:, - ponelParentView.getAppIicationiindowTokcmC)

119>

View
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mAttaphinfo mRootView view
mAttachlnfo mPanelParentWindowToken token
(2) requestLayout() Ul
(3) sWindowSession.add() wmsS
4Th try {
n res * mifindo™ttributes:
47% oetHostdsibi lity () T inAttochinfo,mContentinsets)i
A79 } cotcli (Remot€Emception {
sWindowSession ViewRoot sWindowSession
IWindowSession Binder wWmsS Session WmsS
Session
sWindowSession.add() sWindowSession
Activity WindowManager
Window sWindowSession “

stotic Windo~Session sWindowSession;

add()
WmsS ViewRoot sWindowSession,
sWindowSession sWindowSession ViewRoot
getWindowSession() sWindowSession

= public static IwindowSession gefciindo”Session(Looper mainlooper) J

215 synchronized D) {
Zlh if tioltzed) {
217 try |
InputMethodtonager imm InputNeihodNanager

1.Tj sWindowSession liindowN~nageraStub,aslnterface”
HQ Servicelanager*getService(ndow M}
221 ! .openSessionCimm,getC lient(), imufi8getinputCc
222 1 minitialized - true;

} catch (RemoteException e) {
74 }
I'lb 1
2. return swindowSessioni
217 1

219 sWindowSession IWindowMapager.Stub. asinterface()
WindowManager IWindowMakager @hide



/  * Sysien privole inLerroco to the windov monogor,

3 * {8lr:de}
11 public interface ndo”"Nonager extends ondroid,os,lInterface
hide SDK ViewRoot
WindowManager
Framework
U L ]
WmS
WmS
Framework
View.AttachInfo IBinder mPanelParentWindow Token:
View Attachinfo View
mWindowToken ViewRoot setView()

public IBinder get pplication indc"TokenO {
Attochlinfo ai rnAttochInfOj

if (ai null) {
IBinder oppWindo”"Token _ ai,mPonelParent”indo”"Token]
if (appWindo”"Token null) {

oppWindo~foken - oid4m~indo”l'oken”

return opp indo oken”

}

return noill

Window boolean mHasChild  Window mContainer
Window Window
setContainerO N



Android

pyblic void setContainer(Windo” container) {

mContdiner - container;
if (container !— null) |
/1 imbedded screens never hove o iilie ,
rnFeatures |- I«fEATUR£mNO"TULE;
mlocalfeatures - l«f£4 WRE N(LIITLE;
container.mHasChildren - True;
Framework Activity attachO
attach() Activity Activity Activity
Window Activity Window
Framework (Window) , mContainer
mHasChildren Attachlinfo mPanelParentWindowToken
Framework WmsS
8.4.1 Dialog
Dialog “ "
Dialog “ "
Dialog U Window PhoneWindow

pyblic Diolog(Context context» irit the €) {
nContext - MM ContextThemeirapperC

110 conte xt, theme ™ § ? cof,ondroid *internolM, style. Thi
141 inHindo Monoger (1i ndo™Manuger) coote xt,getSys ervice(C
13 findow m Poli cyWonoger,makeHe™indow(mEQnteKt};
14i inWindaw ~ mi
144 m, s8tColldbcick(thi.s);
145 set"indo”anagerCmiindo”Nonager, nullt nylh)”
14b w*set Gravity C gravity,CWTERHL
147 UiThread  Thread.€urrentThteadO1
14i =m mListerfEfsHondler nm ListenersHcindlerCthis);
148 }
. Dialog Context , mContext new ContextThemeWrapper()
Context — Conext Contextimpl Dialog

mConext Context



8 O
. makeNewWindow() Window Activity Window
. w.setCallback() Window Dialog Activity
seetCallback() Activity Window Callback
Activity Dialog Activity
. Window WindowManager Context
Context Activity, Activity WindowManager
Activity WindowManager Dialog
. mListenerHandler,
Dialog Ul Thread Thread
Looper Handler Looper
Dialog Window show() Dialog
show() Dialog Window
wWmsS show() WmS
Window
show()
if (mShoring) {
if (mDecor !- null) {
mDecor,setVisibility (Vie~ ,VISIBLE}
221 ré&turni
721 }
Dialog onCreateO
setContentView()
N4 if (ImCreated) {
2% dispatchOnCre£3te(_Il);
1
onCreate() setContentView()
DecorView setContentView() View
PhoneWindow setContentView() Window DecorView
installDecor() Window DecorView PhoneWindow

setContentView



Android

r' public void setContentViewCint loyoutResID) {

183 : if (rfiContentParent — null) {

194 i staIIOecorC)l

IBS Yool
Dialog mDecor Dialog LayoutParams
mDecor mV«iirido".getDecorVievAC);

Windo~Nonoger.LayoutParoms 1 = mWindow,getAltributes()j
if ((l.softlnpulNode
& Windo"Nonager ‘LoyoutParoms aSOETAINPUL M
Windo~Nonoger,LoyoutPorams nl - NEN windo~*IMonoger .Lay*
ni,copyFrom(l)";
nl,softlnpytMode |-
WindowManager, LayoutParamsMffU

i _nl:
WindowManager addView0 Activity
24# try {
m~indo”Nonoger, addVie’\(niDecor%
mSho”ing = true;
Dialog
setonShowListnerO Dialog Ul
Dialog sendShowMessageO
onShowO on&eateO
. on&eate0
Window addView()
5 5 (ANR)

8-8 8-9



U f? Loop

8-9
mWindowManager.addView() Window  token
mwindowManager Dialog Activity addViewO
Window.LocalWindowManager addView() wp Dialog
412 }otilt f
if toktn - null) {
414 w-*takers _ mContainer — null ? mApploken : mContcsiner.mApp]oken;
41b - }
wp.token mContainer Activity mAppToken
Activity mContainer Dialog token
Activity mAppToken

Dialog



Android

8.4.2 PopupWindow

PopupWindow)
PopupWindow, AutoText

PopupWindow
PopupWindow Window
mContext
View

Framwork Ul
PopupWindow

public Popyp”indo~(VicontentVilint ~idt!
if (contentvier 1 null) {

J r ti Conte x i

mWindowManager

PopupWindow Activity

PopupWindow

PopupWindow

“Home” “Back”
View/ViewGroup
PopupWindow
APl mContentView

public void showAtLocation(View parent,
p ic void showAsDropDown(View anchor,

- contentVier*getContext()j

Dialog

mwWindowManager

mContentView

Window

Window

(13 7 Wms
Window

int gravity, int x, int y);
int xoff, int off);

parent anchor,

API

Window



LayoutParams createPopupLayout()
IBinder token parent.getWindowToken()
LayoutParams
S41 ~"indo"Nonager,LayoutParams p new windo~Nanoger,LayoutParar
[/ iheso gnavi ty sellings pul iho vie/, oi tho top left corm
543 /!l screen. lho viis then positioned to the approp™aie li
144 /1 by seilinQ the x ond y offsets 10 -raich the anchorls boix
H4S /.1 efL corner
H46 p,gravity - Gravity.LEFF | WP
847 p - mlosthidth -
p,height - r”iLosfcHeight - mHeight;
if ("Background !_ nyll) {
psformat - mBockground.getOpacityC);
1 } else {
Bw ptformat - PixelFormat>|RANSLUCtN|;
1S3 1
sS4 p.flags — computeF"lags(p, flags}”

p.type iindo"Nanager, LayoutPoroms*TYPEAAPPL1€AT10MAPAN£L;

LayoutParams type “ ”
LocalWindowManager token token, p.token
token
PopupWindow setContentView()
setBackgroundDrawable() preparePopup()
mContentView
PopupViewContainer FramelLayout mContentView() FrameLayout
invokePopup() mwWindowManager.addView()
PopupWindow Window
“Home” “Back” mContentView
8.4.3 ContextMenu
ContextMenu) — ListView Item
View
Dialog Dialog wmsS

Dialog



Android

1.
View View
openContextMenu() 8-11
Vhw
View
performLongClick0 op Contex 8_()
w
shonContextivVoniio

View

PtioneWInciow.DecorView
Coot@xiyOoyBollder mContextMeny;
yonuDialogHefper mContextMenu Helper;;
showContextMenuForChildCView child);

Cont”"t nuBuMOr showfj

View perLongClick()

handled = mOnLongClickListener.onLongClick(View.this)
if (Yhandled) {
handled = showContextMenu();

showCcmtextMenuO

showContextMenu() mParent  showContextMenuForChild()
View DecorView DecorView



-1 public

159
68
S61

PhoneWindow

8-12

boolean shov«ContextNenuForChi 1d(Vie"«

/! Reuse the context menu builder

if (nContextNenu ’ nyll) {
rnContextNcnu - ne% ContextNenuBuilder(getContext());
mContextNenu ssetCallbackCrfiConlextNenL4CallbQck);

} els€ {

mcContexiNeny,CleorAWQI

originalVvie”) {

mConiexiNenuHelper — mContextMenu,sho*CorigiriQlVie®j origi

return mContextNenuHelper !~ null;

ContextMenuBuilder  MermDialogHelper

lie

interface ult_ G —
S
extends
implements | W @rfaze
class I1"enyiteminipl €orttSKty@iiy
_ 1 D
- inpoerttB
Arrayiist<yariy
extends

class Cont”"xtlVlenyBufld"r ->

Menu
Contexflvienu
MenuDfObgHeiper show [View
~ onpinalViev/f IBinder token);

class MM U DialogBaip©r
0(2 S ~! 0
* MenuBu ider
Manuiuiidar mManu;
showflBind arwindowTokan}

L * AiertDidog
2tsetAdapterf)
3, Dioiog.showD
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8-12
* Menu interface “ ?
ContextMenu Menu
MenuBuilder
ContextMenuBuilder MenuBuilder
ContextMenuBuilder
* Menultem interface MenultemImpl
Menultem
e ContextMenuBuilder ArrayList<Menultemimpl>
¢ MenuDialogHelper ContextMenuBuilder
MenuDialog
Helper
3.
DecorView  showContextMenuForChild() ContextMenuBuilder
showO
Builder
onCreateContextMenu()
show() show() createContextMenu()
Helper Helper
Builder Helper show()
public MenuDialogHelper sho”(Vie® originalVilBinder token) {
if (originalvie~n null) {
/1 Let relevant vie”s ond ihe\r populate context listener
/1 the context “enu
originalVie~.creoteContexiNenuCthis)j
2
B4 if (getVisiblelterusC) >size() > 0) {
6b EventLog ,Wri te£2ef?t(S0881s 1);
5b
NenuDiologHelper helper N'Ee_NenuDiologHelper(this);
88 helper ssho”~(token)”
3 return helper;

createContextMenu()



pyilic void createContextNenuCConitextNenu menu) {

21 ContextMenulnfo menulinfo getContextNenylInfoOj
2
21 /| Sets the cyrrent menu info so oil items sdded to €ny
21 /l  extra inf© set,
21. ((MenuBuilder)meny)»setCyrrentNenyinfo(“enulnfo):
31 onCredfoeContex Nenu(_eriu);
< if (®0nCreciteContextNenulLi stener 11) {
nOnCreate Cont extNenyllstener ,onCret3teContextMenuOi€nu
1 1
/./ Cl#cir the extrci infornotioii so subsequenfc ithms that ai
// fiQv mf lextro info*
((NenuBuildernu).setCurrentNenulnfo( 11); .
42°M if (mParent 1y {
~Parent, crefat eContextNe nu(menu)
onCreateContextMenu(menu)
menu “ ”

if (mOnCreateContextMenuListener 1!= null) {

mOnCreateContextMenuListener.onCreateContextMenu(menu,
this, menulnfo);

}
Listener setOnCreateContextMenulL.istener()
Activity registerForContextMenu()
onCreateContextMenu() registerForContextMenu()
. fb/ public void registerforContextNenuCVie” vie”) |
. vi ,setOnCreoteContextMenuListéner(this) ;
JIt }

Helper show()

ListAdapter
ListAdapter
ListAdapter
N
3 onKeyListener Helper

Activity
Helper show()
Buidler

AlertDialog

"Menu”

113 Backn
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builder.create() AlertDialog
5 AlertDialog Dialog show()
78 bayoutpQrtMis | p 01<310976 ttdbutesO;
_ Ip ,type iindo”iancsger, LcsyoutParams, TYPEMAPPLICATIONMATTACHED DIALOG;
11 if (ifindo"Token !« nyll) {
82 I p »token WindowToken;
IS i
(o] ip .flags 1" Witido™ancjger *Layout Params. {LMG"ALTAFOCIJSABLENN;.
6
1g Di qlo§, shomi); .

Dialog showO

8.4.4 OptionMenu

OptionMenu) — “Menu” Android
IPhone
Android IPhone
“Menu” Android
Android
1. “Menu”
“Menu” openOptionsMenu() “Menu”
8-13 8-14
atkeved

onKeyDownParel)

| Ay 4 crCotePa MGw

J[_Lxegﬂd?a'el | menu

Q cb,onCreat8PonelViewf}

Q  hibaizePanelMenLK} MemjBuilder
Q  ch.orCrecePonelMenul} builder
Q

eb.preparePctnekt

8-13 “Menu” down



8 O
onKey*"UpO
akKeyUpPartdlO
. +
t PareFeakjreStGte &
- - ] st ereciteP nOVtew
op#nPanel{) P1 View
CD P Pare()
. A .
© :n g zePar”DecorO DecorV:ew
n Q | inifiQiPanejContento™ DecofView
Q  decorViewxiG"dVew ) con:entV:ew DecorView
© wn”oc|dVT@w) DecorView Wm$s P
8-14 “Menu” up
Activity
“Menu” PhoneWindow
PhoneWindow Window Window
“Menu” Window
PhoneWindow “Menu” PhonwWindow

onKeyDown() onKeyDownPanel()
case KeyLvent,KEYCODEAMtNUi {
; onKeyOownPonelCCfeotyreld < §) 1 FEATUREAOPTlQNSAPAML
liry ritwfri tfu%i
onKeyUp() onKeyUpPanel()
1™H cose KeyEvent KEYWDEMENU: ¢
1il) onKeyUpPonO1(ferctureld < # ? FEAWREMOPTIONSAPANEL 1
event}”
1321 return truei
Mei H
PhoneWindow “Menu” Activity
Activity showOptionsMenu() PhoneWindow openPanel()



- pyblic void openOptionsNenu() {

N iitindow, openPonelCiindow, FEATiMEJPTl_S—PAM | ,nyll);
iiil 1
2.
PhoneWindow PanelFeatureState PhoneWindow
Feature) Activity Window

PanelFeatureState[] mPanels
PanelFeatureState
¢ DecorView decorView
¢ View createPanelView
« View showPanelView:

¢ MenuBuilder menu

8-15
class I ! class
loon"e«y¥lew ExpandedMenuView
p Class PanelFeatureState
DecorView decorView;
yeoyByilder | View cr©atePanaiView;

g© emvfenO \/iewshowPanaIView;
yenoBuldiar menu;

8-15
PhoneWindow PanelFeatureState st createPanelView
menu  getMenuView() MenuView View
shéwPanelView
IconMenuView IconMenuView
ExpandedMenuView 5 “ ”

“ ” ExpandedMenuView <



getMenuViewO openPanel()—initalPanelContent() MenuView
13% if (MnuView 11) {
1 ntivView MermView) getinflc3terO:'U la t€ (
1: LAYOL/MRESMORN. FYPtImHer\ u\ ype2 * peirerTts fcilse);
1 menuView, i niti,olize(Nenyluilder .this f nMenuType) i
inflate() View MenuView interface
MenuView infalte)

LAYOUT_RES_FOR_TYPE,

stotic fin-al int LAYOU RESMORMTYPE[] - n int[1 {
coti>android. internal ,Ralayout , cCan®mem” ayoutt
O COM.android.internol 4R, loyout. expanded™memj” 1ayoui t

h i |
inflate View layout
IconMenuView ExpandedMenuView MenuView
infalteO MenuView
3.
Activity onCreatePanelView()
onCreatePanelMenu() onPreparePanel()
Framework initialPanelContent()
getMenuViewO MenuView
4.
WmsS
~ Aindo~Nanoger .LayoutParams Ip . Windo¥Manager . LoyoutParamsC
454 MAIC imTt P-CONTENT,
N s *X Sfei ~
> WindowManager .LayoutParams ~ FYPEMAPPLICA 110NATTACHED"DIALOGt
; I"indo¥«Nonoger .LoyoutPorortis, fLAGADlTHER
r 1 iindo”"Nonager ,LayoutParams,f TAfQCUSABLtAlMi
s t,decorVievk . mDeFoyliOpcicily);
Vbd
bl Ip.gravity - st,gravity;
462 Ip,mndowAniTOotions st*_indowA.ni_ations;

464 ,addVie~(st,decorView8 Ip);




Android

PanelFeatureState st decorView
TYPE_APPLICATION-ATTACHED-BIALOG Ip token
LocalWindowManager.addView() Activity token Ip token

Dialog
PhoneWindow View
st menu
st menu Activity
menu
3 aibast
. Activity

TYPEFOAST TYPE INPUT METHOD. TYPE-WALLPAPTER

WmsS WmsS addwindowO
> Jr int res — mPolicy.checkAddPermission(ottrs);
1, = if (res iindo"NQnogerImpI,ADDAOKAf} {
1,-v. return resj
1 1161 Im | ;
res WindowManagerPolicy
WindowManagerPolicy interface, PhoneWindowManager

WindowManagerPolicy-~WindowPolicy
P eWindowManager—- PhonwWindowPolicy

PhoneWindowManager checkAddPermission()

switch (type) |

bSS case nPijm STi
il 11l right Ihe g& process hos co"Mp*.ete coni®o': over
kS7 \ // this,,, should introduce o token to let ihe system
// "on'liorconif,04 "hot they we doing >
vy [ breaks

cose fYPENIMPOINFHODI

cose nNPL"mLLPAPtR:
in // 'he 11 check these,
bbi hrmk;

mPolicy



Android Toast

cose rYPtASYSTEMMOVERLAY:

permission - android.Nanifest.perm ission,SVS|£¥AALLR|JMNDOW;
breaki

default:
permission - QndroidMQnifQst. permission, INITRNALASYSTFEMMINDON;

16
Framework system_process
Toast
WmsS
851 Toast
Toast 8-16
class loast
Notification”lanagerSarvicia class TN extends
ArrayUst/<ToastRacord> mtoastOueye; rrransientNotifieatiori.Stub
enqueyeceToastO; showO; —Stbast 13
showNaxtToastLockedO; hideO; Thast
cancalToastLockedO;
Thast _ )
1PC -
@asmt R !

m oastOu__

0 N
Hand_ /
/
[ N hde()

mToc™Queue m Toast

8-16 Toast
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Toast

| Toast.makeText(context, "Hello Android"™, ToasteLENGTH_SH RT)eshow();

makeText() Toast layout
com.android.intemal.R.layout.transient notification View / Toast
mNextView Toast Framework
Toast
Toast result - new ToostCcontext)”
Layoutlinficiter inflate =— (Layoutlnflater)
context,getSystemServiceCContextlLAYOUI,.INfLATLR,SCRVICE);
Vie v - inflate sinflate(com,android ,internal,R.layout,tronsienl”®notification
TextVilv - (Textview)v.findVie"ByIdCcom,andFOid .internal,R.id .message};
t¥ 31
result. mNextView Vj
result.mDuration - durationj
Toast show() “ (Notification
Manager) ” engueueToastO Toast
101 INotificotionNonoger service ’getServiceQ
Kel
W5 . String pkg ™ mContext.getPockageNomeC)j
104 )
- M tn - MTHI
1.0fa |
ii? try {
141 service,enqueueloastCpkg, In, mDurotion);
enqueueToastO IPC
mToastQueue Toast Toast
synchronized(mToastQueue)
Toast showNextToastLoced() mToastQueue
Toast TN show() Binder
show() wWmsS Toast
Toast cancelToastLocked()
cancelToastLocked() mToastQueue Toast TN
hide() WmS Toast mToastQueue Toast
Toast showNextToastLocked()
NotificationManager Toast

WmS



8.5.2 Toast
Toast TN _
WindowManager.LayoutParams type

finol Windo~"Nonoger »LayoutPoroms parcinis — mParamsi
params,height - ~indo”"Nonager >>Loy0utParams,WRAPACOthNJ' i
paroms width - MndovWcmager,LayoutParams oWRAPACONlENl;
params,flogs - ~indo"Nonager sLayoutParams .f1 .4 N O f OEUSABLE
| Windo"Nonoger.LayoutParams|FLAGANQTAfOUCHABLE
1 Windo~Hanager,LayoutParams FLAGAKthSCRtes~ ON;
params.format  Pixel Format. TRANSLUCENT;
params 4#indo”AnirTiotions - com,ondroid,internaI,R,style,AnimationAToaSti
params 3type — Windov~Nanager, LayoulParartis 4TYPtmWAS f;
paromstetlitieC* loostM;

mWM.addViewO mwM

WindowManagerimpl.getDefaultO Window.LocalWindowManager addView
params token
uiiM m Ifinda¥ilNan€3gerlinplgeWe fm 1 tO0 ;

ifi m .addView(mVie”~, mParams);
Toast mWM.removeView()
if sgetParentC) ! null) {
As1 if ClocallLOdV) vLog* Vi

IM, MRLNOVE! 3 + mView
.removeVier(mVie")j

AndroidManifest.xml

token Activity

token Activity
token mAttachinfo token



Android

IBinder token m v,gefc_indo TokenOi

poronis .type - “mdo~Nonoger ,Layou LParoms, /YPt 4PPLICAFION_PANtL;

pciro s, token HEltoken;

_lin popup;
m - (li n-dowM*noger)iifontext .get SystmnServi ce(irwindow1y;

saddVierCpopup” params‘ }i
TextView “Back”

PhoneWindow

textViev« popup - new lextVierCiKiContexi)®
popup8setDnKeyListener(mKeyListener)]

mKeyL.istener

OnKeylListener niKeylislener — NEM OnKeyLislener(){
pUbliC boolean onkey(vien int keyCodes KeyLvenl event) {
if(keyCode — KeyEvent,KtYCODt’\SACK}{

mWﬂ,removeVie"in);

J

rftyrn foist;

“Back” onKeyO

FTP

AndroidManifest.xml
<uses-permission android:name=Nndroid.permission.SYSTEM_ALERT WINDOWf/>

Token
Activity

WIFI GPRS
Service
Activity Service

Context



cix — getApplicolionConlextO;

Button hook - NEW Uutton(ctx)

hook,SetlextC+Hello Aindon*');

hook .setOnClickListenerCrnHookClicklisiener);
Aindov*Nonoger,LoyoutPorams \p - n\m ~indo~Monager, LayoulPararsis(

Ib8,
100,
rindowNonager, LoyoutParoms. 1YFEAPRIORITY”APHONt,
“indo”"Nonager *LoyoutParanis , Al 41 NO: mFOCUSA8L:
I "indo"Nanager,LoyoutPararns afL 4 1| TOUCHABL WAK].NG,
Pixell orm ot,HGSM/\8SSS}' S
Ip .gravity Gravity XENT ER"HORIiONFAL Gravity.
Ip.set'Title(lftitle X7
\ p.token - mToken?
iindo”onoger mMmm (iindo¥iWonoger) ctk, getSystemServiceCrmindom™);
hook ,setTog(n: String (inNymber)) i
MN, oddVie hook Ip);
Hook hook;!

token mToken = new BinderQ,
Binder token WmsS
token token
Activity token
v.getWindowToken() token, Activity
Activity
wWms token

141>



9 Framework

rm m

1 Linux initrc

Android Linux Linux
init.rc Linux Android
initrc Android
Framework
Framework
Framework 9-1

91 Dalvik



Dalvik
Dalvik “or
zygote
* Socket Socket

* Framework

preload—classes

Framework

zygote

Dalvik
zygote

preload-resources

Dalvik Dalvik
zygote appjprocess, system/bin
initrc
zygote Dalvik SystemServer SystemServer
app_process SystemServer app_process
SystemServer Socket AmS
Socket APK AmS
zygote Socket zygote
zygote
Dalvik
. Dalvik Dalvik Java
Java
Java
* zygote SDK
zygote APK
APK Framework
Dalvik
Android Dalvik
Framework
-1

dalvikvm dalvik/dalvikvm
dvz dalvik/dvz
app >rocess frameworks/base/cmds/app_process

zygote

Dalvik

Socket

APK

zygote



Android

9.2.1 dalvikvm

Java Java
Java
Hello World

Java
dalvikvm Java

Foo.java

class Foo {
public static void main(String[] args) {

System, out printiIn ("Hello dalvik ™

Jar

$ javac Foo.java
" $ PATH=/Users/ keyd/android/ out/ host/darwin-x86/bin:$PATH
$ dx --dex --output=foo.jar Foo.class

dx .class dex Dalvik
Jar
out dx
dx -output Jar Jar
dex Jar zip
Jar Jar push

$ adb push foo.jar /data/app
$ adb shell dalvikvm -cp /data/app/ foo.jar Foo
Hello dalvik

Jar push /data/app
adb shell dalvikvm dalvikvm

| dalvikvm -cp

dalvikvm PC Java

922 dvz

dvz zygote

CPU

Linux

Jar
dex dx Android

class

Dalvik



9 Framework

dalvikvm Framework

dvz

Eclipse APK com.haiii.android.helloapk Activity

Welcome,

public class Welcome extends Activity {
/** Called when the activity is first created. */
@Override
\ public void onCreate (Bundle savedlnstanceState) {
super.onCreate(savedlnstanceState);
setContentView (R. layout _main);

}

public static void main(String[] args) {
1 System, out .println ("Hello dalvik1l;

¥
¥

Hello Android static main()
Welcome
APK push /data/app Welcome

# dvz -classpath /data/app/HelloApk.apk com.haiii.android.helloapk.Welcome
1 Hello dalvik
In mgmain JNI_OnLoad

dvz

|] dvz -classpath

main() Welcome
APK Welcome

APK ActivityThread Activity
Activity APK, dvz Framework
9.2.3 app—process

dalvikvm dvz Framework
Java Zygotelnit.java SystemServer.java
aPP_Process app_process
Zygotelnitjava, Framework
app_process dalvikvm dalvikvm

dalvik/dalvikvm/Main.c

dalvikvm



ziy
in
212
£13
2U
Zlb

vm

Je

* Sto~rt VH. The current thresd bmcomm tiie WMIN thread of the VN,

/

if (JNI_CreeiteJovQVN(&vnis &initArgs) < #) {
fprintf(stderrs 8Dalvik VW init foiled (check log file )\ nA);
goto bail;
}
JNI_CreateJavaVM() JavaVm JNIEnv

JNIEnvExt* pEnv = NULL;
JavaVMExt* pVM = NULL;

jint JNI-CreateJavaVM(JavaVM** p_vm, JNIEnv** p_env, void* vm_args)

Jbl

254

2bl
62

Ihb
266
2b?
1G&
ihd

JavaVm

startCloss (*emv) findCIeiss(envfsIoshCIoss);

if (startClcsss . NULL) {
fpriritf(stderrs 'Ucfivik W unable to locate closs Ms f\ n% slosHClass);
mt& bail;

startNeth 7 i*&nv) ™>GetStati cMethod10(env» startClsss,
MmoiNNg ~CLLjovo/lanp/String;) V
if CMtortNeth _+ NULL) {

fprintf(stderrs "Dalvik W unable tO find stotic iiain(String[J) in ~ls1
slashCliass);

/

"~ Mmkm surm foht ii public, JNI doesnlt prevent us from calling
1/d privsts method”~ sq mm hove to check it explicitly,

if £!ffiethodllIsPyblicCsnVj stcjrtCl*ss 3 startHO©tH).)

goto boil;
/_
In¥ok€
*/
C*env) ~>Co11Stafei cVoi dNet hod (env~ startCInss f stortneth  Strkrrayj;
FindClass() class GetStaticMethodID()
CallStaticVoidMethod main()

app_process class

main()



9 Framework

frameworks/base/cmds/app main.cpp

AppRuntime
1, ) AppRuntine runtime;
runtime start() class
ISi if (§ m s$trciip(Il-™ygote®Pf org)) {
1S,! biiol stortSystemServer m (i < orgc) ?
ISb strciipCorgv[i] N ?--stort-system-ser rn} = § : fmlm;
156 ssStAYSCagyS nzyqotent;
Ib? set_process_nanie(Hzvqoien),
isn runtime .stcirtCsconi *android Ani&rna\ tos ,Zygoteinitd
stortSystefnServer)
app_process , init.rc -zygote
—start-system-server, start() AppRuntime
AppRuntime AndroidRuntime
frameworkds/base/core/jni/AndroidRuntime.cpp startQ) startVm() vm
dalvikvm — Class() class main()
startVm() vm
if NI_CreateJovopJovoVMpEnvs MnitArgs} < #) {
y h LOGE(?IJNI_CreoteJovoVM frled\ nS)\
goto bail;

app_process dalvikvm app_process

Framework
zygote
Framework Dalvik zygote
APK zygote
931 init.rc zygote
init.rc adb pull /init.rc /Desktop
zygote

| service zygote /system/bin/app-process -Xzygote /system/bin --zygote --start-system-server



Android

socket zygote stream 666

onrestart write /sys/android-power/ request-state wake

onrestart write /sys/power/state on

onrestart restart media
onrestart restart netd
service zygote service
| service service_name
zygote
/system/bin/app_process app_process
e -Xzygote, AndroidRuntime.cpp

JNI_CreateJavaVM()
e /system/bin,

app_process

app_process

AndroidRuntime

e -zygote, Zygotelnit -zygote
e —start-system-server, -zygote Zygotelnit
— SystemServero
socket socket,
onrestart zygote
9.3.2 Socket [
zygote app_process Dalvik
Zygotelnitjava Zygotelnit main()
Socket Socket
Socket registerZygoteSocket()

private static void registerZygoteSocket() {

if (sServerSocket == null) {
int fileDesc

try {

String env = System, getenv (ANDROID-SOCKET-ENV) ¢

fileDesc =

try {

sServerSocket = new LocalServerSocket(

Integer.parselnt(env

main()

startvm()

Java



createFileDescriptor(fileDesc));

try {
fdArray - fds.toArray(fdArray);

index = selectReadable(fdArray);
} catch (l10Exception ex) {

}

if (index < 0) {
throw new RuntimeException ("Error in select
} else if (index == 0) {
ZygoteConnection newPeer = acceptCommandPeer();

throw new RuntimeException("Error in select()", ex);

peers.add(newPeer);

fds.add(newPeer.getFileDesciptor());
} else {

boolean done;

done = peers.get(index).runOnce();

9 Framework

SystoilLgeteiwO zygote Socket
createFileDescripto:r()
LocalServerSocket
Socket UNIX Networking Programming
W.Richard Stevenso Linux
CPU Socket
LocalServerSocket
Socket Socket listen()
read() readO
selectO selectO
LocalServerSocket
LocalServerSocket main() mnSelectLoopMode()
sServerSocket
bs4 PileDesc:riptor*[] fdkrray mm fileDescriptor[4];
bbS
foSo fds,add jsServerSocket ,getFilep€scriptorQ );
while(tme) select ZygoteConnection
mnOnce() Socket



Android

if (done) {
peers.remove(index);
fds.remove(index);

}
}
selectReadableO -1 0
Socket ZygoteConnection
0
nmOnceO zygote
pid EMZygote fatkAndSpeciaI ize(porsedArgs, uidpcirsedArgs.gid4
1/ parsedArgs, gids$ porsedArgs.debugflogsrlimits);
folk
Socket SystemServer Socket
Process.java Process AmS startProcesslLocked()
10 AmS
int pid ~ Process,sts*rtCfondroid»opp *ActivityThread?2#
mSimplmPrOCQSSMonog mient 2 opp, processNartie : null, uids uid,
K gidsi debugflagsi null);
start() startViaZygote() Socket
zygote Socket 9-2
9-2 startViaZygoteO
StartViaZygoteO ArrayList<String>
LocalSocket Socket LocalSocket BufferedWriter
ArralyList<String> zygote LocalServerSocket zygote

Zygote.forkAndSpecialize()



9.3.3 preload-classes
Zygotelnit main()
framework.jar

frameworks/base/preload-classes
WritePreloadedClassFile.java

Socket
Framework

preload—-classes

9 Framework

preload—classes
frameworks/base/tools/preload/
Android

$java -Xss512M -cp /path/to/preload.jar WritePreloadedClassFile /path/to/ .compiled

Writing object model ...
Done!

_— ) — —

/path/to/preload.jar
frameworks/base/tools/preload
/path/to/.compiled/
-Xss

1517 classses were loaded by more than one app.
Added 147 more to speed up applications
1664 total classes will be preloaded.

out/host/darwin-x86/framework/preload.jar Jar

frameworks/base/tools/preload
Java

java.lang.StackOverflowError

WritePreloadedClassFile

.compiled

frameworks/base
Java .compiled
preload—classes
Andmid
Java
Dalvik
Android preload—classes
Android
Zygotelnit preloadClasses()

preload—-classes

#

.compiled
512MB

preload—classes

Java
Android
Java
compiled

framework.jar

Class.forName()



Android

while ((line - hrﬁeodHne(n I- nyll) {
/1 SKip corrfenis ami b:cmk lines.
liM
if (line.s tprts W illlim 1.1(
cofitinye:
try {
if (Config

{
Log.i/c G, nPreload\ng n + line

9.34 preload—esources
preload-resources frameworks/base/core/res/res/values/arrays.xml
drawable color

<array name=npreloaded_drawables">
<item>@drawable/sym_def-app_ic n</item>

</array>

<array name=npreloaded_color_state_listsn>
<item>@color/hint_foreground_dark</item>

</array>
preloadResources() preloadDrawables()
preloadColorStateLists()
Drawable mResources Resources
Drawable Drawable Resources Color
mResources Resources Color
Resources
9.3.5 folk

folk Linux



9
copy-on-write “ ”
folk
Shell Shell Shell
Windows Shell
GNOME Shell
folk() Linux Android Java
C folk()
FileName: MyFolk.c
*/
finclude <sys/types.h>
#include <unistd.h>
int main(Q{
pid_t pid;
printf("pid = %d, Take camera, by subway, take air! \nn, getpid());
pid = folk(;
if (pid > 0) {
printf ("pid=%d, \n" getpid Q);

pid = folk();
if (Ipid) printf (hpid=%d, \n", getpid Q);

Framework

Windows

Ubuntu

14

INI

Office

Shell



Android

else if (Ipid) printf ("pid=%d, \n", getpid Q);
else if (pid == -1) perror("folk");
getchar();

$ ./MyFolk.bin
pid = 3927, Take camera, by subway, take air!

pid=3927,
pid=3929,
pid=3930,
foiko o] o]
c
foik()
fOikO 13 7
foik(Q “ ” id
zygote “ ” “ ” zygote
preload—classes
Zygotelnit.java mnSelectLoopMode() ZygoteConnection
nmOnceO
Il pid - zygote,farkArtdSpecializedparsedhrgs. uidi porsedArgs.gids
porsedArgs~gids, porsedArgs .debugFlogss rlimits);
forkAndSpecialize() native C
“ ” zygote
Socket Socket
Socket
Class main() forkAndSpecialize()
223 pid if (pid — f
124 /7 in cliild
hondleChildProcCporsedArgst'descriptors s nev/~Stderr) j
l;l_b // should never hoppen]
Yy rmtum trumi
=d } else { 7 pid i/
/7 in parent. ,>pid of < i neons fnilyre
rmtum handlepQrentProccpids descriptors™ pmrEmdkrgs};
Jil }
pid 0 handleChildProc() Socket

%



9 Framework

h:ih Am |
closeSocketOj.
hm Zygotelnit,closeServerSocketOi
Class maiii()
try {
Zygotelnit, invokeStaticMainCcloader”® className~ mainArgs)j
zygote
SystemServer
SystemServer zygote Zygotelnitjava main()
startSystemServer() zygote SystemServer
startSystemServer() forAndSpecilize() SystemServer
startSystemServer()
String[]
Java com.android.server.SystemServer
S11 String orgs[] {
-setuid™I300M
513 -seigid-1000",
B14 ~set "‘roups™I 1033,1004,180b
515 »copQbilities-1301843521130104352\
516 —ryntiiie-in itf
517 -nice-diii - system server" s
SIS Icom 8ndroid *server 4SystemServer5s
519
forkSystemServer() zygote
native folkAndSpecilize()
Si7 pid - zygote »forkSystemServeri\
S38 parsedArgs.uid » parsedArgs.gid
parsedArgs,gidsf debugFlogs* nyll*
bl-0 ParsedArgS,pinittedgoddli tiess
541 parsedArgs.effectiveCapabilities)j
bib / _ ror child process V
547 if (pid — i) {
terd'leSystemServerProtessCparsedArgs);
S49 1

handleSystemServerProcess()

Socket



Android

com.android.server.SystemServer main()
commoninit()  zygotelnitNative()

SystemServer SystemServer main()

9.4.1

SystemServer Android “ ” APK
WindowManagerServer ( Wms )

ActivityManagerSystemService (AmS) PackageManagerServer (PmS)

SystemServer
SystemServer main() initl() native
Dalvik Java init2()
Java init2() init2()
ServerThread
fob public ste}t_ic fi_I void initzC) {
foj Slog. IITAGM 7~Entered the Android system server

Threod fchr _ MM ServerThreadC);
thr.setNoine(wsndr®© id.serve I’yErThreadn ;
thr,start();

ServerThread mn()
Java
9-3



getinstance()

main()

1.2
(nothing), 1.1
9-2 SystemServer
9-2 SystemServer
EntropyService
PowerManagerService
ActivityManagerService Activity
TelephonyRegistry
PackageManagerService
AccountManagerService Linux
ContentService ContentProvider
BatteryService
LightsService
VibratorService
AlarmManagerService
WindowManagerService Framework

BluetoothService
DevicePolicyManagerService
StatusBarManagerService
ClipboardService
InputMethodManagerService
NetStatService
NetworkManagementService
ConnectivityService

ThrottleService

9

Framework

init()

init()

systemReadyO

10

12/3

10
33
10
30
10
10
10
10
33
10+
13
13
10
10
10
NMS.create
23

13



AccessibilityManagerService 1.0
MountService Lirmx mount 10
NotificationManagerService Android 13
DeviceStorageMonitorService 10
LocationManagerService 13
SearchManagerService 10
DropBoxManagerService Linux Dropbox 1.0
WallpaperManagerService View 13
AudioService 10
BackupManagerService 10
AppWidgetService Widget 13
RecognitionManagerService 13
DiskStatsService 10
AmS

1 main() Context AmS

2 AmMS.setSystemProcess()

3 AmS.installProvidersQ

4 systemReady() AmS systemReady() systemReady()

9.4.2 < Activity
ActivityManagerService (AmS) systemReady()
AmS  systemReady()
Activity
H : rfoinStack* res_eTQ | ~ctivityU)cked(niill);

mMainStack Activity Activity Stack
startHomeActivityLocked()



9 Framework

i.93 ActivityRecord next N topRunningActivitylocked(nyll);
/1l ho'* process this pause/ resume siiyotior®
10Sh /] that the stole is reset however ind up proceeding*
1.3 finol boolean yserLeaving mUserLeaving”
I mUserleoving N false;
1
W60 i (next — null) {
mifel /] There are no more activities! Letls just siort yp
: [ 1symli f...
1-065 if (mNoinStack) {
1 return ~Service*startHomeActivitylockedC);
1Bbb }
1Ubh 1
Activity mMainStack Activity
ActivityManagerService Activity
Activity ) mMainStack Activity Activity
AmS startHomeActivitylL ocked() catagory CATEGORY-HOME
intent
intent,setComponeni(niropCornponent);
IvAbb if (mFactorylest SystemServer. FACTORYATESTALOMLEVEOD ¢
1"b intent.QddCategory(Intent,O TEGORYmHOMEJ;
im? J :
intent, Home
Android “Home ” “Home”
intent
“Home”
Activity

Activity



lp 1 10 AmS

ActivityManagerService.java AmS 14684
WindowManagerService.java  View.java
AmS
AmS
AmS g
. Activity Activity,
Activity AmS
Activity “ ” AmS
Activity
. Android Activity
Activity Activity
AmS
. AmS
AmS
Activity

Android Activity
Activity AmS “ 7 AmS

Android
AmS
Activity
AmS
API
Activity

AmMS

AmS



AmS
Activity AmS Activity
Activity
Activity
. startActivityO Activity
. Home Activity
. “Back” Activity Activity
. “Home”
1011
AmS Process)
1. ProcessRecord

framework/base/services/java/com/android/server/am/
Manager, AmS
APK APK

ProcessRecord

10-1 ProcessRecord

APK
Applicationinfo info;
String processName;
HashSet<String> pkgList; // APK
Linux Out Of Memory(OOM)

int maxAdj;

int curAdj;

adj adjustment
Activity ArrayList activities;

Provider Service ArrayList services;

10 AmS

Activity

Activity)

am

10-1

Activity

(Task)

Activity

Linux



Android

2. HistoryRecord

AmS HistoryRecord Activity Activity
HistoryRecord Activity Activity
Activity Activity, “ ”
HistoryRecord AmS Activity
10-2
10-2 HistoryRecord
Activity Package
idle stop finishing boolean onCreate onPause onStart
HistoryRecord Binder IApplicationToken.Stub IPC
WmsS IPC
3. TaskRecord
AmS Activity A B C
1 2 3 Activity

Al-A2-A3-B1-B2-C1-C2, c2 AmS
C2 B1,

. Bl B2 Bl B2 Activity,

B2 Bl Bl B2
B2
. C2 B2 “Back” B1
c2?
HistoryRecord int task
Activity Intent. FLAG_NEW-—T ASK AmS Activity
Task
Task
C2 B1 intent FLAG NEW_TASK
AmS Bl mHistory B1l Task Task
Activity B2 Bl NEW—TASk
mHistory B1 Task "V



10 AmS

TaskRecord 10-3
10-3 TaskRecord
int taskid; Int
Intent intent; intent
int numActivities; Activity
TaskRecord Activity ArrayList<HistoryRecord>
HistoryRecordD id Activity
AmS mHistory HistroyRecord HistoryRecord TaskRecord
task
1012 AmS
AmS Activity AmS
1.

« static final int MAX_ACTIVITIES = 20;

Activity Activity, AmS
Activity Activity

“ ” 10.2
« static final int MAX_RECENT_TASKS = 20;
AmS Activity 20 AmS Activity
« static final int PAUSE_TIMEOUT = 500;

AmS Activity AmS 500

AmS Activity

onPause()
e static final int LAUNCH—TIMEOUT = 10*1000;

AmS Launch) Activity 10s, AmS

« static final int PROC_START—IIMEOUT = 10*1000;
AmS 10 AmS AmS



Android

2.
AmS Service AmS AmS
« final ArrayList mHistory = new ArrayList();
Activity,
HistoryRecord finishing true Activity Al A2
Al A2 “Home” A2
A2 “Back” Al A2 mHistory
« private final ArrayList mLRUACctivities = new ArrayList
LRU Latest Recent Used, Activity mHistory
Activity mLRUActivities Activity
« final ArrayList<PendingActivityLaunch> mPendingActivityLaunches
= new ArrayList<PendingActivityLaunch>();
AmS Activity,
Pending
Persisitant AmS
« final ArrayList<HistoryRecord> mStoppingActivities
=new ArrayList<HistoryRecord>();
AmS A2 Al
AmS Al, A2 A2 Al Al
mStoppingActivities A2 mStoppingActivities
HistoryRecord
« final ArrayList mFinishingActivities = new ArrayList();
mStoppingActivities AmS Activity finish
Activity Activity
3. HistoryRecord

HistoryRecord mPausingActivity = null;

Activity Activity Activity
« HistoryRecord mResumedActivity = null;
Activity,
A2 Al AmS Al AmS wWmsS
mResumedActivity Al

HistoryRecord mFocusedActivity = null; N



Focus AmS WmS
Activity
 HistoryRecord mLastPausedActivity = null;
Activity

10.1.3 startActivityO

startActivityO Activity
Activity ,
startActivityO
1.
10-1 10-2

101 startActivityO

10

AmS

Activity, WmS

startActivityO



Android

startActivityO
startActivityO A B
AmS startActivityO Activity mResumedActivity
AmS A Activty
AmS “ 7 AmS “ ” B
AmS
Android
A AmS AmS completePaused()
Activity mHistory Activity stop
finish, B resume Activity mHistory
10-2
10-2 startActivityO )
Activity
B AmS AmS attachApplication() B
AmS (attach)— Activity AmS resumeTopActivity()
B Activity HistoryRecord B B
handleLaunchActivity ) Activity handleResumeActivity )
Activity ActivityThread Activity

AmS mHistory HistoryRecord startActivity(intent)



AmS
FLAG

FLAG NEW-TASK
Activity;
HistoryRecord
Activity

startActivityO
class A
public class Persedu {

void f1Q{
f20);
}

void f2 Q {
f30);
}

void 30 {
x1();
x2 (;
x3();

void x1 O}
void x2 O{}
void x3Q{}

fl

f3 x|l x2 x3,
10-3
startActivityO
S

Activity

startActivityO

forResult
ActivityThread

-1

Activity
Instrumentation

Activity

mHistory
NEW_TASK
Activity

10 AmS

Task Task
Task

ActivityThread

Activity
AmS
HistoryRecord

£2 £2 fi

10-3
onClick
startActivityForResult()

StartActivityO

startActivityForResult()
Instrumentation

executeStartActivity()
Instrumentation
ActivityThread

Activity



Android

“ ” Instrumentation “ o i
“ ? Instrumentation ActivityThread
AmS
Instrumentation AmS startActivityO AmS
Android IPC AmS startActivityO
Instrumentation
AmS startActivityO
caller onActivityResult() AmS
startActivityO IBinder token Activity mToken
AmS HistoryRecord AmS HistoryRecord

Activity AmS Activity caller forResult AmS HistoryRecord

HistoryRecord.app.thread Activity Thread.ApplicationThread

scheduleSendResult(r list) r HistoryRecord ActivityThread

r Activity, Activity onActivityResult()
10-4
Caiter AmS SliAciivtty
104 startActivityForResult()
3.
AmS Activity intent) Caller
Activity

10-4 0



10 AmS

intent Component intent Activity
AmS PackageManager Component
Component intent
startActivityLocked(caller intent,..) AmS
Locked
startActivityLocked(caller, intent,..)
1 Activity Activity—
Activity startActivity Activity
2 INTENT—LAG_FORWARD-RESULT
Activity Result Al—A2 A2 A3
FORWARD_RESULT A3 A3 setResult finishQ
A3 Al Al A3 set result
A I(startActivityForResult) —A2(StartActivity) —A3 A2 forResult A3
START_FORWARD-AND _REQUEST—€ONFLICT
3 Caller app startActivity Caller
AmS
4 Caller Activity
r51 AmS IActivityController Controller
mController Android debug
i HistoryRecord
mHistory
: Activity
Activity, Activity Activity
Activity mPendingActivitylL aunches
8 mPendingActivityLaunches Activity
Activity
9 startActivityUncheckedLocked() Activity
“ ” AmS
Activity
4 . Task
Task Activity “Back”

Activity Activity AmS Activity



\ Android

Task
(1) FLAG_ACTIVITY_NO_USER_ACTION Activity
AmS
AmS Activity onUserLeaving() onPause()
Activity onUserLeaving()
2 rdelay Resume true,
€1 FLAG_ACTIVITY"PREVIOUS_IS TOP onlylfNeed
4 Activity Activity
5 launchMode launchFlags launchFlags
Activity launchMode launchFlags mode Activity
AndroidManifest.xml flag Activity
startActivityO intent
6 NEW—TASK SINGLE_TASK SINGLEIJNSTANCE
r.resultTo==0 startActivityO
startActivityForResult() Task Android Task Activity
NEW_TASK forResultO
NEW-—TASK SINGLE_TASK SINGLE_INSTANCE 105
BAB TkAm
A
[rEI\dR&']{g\MASK UsunchModo
singlelask
FLAGiNEW:fI'ggK
Ac A2
ActMty A2
Aclivdy S .
'ntg%fk _liActfv B
I y—
- o
sH|Mew51|\\\\
| @ 82|A1A2A3\ A1A2A3Blt\82JA2\
mmEMf~osk, Tk # 1l JE

Aclivi A3
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“«or “intent ? Activity intent
Task Activity Intent Intent
Task, Task “Intent " intent Action Catagory
data ComponentName
SINGLE—TASK ( ST) SINGLE_INSTANCE ( Sl Activity
Task, Activity Task,
Activity Activity Activity
ST S S, Task
Activity ST “ ” Sl Task Activity
Sl ST Activity, ST Activity Activity
7 History resume — HistoryRecord
Task Activity
Task Task Task HistoryRecord
Task HistoryRecord
Task Activity
e FLAG-ACTIVITY _CLEAR—TOP: Activity Activity
« FLAG_ACTIVITY_REORDER_TO_FRONT CLEAR TOP
8 Task mHistory
Activity
mHistory Activity Android
Task Task Activity
Task
Activity mHistory Activity .
A |I—A2—A3—B |—B2—B3—C |—C2—C3—C4 A B C Task,
c4 C B Activity
A |—A2—A3—C1—C2—C3—C4—B |—B2—B3—B4 B Activity
C Activity C
Activity
AndroidManifest.xml Activity
intent flag

 android:launchMode=standard/single Top/single Task/singlelnstance

+ androidxlearTaskOnLaunch”true/false



android:finishonTaskLaunch=true/false

android:allowTaskReparent=true/false

Intent. FLAG_ACTIVITY-NEW-TASK
Intent.FLAG_ACTIVITY_RESET_TASK_IF-NEEDED
Intent.FLAG_ACTIVITY_CLEAR-TOP
Intent.FLAG_ACTIVITY_REORDER_TO_FRONT
Intent. FLAG-ACTIVITY-NO_HISTORY
Intent.FLAG_ACTIVITY_SINGLE_TOP

Task Task Activity
Task Activity

ee  Task B C
intent FLAG-ACTIVITY-NEW_TASK intent Activity

Task Task; Task

Task
launchMode 10-6

10-6 launchMode Activity

Task Activity FLAG Task
NEW—TASK
CLEAR_TOP, Activity Activity C1-C2-C3
Ci-C2 C3

REORDER_TO_FRONT, C1-C3-C2
NO-HISTORY Activity mHistory C1-C2
C3 C4 mHistory Cl1-C2-C4 C4 C2

Task

Task

Task

C3

Cc2



intent RESET_IF_NEEDED

android:clearTaskOnLaunch  android:fmishOnTaskLauncli

10 AmS

manifest

Android
Task HistoryRecord mHistory
Task HistoryRecord mHistory HistoryRecord
HistoryRecord Activity
5. mHistory HistoryRecord
resumeTopActivity(null) Activity
1 topRunningActivityLocked() HistoryRecord
mHistory Activity
startHomeActivitylL ocked() “ ”
3 Activity Activity —
4
5 mStoppingActivities  mWaintingVisibleActivities
6 Activity,
Activity Activity
Android Activity
Activity AmS
8 startActivityO
AmS AmS activityPaused()
“Back” AmS finish) Activity finish
HistoryRecord waiting Msible false true
next
WmS Activity Task Activity
10 HistoryRecord mHistory
[f (next,opp ! null next,opp .ihreod !- null)
next.app next.app.thread? next.app

ProcessRecord

thre#



Android

Activity
resume Activity J
Activity mHistory
C1 c1' C C1l
Cc1' C1l app app.thread
11 resume Activity
startSpecificActivityLockedO
Activity
getProcessLockedO Activity
app app.thread
Activity
Activity
If (app !- null M opp.thread null)
app Activity AmS ProcessRecord
mHistory HistoryRecord
6 . pause Activity
Activity Activity
PC PC
Activity Activity
Activity
Activity 10-7
ActivitThread
handtePayseActivity{,,.)
10-7 Activity

Activity

C1—C2—C3

resume C1

Activity

ProcessRecord app

app

Android



1 Activity

2 Android
Activity Activity

Activity handlePauseActivity userLeave true

onUserLeaving()

3 performPauseActivityO

(1) pause ActivityRecord

pause

is not resumed”

10 AmS

Activity

pause true

“Performing pause of activity that

(2) Activity onSavelnstanceState()
onPauseO Bundle outstate
outState
Dialog
onSavelnstanceState() onPause() onSavelnstanceState() onPause()
onPauseO
f onPause(Bundle outstate, boolean saveState)
Activity
4 AmS IPC AmS completePausedActivit()
savelnstanceState()
saveState true Activity
Activity Activity
Activity WmsS dispatch
Activity Handler
Activity Activity Handler
Activity Handler handleMessageO
Activity WmS WmS
Activity Activity
7. activityPaused()
AmS Activity AmS
AmS activityPausedO AmS
AmS Activity activityPaused()



1 indexOfTokenLockedO token  mHistory HistoryRecord token
token HistoryRecord
t] ? actvityPaused() timeout fklse Activity
mHandler AmS WmS
ill r AmS mPausingActivity r Activity
completePausedlLockedO
(1) prev mPausingActivity Activity
Activity o
(2) prev  finishing true Activity
finishCurrentActivityLocked() A B
B “Back” A finishing stop
(3) mPausingActivity Activity
4 resume TopActivityLocked() Activity mHistory
Activity
8 . resume Activity
Activity resume Activity
1 WmsS, WmS setAppVisible
Activity HistoryRecord
2 mResumedActivity=next Activity
Activity
3 Activity next.app.thread. scheduleResumeActivity
(next...) Android Activity
AmS
4 completeResumelLocked()
ActivityThread scheduleResumeActivity()

handleResumeActivity()

10-8
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108 resume Activity

1 unscheduleGcldler() 10.2
2 performResumeActivityO Activity onResume()

Activity stop r.stopped = true, start Activity

Activity  onStartO
3 Activity Window Window
Activity Activity (Canvas )
4 Configration Activity
Activity onConfigration()
5 Activity 17
9.
Activity AmS

ActivityThread mainO
AmS AmS Activity

Process



Android

(1 HistorRecord app
* app ProcessRecord
e app.pid pid 0
e app.thread ActivityThread
ProcessRecord AmS
app app Linux zombie
handleAppDiedLockedO app
2 FROM-BACKGROUD Android
mBackPmcesses
FROM-BACKGROUD
3 HistoryRecord app
ProcessRecord record mProcessNames app.info
. AmS app.info Activity app.info
caller AmS  startActivityO intent
ApplicationInfo
4 AmS
mProcessOnHold
5 startProcessLocked (
startProcessLocked (
6 startProcesslLockedO mPidsSelfLocked
SparseArray
pid ProcessRecord mProcessNames
ProcessRecord pid
pid Android
7 mProcDeath int 20



10 AmS

8 Process.start () native zygote folk
ActivityThread main()
9
pid app mPidsSelfLocked attachApplication()
pid app
AmS
IPC AmS  attachApplication() AmS Activity

mHistory HistoryRecord app mPidsSelfLocked  mProcessNames

ProcessRecord HistoryRecord Activity

ProcessRecord HistoryRecord app

10. attachApplication

AmS Activity
IPC AmS attachApplication()
1! Binder.getCallingPid(thread) pid attachApplicationLocked(thread,
pid) pid
2 ...lockedO pid ProcessRecord
ProcessRecord pid AmS “ ” AmS
ProcessRecord
Process.startProcessO pid app.pid
3 app app.thread = thread
4 APK) odex Andmid APK
zip /data/app dex dex
zip dex odex
Optimized dex odex odex
5 thread.bindApplication(... app.info,..) Activity
APK “ Activity” app.info  info intent
Applicationinfo 10.1.3 7
updateLmProcessO “ ?
6 realStartActivityLocked() Activity
APK Application Activity
Activity
7 Service Broadcast #

mPendingService mPendingBroadcast



Android

Framework
ActivityThread Linux
11. launch Activity
AmS Applicationinfo
Activity Applicationinfo Parcelable
AmS AmS attachApplication()
ActivityThread.ApplicationThread scheduleLaunchActivityO
scheduleResumeActivity(),
5S59 thread ,oindApplicQtion(processNanfies opp 4insirunii
1/ app,thread,schedulelaunchActiviiyCnew
ActivityThread ActivityThread
ActivityThread 10-9
ActivSty Thmad,

ApplicaliorsTtiraad

109 launch Activity

handleBindApplication()  handleLaunchActivity()

10-10



brityTh  d haiidllalindAppliealloniO

10-10 handleBindApplication()

1 zygote
zygote

2 debug
“Waiting for debugger”
3 Instrumentation
UnitTest) Android
APK Instrumentation
” UnitTest Android sdk
4 makeApplication() Application

Application APK Application

10

AmS

zygote

Android

APK
Application



Android

AndroidManifest < 00171 011> android:name
Application Application
Application
5 Provider Provider
Provider Activity
6 Application onCreate() Application
handleLaunchActivity()
10-11

ActivityThread handl&LaunchActivityO

1011 handleLaunchActivity()

Handler
10.2
2 performLaunchActivity() Activity
(1) ComponentName
(2) Activity
(3) Contextlmpl Activity Contextlmpl

activity.attach() Contextimpl activity

Activity
Activity
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Contextlmpl Activity  base Context
(4) setTheme() Activity AndroidManifest.xml
xml theme,
(5) Activity onXXX()
(6) Activity ActivityThread mActivities mActivities
Activity AmS HistoryRecord Activity
h i rtl.¥iti.€e pytCf*tok€n3 r);
r.token HistoryRecord r ActivityRecord
Activity
3 performLaunchActivity() handleResumeActivity ()
performResumeActivityO Activity onResume()
Activity  ActivityThread ActivityRecord pause stopped
4 ActivityThread AmS
wmsS
Activity DeccxrView WmsS
5 Activity makeVisible() WmsS
Activity DecorView 14
6 IdleHandler Activity
10.2
Activity Activity
10.1.4 stopActivityLockedO Activity
A B A B , A
stop) destroy)
Activity AmS — (stop)Activity
(pause) wmsS wmsS
Activity
AmS AmS Activity
Activity Activity
Activity onPause() ~*nStop() onDestroy())
AmS Activity

183>



onPause() AmS Activity stop onStop() AmS

Activity onDestroyO
Activity
10.L3 resume Activity ActivityThread
handleResumeActivity() IdleHandler
m : r,nextldle - niNe¥*Activiti
Neen mNeArActivities % I
U if ChocalLOG¥) siog,

nScheduling idle hondler for N + r);
Looper,myQueueQ.oddIdIeHondIer(ne¥i idler());

addldleHandler(newldler()) Idler
ActivityThread Activity
idle Idler WmsS activityldle()
- . +£ e e - N1 e >0
try {
1A3 0 ,<oeztivityldl.eCo.token d,creotedODnNfig);
AmS activityldle() 10-12
HiStoryRecofci ntent ) L.
recyesikmshAcivilylodked) ¢ StopActivityLockedO
AmS
Ac_vty PL Aoy 10.2
setFocysadActivstylockedfl ..
StopActivityLockedO 1012
1 FLAG-ACTIVITY-NO_HISTORY
ws T p AP S0 . i
- } ¢ - Activity mHistory
- A—B—C B
mWindow/vtf)nogerjetAppVIsi—b y folsel A B
2
o Activity,
3 Activity
10-12 stopActivityLockedO sdk
4 52 } else_if (r,app null M rsapp,thread null
ansi /l. if (mfocusedAciIviiy r)y {
/! sel"ocysedAciivity|0cked(L0pRunninq4cL1
a3sb 1/ }
i I «xrresume I2yDi spoLchingLocked();
4 setAppVisibility() Activity false

5 thread.scheduleStopActivity() ActivityThread

idle



10 AmS

Activity
ActivityThread handleStopActivity()
10-13
Ae yT __
hendi#SiOpA_tvityD
10-13 handleStopActivity()
1 performStopActivitylnner() o
(1) Info Activity onCreateDescription() Activity AmS
info.thumbnail Bitmap IPC
Parcelable Bitmap

(2) onStopO
2 updateVisibility() pause wms Activity

Activity stop

View v = r.activity.mDecor false v.setVisibility(false)
3 AmS activityStopped() AmS Activity AmS
trimApplication() 10.2
pause
. pause Activity stop Activity

. Activity

185>



Android

. pause AmS “ ” stop AmS “ ” 10-14
10-14
10.1.5 “Home”
“Home” “Back” SartAGivit()
13 Home11
Activity onKey() “Back”
“Home” wmsS “Home”
Android
“Home” IPhone
Home 3
ml WmS PhoneWindowManager interceptkeyTi()
“Home” “Home”
LaunchHomeFromHotKey()
(1) “Menu”
(2)
SIM
(3) AmS
(4) startDockOrHome() Andmid2.0
Home (Dock) Home
Android API
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createHomeDockintent() Dock Home Intent
mContext.startActivityO Intent Activity
Contextimpl startActivityO Activity startActivityO
startActivityO Activity Activity  startActivityO startActivityForResult()
Instrumentation execStartActivity() Contextimpl
startActivityO Instrumentation execStartActivityO
Intent NEW—TASK

61. public void stortAc ivityClnteirt: intent) {
bli if CCintent. gethQgsO&Intent fULArTINre ML TASY) — 0) {
614tlirow NMM ndroidflLmtime Excepticm (

"Colling stgrtActivi.tyC) fro outside.of on Activi

bib . context requires the FLAG-ACUV-LIY ASK FI
bl- ¢ Mis this really “hot you

hi6 }

hi.i «NoinThreod,getlnstrufnentation ()Ae:xecStortA.c:ti.vity(

getOuterContextC)f M qinThread. JetApplicationThread()f nyl

startActivityO Activity
Contextlmpl NEW_TASK
NEW_TASK Activity AmS Task
createDockHomelntent() Intent NEW—TASK
iwDeskUocklnient - nem 1 ntent (lntemntnull);
A ffioeskDocklIntentsoddCotegory (Intent' CAIKGORYADtSKADOCK) i
ffloeskDocklIntent.addflogsCintent, FLAGMAETI¥ITYANEATASK
- I Intent,
Instrumentation.execStartActivityO startActivityO
mContext Context Activity
“Home” startActivityO , Home
Intent Intent Contextimpl startActivityO; Intent,
Activity startActivityO
10.1.6 “Back” Activity
“Back” “Back” Activity

onKeyO
n Activity onKeyO “Back” lj onBackPressedO



2 finishO fmish()

“Back” fmish()
3 finish() AmS finishActivity()
Activity AmS finishActivityO
AmS finishActivityO 3
1 requsetFinishActivityLocked()
2 Activity Activity
il 1 if (!p.Finishing & p r)y {
mHistory z—-order Activity
A—B—C A Activity B C Activity
p p Activity mHistory Activity
finish A B C C Activity
Activity finishActivityLocked() Activity
3 C Activity C Home Activity Home
Activity Home Activity
finishActivityLocked() finishActivityLocked()
Activity mHistory Activity Home
Activity
finishActivityLocked() r HistoryRecord index
mHistoryRecord
(1) fflstoryRecord finishing true
false
(2) Activity Activity HistoryRecord next
frontOfTask true finishActivityLocked() “Back”
Activity Activity index mHistory.sizeO
-1 fmish() Activity
HistoryRecord frontOfTask true Activity
Task Activity mHistory A l—A2—B |—B2—B3—C |—C2
A B C Task Bl Bl B Activity
B2 B2 frontOfTask true
(3) HistoryRecord
(4) Activity Activity
startPausingLocked() Activity

(5) Activity Activity ® finishCurrentA«



10 AmS

( AmS
10.2
4) startPausinglLocked() startActivityO
Activity startPausingLocked() Activity,
3, 10-15
Yy .
t : Activity:
resumcTopActV’iy*Dcicoc”rj!)
rrRe$umedAcfiv ty =null;
AcfvKy
r~PausirgAcfiv/~™ty = prev; E1 IE
RILH f
£ N
f AmS
# 3 MT Y
presmpth e ed P_ gtsxlwf’Z
\ r '
a
Ir*
10-15 startPausingLocked()
1 mResumeActivity
2 mResumeActivity mPausingActivity prev prev
Activity o
3 Activity
4
AmS Activity AmS
AmS activityPaused()
10.1.7 “Home”
“Home” “Home”
“Home”

1 PhoneWindowManager interceptkeyTi()
mHomeLongPress



Android

(1)
(2)
(3)

RecentApplicationsDialog

performHapticFeedbackO

showRecentDialog()

RecentApplicationsDialog

Haptic
Toast

Dialog show()

1 Dialog recent—apps__dialog.xml
Button
2 Dialog onStart() reloadButtons() Button
onClick() reloadButtons()
(D AmS getRecentTask() Task AmS mRecentTask
mRecentTask mRecentTask TaskRecord
ActivityManager.RecentTaskInfo
(2) RecentTasklInfo onClick()
onClick() Intent
Intent baselntent Intent
baselntent FLAG_NEW-TASK
baselntent Dialog startActivityO Context
startActivityO, Context  startActivityO Intent NEW—TASK
“Home” Button
getContext().startActivity() Activity Context startActvity()
Activity  startActivityO
10.1.8 Activity
Activity
start stop
“stop Activity start Activity "

10-4
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10-4 Activity
onCreate() Activity
onNewlintent()
* Intent Flag CLEAR—TOP Activity
« Intent Flag SINGLE_TOP, Activity
ABCD,
Activity B , AB ABCDB;
ABCD, D ABCD ABCD D P
SINGLE_TOP top
onStart() Activity stop
onRestore onPostCreate() onPostCreate()
InstanceState(Bundle
savedinstance)
onPostCreate() Activity
onResume() Activity
onSave onPause() onPause()
InstanceSate(outState)
onPause() Activity onStop() “Home”
Activity onPauseO
onCreateDescription() Activity onStop()
onStop() stop
“Back”
. Activity “Home”
. finishO
. A B A stop
onDestroyQ Activity
. “Back”
. finishQ
AmS 10-5
10-5
Activity onCreate();
onStart();
onRestorelnstanceState();
onPostCreate();

onResume();



Android

Activity onStart();
onResume():

Activity 10-4 onNewlintentO  onNewlntentO;
onStart();
onResume();

AmS startPausinglLockedO onSavelnstance();
onPause();

AmS stopActivityLockedO

onSavelnstanceQ;

onPause();

onCreateDescprition();
onStop();

AmS destroyActivitylLocked()
onSavelnstance();

onPause();

onCreateDescprition();

onStop();

onDestroyQ;

Activity

Android
AmS

10.2.1

113 11



ActivityThread

Looper PrepareMai nLooperQ

ctivityThreod
thread,otioch(folse);

Looper, IoopQ i

10

thread — ne% Activityfhreod();

loopO
T public stotic final void loop]? {
V’) Looper me mylooper()j
35 Nes_.sogeQueue queue — me .mQueue;
~hile (true} {
H Nessoge msg queue,next()] Mmghi block
queue.next()
sleep next()
110 debug
Activity
ddms wait
id 134 com.android.launcher
com.andro-idJayocher 134 8603 / B7Q|
ID Tid Status utime stime Name
~2 135 wpwait: 14 34 WsapWorktr
*3 13S wnwait 0 0 Signal Catcher
#4 144 rynnmg 11 1? JOWF
S 1S2 native 1 0 Binder TlineMi 1
5 1S3 nat_ 0 ™Under Tliread #2
10-16 ddms id 134
adb shell ps
sleep 10-17
root@ondroid:/ # ps 134
USER PID PPID VSIZE RSS WCHAN PC NAVE

opp™M 134 35

10-17 adb shell

id 134 ¥

AmS

Looper.loop()

sleep

10-16

105136 23B56 ffffffff afd0eSZ8 S com,android.louncher



Android

Linux
CPU
100
queue.next()
looper
Binder Binder Linux
Binder Binder
next()
10-18
(
(
Binder
(Binder
10-18
Android
10.2.2 Android Linux
Android

100

sleep
99
sleep
looper
WmS
next()
Binder

Binder

quenejiextfl

ur )

MessageQueue next()

CPU

Activity

Binder

looper

fe

sleep

next()

Binder



Service Provider Activity
AmS Linux “
AmS
AmS Java Java
. AmS Java AmS
AmS, AmS
Out Of Memory AmS,
e Java A
B Out Of Memory, A
AmS
10-19
10-19 Android OOM
Android OoOOoM Out OfMemory

OOM Killer, Linux

10 AmS
Activity
” Linux
Out Of Memory
Java
Out Of Memory
Android Linux
AmS
Linux



Android

OOM OOM Killer
Android OOM Killer Android AmS
oom—adj Killer 16 15
Linux nice Linux Killer
Linux OOM Killer, Killer AmS
Android Linux OOM Killer
OEM OOM Android
“ ” Activity Android
OOM Killer AmS oom_adj
oom_killer
10.2.3
10-20
steirtActivityO actfvityPausedQ =---——1 oompletePaysedi) b----» — ,mStopp.in§Acivli :

10-20 Activity
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startActivityO Activity,
Activity AmS Binder completePaused()
Activity finishing stop Activity
mStoppingActivities Actvity AmS
AmS activityldlelntemal() mStoppingActivities
Activity stopActivityLocked() IPC stop
Activity stop AmS AmS activityStopped()
trimApplicationsO
“Back” fmishActivitylLocked() Activity fmishing
true startPausingLocked() Activity AmS AmS
completePaused() Activity finishing
true finishingActivityLocked() Activity
mStoppingActivities |j
Activity AmS Idle AmS

activityldleIntemal()

mFinishingActivities trimApplication()

stop  destroy

onDestroyO

. AmS Android

Activity
. OOM Killer AmS OOM
Linux
. AmS
scheduleLowMemoryO
10.2 .4
4

1. activityldlelnternal()

mStoppingActivities

onStopO

Activity

ooM

processinBackground()



Android

trayRecord ArSi complei -ePGUsedLoc.kedD

B Activity
ActivityThread~ \ , 3
e
fOLE.,,.NOW...MSG IDLE,, TIMEOUT....MSG
actiityldle)
aetivttyldletniemal ()
10-21 activityldleIntemalO
Activity ActivityThread
Activity AmS Activity pause stop destroy
AmS Activity AmS stop
destroy Activity Activity ActivityThread
@ Looper.eyllyeyeCJ.QddldleHandlerCfiew Idler());.
e X ?d am activityldle (a, token»
. handleResumeActivity() Idler Idler queueldle)
AmS activityldleO
activityldleO AmS
IDLE-NOW_MSG activityldleO
. HlstoryRecord windowVisible() wWms
13 7 13 ” Ams
ActivitThread resume Activity
Activity resume
AmS AmS
Activity, activityldleO
Activity
. completePausedLocked()
117 [ riliStoppingActivities.add(prev);
> if (fHiStoppingActivities.sizeO > 3) {
fl§ : /1 1f e a fmmsiting
1ZM //' then give up ©n things gmng idl® Sfsd stsrt
>.22 if cbeBuerPAuse} Slog,v(TAEL "To pending f
Nessage msg Nessage.obtairC);
114 ms§,what ~ ActivityNanQgerService.1DLEANOWAMSE\
H.andler% sen.dHessageOn.sg) j
e }
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stop Activity 3 IDLE__NOW_MSG
activity AmS activityldleO
mStoppingActvities completePausedLocked() 3
1
activityldleO activityldleIntemal()
activityldleintemal ) IDLTIMEOUT-MSG
. completeResumeLocked()
(IDLE_TIMEOUT) activity, AmS 10

activityldlelntemal() completeResumeLocked() resume TopActivitylL ocked()

activityldlelntemalO

1 mProcesses ToGc
10.2.4
2 mStoppingActivities stops mFinishigActivities
finishes
HistoryRecord
3 stops Activity finishing
true stops
mStoppingActivities finishing false stopped true
mStoppingActivities
finishing false “Back” finishing true completePausedO
finishCurrentActivity ( 3 Activity
mStoppingActivities Activity  finishing true
finish false stopActivitylLocked() Activity
startActivityO finish true £20) fi() GO
destroyActivityl ockedO
onDestroy() resumeTopActivity() Activity
4 finishes finishes finishing true
destroyActivitylLocked() Activity

Android
stop destroy

5 trimApplicationsO #

199



Android

2. trimApplicationsO

activityldlelntemalO stopActivitylL ocked()
4 10-22

trimApplcaionsl)
ml?©movedPfoc#ssOs
Activity

updaleOomAdILock”d 0 X
Jnux setOomAdHproc adj) ypdateOomAdilockedfapp,
curHiddenAdi, TOP-ACT);

APm pfoc
setOomAdiD
Ac ivty5 Service |
Ree_er rue >
ProcessJcillProcess{... om
oppxurAdh
HIDDEH_APFnMiN_ADJ)
numHklden
Proc Proc _ il s |
IE
AetMty MAX,ACTIVmeS?
destfoyActsvityLockedf)
S ish,
Activity, persistent
de foyAct_Yioc_dU
10-22 trimApplication()
1 mRemovedProcesses
. crash
. ul 5 ANR
. AmS killBackgroundProcess()
KILL_BACKGROUND—ROCESSES killBackgroundPrcess()

. AmS systemReady() persistent

2 updateOomAdijLocked() OOM Killer
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oom_adj 16 15 Android 0 15
boolean Linux OOM Killer true

false

3 OoOoM AmS “ ” Android

Activity 4

4 OOM “ ” Activity
MAX_ACTIVITES (20) Activity

e Activity stop finishing

. Activity Activity

. persistent

trimApplicationsO

persistent
3. updateOomAdjLocked()
trimApplication() OOM
ProcessRecord OOM 106
10-6 ProcessRecord OoOoM
curAdj adj
setAdj
setRawAdj curAdj app adj computeOomAdjLocked()
curRawAdj rawAdj app
setShedGroup
curShedGroup
hiddenAdj hidden hidden adj hiddenAd;j
adj schedGroup
hiddenAd; hidden
updateOomAdijLocked() mLruPrcesses

updateOomAdjLocked(..),

1 computeOomAdjLocked() oom_adj



Android

(1)
ProcessRecord
Linux

TOP_APP TOP_APP

FOREGROUND-APP_ADJ

initrc 0 init.rc

# Define the oom-adj values for the classes of processes that can be

# killed by the kernel. These are used in ActivityManagerService.

setprop ro.FOREGROUND_APP_ADJ O
setprop ro.VISIBLE-APP-ADJ 1
setprop ro.SECONDARY_SERVER_ADJ 2
setprop ro<BACKUP-APP-ADJ 2
setprop ro.HOME_APP_ADJ 4
setprop ro.HIDDEN_APP-MIN-ADJ 7
setprop ro.CONTENT-PROVIDER-ADJ 14
setprop ro<EMPTY-APP-ADJ 15
(2) instrumentationClass UnitTest
(3) Activity
(4) Receiver
(5) Service,
adj FOREGROUND_APP-ADJ
(6) service
VISIBLE__APP_ADJ, 1
(7) forcingToForground
VISIBLE_APP_ADJ
(8) Home HOME_APP__ADJ 4
Home
(9) Activity 0 visible Activity,
VISIBLE_APP_ADJO visible  Activity,
hiddenAdj
(10) app.empty

adi hiddenAdj

adj

rawAdj unlimited,

Home

true
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opp .odjSeq mAdjSeq;.
'1iD fc opp,curRa”Adj - odj;

int cyrRa”Adj; // Currisrrt:Ge~ yulinited adjustment for this process
>3 int: setRa Adj; // Lost set OOM unli ited Mjustment for this process
service provider
adj
(1) mBackupTarget “ ”
.BACKUP_APP-ADJ(2) VISIBLE

(2) service service service

app service
FOREGROUND__APP_ADJ “ ”

if (appaservices,size() !- 8 (adj > FOREGROUND~APP~ADJ
1 M sc:hedGr_p _ Process. THREADAGmMUP/ABEJmmimA€I1¥£}} {
service adj service service
s.startRequested true true service
service )
(MAX_SERVICE_INACTIVITY)” 30 SECONDARY—SERVER-ADJ
VISIBLE
service (client) service
service,
] I K if (crvbinding* client app) {
Ji-li // Binding to ourself is noi ioteresiinp,
1"3a : c_itiny ;
150 }
service BIND_AUTO_CREATE service
client hiddenAd;j
hiddenAdj client client
VISIBLE-APP-ADJ
myHiddenAdj computeOomAdjLocked(..--
myHiddenAd;, ...) client adj adj adj client adj
client adj app adj

app client client



Android

Activity Activity RESUMED
PAUSING) app
FOREGROUND__APP_ADJ
service adj hiddenAd;j hiddenAdj adj
” adj hiddenAd;j
app service
(3) provider service
ContentProviderRecord externals int provider framework
id C/C++ Linux Andmid Linux
Android provider provider
externals framework id lj adj
framework native native provider
(4) adj adj app
maxAdj U maxAdj app
“ maxAdj ”
(5) adj adj app curAdj schedGroup
app curSchedGroup
updateOomAdjLocked ()
2 app curRawAdj setRawAdj
rawAdj rawAd;j rawAdj adj
adj app rawAdj adj
scheduleAppGcLockedO 5
@ anj Process.setOomA4j() OOM Killer
app OOM false
updateOomAppLocked() false
4 “ ” curSchedGroup Process.setProcssGroup
app
updateOomAppLocked(app -..) true
OOM
updateOomAppLocked( ) app app
curAdj HIDDEN-APP_MIN-ADJ(— 7 app
MAX-HIDDEN-APPS(— 15)
ProcessRecord killedBackground true

#



10 AmS

14BS6 if (app.curAdj > HIDDENMAPPMINMADJI} ¢

143S1 if (lopp*killedBockground) {

143Si nuniHidden4 f;

14iSi if (numHidden > MAX“HIMEN~MPPS}

14is4 Slog, MNo longer v~ont M #mapp

4 N (pid n + opp,pid 4+ J*

14iSb LventLog , tefVent(EvenllogTags ,4

14isS7 app sprocessNomej app ssetAd]
opp,killedBackground - true;
Process»KIH pid}' ,

updateOomAdjLocked (

4. AmS
Android

. (forground process),

> Activity Activity onResume()

> service, service Activity

> service service onCreate() onStart() onDestroyO

> BroadcastReceivder onReceive()
. (visibleprocess)

> Activity Activity

Actgivity
> service service Activity
Activity
. (service process) startService() service
service
. (backgroundprocess)
Activity, Activity
. (empty process) component Activity serivce receiver
resources.arsc
AmS O0OM
Android OOM AmS

3 updateOomAdjLocked()



Android

> o« service ”

else i1t (opp,.executingServices..size() > 9) {]
[/ h) app thot is cu™ent™y execui Ing o se™~Ic
/! counis os being "n the “oregroynd.
adj - FORtGmjNIAPPjmJ;
schedGroup - Process,/HRLAGROUPmDtMULT
opp,odj1 ype  &xec-service"8

else if (@pp,foregroundservices) {

ProcessRecord executingServices ArrayList AmS startService
stopService service
> “ Receiver ”
} else if (app.curReceiver !- null 11
X3S33 (mPendingBroadcost null 11 mPendingliroadcQst,curApp opp)) {
I D

// An opp lhal Cs cur”enlI™If receiving o broodcasi also
// counts as being in the fo”eg”ound,
13fib | adj - FOREmOUmNAPP/ADJ;

schedGroup - Process. FHRtADNEROUPADAFAULY;
app ,adj lypo - iforoQdcosiMi

ProcessRecord curReceiver onReceiver() true
false
L]
> Activity ”

} else if (oppsFordnglof-oreground ™ null) {
/] the user is owo"e this appi so make it visible.

IV k - adj VISIBLEMAPPMADJ
Mb schedGroup  Process. IHRtADmGROUPADEFAULI;
i/ w app ,adjType - Forcc™ Foregroi jnd&
13 cspp,odjSource TM app, forcingToForeground;
ProcessRecord forcingToForeground IBinder Activity
Binder Binder
Dialog Dialog Activity Binder
Activity AmS HistoryRecord

Activity  Service ”

} else if (app,foregroundServices) {

13¢D [/ 1he user is of this app, so moke il visible,
i K adj ””¥1S1BLE~APPMADJI

schedGroup - Process,FHREAD~GROUP/ADETAUL Ii
1~ opp,odj Type - Hforeground-sorviceu*
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10 AmS

if (app,services,size() !~ 0 M (adj > FOMGRiMIMBMAPP~ADJ

11 schedGroup _ Process. TmiADMEMiIJPABA"MOMMTIRAETI¥EY) {

1/'J10 fincil lortg now _ SystemClock,uptimeMi 11is ();

// This prociss
1: L: /../ bound to the service
1.ii13 : Iterator jt ® app, services, iteratorOs
13714 : Cjt.hosNextC) » adj > FORE€miINDMAPP-ADJ} {
15718 ServiceRecord s (ServiceRecord)jt.next();
' K' if (s, stcsrtReqlLiested) {

if (new < (s.1Q stActivity "MJLSfWT?3) {
: // This service has seen smm cictivity within
- D /./ recent mmory "~ so w ill keep its process ahe”d

| ~ . /./ of ihe bockg”ourid processes,

V- i if (adj> SE€QMARYNSERVERMNADI®) {
1;-J. \ adj - SECONDARYNSm¥£RMNADN

m app,adj Type nstarted-services?;

app,h idden » falsm;

SECONDARY—SERVER_ADJ 2 VISIBLE
. updateOomAdjLocked( ) updateOom
AdjLocked( ) app curAdj HIDDEN-APP-MIN_ADJ
app app MAX—HIDDEN_APPS
PP if ( Adj HIDDEN"APPMN~ADJY {
1 , CUrAd] >- N, N,
1M zji‘il)‘pélt -ki Hedladfround) {
i
r if (numHidden > MAXmHIDDENmPPsy {
14354 lof. Qo loger. o + Opppraces
11 e (pid m + cipppid * hidden
Iverstlog, fltef¥e?itClvOntLeyTsgs MAKIL Ls app.pidt _ _
Pr .. dpp. * Sip, set"dj* mesry bsckiroynEl §)
} app, Killidsrckgroynd  try#j
Procsss.ki 11PmcessQu ietiapp,pid};
- " ProcessRecord thread thread
adj EMPTY-APP-ADJ
if (cspp,ihreod ™—null) {
INr—i opp,odjSeq - mAdjSeqj
10 i opp,curSchedGroup - Process, THRtA  GROUPmB@YNONINI£RACT1 5
K _ = return 10pp. curAdj-EMPFYNAPPNADJY;
13 >4 |
EMPTY-APP-ADJ 15 oOoM
OOM 13 7
OOM “ ” ooM AmS
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1 persistent Activity Receiver
service
final ProcessRecord opp mLruProcesses
/:/ QuiL on oppl Leolion only if iL is noi currently
// running any activities,
if (lapp.persistent appractivities,size() —r §
i app, curReceiver null app.services,size() 0) {
Slog>i(
fAG4 IExiting empty opplicotion process
+ opp ,-proms
+ (app.,thread M null ? opp.ihrood.asBinderO : null)
<« W ;
if (app,pid > 0 Qpp.pid 1- MYmPIET) {
Process,kiliProcessCapp.pid};
2 Activity Activity stop
HistoryRecord Activity state Activity
state HistoryRecord icicle Bundle
Activity AmS 14486
boolefsn canQyit - l!oppspersistent app, curReceiver null
opp,services,size() 0
Silt QppspersislentActivities a8
OOM oOOM
mLRUActivities Activity
MAX-ACTIVITIES (20) Activity
1A f#r C
i<KmLRUACciivities,size()
. 3B mLRUActivities,size() » curtoxAetiviti.€s;
54 i.) c
finol HistoryRecord r
- (HistoryRecord3mLRUACctivitic
S4n /! i@ cm finish this oti€ if lig® its icicle EGvmd arid
// it is not :p€rsis+fcErit
if ((r‘hcsveStste 1\ Jr,stoteNotNeeded) M !r.visible
&% r-stopped Mi !r.persistent & !r.finishing) {
final int origSize - mLRUActivities,size();
destroyActivityLocked(r* true);
4SS6 /" tills m il ]mmym it fr» the LtU list5 so keep
yw / //. oyr ind”x \ thm sciiie value, Mot# that this check to
// see if tlie 1iizm dho:flg€S is just ficirQiiciio — if
4SSS \ // so etliing i i@xp@eted happens* e doiv?t mmnt to tod yp
Asm /1 in am irilii it lo»p.
1Sbl if (origSize
12
483
4CCA
43S

<208



10 AmS

Activity persistent 20 persistent
Activity 1 2 2 3 19 20 20 21
22 persistent
Activity, destroy Activity
5.
AmS scheduleAppGclocked(ProcessRecord app) app
app gc
app mProcessesToGc
scheduleAppGclLocked( )  mProcessesTogC app 1
GC_BACKGROUND_PROCESSES_MSG 1 gc
1 2 30
GC-BACKGROUND-PROCESSES_MSG AmS
performAppGcsIfAppropriateO “ (Appropriate)”
performAppGcsLocked( ) scheduleAppGcLocked( )
“ ” canGcNowLockedO
priwmtm finrt hmmImn ecmGcNowLQckedo {
1181 fmtum mPoroltel Broadcasts,size() — §
14US Mi rfrderadiro~dcosts *size() — ®
iei ( Sleeping 11 (rtiResumedActivity null &%
14107 irResueedActtvitv "idle));
! H
. Broadcast mParallelBradcasts = mOrderedBroadcasts
. mSleeping Activity idle
“ Broadcast
Service Receiver ” Service Receiver,
AmS Broadcast AmS mParalleBroadcasts
mOrderedBroadcasts
performAppGcLocked( ) while mProcesses ToGc

gc ProcessRecord performAppGcLocked(app)



Android

14U while (*"Processes o0Gc,size() > *) {
14 1 prQc
11U« if (proc.curRawAdj > VISI8LIAPP ADJ 11 proc,reportlorNemory) {
141z/ if ((proc.lastRequestedGc+"CMIMNIWIAANT)
SystemClock. uptimeMi 11isQ} {

// 1o avoid sponging ihe system, e GC processes on
m b // ot o iimQ? waiting a f secorids between each,
n ? per forrrAppCclLocked(proc);

schedyleAppGcsLock#dOi
14im return;

w hile performAppGcLocked(proc)
scheduleAppGcsLocked(), return app
mProcessesToGc app 1

performAppGcLocked(proc) app reportLowMemory
true app.thread.scheduleLowMemory/()
app.thread.processinBackground() AmS

Activity AmS
reportLowMemory true
scheduleLowMemoryO
4 10-23

10-23 ActivityThread

processinBackground()
schedule
handleLowMemoryO

handleLowMemory()
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1 Component onLowMemory() Component
Activity Service Provider Application, ActivityThread mActivities
mServices mProviderMap mAllApplications
2 SQL.iteDatabase releaseMemory/() SQLite
native SQLite
releaseMemoryO id
3 Canvas freeCaches() Canvas Caches
Cache Canvas
4 Binderintemal.forceGe( “mem” Binder
native native
Java native
native ” native —
Java
Java
scheduleLowMemoryO processinBackground()
Idler
doGclfNeeded() BinderIintemal.forceGce(“bg™)
processinBackground() Binder
CPU 10.1
CPU Binder
_ AmS
AmS “ o no
(Component)” 10-7
10-7 AmS
MAX_ACTIVITY Activity 20
mHistory fmising HistoryRecord
MAX-RECENT—TASK  mRecentTask 20
mRecentTask Task TaskRgcord lastActiveTime Task



Android

MAX-HIDDEN-APP

mLRUActivites

mLruProcess

mProcessNames

mPidSelfLocked

mServices

mServicesByintent
mServiceConnections
mProviderByName

mProviderByClass

10.3.1

hidden

HistoryRecord

mHistory

Used

mProcessNames

mService

Service

Service

Provider

mProviderByName

10-7

mProcessNames
Task
mRecentTask

. Task

taskld

mCurTask

mHistory

Task

persistent

Service

Service Intent

Provider

persistent

Activity

Task

mCurTask

mProcessNames

mHistory

app

mServices

pid

pid

AmS

mLRUACctivities

Activity

ProcessRecrod

“Home”

id
id

mPidSelflLocked

Activity

HistoryRecord app

Service

mServiceConnections

Service

pid

ServiceRecord

mHistory

Service

15

LRU

persistent

Activity

Lastest Recent

true

HistoryRecord

ProcessRecord

i"ServiceConnections



10 AmS

ServiceConnection AppBindRecord ServiceRecord
ServiceRecord
. Service Provider
mService mProviderByName
id
10.3.2 Activity
Activity
ActivityThread Activity Class
Activity
“Android Activity
Activity Windows ”
. Activity
. Activity
. Activity
e Activity ActivityThread Android
ActivityThread
. Activity Activity
AmS AmS
Activity Activity
. Android Activity Activity
“Android ” Activity
WmS
Android

10.3.3 Android

Android WmsS



Android

Android
20
AmS
PC
Ipad
Windows
Framework
CPU
Windows
Andmid
30% +30% +30%
ActivityGroup
AmS

Activity

CPU Andmid Linux
AmS
( 20 )
Android
W m S [ ”” 2
IPad Windows
AmS WmS
Ipad Android
AmS Linux
Android SurfaceFlinger
IPad AndmidPAD
+10%
Vi
Activity
Activity Framework



ActivityGroup
TabActivity

TabActivity

1041 TabActivity
TabActivity
<TabHost id™stanclroid:id/tabfiosf

<TabWidgef

I ¥andro Qe MdgetiL

<Fr _«il:
id W .android: _t_f

setypCLocalAetivityyanager)
addTa.b{TabSpOc)

Ust<TabSpac> mTabSpacs;

10 AmS

Activity Activity
ActivityGroup Activity
ActivityGroup
10-24

LoctlActivityyariagar
_ Act_yThread
mMmnThrmd, H
ActhAy

Window startAcfivily(String ¥, intent intent)j

ActvityOroop extends Activity

~hide

LooalActvitylVlanager mLocalActivit™~anager;

TabActivity

TabHost Layout

10-24 TabActivity

TabActivity Activity AmS TabActivity
start stop resume destroy

Activity



Android

TabActivityo
TabActivity ActivityGroup Activity
LocalActivityManager,
ActivityThread AmS Activty
ActivityThread LocalActivityManager ActivityThread
Activity Activity
LocalActivityManager ActivityThread
Android SDK ActivityThread

117 * {fhide}
11b V
)] 11/ public finol closs ActivityThread {

SDK ActivityThread

r ' static finol hread>

LocalActivityManager ActvityThread

TabActivity com.android.intemal.R.layout.tab_content

TabHost id id android:id/tabhost TabHost

id android:id/tabwidget Tab

id android:id/tabcontent, TabActivity Activity
FrameLayout

tab—eontent TabActivity

tab—eontent id
TabHost TabWidget TabContent
TabHost

ActivityGroup

Activity

SDK

TabWidget
FramelLayout

 setup(LocalActivityManager, TabHost LocalActivityManager

TabHost Manager
Tab Activity
TabHost Manager TabHost
» addTab(TabSpec TabHost TabWidget
Tab TabSpec

Activity

TabSpec



10 AmS

e List<TabSpec> mTabSpecs TabHost Tab TabSpec
TabSpec Tab
TabSpec IndicatorStrategy  ContentStrategy
Indicator “ ” Tab Content Tab
“ ” Strategy “ Tab oo
” interface
TabHost Tab

« LableAndlconindicatorStrategy
< LablelndicatorStrategy

¢ ViewlIndicatorStrategy View

» FactoryContentStrategy
 IntentContentStrategy Activity TabActivity
* ViewldContentStrategy
“ TabSpec
” TabSpec TabSpec
setindicator(xxx)
setContent(xxx), setContent(Intent intent)
Activity Intent Activity

10.4.2 LocalActivityManager

LocalActivityManager mActivityThread
Activity
( ) Activity
Activity

LocalActivityManager startActivityO mActivity Thread
Activity 10-25



Android

Lcral vy
Act y mActMtes
mAet vifyAiroy (
10-25 LocalActivityManager startActivityO
1 Manager dispatchCreate()
ActivityGroup onCreate() LocalActivityManager  startActivityO
Activity onCreate()
2 Activity Manager Manager
Activity mActivities mActivityArray HashMap
LocalActivityRecord ArrayList
Activity resume
Manager Activity
Activity moveToState()
4 Activity Manager Activity
Activity, onCreateO?
Activity “ ” Activity AmS
Activity flag Activity onNewlntent()



CLEARTOP TabActivity Activity
Tab Activity
moveToState() Activity  resume
6 Activity Window
Activity AmS
TabActvity Activity,
Activity Activity Window
Window DecorView tabcontent
moveToState(LocalActivityRecord r, int desireState)
Activity desireState Activity
moveToState() r.curState RESTORED
RESTORED Activity
DESTROY
r.curState INITIALIZE
Activity startActivityNow()
Activity STARTED RESUMED
Activity
switch case
10-8
performRestartActivity Restart
10-8 Activity
CREATED STARTED
CREATED Restart ();
STARTED Stop();
RESUMED Pause(); Pause();
Stop();
startActivityO AmS
Activity Window

Window

10 AmS

CLEARTOP

ActivityGroup —
TabActivity

DESTROY
onCreate()

startActivityO
performResumeActivity )

moveToState()
if-else

RESUMED

Restart();
Resume();

ResumeQ;

Activity
LocalActivityManager
Activity



10.4.3 ActivityGroup Activity

LocalActivityManager “ TabActivity
Tab Activity onPause() onResume() ”
Manager Activity Window
Activity
Activity Activity
if (old ! null old r mtufStote — HiISUPLO)

?HDveToSiate(old »~ STARTLD) j

Activity
Activity Activity A
Activity B A onPauseO
Activity onPause()
LocalActivityManager
moveToState() mActivityThread onPause() onStop()
Tab Activity onPause() onStop() AmS
TabActivity Activity (TabActivity Activity)
TabActivity “ ? Tab “Home”
TabActivity Activity
TabActivity stop start onStart() onPause()
Activity, TabActivity ActivityGroup onXXX(Q
mLocalActivityManager.dispatchXXX()
n.ce
protected void onResumef) {
super.onResumeC);
miocalAcfcivi di spatchResume():
LocalActivityManager dispatchXXX(Q action dispatch
Activity Activity stop resume
ActivityGroup onXXX() onStart() LocalActivityManager
moveToState() Activity stop regime

onStart()
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arm o i
GUI
IPC
Android
Android2.2 2.2)
5
WmS KeyQ KeylnputQueue
KeyQ native
QueueEvent
wWmsS InputDispatcherThread
QueueEvent

ViewRoot w Binder  InputDispatchThread



Android

IPC w
2.2

¢ InputDispatcherThread

2.3
. Binder
Binder Pipe
Pipe
Android2 .3

Android
KeyQ Java
Binder Binder
Android
C++
Linux Pipe
Pipe Binder
11-1

11-1

Android 2.3



11

InputReader
InputDispatcher systemjprocess > InputDispatcher
Pipe)
WmsS WmS WmS
ViewRoot IPC WmsS Session
addWindow() WmsS wWms
InputMonitor InputManager InputDispatcher
InputManager JNI NativelnputManager
InputDispatcher NativelnputManager
InputDispatcher
InputManager InputMonitor WmsS
boolean “Home”
WmsS false InputDispatcher
InputDispatcher
InputDispatcher Pipe) Pipe Linux
Linux Pipe Pipe
pipe() Pipe
wWms WmsS InputDispatcher
InputDispatcher
InputDispatcher
Linux Java Andmid
InputChannel.java InputDispatcher
InputChannel “ ” InputDispatcher
“ serverChannel)” “ clientChannel)”
“ T ” “ ”  Linux pipe(Q
Android “ ”
#

frameworks/base/services/java: com.android.serviceo



Android

WmsS InputDispatcher
InputDispatcher Key) WmS
WmsS
* WindowManagerService.lnputMonitor
¢ Input Wndow.java
¢ InputWindowList.java
* InputApplication.java

e InputManager. jpva

./jni/com—android—server—nputManager.cpp

InputWindow WmsS
InputDispatcher InputPatcher 2.2
WmsS WindowsState InputWindow
InputWindow InputDispatcher InputDispatcher
WindowState
InputWindow WindowsState
InputMonitor WmS Android 2.2
Android 2.2 AmS wWmsS

InputMonitor
InputManager WmS  InputDispatcher
frameworks/base/core/java ndroid.view.*

¢ InputChannel java

e ./jni/android_view_InputChannel.cpp
e ./jnilandroidviewlnputQueue «<cpp
¢ InputDevice.java

* InputEventjava, abstarct

¢ InputQueue.java
 InputHandler.java, interface

« KeyEventjava

¢ MotionEvent.java
InputEvent abstract Parcelable
KeyEvent MotionEvent InputEvent

Key)



Android 2.3 InputQueue

MessageQueue nextO
native
InputQueue native
InputHandler
native
IPC

InputHandler interface
2.3 Looper
InputChannel native Looper

native Looper

ViewRoot InputHandler

11

MessageQueue Android 2.3

MessageQueue next
native InputQueue
native
MessageQueue
Android 2.3
MessageQueue

handleKey(...) handleMotion(..)

Android 2.3

Android

InputHandler
InputHandler

InputDispatcher 11-2

11-2 MessageQueue

base/libs/ui
native
« InputDispatcher.cpp
* InputManager.cpp
« InputReader.cpp

¢ InputTransport.cpp
InputDispatcher

INI C/C++

InputReader



Android

InputTransport native InputChannel

InputChannel.cpp
InputManager  native  InputManager Java

InputManager 11-3

InputManager NativielnpotManager

i H__A | Inpytyanagar
Ja MIftm G -
11-3 native Java InputManager

| utDispatcherm

InputDispatcher WmsS WmS InputManager
minputMenager .start() InputDispatcher InputManager
InputDispatcher
InputManager
I'1d public inputNanager(Context context, Windo~QnagerService “indo”ManagerService) |
111 this.mContext - context;
112 this .m"indo’ANonQgerService - “indo"NanagerServicej
1B
14 ; this.mCal"backs ™mft CallbocksC);
us
ilb inito;
mCallback Callbacks
mWindowManagerService, WmsS
init() nativelnit() nativelnit()
native InputDispatcher initNative() n4

corrt ndrokLservef,Jn:putManag®r,cpp cofn_andfoi.cLs©rv8rin:putiManagfe’rxpp
RjNative_lnputManog@r:new milinputManager =
allv@inputManager(.v,|; ® - n@wnptitM.cinog@rt.. ,i;

mD*spatcher =

new InputDispatcherf,..);
mReoder =new fnpytReaderf...};

inputManager.cpp

mRoctdThread = InputManager.cpp i
newinputReoderThrecdfmReoder); P gercp
mDispolcherlhread = X

new InputDfspatcherlhread fmDispotcher];

11-4 InputManager
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InputManager.java INI NativelnputManager
InputManager InputManager native Java
InputManager
native InputManager InputDispatcher
InputReader InputManager
initialize() InputReaderThread InputDispatchThread
InputDispatcher
InputDispatcher
InputDispatcherThread InputDispatcher
InputDispatcher InputReaderThread
SySem_pmCeSS WmS

InputDispatcher

InputDispatcher
InputWindow.java InputDispatcher
11-5

11-5

visible
InputDispatcher

InputDispatcher



WmS

InputMonitor updatelnputWindowlLw() WmsS mWindow
InputWindow InputManager
setinputWindows(...) InputDispatcher
updatelnputWindowLw() 11-1
11-1 WmS InputDispatcher
updatelnputWindowlLwO

removeWindowlnnerLocked()
relayoutWindow()
removeWindowToken();
setTokenVisibilityLocked()
InputMonitor.setinputFocusLw()
InputMonitor.pauseDispatchingLw()
InputMonitor.resumeDispatchingLw()

performLayoutLockedInner()

performLayoutLockedinner() updatelnputWindowlLwO
updatelnputWindowlLw() InputManager nativeSetinputWindow()
InputWindow InputDispatcher InputManager JN |

com _android_server_InputManager.cop  nativeSetinputWindow
gNativelnputManager->setlnputWindows(env, windowObjArray);
nativelnputManager windowObjArray

InputWindow native InputWindow Vector
windows InputDispatcher setinputWindows()

Vector<InputWindow> windows;
jsize length = env->GetArtaylLength(windowObjArray);

for (size 1 = 0; 1 < length; i+t) {
Lol windows "

r%lnputManager-SgetDispatcher()->setlnputWind ws(windows);
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Java InputWindow InputDispatcher
] InputChannel
InputDispatcher Pipe Pipe Linux
InputDispatcher Pipe
Android InputCharniel
Pipe Linux Pipe InputChannel
Pipe
InputChannel Pipe
getReceiveFd() getSendFd()
InputChannel.java
InputQueue InputQueue InputChannel
. native InputChannel getReceiveFd() getSendFd()
Java InputChannel openinputChannelPair() InputChannel
InputDispatcher
(serverChannel), InputDispatcher
InputDispatcher
InputDispatcher Android
clientChannel
InputChannel ViewRoot
ViewRoot setView() IPC wWmsS Session
addwWindow() InputChannel InputChannel
ViewRoot WmsS InputChannel

addwindow() openinputChannelPaire()



Android

1 b if (outlnputChonnel null) {
1c String name win.mkelnputChannelName();
InputChannel [1 inputChonnels I InputChannel.openlnputChannelPairCnome};
win.mlnputChonnel « inpytChonnels[0]
i~ inpytChQnnels[I],transferloBinderOutParameter(outinputChannel);
L 1
rw rtilnputNanagor,regis ter InputChanne'i (Vin4dmInpuiChannol)j
¢ }
openlinputChannelPair() 5
11-6
android,viaw. InpytChaniialjava base/libslyi/lnpytTrarispartxpp

11-6 openlinputChannalPair()

1 InputChannel.java nativeOpenlnputChannelPaire() InputChannel.java
int mPtr native nativelnputChannel mPtr
native 2.2
2 android—view_InputChannel.cpp JNI serverChannel

clientChannelL #



11

3 native InputChannel openlnputChannelPaire(...) “ ?
libs C++
InputChannel.cpp InputTransport.cpp
(1) ashmem—ereate—egion(..)
(2) ashmem_set_prot—egion(..)
(3) dup() serverAshmemFd
clientAshmemFd server client dup()
InputDispatcher
InputDispatcher
(4) Linux pipe() int forword[2],
1
(5) intreverse[2]
(6) native InputChannel
outServerChannel - NEW nputChanneliCserverChcinnelNcmiei

serverAshniemFds forward[8] » reverse[l]);
StringS clientChonnelltoie - Name;
clienlChonnelNc4me,append(2 (client)®H]

outClientChonnel - nm InputChannel(clientChannelName?”
clientAshmefflFd® reverse[0], for”ord[I])"

11-7 f forword r reverse

11-7



Android

pipe) ashemem) channnel) pipe
InputDispatcher
pipe
ViewRoot InputChannel minputChannel WmsS
mlnputManager InputChannel 11-7
pipe foO rli outServerChannel rO fl outClientChannel,
11l native Java InputChannel Java
Java InputChannel

H WmS InputChannel

InputChannel

InputChannel InputDispatcher 11-8

bass/servioes™ni/
com”andro[d”*8rve”~inputManager.cpp

11-8 WmS
1 WmS addwWindow()
InputManager nativeRegisterinputChannel(..- )
INI NativelnputManager
InputDispatcher.cpp registerinputChannel()
inputChannel Connection
2 inputChanne receiveFd

232

InputChannel

minputManager.registerlputChannel. )
JNI
InputDispatcher

Connection

pipe reverse[O]
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Connection InputDispatcher mConnectionByReceiverFd
InputDispatcher serverChannel serverChannel f Connection
Connection
3 mLooper.addFdO  receiverFd Looper
pipe native Looper
441
InputReader InputDispatcher InputDispatcher
serverChannel InputDispatcher
pipe InputDispatcher
pipe
InputDispatcher InputDispatcher
WmsS :
/}idriput”ariiige"s CijisteMripulCharinelCMr! AinputChannel);
—44 sdk
Logcat
ANR ANR
serverChannel
serverChannel
B InputChannel
WmS InputChannel serverChannel InputDispatcher
clientChannel InputDispatcher
InputChannel InputManager InputChannel
native Looper InputChannel
WmS.Session  addwWindowO InputChannel WmsS
InputChannel Parcelable
ViewRoot IPC addwindow() InputChannel
ViewRoot InputQueue.registerinputChannel(..) JINI
nativeRegisterlnputChannel(), native InputQueue  registerlnputChannel(...)

11-9



Android

base/{X3re/|ni/android_view_in pytQu®©y@.cpp

119 InputQueue

1 Connection InputChannel
2 InputChannel receiveFd forword[O]
Connection mConnectionByReceiverFd Looper
Connection ViewRoot InputDispatcher
Connection ViewRoot
3 looper addFd() receiverkd
WmS
Key Motion Andmid 2.3
Motion InputDispatcher pipe wms
pre) Key WmsS Key
WmS WmS Key
“Home”
WmsS Java InputManager minputManager,
Callbacks InputManager mCallbacks initQ
nativelnit(mCallbacks) mCallbacks native
InputManager InputDispatcher Java

InputManager.Callbacks
Callbacks interceptKeyBeforeDispatching(...) InputDispatcher() Key
Wms InputMonitor

a
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prliC boolean interceptKeyBeforeDispstchingClnpytChonnel focus* int Qctions
INt flogs, int keyCode, int metaState, int repeatCount, i;ot policyflags) %
rmturn “indo"ManQgerService.minputHonitor.interceptKeyleforeDispatching(focys
action s flags} keyCode metoStates repeatCount, policyFlags);

WmS
Key WmS
Key Motion pipe
ActivityThread Looper
MessageQueue wait
Android 2.3 MessageQueue native NativeMessageQueue
native Looper Looper
Java Looper.loop() MessageQueue next() next()
111 final Message nextf} {
11.. intpendingld leHcindlerCount - —1; , 7 -1 onl> dyeing Asioo
11 intnext Poll TimeoutNilMs - §
114
15 fm (55) {
:11b if (nextPollTiiieoytNillis 0) {
1 Binder .flushPendfng€ommaf7ds0;
m }
1 1 notivePollOnce(mPtrs nextPollTieeo utHillis);
i, .
1 Bynchmmzmd (tlris) {
1~ /] Try to retrigv® the nmKt , Istyro if fQuod,
nativePollOnce() mPtr JNI
mPtr native NativeMessageQueue nativePollOnce() native
Looper pollOnceO
Ul wait() ViewRoot minputHandler
nativePollOnce() synchronized(this) MessageQueue
native ViewRoot minputHandler ViewRoot
setView() NativeMessageQueue
U InputQueue, re is 1( InputCharnel * minputHandler 3

S6I | per‘ Qye \Y



Android

minputChannel minputHandler Looper.myQueue() U I
MessageQueue native Looper
Java nativePollOnceO ul wait
MessageQueue nextO

nativePollOnceO
MessageQueue engqueueMessage()
nativeWake(mPtr) nativeWake() Looper.myQueue()
notify() Ul nativePollOnce()
ViewRoot minputHandler

privatf filial. InpytHondler ailnputHondler nmi InpytHiandler() {
public void event® Runnable finishedCql 1bock) {
stor InplitEvent(finished Calibock);
dispatchKey(event, tryf};

native

public void HandleNotionCNotionLveni events Runnable finishedCallbQck)

stQrtinputLvent(finishedCallbock);
dispotchNotionfevent® true);

HI

ViewRoot dispatchKey() dispatcliMotion()
Android 2.3
View 13
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Android
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GUI
GUI
GUI

Android
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2+x
APK Linux 2
SurfaceFlinger SystemServer
SurfaceFlinger sf
Surface Surface
X
sf SurfaceFlinger sf
SystemServer
APK Surface WindowManager
Wwms Surface Surface
Surface
WmsS Surface INI SurfaceFlinger—lient client
sf sf sf sf
WmSs, WmsS APK Surface
APK APK Surface Surface
sf
APK Surface
Surface
Android Skia C/C++
Canvas Canvas
drawColor() drawLine() Surface lockCanvas() APK
Canvas
wmsS
Linux sf
Skia SystemServer Surface IN I
C/C++ SurfaceFlinger—lient
« SurfaceFlinger
frameworks/base/service/surfaceflinger cpp
« SurfaceFlinger_client #
> frameworks/base/libs/surfaceflinger—elient: cpp ?
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> frameworks/base/include/surfaceflinger client
» Java Surface JINI
> frameworks/base/core/java/android/view/Surface java
> frameworks/base/core/jni/android view_Surface.cpp cpp client
Skia
* WmS Surface
frameworks/base/services/java/com/android/server/WindowManagerService.java 6316 1

Surface 6347 Surface.openTransaction() 6369 Surface.closeTransaction()
Surface closeTransaction() Surface
Surface
e Java WindowManager

> frameworks/base/core/android/view/WindowManager.java
addViewO
» Java Canvas NI\
> frameworks/base/graphics/java/android/graphics/Canvas .javao
> frameworks/base/graphics/jni/

> frameworks/base/core/jni/android/graphics/Canvas.cpp Canvas.java JINI
INI— Java
e Skia
extemal/skia/ cpp
Java
Java
Surface
SDK APK Surface WindowManager
addView() Surface @hide SDK Surface

216 = public SurfciceC) {
if iDEBmARELEASE} {
216 mCrecitionStock  nmm Exception”?);

1
+0 mCanvas _ nmm ComputibleCanvos();



Android

public Surface(SyrfQceSession st

18?7 : irit pid,: int displayt int int h, int int flags)
1 throffS CkitOfResciurcesExcepticm {
E A if COEIEILIfif4SE) {
A mCr®otion Stack . nmm ixceptionQ;
m |
1)y iiConvos m MEM Cowpoti bl.eConvosC)
133 initCsjpidjnullr"displayformat,flogs);
Surface Surface
Surface
Surface
WindowManager addView() ViewRoot ViewRoot Surface
Surface Surface ViewRoot WmS
IWindowSession Surface
IbA7 int relcsyoutResult - relayout(
2B4S mHindotS, params,
b4 | (int) (mVie” .oiNeosured”idth & oppScalo ~ 0, Bf) "
(int) (mVier.mNeosuredHeighi * oppScole + 3,
vie~rVisibility” irisetsPendingJ miinFrorte”
2foSJ mPendingContent nsets, niPendirtgVisiblelnsels”
mPendingConfiguroiionj miSurfoce);
wWmsS Surface Surface
ViewRoot Surface Surface
Surface Canvas NN
init() Surface init() JNI Surface,
android—view_Surface.cpp
2.[ SurfaceConiposerClient® client
|b13: (SurfaceConiposerClient3)env™>GetIintfield(session, sso, client};
L «l1S sp<SurfoceControl> surface;
life e if (jnome — NULL {
Hi surface client-~createSurfoceCpid” dpyj * formals flogs};
SurfaceComposerClient native SurfaceFlinger
createSurface() Surface
pid
Surface Surface lockCanvas() Canvas
lockCanvas() native lockCanvasNative()

android_view_Surface.cpp
1 native Surface
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2 Surface lock() Surfacelnfo

3 Surfacelnfo Surface

4 SkBitmap

5 SkBitmap SkCanvas SkCanvas

Java Canvas
6 Canvas Java
Canvas Canvas drawColor()
Canvas.java drawColor() native native—drawColor()
Canvas.cpp
static void drowColor_I(JNILnv* envi jobject® SkConvss* Canvas,
jint color) {
i“b convosTM>dra“CoIor(coIor)3
c1 }
native—dmwcColoie
JINI 2
( 114 {~nofcive~rdro”~Color” s , (void*) SkConvosGlue: :drawColor_ 1}A
SkCanvas drawColor() SkCanvas
SkCanvas “ ”
Java
11 C
Andmid C
10,10) 176X144
12-2

PIN 211 314 IN!
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Andmid external
MySurface Android.mk  Welcome.cpp
Android.mk Welcome.cpp
Android.mk
L CAL_PATH:= $ (call my-dir)
include $ (CLEAR_VARS)
LOCAL-SRC_FILES := \
Welcome.cpp
LOCAL-SHARED-LIBRARIES := \
libcutils \
libutils \
libui \
libsurfaceflinger-client \
libskia
L CAL_C_INCLUDES += \
$(LOCAL_PATH)/include/ui \
$(LOCAL_PATH)/include/utils \
external/skia/include/core \
external/skia/include/utils \
LOCAL_MODULE := hellosurface
LOCAL_MODULE_TAGS := optional
include $ (BUILD-EXECUTABLE)
Android Android
¢ LOCAL-SHARED_LIBRARIES
SurfaceFlinger Skia
« LOCAL-€JNCLUDES Skia

Welcome.cpp

#include <stdlib.h>
tinclude <stdio.h>

/1 the following is for surfacesupport

#include <surfaceflinger/SurfaceComposerClienteh>
#include <surfaceflinger/Surface.h>

#include <surfaceflinger/ISurfaceComposer.h>

#include <SkCanvas.h>
#include SkBitmap.h>
tinclude <SkRegion.h>



using namespace android;

int main(int argc, char** argv)
int pid = getpid(;
int x = 176, y = 144;

sp<SurfaceComposerClient> videoClient

= new SurfaceComposerClient;

12

» sp<SurfaceControl> spSurCtrl = videoClient->createSurface(pid,
0, X, y, PIXEL_F RMAT_RGBA-8888, 0);
SurfaceControl* surContrl = spSurCtrl.get();

const sp<Surface>& sur = surContrl->getSurface();

videoClient->openTransaction();
surContrl->setSize{X, y);
surContrl->setPosition(10, 10);
surContrl->setlLayer (100000);
videoClient->closeTransacti n ();

[ surContrl->show();

SkBitmap *pmap = new SkBitmapQ;

pmap->setConfig(SkBitmap::kARGB-8888-Config, X, Vy);

Surface::Surfacelnfo info;
sur->lock(&info);
pmap->setPixels(info.bits);
sur->unlockAndPost();

SkCanvas *canvas = new SkCanvas(*pmap

| canvas->drawColor(0x80509a47, SkXfermode::kSrc-Mode);

while(1);
11 delete pmap;
11 delete canvas;
/1 delete videoClient;
return O
}

SurfaceFlinger—lient
Android.mk
videoClient_>createSurface()
surCtrl->getSurface()
SoftReference

sp

Java

frameworks/base/include

SurfaceFlinger Skia
sp<SurfaceControl> Surface
Surface sp Android
CH++
sp



Android

Soft Pointer

RGBA_8888 0
Surface Surface Camera
PIXEL_FORMAT_OPAQUE |ISurfaceComposerzePushBuffers
frameworks/base/include/ui/PixelFormat.h

Android.mk
Surface openTransaction()
closeTransaction()
Surface show()
show() SurfaceControl Surface
Surface Surfacelnfo bits sur—>lock()
lock() unlockAndPost()
while SurfaceFlinger
Surface createSurface() pid SurfaceFlinger
Surface
Android make hellosurface
out/target/product/generic/system/bin/hellosurface adb push
system/bin adb shell
hellosurface,
NS 18
11 Java
Java
e Surface
Java
SurfaceHolder
Surface ViewRoot ViewRoot
Surface SDK ViewRoot Surface
SurfaceView
SurfaceView SUrface Android
Canvas drawColor() drawLine() drawText()
Canvas Canvas

Canvas
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Canvas
Drawable Canvas
> Drawable
Canvas Drawable Drawable Canvas
> Drawable SDK Dmwable

BitmapDrawable NinePatchDrawable PictureDrawable> ColorDrawable

Drawable
Drawable Canvas
Canvas

final static int GRAY = 0x0ffalalao;
final static int DARK = OxO0ff000000;
private void onDraw2(Canvas canvas){
canvas.drawColor (OXOFffffffff);
int h = canvas.getHeight(Q);
int w = canvas.getWidth();

if(mPaint == null){
mPaint = new Paint(
"}
int textSize = (int) mPaint.getTextSize (;

Rect rt = canvas.getClipBounds();

String strl = rt.toShortString(Q);
canvas.drawText(strl, 0, 0 + textSize , mPaint);
canvas.drawText ("h=f+ h + n,w=" + w, 0, 100, mPaint);

canvas.translate (100, 50);
canvas.drawCircle(0, 0, 2, mPaint);
int saveCount = canvasesave();
canvaseclipRect(20, 0, 40, 20);
canvas.drawColor (GRAY);
canvas.restoreToCount(saveCount);

Matrix m = new Matrix();
m.setScale (2,4);
canvas.concat(m);
canvaseclipRect (20, 0, 40, 20);
canvas.drawColor (DARK);

12-3
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kfloWorld; yCus¥ !

12-3 Canvas
canvas.drawText()
0,0)
canvas.translateO
10050) drawCircle() 00)
Canvas
h w 480 320
Matrix
Matrix
Matrix

Matrix

Canvas

100,50)
Canvas

Matrix
Matrix



— 13 View

By afio muntk

HD™NOD

View

13-1
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DOWN/UP
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WmsS

GUI

Android
14
View
(View),

View
addViewO

MATCH PARENT
2

Canvas
(Clip)

layout draw

WmS)
wmsS WmsS
WindowManagerService
View
View
View
measure)
View
WRAP—CONTENT
layout)
View
Framework LinearLayout Framelayout
Canvas)
View Canvas
0,0)
View
measure
Android # Ul
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measure layout draw

Framework
(KeyEvent) (Pointer)
(Trackball)
f
Android
1321
android.view.KeyEvent
API API
e getAction() DOWN UP
« getKeyCode() Android
Framework 0 9 A Z
getScanCodeO
getKeyCode() “shift +A” “Ak+A”
A isShiftPressed() isAltPressed() isSymPressed()
e getRepeatQ DOS
getRepeatO A 1
wp
13-1
13-1
loop getAction() getKeyCode()
1 0 A 0
2 0 A 1
3 0 A 2
4 0 A # 3
5 0 A 4

View
getKeyCode()
wp
getRepeat()



Android

loop 1 2 2 33 4 4 5
1 2
CPU CPU
Nokia “
DOWN CPU DOWN
Android
DOWN
View
View DOWN
View
13.2.2
android.view.MotionEvent
AM API
» getAction()
e getBEventTimeO getDownTimeO: DOWN
DOWN DOWN
DOWN
» getPressure() 1
e getSize() 0 1
e getX(int index) getY(int index): index
0



ACTION_DOWN
ACTION_POINTER_DOWN 2
ACTION—POINTER-UP 2
ACTION-UP

1 2 | 2
ACTION-BOWN
ACTION-POINTER_DOWN 2
ACTION_POINTER_UP 1
ACTION-UP

Nexus S
5 12 3

13-2
3 ACTION—POINTER-UP 1

ACTION—POINTER-UP 1

ACTION-UP

, 1 3 ACTION—POINTER-UP 2

ACTION_POINTER_I
ACTION_UP
1 ACTION-POINTER-UP 3
ACTION—POINTER-UP 2
ACTION-UP
12 ACTION_POINTER_UP 3
ACTION_PINTER_UP 1

ACTION_UP

ACTION
ACTION-U P,
Android

ACTION-MOVE Android
IPhone
IPhone View

13-2

ACTION

ACTION

13

View

View



Android

ACTION-MOVE getX(int index)
View
“ ” Android
DOWN UP MOVE POINTER 1, PONTER2

Mac

Android Nexus 5 View

View

13.3.1 KeyEvent.DispatcherState

View “ ”
“ ” DOWN
DOWN “ ” DOWN
C+ “ ”
DOWN View Java
Click) long click)
DPAD—CENTER, “OK” View Post) —
Runnable onLongClick()
Java “ ” 500ms
KeyEvent dispatch()
DOWN UP DOWN receiver onKeyDown() receiver

View) Activity

View oi"KeylL ongPressO
“ ” setOnLongClick() Listener
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onKeylLongPress() onKeyDown()
DOWN true, false

I public boolean onKeyDown(int keyCode, KeyEvent event){

if(keyCode == KeyEvent.DPAD_CENTER && event.getRepeat( == 0){
i return true;

}else{ return false}

}

KeyEvent.dispatch() receiver.onKeyDown () true
state.startTracking() DOWN receiver
onKeyLongPress(),

1o } else if (isLongPressC) &% state,isTrcsckingCthis)) {
- try {
| if (~eceivel.ONKeyLongPressCnKeyCodel this {
/L if CDtBUG} Log *v( MS, M Clear from long pr
Nov state.performedlongPress(this);
1<c - : res - true;
iSLongpreSSO (1] 7 13 7 13 ”
mFlags FLAG_LONG_PRESS mFlags native C++
“ ” onKeyLongPressO tme
state.performedLongPressO KeyEvent state
UpP state handleUpEvent() KeyEvent

event flag
FLAG_CANCELLED]FLAG_CANCELLED_LONG_PRESS,

ol 1 int index _ n”ctiveLongPresses,indexO"fKeyCkeyCode);
' if (index >- 8) {
if CDEBUC) Log,ViTAtj, N Index; + index);

imi event_fiFlogs :1 FLAGACAMCELED
IS;:k mACtivelongPresses , rerriove tCindex)
KeyEvent.DispatcherState View View

View Attachinfo
“ ” dispatch() onKeyDown(), onKeyDown()
DPAD_CENTER



Android

d cose Keytvent. KtYCODt"DPAD"CENItR]
cose KeyLvent,KEYCODtAtNltA: {

if (mVierFlogs & TNASLEIMASK} — DISABLED) ¢
OS return true;
4 1

/1 Long clickablc items don?t necessarily have Id be clickol

if ((mVierriogs & CLKKABLt} — CLICKABLt il

(mVierriogs & LONGMCLICKABLO — LONGMCLKKABLt} U

(event sget®"epeotCountC) — 9)) {
4211 setPressed(trye);
it ccmvievi logs g LONGACLKKABLO — LONG"CLKKABLi } ¢
4713 postCheckForlongClickCB);
4214 1
4215 rityfn tryt;
Enable true false
getRepeatCount() 0 CLICKABLE LONG_CLICKABLE
setPreSSed(tme) Press
LONG—<LICKABLE, pCheCkFOr.cmgClick(0) 0
postCheckForLongClick() postDelay() Ul Runnable delay
ViewConfigration.getLongPressTimeout() LONG_PRESS TIMEOUT
500 Runnable mPendingCheckForLongPress 500
performLongClickO
onLongClickO 500ms Runnable
onLongClickO View
mHasPerformedLongPress true UP false false
removeMessage()
Runnable onLongClick()
13.3.2
6
ViewRoot InputHandler
InputHandler handleKey() ViewRoot dispatchKey()
DISPATCHKEY deliverKeyEvent()
1 mView.dispatchKeyEventPrelme() Prelme “  Ime”
View |

dispatchKeyEventPrelme()
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dispatchKeyEventPrelme() true
wWmsS finishinputEventO WmS
wWmsS
2
deliverKeyEventToViewHierarchyO
(1) checkForLeavingTouchModeAndConsimie()
false
(2) mView.dispatchKeyEvent()
PhoneWindow DecorView mView ViewGroup
FramelLayout
(3)
mView.findFocusO mView
mVeiw Focus focused
focused.focusSearch(dir) focused dir
\Y%
a. focused.getFocusedRect()
b. mView.offsetDescendantToMyCoords() mView
C. mView.offsetRectIintoDescandantsCoords()
13-2
focused View 1 v 1
ViewGroup focused.getFocusedRect() 1
\% 3 offsetDescendantsRectToMyCoords()
2 offsetRectintoDescendantsRect() 1 2



Android

\%
v ViewGroup View v 13-3
\Y
\Vil ¥2
13-2 13-3 ViewGroup View
\Y focused
focused v v3
v.requestFocus() v
dispatchUnhandleMove()
(4) sendDone true, WmS
finishinputEvent0
prelme
View WmsS
finishinputEvent()
13.3.3
mVeiw.dispatchKeyEvent()
PhoneWindow.DecorView, ViewGroup FrameLayout LinearLayout,

Activity DecorVeiw DecorVeiw



DecorView  dispatchKeyEvent()
1
(300ms
&
DOWN DOWN repeat
0
(1) mPanelChordingKey 0] “Menu” “Menu”
82 “Menu” 0] Chording “ "
“Menu” peformPannelShortCut()
(2) dispatchKeyShortCutEvent() “Menu +
” View
(3) “Menu”
performPannelShortCut() 1)
3 View Callback dispatchKeyEvent()
Callback Activity Activity Window.Callback
PhoneWindow Activity super.dispatchKeyEvent()
ViewGrouop Activity
4 Activity PhoneWindow onKeyEvent()
13.3.4 Activity
Activity Activity dispatchKeyEvent()
Activity Window DecorView
Activity onKeyDown() onKeyUp() Activity
Window
dispatchKeyEventO
View

Activity

13 View -
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1.
6 dispatchKeyEventO
1 onUserlInteraction() Activity
2 Activity Window superDispatchKeyy Window
mDecor.superDispatchKeyEvent(), mDecor PhoneWindow DecorView
super.dispatchKeyEvent() DecorView FrameLayout
dispatchKeyEvent() super ViewGroup
ViewGroup ViewGroup super.dispatchKeyEvent()
ViewGroup
mFocused  dispatchKeyEvent()
“ViewGroup ” “ ” ViewGmup
IF& 2 if CCAPAiVOW?d;?LSgt()quCLJIEED ! HAS’\BOi%JtN)D;S}}'— CfO0JStD | HASROUNDS}} {
. } tlsi if (rfocused _ 1l &  €cysed,mPrivqtePlcjgs & HAS SOiMOS™} — HAS,mBOUNDS™) {

VA mtufn rrifQcused.dispatchKeyEvOntCev€nt)
n ! ?:tfyrn falsi
mPrivateFlags View ViewGroup View ViewGroup
HAS BOUNDS mFocused ViewGroup
ViewGroup A B B C C View
C mPrivateFlags FOCUSED HAS-BOUNDS B
FOCUSED mFocused C A FOCUSED
mFocused B dispatchKeyEvent() C B dispatchKeyEvent()
C dispatchKeyEvent() View dispatchKeyEvent()
View dispatchKeyEvent() onKey(
onKey()
event dispatch() receiver View
3 View event dispatch()
receiver Activity
2. KeyEvent dispatch()
event dispatch() event KeyEvent
dispatch() receiver
dispatchQ switch case ACTION_DOWN ACTION-UP
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ACTION_MULTIPLE
ACTION-BDOW N,

mflags ~NfLANSTARIMWACKING;
tf (DtBOO Log. ey dd@n to P + target + % in <4 + slate
Lib + v ~ this,};
boolean res " receiver,onKeyDof%nCmKeyCode4 this);
if (state null) {
if (res U mRepeatCount — 9 B& Cmflcigs"FLACNSFARFATRACKINQ o} f
M2) if iDEBUQ log. vCfAG, 't Start tracking!(®);
state,startTrockingCthis, target);
161 } else if (islongPress(} M state,isTracking(this)) {
try {
1 if (receiver.onKeylongPressCmKeyCode” this)) |
"4 if CDEBUG) Log.v( n Clear From long press!N;
s stcit€, p#rfor €M Lorif Pr @sCtlii S} *
1bb res trui;

} cotth CAbstrcsctNethodEirror e) {

fmtum res-
1 mFlags FLAG_START__ TRACKING
2 receiver.onKeyDown() receiver View Activity
3 state DispatcherState View View
View View
“ ” “ ” receiver onKeylLongPress()
(1) state.startTracking() KeyEvent
startTrackingO mFlags FLAG—START_TRACKING
DispatcherState startTracking()
e res true receiver onKeyDown() true receiver DOWN
true receiver
onKeyDown()
* mRepeat 0 DOWN
* mFlags FLAG_START_TRACKING
“ ” onKey
Down() mFlags KeyEvent startTrackingO
onKeyDown() KeyEvent onKeyDown()
KeyEvent startTrackingO

(2) receiver onKeyLongPress()



Android

isLong() true mFlags FLAG—LONG_PRESS
native C++
state.isTracking() true

“ ” native C++ “ ” Java
500ms
. onKeyDown() true
. onKeyDown() event.startTracking()
. onKeyLongPress()
ACTION_UP state.handleUpEvent()
“ ” “ ” handleUpEvent()
event FLAG_CANCELED FLAG—CANCELED—+ONG—-PRESS
receiver.onKeyUpO onKeyUp()
flag, UP “ ”
ACTION-MULTIPLE
13.35 View onKeyDownO onKeyUpO
KeyEvent() dispatch() receiver onKeyDown() onKeyUp()
receiver View Activity receiver Veiw
onKeyDown()
1 DPAD—-CENTER KEYCODE_ENTER “ 8
false
2 View ENABLE false
3 View U setPressO PRESSED .
postCheckForLongClick() “
postCheckForLongClick() postDealy()
ViewConfigration.getLongPressTimeout(), 500 m s, Runnable

mPendingCheckForLongPress0
500 ms Runnable
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(1) onLongClickO

(2) showContextMenuO

(3) mHasPerformedLongPress
true false

View onKeyUp()

1 false
2 press setPress(false) false Pressed
3 500ms
mPendingCheckForLongPress 500ms mHasPerformedLongPress
true
4 performClickO onClick(
13.3.6 Activity onKeyDownO onKeyUpO
KeyEvent dispatch() receiver Activity
onKeyDownO
1]1 “Back” Eclair “Back” onBackPressed()
Activity “Back” Activity
Android 2.3 onBackPressed()
event.startTracking() “Back” Activity
2 mDefaultkeyMode DEFAULT-KEYS-BISABLE
false, Activity onCreate() setDefaultKeyMode()
Activity

e DEFAULT_KEYS DISABLE

« DEFAULT_KEYS_DIALER

e DEFAULT—KEYS SHORTCUT:

« DEFAULT_KEYS_SEARCH_LOCAL

e DEFAULT-KEYS_SEARCH_GLOBAL:

W SHORTCUT J Activity Window performPanelShortcut()

@ DOWN isSystopO felse



Android

TextKeyListener.getinstance().onKeyDown()

getinstance() TextKeyListener
android.text.method.xxxListener QwertyKeyListener
6 keyMode Activity
Activity onKeyUp() Android 2.2
Android 2.2 onKeyDown() “Back” event.startTrackingO
onKeyUpO “ ” “ !
onBackPressed() , “Back” “ ”
event flag FLAG_CANCELED FLAG—ANCLEED_LONG-PRESSED
event onBackPressed() onKeyUpO

13.3.7 PhoneWindow

View Activity PhoneWindow
onKeyDownO onKeyUpO
onKeyDown()
A AndioManageis
2 MediaPlayer
Andmid
startTrackingO , DOWN Intent
4 “Menu” onKeyDownPanel()
Y false
UpP
6 “Search”
uUprP “Search” Intent
Intent intent — new Intent(Ilntent

inteni.seiFiagsClnteni

- onKeyDownO onKeyUpO g
til DispatcherState handleUpEvent() DOWN

262
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2 DOWN
AudioManager
ADJUST-SAME SAME “ ”

3 “Menu” onKeyUpPannelO DOWN
onKeyDownPannel()
4 “Back”
reopenMenu()
<11 DOWN Intent EXTRAJCEY_EVENT
event
DOWN
7 DOWN
DOWN
8 “Search” DOWN DOWN
Intent Action ACTION_SEARCH_LONG-PRESS UP
Activity onSearchRequest()
onKeyUpO
WmS
WmsS
WmS
InputDispatcher
InputManager interceptKeyBeforeDispatching()

public boolean intereeptKgyBeforeDispcj'tchingClnputChQrmel focus” tot oction}
tot flags * ini keyCodej int metaState irlt repecstCoimfc* tut policyFlags)
i~ r.tur*n pfi ndonMQncsger Servi ce,elnputHonit or.interceptKeyBefore Di spqtching(f acust
action,: flags$ keyCode* etaStste* repeatCount, policyFlogs);

InputMonitor
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public boolenn interceptKeyBeforeDispatchingClnputChonncl focus,
L.ih'i inf Cint flags* tit keyCode» tut * ifit rtpeatC oynthr
int policyRags) ¢
Nindovs«State “indowStote - gettindo”Statel orlnpyiChonnel(focus);

15 hh return *Policy. interceptKeyBeforeDispQtching(~indo~Stc!te# oction® flogSi
bJ.hr | keyCod© s i rgptMufcCoyjit f ;
N (
mPolicy PhoneWindowManager “ ”
13-4

FlibneWindowjntercaplKeyBeforeDispatcliingC)

13- 4 PhoneWindow

DecorView
“Back” “Menu”
PhoneWindowManager
” Activity

B “Home” upP mHomelLongPress

Runnable
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cmKeyO
2 mHomePressed true “Home” UP mHomePressed
“Home” DOWN true UP
launchHomeFormHotKeyO Home
mHomePressed UpP launchHomeFormHotKeyO Home
“Home” Home
3 “Home” DOWN
mHomePressed 500ms
mHomeLongPress Runnable “Home”
“Home”
$ “Menu” “Menu”
* Shift+Menu” “Alt+Menu” Intent
Action ACTION_BUG__REPORT Service
com.android.server.LoadAverageService,
_ “ Search” DOWN mSearchPress true
“Search” UpP
6 “Search” “ Search+Key”
if
i \Wj if (msearchkeyPressed) {
uw if (don M repeolCount8 & !keyguordOn) {
repeatCount= 0 “Key” DOWN “Search”
“Search”
DOWN keyCode Intent
startActivity() Intent Activity
keyCode Intent mShortCutManager.getintent()
keyCode mShortCutManager ShortCutManager PhoneWindowManager

true
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S B
. View/ViewGroup
ViewGroup
dispatchKeyEvent() super.dispatchKeyEvent() ViewGroup
mFocused dispatchKeyEvent()
pointer motion touch,
13.5.1
pipe InputQueue next()
nativePollOnce() ViewRoot mlnputHandler
dispatchMotion() DISPATCH_POINTER
deliverPointerEvent() finishinputEvent()
native C++
deliverPointerEvent() 6
1
800X480
480X320
13 DOWN ensureTbuchMode(tme) “
3 800X480
13-5 mCurScrollY Y
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Comen Cor ent
Conten iiComent
Cor n Colent
Certen Cogent >

AiConten Content p|
Conten Colent n
Comen Content 0
Corlen Cogent g

SCo en Colent
Comen Cement

j1 ~ 1/\< on $

S;€_ on Co.ntent evanigelYO

., 0,6 o Gcintent f

Eg() on Content

13-5
4 mView.dispatchTouchEventO
View Activity PhoneWindow DecorView
ViewGroup
#
edge slop
13.5.2
mView.dispatchTouchEvent() ViewRoot mView
mView PhoneWindow DecorView
mView ViewGroup
DecorView Callback Callback
Activity Callback DeeprView ViewGroup

dispatchTouchEvent()
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Activity dispatchTouchEvent()

1 ACTION_DOWN onUserlInteraction()
2 Window superDispatchTouchEvent()
3 Window onTouchEvent()
Window superDispatchTouchEventO Window PhoneWindow
mDecor  superDispatchTouchEventO DecorView
super.disptchTouchEvent(), ViewGroup  dispatchTouchEvent
DecorView
Callback ViewGroup Callback ViewGroup
Callback ViewGroup
1353 ViewGroup
ViewGroup
View
1 13-6
Content, Content,
Content, ~Content

Content fi Content

f Content fHf Content

Sf Content, ?M f Content
ainfiMContent, fi Content
?M:ff Content, H Content

~Content, ff: MContent,

13-6

layout)
getX()/getY ()
mScrollX/mScrollY getX()fe X



13 View
getY() Y
ViewGroup
ViewGroup
2 DOWN
(1) ViewGroup TOUCH
oninterceptTouchEventO
DOWN true
(2) child.getHitRect(frame)
ViewGroup child child
ViewGroup frame
frame.contain() child child
ViewGroup, child dispatchToiichEvent()
child
13-7
ViewGroup child
child 60 20 child ViewGroup
View
©
. X
> - frame
- o 0, 0, 60, 20)
ViewGroup o o chyd
©,0) * e ViewGroup
° 0520, 80, 40} Vi
0, 40, 80, BO) m
fram@
0, 80, 60, 80) m (30, 10)
frame
10, 80, 80, 100)
« (30" 20)
'130,,
13-7
#
(3) child ViewGroup
ViewGroup  dispatchToucheEvent() child
ViewGroup, View

269



Android

UP CANCEL
ViewGroup
ViewGroup

4 target
child,
mMotionTarget

super.dispatchTouchEvent()

super.dispatchTouchEvent(),
mPrivateFlags
action
5 target disallowlIntercept
ViewGroup

UpP

onintereptToucheEvent()

action CANCEL P*
true

target

mGroupFlags

FLAG_DISALLOW_INTERCEPT

ViewGroup

ViewGroup

child child

View View

onTouchEvent()

CANCEL_NEXT__UP_EVENT
ACTION_CANCEL

false ViewGroup
requestDisallowdInterceptTouchEventO
CANCEL ViewGroup

oninterceptTouchEventO

target.dispatchTouchEvent()

ViewGmup

target.dispatchTouchEvent()

target
CANCEL_NEXT_UP_EVENT,
target
Touch
oninterceptTouchEvent() onTouchEvent() 0

ViewGroup
oninterceptTouchEvent() ViewGroup
onTouchEventO View
ViewGmup Activity

onTouchEvent
ViewGroup

View oninterceptTouchEvent()

action

mPrivateFlags
CANCEL
target

mMotionTarget

ViewGroup
View
Activity View
Activity onTouchEvent()
oninterceptTouchEvent()

ViewGroup onTouchEvent()
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onlnterceptTouchEvent(), oninterceptTcmchEventO
. /2 DOWN ViewGroup
. 5 ViewGroup target
13.5.4
ViewGroup View View View
View
pre-pressed pressed
13-8
mFaridlrigForTapCiiaok;
(1) pre-prsssed
(2) pressed
3) ~®mPeridlrigCh©ckForLoiigPrass
ACTION~DOWN mPendingCheckForLongFrass
(1) flag = pra-pressed - UP_ '
) mPend ngForTapCli8d< - p#rforniLongC_io_
[ ] m nnHmPerformedLongPress true
p"pressadif® pressedflf® _
AOTION UP
n: VvVl Co__ion 110_ 8§11 _ _
13-8
Handler 13-8
ACTION-BOWN to to
ACTION_UP to pre—pressed “
tap) ” tl
“press” to to
View onTouchEventO
super.onTouchEvent(), i, onTouchEventy)

View onLongClick()
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View

1 onFilterTouchEventForSecurity()

HLTER_TOUCHES__ WHEN-OBSCURED

onTouchO

onTouchEventO
(1) disable
(2) TouchDelegate

View
13-9
Touch
View

(3)

true
View
View
13-9
View
TouchDelegate
false

ACTION4ADOWN MOVE

UpP

View

View



13 View
ACTION-BOW N mPrivateFlags PRESSED
mHasPerformLongPress false tap
ViewConfigration.getTap Timeout()
repeat
DOWN MOVE UP MOVE
_ tap longPress
mPrivateFlags PRESSED refreshDrawableState()
GUI HTC magic Windows
Android
ACTION_UP UP
a. pre-pressed prepressed true
b. pre—pressed press
Touch
c. press
mHasPerformedLongPress false
removelLongPressCallbackO
d. focusTaken false, false,
Touch requestFocus() false false
uUpP performClick() focusTaken true
performClick()
requestFocus() focusTaken false
tap press performClick()
tap press PRESSED
ul
(5) tap press press PRESSED
tap UnSetPressedState
(6) removeTapC:

ACTION—-C€ANCEL
tap
Touch

PRESSED
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1 view

View
View
View
13.6.1
View
Drawable
enable
focused
pressed
selected

window_focused

selected

» focused

View
View
View
View
Focus) Pressed)
Android
15 android.graphics.drawable.StateL ist—
13-3
13-3
setEnableO
setSelectedO
focused
13 / 7 13 / 7
selected
focused selected
pressed selected false pressed
pressed selected
setSelected()
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focused selected
GUI Andmid
focused focused
selected
selected
IPhone Ul
xml Framework

13 View
PC
pressed
selected
res/xml
Button

<selector xmlns:android="http://schemas.android.com/apk/res/android">

<item android:state_window_focused="falseM android:state_enabled=ntrue”

android:drawable=,lddrawable/btn_default_normal f />

<item android: state_window_focused="falsel android: state_enabled="false"

android:drawable=n0Odrawable/btn_default_normal_disablen />

<item android:state_pressed=ntruen
android:drawable=flgdrawable/btn-default-pressedl />

<item android: state-focused="true"™ android: state—enabled="triien
android:drawable=n@drawable/ btn-default selected*” />

<item android:state-enabled=ntrue"

android:drawable=n@drawable/btn default-normal"™ />
<item android:state focused=ntrue"
android:drawab, le=M@drawable/ btn-default-normal-disable focused™- />
<item
android:drawable="@drawable/btn_default_normal_disablen />
</ selector>
<item> android:state—ox
View StateL istDrawable drawable
StateListDrawable draw()
13 .6 .2 View
View
ViewGroup
invalidateO requestLayoutO
requestFocus(), ViewRoot schueduleTraversals()
performTraversals() View 13-10
invalidate() setVisibility();
Selected setSelected() Enable setEnable()
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13-10 performTraversals()

requestLayoutO
setVisibility(), requestLayout();
View
requestLayou()
requestFocusO— Y A A
13.6.3 refreshDrawableListO
Drawable 13-11

13-11 refreshDrawableListO
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1 mPrivateFlags DRAWABLE-STATE_DIRTY
getDrawableState()
2 drawableStateChanged() protected Framework View
ViewGroup ViewGroup
FLAG_ADD_STATES_FROM__CHILDREN View
(1) getDrawableState() onCreateDrawableStateO
int[] DrawableStateL ist int[]
(2) mBGDmw
int[] int[] mBGDrawable Drawable
3 childDrawableStateChanged()
ViewGroup ViewRoot
ViewGroup, ViewGroup mGroupFlags FLAG _ADD STATES FROM_CHIL-
DREN ViewGroup
refreshDrawableState() ViewGroup
ViewGroup setAddStatesFromChildren() ViewGroup
ViewGroup refreshDrawableState ViewGroup
onCreateDrawableStateO FLAG_ADD—STATES+FROM—CHILDREN
View
ViewGmup ] ViewGroup
PRESSED ViewGroup PRESSED
AN protected int[l onOeateDr.anaial'eSta—ex traSpace)
hr.n i\ rttyn'i ape . if CC"rou;i?;mgs & STATES’MOM_.CHILDRBO  f) {
int need : 1i;
int n - getChildCount();
far (int i .§ i <n;

lilt0 childStete getCNildMCi),getirswableStateC) J

if (child'S'tfite im {
need =+ childState/ length;

}

intC] siMe « super onCreoteDrcj cibl eStateCextraSpoce 4 oeed);

fd.r (int i i<n; i#) {
int[] childS.tfl.te  getChildAt(i}. getDrawobleState();
if (childState uU)

_U){
starts  mergeDrawableStatesCs, tat&> childStote);
>

1

return state "
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ViewGroup
ViewGroup Button ViewGroup

13.6.4 onFocusedChangedO

onFocusChangedfgainFocus, dir, rect)

13-12 onFocusedChanged()

1
(1) PRESSED PRESSED
false
(2) imm.foQusOut(this)
( )
“or EditText
mAttachinfo mHasWindowFocus
; if (imm null mAttachinfo ]- null
1; pAttochl isfo,mHasii ndowFocus) |

im  focusCkit(tiiis);

¥

mHasWindowFocus

13-12

setPressed(false) ,

EditText
onFocusChangedG



n 17
(3) onFocusOut() protected
setPressed(false)
2 U imm  focugn(thi9
3 invalidateO,

ill mFocusChangedListener  onFocusChanged()

13.6.5 ensureTouchModeO

Touch

Touch Touch
switchTouchModeO 13-13

erisureTouchMode{booleart inToucliModa)

13-13 ensureTouchModeO

13

Touch

View

PRESSED
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1 Touch Touch
false Touch
mAttachinfo.minTouchMode boolean
2 WmsS Touch WmsS
Touch 14
sWindowSession.setinTouchMode()
3 ensure TouchModeLocally
(D mAttachinfo.minTouchMode
(2) View mAttachinfo ViewRoot mAttachinfo
mTreeObserver ViewTreeObserver
dispatchOnTouchModeChanged()
View getTreeObserver() View
ViewTreeObserver View
ViewTreeObserver ,
addOnGlobalFocusChangedListener()
dispatchOnTouchModeChanged()
onGlobalFocusChangedO Focus
ViewTreeObserver Focus Layout pre-draw scroll
(3) Touch enterTouchMode(), leaveTouchModeO
4 enterTouchMode()
(1) mView.fmdFocusO View ViewGroup mView
findFocus() hasFocus() getFocusChild()
13-4
focus
mView. findFocus() View ViewGroup A
mView.getFocusChild() mView VG_1 mView
hasFocus() A VG_1 mView KasFocus() true B VG2 false
hasFocus() View ViewGroup

View

13-14 View A



13 View
131 4
(2) Touch ) false,
setFocusablelnTouchModeO
Touch
(3) Touch
Touch requestFocusO
mView.unFocusO
ViewTreeObserver dispatchOnFocusChanged()
Focus Touch
mFocusView true
5 Touch leave TouchModeO
(1) View
false ViewGroup
ViewGroup false ListView
ViewGroup ListView item, item
(2) foQuSSearth(null FOCUS—BOWN)
requestFocusO null
DOWN Touch
13-15 ListView
ListView item 13-16
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Touch Touch

13-15 Touch 13-16 Touch ListView

13.6.6 setVisibilityO

GONE VISIBLE INVISIBLE

setFlags() mBGDrawable.setVisible()
setFlags() View setEnable() setClickable()
View mViewFlags mPrivateFlags mViewFlags
mPrivateFlags (bit)
setFlags()
13-17

old 1 0 D

mViewFlags 0 0 4

mask . ﬁ I

changed 1 0 i

13-17 mViewFlags

old mViewFlags mask 13-17
old mViewFlags
changed 1
13-18



13 View

changed & XXXIVIAK

changed &flag

flganxjrnsk Si s2 s3
13-18
setFlagsO 7
$
2 FOCUSABLE
(1) focus un-focus unFocus()
(2) mParent
focusableViewAuvailable(this) mParent this
3 VISIBLE VISIBLE
(1) DRAWN View
(2)
Attributes true “ View "
View
(3) mParent mParent focusableViewAvailable(this)
mBottom>mTop && mRight>mLeft 0
0
4 “ ” GONE 13-18
(1) needGlobalAttributesUpdate(true) View
(2) requestLayoutO, View

needGloba
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3 invalidate()
(4) (GONE)

(5) destroyDrawingCache()

(6)
5 INVISIBLE
(L needGlobalAttributesUpdate(false)
(2) invalidate()
(3)
(4)
4 5
3 VISIBLE
mPrivateFlags DRAWN
GONE
requestLayout() VISIBLE
GONE INVISTfiLE
GONE INVISIBLE
requestLayoutO
6 VISIBLITY
onVisibilityChanged(),
7 mPrivateFlags DRAWN

View

13.6.7 setEnableO

ENABLE

INVMBLE

cleanFocusO
mAttachinfo
false
clearFocus(
mAttachlnfo mViewVisibilityCh
invalidateO View
3
invalidate)
requestLayoutO
INVISIBLE
GONE

dispatchVisibilityChangedO

requestLayoutO invalidate™)



setEnableO;

13-19 setEnableO

@ mPrivateFlags ENABLE DISABLE
2 refreshDrawableState()
5 invalidate() View

13.6.8 setSelectedO

SLECTED ENABLE
13-20

sHtDiectc);

13-20 setSelected()
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p View

setEnalbe()

setEnable()



1 mPrivateFlags SELECTED
ENABLE SELECTED
ENABLE SELECTED
11 selected Mse resetPressedState()

removelongPressCallback()

SELECTED
3 invalidate® View
refreshDrawableState()
5 dispatchSetSelectedO
13.6.9 invalidateO
View
13-21
C
B
A
13-21
VeiwGroup, View ViewGroup
View mPrivateFlags
mPrivateFlags invalidate )
mDirty
13-21 View A

A A

setEnable()

PRESSED
PRESSED
PRESSED

ViewGroup

DRAWN

ViewRoot mDirty



13 View

B A
A B A B
A
invalidateO 7)
mPrivateFlags DRAWN 0
dirty
mParent invalidateChild(this, dirty)
this dirty
1 int[2] location,
mAttachinfo  minvalidateChildLocation
2 mPrivateFlags
DRAW_AINIMATION
isOpaque() true;
getAnimationO isOpaque
& child
View
(1) ViewGroup
ViewRoot ViewGroup mPrivateFlags DRAW-ANIMATION
ViewRoot mlsAnamating true
(2) dirty dirty DIRTY_OPAQUE
DIRTY DIRTY_OPAQUE
(3) parent.invalidateChildInparent() parent view
parent view
ViewRoot, — ViewGroup 4 do{}while()
invalidateChildInparent() parent parent View
® child

DRAW-AINIMATION DIRTY OPAQUE DIRTY
ViewGroup ViewRoot invalidateChildinParent()
1 mPrivateFlags DRAWN
VISIBLE VISIBLE
DRAWN false
2 dirty fH
FLAG_OPTIMAZE—NVALIDE
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S4i

'S3S [ ]
£sis
254
2541
34c

location”™

if GnPrivateFlags &D M _ « iMA_ {

flags

dirty’

if (CmGroupflags & (FLAGAOPTmIili"IMVALIMTE 1 flIACAMIMAHOC.DOHE}) !-
fIAimnMimmmLwatih
dirty,offset(location[CHIILEFTAINDEJQ - mStrollXj
locaticrn[CMim3ILI™01 — SerollY);

final irit left mLeft;
final tut top Top;

if (dirty,intersectd §, inRight - 1@ ft, nBottom ~ top) 11
— Plogs & iMAIA MA\]Im) «« 1 1 7lO¥) {

mPr\ ¥Qte¥Ugs S-" CACMI™¥ALID;
if(flags&(X]Y) '=X)
X X Y
dirty offset()
child offsetO
intersect) 13-22
‘pa_(0 0} pa_0 0)
parent(D?0)
dirty
(locationpfO],
13-22 (dirty)
13-22 dirty dirty’
dirty



13 View

dirty’
3 ViewGroup dirty
4 locationd ViewGroup mLeft mTop ViewGroup  mParent
ViewRoot invalidateChildInParent() ViewRoot
ViewRoot invalidateChild() ViewGroup ViewRoot
invalidateChildO 7
1 checkThreadO ul
n dirty dirty ViewRoot
(1) offset() dirty ViewRoot
(2) ViewRoot Translator mTranslater dirty
Translator
800x480 Framework 480X320 dirty
(3) dirty.inset(-I
3 ViewRoot mDirty
invalidate dirty
MessageQueue invalidate()
ViewRoot mDirty dirty troversd
mDirty mTraversalScheduled = true
4 View
View peffonmlYaversdO
mTraversalScheduled =false
rfi T dO:
mTraversalScheduled perfonmiroverses»
mWillDrawSoon =true
performTraversalsO false 13-23
invalidate()
DIRTY
DIRTY_OPAQUE
ViewRoot mDirty

View

View

13-23 mWinlIDrawSoon
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13.6.10 requestFocusO

requestFocusO
invalidateO requestFocusO
requestFocus()
 requestFocusO requestFocus(View.FOCUS__DOWN)
* requestFocus(int direction) requestFocus(direction, null)

« requestFocus(int direction, Rect preFocusRec)

requestFocus (
DOWN
boolean
requestFocus(direction preFocusRect) 7
FOCUSABLE false
Touch FOCUSABLE_INTOUCH_MODE false
Touch false View isinTouchModeO
Touch
3 hasAncestor ThatBlockDescendantFocus()
false ViewGroup  setDescendantFocusability(int focusability)
ViewGroup
4
handleFocusGainintemal(dir, rect)
true
(1)
requestFocusO,
(2) , mPrivateFlags FOCUSED
(3) mParent requestChildFocus(this,

focused C B B A

this),



13 View

C.requestChildFocus(B, A) requestFocusO
ViewRoot requestChildFocus()0
(4)
onFocusChanged()
onFocusChangedO
onFocusChange(), xxxed(} xxX() Framework
onXXXed(), onXXX()
(5) refreshDrawableState() focus
3) requestChildFocus(View child, View focus)
ViewGroup ViewRoot
ViewGroup
mGroupFlags FOCUS-BLOCK_DESCENDANTS
3
super.unFocus() ViewGroup ViewGroup
View ViewGroup super.unFocus() ViewGroup
mFocused
mFocused.unFocus() child child ViewGroup
D C C B B A A
13-5
13-5
mFocused FOCUSED

D C

C B

B A

A

ViewGroup requestChildFocus(this, focused)
ViewGmup focused

ViewRoot requestChildFocus()

1 checkThreadO Ul '
ViewRoot mFocusedView



Android

, mFocusedView
View
3 mFocusedView
requestFocusO
13.6.11 requestLayoutO
View

13-24 requestLayoutO

mPrivateFlags FORCE_LAYOUT

View ViewGroup

ViewGroup

ViewRoot

1 checkThreadO Ul
crash s

2 ViewRoot mLayoutRequested

3 scheduleTraversals() View

performTraversals()

4)
scheduleTraversalO

13-24

mParent requestLayoutO

ViewRoot

requestLayoutO

ul
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performTraversalsO
View performTraversals()
performTraversals() View
600
measure)
layout) draw) 13-25
13-25 performTraversals(Q)
measure() layout() draw()
8
?21? mAttachinfo resize visibility
(1) View mAttachinfo
mFirst
host.dispatchAttached ToWindow()
mAttachinfo mAttachinfo
(2) resize resize —
resize
. fUllRedrawNeeded true
. mLayoutRequested true ,
. windowResizesToFitContent true
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View

mAttachinfo

WmsS
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(3) visibility mAttachinfo
mWindowVisibility host.dispatchWindowVisibilityChanged ()
2 mRequestedLayout true
layout measure
(D mFirst  true host.fitSystemWindow(attachinfo.mContentinsets) mContentlnsets
WmsS “ ” inset “ o 7 Content

mContentinsets

mContentlnsets 0 Rect insets WmsS
WmsS Rect Pacelable
Rect WmS, WmS

fitSystemWindow() Inset
inset mPaddingXXX

(2) insets host.fitSystemWindow()

mPadding XXX
(3) mAttachinfo
(4) . '

childwidthMeasureSpec  childHeightMeasureSpec widthSpec  heightSpec

child lidthNeosyreSpec m getRootNeasyreSpec(desired®indow”idth” ip.width);
childHeightNeasureSpec - getRootNeosureSpec(desiredViindowHeight~ Ip*height);

Ip desiredWindowWidth

measureSpeCo

Ip LayoutParams Ip.width Ip.height
WRAP—CONTENT MATCH_PARENT

desiredWindowWidth
displayMetrics.widthPixels, mWinFrame

mWinFrame

measureSpec getRootMeasureSpec() MeasureSpec.EXACTLY

MeasureSpec. AT_MOST 0x4000 0000 0x8000 0000 measureSpec
MeasureSpec.makeMeasureSpec (size, measureSpec size

16 16 measureSpec

measure()
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(5) “ ” host.measure(widthSpec heightSpec)

WRAP_CONTENT MATCH_PARENt

ill mAttachinfo mRecomputeGlobalAttributes true
visibility ViewRoot
host.dispatchCollectViewAttributes(O) , 0 View.VISIBILITY

4 visibility Ip softinputMode
softinputMode

5 resize inset visibility

2
(1) relayoutWindow() sWindowsSession.relayout() wms

int reloyoutResult ™ sWindowSession. relayoutC
mindoy” paroms”
(int) (m Vv i.mMeasuredtiidth * QppScole 4 8.Sf)»
(int) .mNcQsyredHoight * QppScale a 0.Sf)~
vie~rVisibilitys insetsPeriding”® rnWinfrome”®
mPencKngConLentilnsetSi riiPeridingVisiblelnsels-
niPendingConfiguraiions mSurfoce)j

mSurfkce WmsS Surface
Surface
mPendingContentinsets mPendingVisblelnsets WmsS
(2) mPendingContentinsets fitSystemWindow()
(3)
(4) Surface newSurface
true fullRedrawNeeded true
if ('hodlSyrfocel]) {
it (mSurfgcc .isvavido) ¢
hadSurface relayoutWindow() mSurface.isValide()
hadSurface hasSurface “ ”
relayoutWindow() mSurface.isValidl() true
mFirst true n

#

mPendingVis

(5) mAttachinfo mWindowLeft mWindowTop mwWinFrame
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sWindowSession.relayout() WmsS wmsS
(6) SurfaceHolder.Callback
(7) hostmeasureO
N
hostlayoutO
insets
attachinfo.mTreeObserver.dispatchOnComputelntemallnsets() insets
insets WmsS sWindowSession.setlnsets()
8 mFirst true mView.requestFocus()
9 mAttachlnfo.mHasWindowFocus true
WM.LP.mayUselnputMethod()
AndroidManifest.xml
imm.onWindowFocus() InputMethodManager
10 dmw() dmw(Q
(1) newSurface dmw() cancelDraw
“ ” TreeObserver dispatchPreDraw()
OnDispatchPreDraw newSurface
ViewRoot Surface WmsS ViewRoot
sWindowSession.relayoutWindow() Surface
newSurface false
(2) mFirst true, WmsS
sWindowSession.finishDrawing() O
(3) cancelDraw newSurface View
performTraversals()
rmeasu
layout.xml android:layout_height layout_width
View Canvas)
View onDraw(Canvas canvas)



13 View

)
View,
TextView
View “ ” “ ”
View layout) “ ”
View “ ” “ §
TriView, layout-height
layout_width
layoutxml

layout_height layout width View “

” “layout—~ width  height

“ ” WRAP—CONTENT MATCH-PARENT
100dip
layout) View measuredWidth measuredHeight
layoutWidth layoutHeight View mLeft mRigth
mTop mBottom measuredWidth View
mRight-mLeft measuredWidth mBottom-mTop
measuredHeigth
measure “ ? WRAP_COTENT
MATCH_PARENT Framework measure

13.8.1 measure

View measure ViewRoot host.measure() 13-26
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ViewRootperlormTmvarsaisO

host.messyreO

13-26 measure() onMeasure()

host.measure() View measure() onMeasure()
host ViewGroup ViewGroup onMeasure() host onMeasure()
View onMeasureO onMeaSure()
measureO ViewGroup
measureChildwithMargin() measure()
onMeasure() ViewGroup
measureChildwithMarginO measure ; View
onMeasures() measureChildwWithMargins() measure()
View ViewGroup abstract
ViewGroup measureChildwithMarginO
measure() measure()

layout width layout-height
ViewGroup
measure
View measure()

layout
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| public final void measure(int widthMeasureSpec, int heightMeasureSpec)
final View measure
widthMeasureSpec  heightMeaureSpec measureSpec measureSpec
int measure meaSure()
measure ” “ "
32 16 32 specMode 16 specSize
specMode
* MeasureSpec.EXACTLY *“ ” specSize
View View measuredHeigth measuredWidth
e MeasureSpec .AT_MOST * ” specSize
View specSize,
specSize
* MeasureSpec .UNSPECIFIED ” View
measureSpec measureSpec
ViewRoot host.measure()
ViewRoot host.measure() childwidthMeasureSpec
childHeightMeasureSpec, getRootMeasureSpec()
childwidtliHeasureSpec - 9etRootNeosureSpec(desirediindo’\Width, Ip,width)}
133 childHeightNeasureSpec "~ getRootNeosureSpecCdesiredfindowHeightf ip, height);
desiredWindowHeight Ip
m WindowAttributes mWindowAttributes  ViewRoot
chi- public LayoutParoiiisC)
super(LayoutParams .MATCHMPARENTI LayoutParoms TCHPARENIN} ;
. type - TYPITAPPLKA7WM;

format = PixelFormt,OPAQUE:
&S ):

Ip.height MATCH-PARENT getRootMeasureSpec()



Android

i private int getRootNeosureSpec(iirit mndowSize, int rcKxtDi_ensiorO %
1 \ int meosyreSpec;
itch (rootDimension) {

1B i
i: 3} ms€ ViewGroup,LayoytPara®ris< TGLPAM T
1.¢31 // Window mnft resize, force ro©t view to bm mindomSi,
imeQsyreSpec NeasureSpec. OolceMe£?syreSpec(windowSize* NeasureSpec,£14CT1K)*
[N 12r«ok;
¥ 4 cos« ViewGroup.LayoutPar s,WRAPmMCONTENTi
I -s /'l Window cmn resize, Set max size for root virn®
1/ .6 measureSpec * Neosure Spec,makeMeasureSpecQmndo”Size t NeasyreSpec,4 1LMOSF};
| =
i/-u — faylt:
. // iind wemts tu fee or? exact size. FOrc€ root vi to be that size,
1. meosureSpec Neosure Spec‘itolfe ef?s&r*eSpecr(rootDimension, HeasureSpec.iXACTLY);
1:7] hrmk;
154 }
1343 i r~tyfri measureSpec;
measureSpec Ip MATCH-PARENT WRAP_CONTENT

measureSpec Ip.height MATCH-PARENT, measureSpec

EXACTLY specSize windowSize

layout.xml

<LinearlLayout
android:layout_width=nfill_parent”
android:layout_height=nwrap_content"
android: orlentation="verticall >
<TextView
android:layout_width=nfill_parent"
android:layout-height="0dip"
android:layout_weight="2M
android:text="1 am alive"/>
</LinearLayout>

LinearLayout layout_width TextView measureSpec
LinearLayout measureSpec? LinearLayout TextView
TextView measureSpec TextView layout_heigth
measureSpec? LinearLayout measureSpec

measureSpec measureSpec?

LinearLayout layout—height
LinearLayout LinearLayout measure TextView
measureSpec TextView layout_heigtht — TextView measure

measure
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13.8.2 ViewGroup measureChildWithMarginsO
ViewGroup measure()
e measureChildren() children  child forQ
measureChild() measure
e measureChild() measure
e measureChildwWithMarginsO measureChild measure margin
padding

measureChildwithMarginsO

protected void measureChildWithMargins(View child,
int parentWidthMeasureSpec, 1int widthUsed,

int parentHeightMeasureSpec, 1int heightUsed)
parentHeightMeasureSpec child measureSpec heightUsed
measureSpec
1 child.getLayoutParmas() LayoutParams
View
ViewGroup ayoutParams ViewGroup.MarginLayoutParams
MarginLayoutParams
LayoutParams getLayoutParams() MarginLayoutParams
View LayoutParams View

:_' XML View

LayoutParams

XML View Layoutinflater XML View
LayoutInflater inflator = (LayoutInflater)contexte
getSystemService(ActivityeLAYOUT-INFLATER-SERVICE)
inflator.inflate(R.layoutetestlayout, null);
getSystemServiceO Layoutinflater inflateQ
View XML View

s XML View <M 1N 701>
S ViewGroup <M\ AN B Veiw inflate )
S

301



LinearLayout
TextView
LayoutParams View

View View

addView()

LinearLayout  TextView
View

addView()

public void oddVie~r(Vie™ childs int index) {

LayoutPoroms poronis

if Cparams — null) {

childsgetLoyoutPoroms(};

params — generoteDefoulilQyoutPorQrtisC)”

if (poronfis -
thro new

null) {

1

1
addView (childf indexf poroms);

child LayoutParams

LayoutParams ViewGroup

LinearLayout.LayoutParams

RelativeLayout

LayoutParams

ViewGroup
ViewGroup

ViewGroup.LayoutParams XML

<ViewGroup class=,lcom. haiii .android.CusViewGroup"
[ android: orientation=1vertical™

android: layout_width=1250dip1
android: layout-height=,,30dip"
android:layout margin=n30dipn //
android:background="#ff0000ffn>

<TextView
android:id=n@+id/ test-text"
android:layout_width=n60dip f
android: layout_height=fl120dipM
android:background=n#ff00ff00" />

</ViewGroup>

ViewGroup
measureChild(),
2 getChildMeasureSpec()

I1egQlArqumentLxiception(sgc*nerotd

generateDefault..Q)
LinearLayout
ViewGroup.MarginLayoutParams
FrameLayout ViewGroup

ViewGroup.MarginLayoutParams

generateDefaultLayoutParams()

View ViewGroup

margin

measureChildWithMarginsO

Spec



public static ifit getChildMeasureSpec (
int spec,
int padding,
int childDimension)

13 View

spec spec parentHeightMeasureSpec int
16 specMode, — AT-MOST EXACTLY UNSPECIFIED; 16
specSize UNSPECIFIED
padding spec padding
margin heightUsed:

mPaddingTop + mPaddingBottom + Ip.topMargin + Ip.bottomMargin

+ heightUsed

etChildMeasureSpec() parent specSize
childDimension
andorid:layout_height
WRAP_CONTENTO
getChildMeasnreSpecO

Ip.height
13-6
13-6
parentMeasureSpec Ip.height

EXACTLY +size childDimension
WRAP—CONTENT
MATCH-PARENT

AT-MOST +size childDimension
WRAP—CONTENT
MATCH_PARENT

UNSPECIFIED + size childDimension
WRAP—CONTENT
MATCH-PARENT

padding,
Ip.height,

XML

MATCH_PARENT

13 7

parentMeasureSpec

childMeasureSpec

EXACTLY +childDimension
AT-MOST +size

EXACTLY + size

EXACTLY + size
AT-MOST + size

AT-MOST + size
EXACTLY + childDimension
UNSPECIFIED +0

UNSPECIFED +0

400dip

Ip.height



Android

setMeasureDimension()

measureSpec

ViewGroup
LinearLayout

measure

13-27

heightMeasureSpec

Ip.height=1000dip, 1000dip
N (13
child.measure() onMeasure()
XML layOut_height
13.8.3 LinearLayout onMeasureO
View measure ViewGroup
measure ViewGroup LinearLayout measure
View measure() View measure()
OnMeasure() ViewGroup measureChildQ
measure LinearLayout onMeasure()
measureHorizontal() measureVertical()
T 340 450 for
1 cNid cww ! child
2 chHd 2 owrd
chHd
I cmd 2 chd 3 cwid child
13-27
mTotalLength measure child
for() measureChildBeforLayout() child
measureChildwWithMarginsO,
LinearLayout measureSpec; mTotalLength

mTotalHeight

LinearLayout
mTotalHeight



13

child mTotalHeight totalWeight>0
for() child child.getMeasuredHeight()
mTotalLength
Ip.weight>0
weight
weight Ip.weight>0 heightMode
weight>0

heightMode AT-MOST UNSPECIFIED weigth>0

<?xml version="1.0" encoding=Mutf-8M?>

<LinearLayout xmlns:android=Mhttp://schemas.android.com/apk/res/android"
android:orientation=1ivertical"”
android:layout_width="fill_parentn
android:layout height:M100dip'>

<TextView
android:layout_width="fill_parentn
android: layout_height="20dip" // height
android:layout-weight:2n
android:textSize=M30spn
android: text=n am alive "/>

<ListView
android:layout_width="fill_parentn
android: layout_height=nfill-parent*1
android:background="#ff00ff00" />
</LinearLayout>

<?xml version="1.0" encoding=,utf-8"7>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android: layout_width=nfill-parent"
android:layout height=n100dip-"1
>
<LinearlLayout
android:layout_width="fill_parent"
android:layout height:"wrap content™
android:orientation=nvertical” >
<TextView
android:layout_width=nfill_parent
android:layout height: Odip"
android:layout_weight="2"
android:textSize=M30spM

View

totalWeight
EXACTLY,


http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res/android

android:text=nl am aliveM/>
</LinearLayout>

<ListView
android:layout-width="fill-parent"”
android:layout-height=nfill-parent”

android:background="#ff00ff00n />
</LinearLayout>

LinearLayout Ip.height FILL_PARENT heightMode
EXACTLY wdght>0 TextView ListView
TextView 13-28
ListView TextView height

<?xml version="1.0" encoding=,utf-8M?>

<LinearLayout xmlIns:android="http://schemaseandroid.com/apk/res/android"
android:orientation="vertical"
android:layout-width=nfill_parentn
android: layout height= 100dip">

<TextView
android:layout-width="fill-parent
android:layout_height=n60dip"
android:layout weight=n2"
android:textSize="30spM
android:text=Ml am alive */>

CListView
android:layout width=nfill_parentn
android:layout_height="0dip"
android:layout-weight=n2"
android: background="#ff00ffo0L />
</LinearlLayout>

ListView share TextView
height 60 60 LinearLayout 40 40
TextView ListView weight 2 TextView 80 ListView
20 13-28
TextView LinearLayout Ip.height WRAP_CONTENT
heightMode  AT_MOST TextView  Ip.height WRAP_CONTENT

ListView 13-28


http://schemas%e2%80%a2android.com/apk/res/android

i « 1 nm

| am alive

13-28 weight

weigth

N if (heightNode . MieasureSpec, EMCTiy
/1l Op i izstioiK dontt
/1 leftover sp«c€. Th€SE vi©o s will
/1 ttisr_€ is
finol int totaliength

g@ essur'cd
Isftowr spiscg.
afTotallength;

1p.height _
@os:ur.ing children mho ar® going t€ ust

13

| am alive

0 &B( Ip.weight > 0) {

down bmlom if

uTobalLength » Noth,maxitotallengthj tot*lLength + Ip.topNorgin + Ip.bot

} else {
int oldNeight m Integer»Ml

if (Ip/height § & Ip.weight > §) {
, he.ghl*ode "s t Ahc" UNSPLCi ill)

and Ur

/1 child wsnted ts stretch to. fill ovsilobls space,

/'l TrAnslot€ thcit to
Il ydLh d h@ight of i
oldNetglit 0;

Ip .heighi - LoyoutParams, WRAPMCONTENT;

P<COWTEW"T so tlhsot it does not md yp

View

2 452 475 for()
uselLargestChild android:layout_useL argestChild
XML SDK
margin
A
weight>0 478 575
resolveSizeO mTotalHeight
LinearLayout heightMeasureSpec mTotalHeight
heightSize
heightSize
heightSize delta delta 0]
weight>0 delta 0

weight>0



Android

mWeightSum

android:layout—-weightSum

LinearLayout
20%

weightSum
mTotalLength 0

measure()

height 0

childgetMeasureHeightO

child

for()

measure

LinearLayout

LinearLayout

1391

layout

Android

height

LinearLayout measure

layout

layout )

measure

13-29

ViawRoot,peiiormTfaversalsO

Hthato

13-29 View

-1, XML
weight
weightSum -2.5, weight 0.5
-1 totalWeight
for() 1 1
measure()

share share

measureSpec measureSpec
View weight
weight “ ?
0 weight>0 share
LinearLayout
resolveSize() setMeasuredDimensionO
layout
gravity

layout



13 View

layout() ViewRoot performTraversals() host View View
layoutO fmal View layout
layout() setFrame() onLayoutO
ViewGroup onLayout() abstract
ViewGroup onLayout() View onLayout()
layout ViewGroup onLayout()
child layoutO ViewGroup
onLayout()
View layout()

I public final void layout(int 1, int t, int r, int b)

1 &? WAL ) View mLeft mTop
mRight mBottom)o
mPrivateFlags DRAWN invalidate”

View invalidateO

2 onLayout() View onLayout() View onLayout()

onLayoutO
onLayout() ViewGroup onLayout()
abstract
3 mPrivateFlags LAYOUT-REQUIRED layout
layout ViewGroup onLayout()
LinearLayout ViewGroup

13.9.2 LinearLayout onLayoutO

LinearLayout n

onLayout() mOrientation
layoutVertical() layout
1



Android

1 center vertical

ehS pacg

13-30

2 gravity
BOTTOM CENTER_VERTICAL

TOR
13-31 gravity
3
(1) LayoutParams gravity
android:gravity android:layout—gravity
(2) gravity

CENTER HORIZONTAL RIGHT,

13-30

gravity TOP
13-31

CENTER VERTICALBOTTOM

for()

13-32

gravity

LEFT



LEFT

13-32

(3) setChildFrameO
LinearLayout

13 View

RGr

gravity

child.layout()

13.9.3 TextView  gravity layout
gravity android:gravity android:layout__gravity
LayoutParams
layout.xml <IMAMI1IMN111>  <TextViews "
ViewGroup View LayoutParams

LayoutParams

android:gravity XML

170 111v6l
root

XML

android:layout_height android:layout width

LinearLayout TextView
LayoutParams
11£76(mM 11\ A\ ¥100L)

XML View



Android

<?xml version="1.0" encoding="utf-8n?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation=nverticaln
android: layout_width="fill_parent"
android: layout-height= "fill-parent >

<TextView
android: layout_width=n200dipf

| android: layout-height=n60dipn
android:gravity=ncenter-horizontal"”
android:background=n#ff0000ff1l
android:text="am center-vertical'/

<ListView
android:layout_width=n300dip"

android: layout-height=nl00dip"
android:background="#ff00ff00" />

</LinearLayout>

LinearLayout TextView ListView
XML View Layoutinflater inflate()
setContentView() Activity LinearLayout layout_width height
inflate() View layout—width
height
inflateO root XML
View LinearLayout LinearLayout layout width  height
XML TextView TextView TextView
LinearLayout LayoutParams inflate() TextView
layout width height TextView generatelLayoutParams()
TextView LinearLayout LinearLayout generatelLayoutParams(attrs) attrs
layout width height background text

TextView
generatelLayoutParams(atts)

pyblic LsyoytPorans(Context c, AttributeSet attrs) {
Syptf(c» attrs);

TypedArray a -
c,.:.0:b.tQifiStyle.dAttri.b!:L!tesO3t.t r'Sconr. android *internal.R,styleable.Linearlayoui®Layoui}

weight Float (com,.android, irrfcernsl styiecrble, i f 2)n
gravity .a,gellnt(com.gndroid,intermal,R*styl!eable.Lineaflayout: gfavity3 ~1)»
a ,recycleC);

super(c,attrs) layout height layout width

weight gravity layout_weight layout—gravity


http://schemas.android.com/apk/res/android

13 View

'3 > public LoyoutPorfinis(Contexfc ¢: AttributeSet attrs) {
: syptfCc* attrs);
tiol TypedArray a ~
iUK c .obtoinStyledAttributesCottrs* com .android, interncil,R. styleoble,LinearLayouirLayoui')
1x weight ~ a.ge.t ef 0);
%L.->| | gravity - a,getintCcom,android,internal,R«styleable.LinearLayout~Liiyouitlayout~rgravityt —~I);
A
generateLayoutParams(atts) TextView
LinearLayout ayoutParams TextView LinearLayout
<TextView> android:layout-width height
LayoutParams LayoutParams LayoutParams
LayoutParams TextView
generatel ayoutParams(attrs)
layout_gravity gravity LinearLayout
generatelLayoutParams() android:layout_gravity LayoutParams.gravity
android:gravity android:gravity TextView TextView
onDraw() android:gravity
setContentView(int resld) inflate() XML
View root FramelLayout root
generatelLayoutParams() LayoutParams XML
root
XML TextView inflate(xml, null) XML
infalte TextView TextView android:layout _width height
infalte TextView ViewGroup
LayoutParams
draw )
View View ViewGroup
ViewGroup
13.10.1

TextView,



Android

« View LinearLayout TextView,
Drawable Shader DrawableState

setBackgroundColor() setBackgroundDrawable() > setBackgroundResouce()

. TextView ImageButton
onDraw()
. Fading Edge
Shader
. ScrollBar PC Android

View OnDraw()
View View API
Drawable

13.10.2
13-33

ViewRoot.perforifOravarsalsf)
/

draw|)

mView«draw()

ViewRoot performTraversals() ViewRoot dram()



13 View

mView.draw() mView Activity
PhoneWindow.DecorView
View dmw() mView.draw() View draw()
View
onDraw() n onDraw()
View
U dispatchDraw() ViewGroup
ViewGroup dispatchDraw() ViewGroup
dispatchDmwO View
dispatchDraw() for() drawChild()
drawChild() draw()

ViewGroup,
measure layout

13.10.3 ViewRoot daw(

ViewRoot draw() View
draw()
Surface Surface,
CPU Surface Surface Surface
Canvas Canvas
CPU
13-34
1 Surface Surface wWms
Surface isValide() false Surface
2 Runnable ViewRoot
Runnable Runnable post() Handler
Runnable sFirstDrawComplete
Complete Runnable
3 scrollToRectOrFocusO

mScmllY Focus



Android

true

ViawRoof.drawO

13-34
Scroller
yoff Scroller
ListView
Surface SurfaceHolder

Op_GL Surfoee

computeScrollOffset()
computeScrollOffset()
boolean, ListView
Scroller computeScrollOffsetO

Sb*face



13 View

View View
6 Surface OpenGL GL
(1) mGlCanvas canvas canvas.save() Canvas
View Canvas
(2) Translator Translator canvas
Canvas

Translator

canvas,translate(8> -yoff); |

1 if (mTronsldtor null) {
A"TranslatorstranslateConvasCconvas)j

143b
bug,
if (nTranslator != null) {
canvas.translate(0, -yoff);
mTranslator.translateCanvas(canvas);
canvas.translate(0, yoff);
}
Translator canvas canvas.translate()
if translateCanvas() canvas
View draw() bug
yoff 0
(3) canvas setScreenDensity() density
density)
density Android 160dpi density
1 240dpi, density 240/160=1.5
120dpi 120/160=0.75 density
dip density independent pixel) View
screenDensity scalingRequired true
DisplayMetric.DENSITY_DEVICE, getProp() 240
160 120 scalingRequired false screenDensity 00
0, dpi
canvas

(4) mView.draw(canvas)



Android

canvas

Canvas mView.draw()

Canvas restoreToCount() Canvas
canvas.saveO

FPS CPU native

scheduleTravasals()
Scroller computeScrollOffset()
GL
Canvas GL mGICanvas
GL Canvas

dirty Android

dirtyOpaque false

I scrolly) — 8} f

bockground.drcm(convQS)j

canvas,ironslote(scrollX”~ scrollYy)n

View dmw()
(5)
(6) Debug
nativeShowFPSO
(7)
scrolling
Surface OpenGL
canvas GL
surface lockCanvas()
ViewRoot draw()
13.104 View daw(
1 dirtyOpaque
View
if ((scrollX
1 else {
b ¢ be>
beb *

0,0)

bockground,dl’amicarwaS}i
convos,trcinsloteC-scrollXt »scroil¥);

tmnslateO Canvas Canvas

13-35



1 View

320
ViawGroup
©. o Xp
fe®© n
TaxtVtaw
It
13-35
ViewGroup TextView TextView
ViewGroup TextView
canvas.getClipBoundsO
ViewGroup canvas getHeight) getWidthQ
200dip  320dip
ViewGroup onDraw() canvas
canvas View View
View View
View scrollBy() onDraw() View onDraw()
View
translateO Drawable
tmnsalteO TextView 0,0)
%
6" onDmw() View onDraw()
canvas
n dispatchDmwO
ViewGroup viewGroup



-Android

5 onDrawsScrollbars()
Fading Edge)
setHorizontalFadingedgeO View
13-36
f C /O [ ]
81 m 13
iR
13-36
« mScrollCache ScrollabilityCache
Matrix Shader Paint,
Shader Matrix Shader
Matrix
* length length Shader
e xxxFadeStrength xxx left top right bottom,
matrix.StSCGle()
xxxFadeStrength 0 1
1 length length
2 getXXXFadingEdgeStrengthO View
0 Shader
XXX Left Top Right Bottom
f Shader
0
canvas.savelayerO
0 setFadeColor() mScrollCache
View getSolideColor()

setVerticalFadingEdgeO

Paint

Shader

matrix.setScale()

” Shader
Shader

fadeHeight

fadeLength
length
xxxFadeStrength
Shader
drawXXX

canvas.savelLayerO

CPaint)



13 View

4
5 draw XXX
Matrix canvas.draw()
ScrollAbilityCache Canvas
canvas.draw() p Paint ScrollAbilityCache
Paint Matrix Matrix
¢ matrix.setScale() Shader
« matrix.postTranslate()
* matrix.postRotate()
 fade.setlLocalMatrix() Matrix Shader
13-37 13-38
(02.0)
I ltength 1
|
I
! _Sere>ItX
right
1
%
2
teft=mScrollX '
L >
X

right

matrix, postTransact{}

13-37

Matrix

Paint



Android

305 0)_ ()
r »n
m
€.
-
Et=YsdX +
>
N------- —H-—-—m H
malftx-seScaleO
1
©fts"nScrollX

]!< >

1

i

1

ngni . right ~ T H
matrix. postRotate f180} matrix. postTmslote (left, bottom)
13-38
6 onScmllBar()
View draw()
13.10.5 ViewGroup dispatchDrawO
dispatchDmwO
Canvas) View draw()
dispatchDrawO onlLayout() dispatchDraw()
Canvas ViewGroup
ViewGroup dispatchDraw()

13-39
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13 View

13-39 ViewGroup dispatchDraw()
1 mGroupFlags FLAG—RUN-ANIMATION ViewGroup
“ ” ViewGroup “ ” View
ViewGmup ViewGroup
XML LinearLayout
android:layoutAnimation LinearLayout
2 padding ViewGroup ViewGroup padding
View padding ViewGroup padding CLIP_PADDINT-MASK
View View View View Veiw
ViewGroup View.draw() dispatchDraw(canvas) Canvas
View Canvas scrool padding
ViewGroup ViewGroup dispatchDraw()
canvas.save() Canvas canvas.clipRect()
dispatchDraw() Canvas scroll View
paddingLeft paddingTop paddingRight
paddingBottom 13-40 13-41



Android

ViewGroup
ViewGroup
Q=
1
ViewGroup %
E
o
Q
mLeft m
mRight .
M IfViewGroup”
13-40
View ViewGroup
yIf 8y
VfewGfoup -
n
€= = s=
Ipadding YTt
mLeft
-L
: ViewGroup _
13-41
padding
ViewGmup
3 mPrivateFlags DRAW_ANIMATION

mGroupFlags FLAG—HNVALIDATED_REQWRIED



“RECMURIED”
4 for() ViewGroup drawChild()
getChildDrawingOrder() drawChild()
5 mDisappearingChildren
removeView() View mChildren
View View
mDisappearingChildren dispatchDraw() View
View
6 mGroupFlags FLAG—NVALIDATED-REQURIED
ViewGroup, U invalidate()
y Q +
Handler Runnable
AnimationListener onAnimationEnd()
ViewGroup  dispatchDraw()
13.10.6 ViewGroup d awChild(
dmwChildO Canvas
child hild

ViswGroyp.dmwChiidO

13-42 drawChild()

13 View

ViewGmup

ViewGroup

View

mChildren

drawChild()

ViewGroup

child



Android

1 View
Matrix)

View

Transformation

e TYPEIJDENTIFY

e TYPE_ALPAH

 TYPEEMATRIX:
e TYPE_BOTH both

getChildStaticTransformation()

View setAnimation() View
Transformation)
Transaformation

identify “ ”

ALPHA MATRIX
ViewGmup

e Transformation transformToApply

* boolean concatMatrix

Animation
getChildStaticTransformationO

willChangeTransformationMatrix() “

(layout)

3 child.computeScroll()

TYPE_MATRIX TYPE_BOTH

Canvas

quickRejectO

View computeScroll) $

child

ViewGmup

getTransformation()
Animation

true

quickRejectO

View

ListView



13 View

computeScrollO
View
4 Canvas
Canvas ViewGroup 13-43
P AN
1
Ci 1
’ - :j-/\
n
13-43
cache cache translate()
cl, SX cache
cache cahce 0
cl ct
5 transformToApply
concatMatrix

: i s “ Lo
: /1 then ecb the scroll i”onsloie io gel the co™cci result,
convos transloteC-tronsXj -tronsY)j
Log. tCMie"/*G?" oS, 11Qirix - F+ transforun(oApply,.getNotri™());
14 canvas ,concot(transformToApply, ;
b canvas,transiaieCtransX* trcinsy);

1B Gr pFl,s U FLAMCLEARMTRANSFORMT1ON;\

canvas.savelLayoutAlpha()



Android

child.onSetAlpha()

6 Canvas
cache cache
I1hM 1t cisMl ingiReqyired.) { i
1832 ctMwn%c 1ipiects cr - cifdb -ct)l
} els€ {
1634 convoS cl.i.pR€ctC s cache,get idth()s cache,getHeight());
1635 J

scalingRequired
child.mLeft child.mTop child.mRight child.mBottom

0 1
cache cache.getWidth()
cache.getHeight()
cache,
if (hosNoCache) { ~~
Ih1? canvas,ciipRectCsxf syJ sx # (cr - cl)J sy # (cb -
7 dmw()
cache
cache, child.dmw()
mPrivateFlags SKIP_DRAW View
U child.dispatchDmw()
cache cache canvas.drawBitmap()
cache, Bitmap
8 Canvas
0 finishAnimatingView()
13.10.7

View draw() onDrawScrollBar()

Button)



ScrollBarDrawable View
ScrollBarDrawable
e range
range 10000
+ oOffset
* extent
ScrollBarDrawable
ScrollBarDrawable
Drawable
Drawable
Drawable 13-44
A
S
i
13-44
View

Scrolln3iityCachefinScroyCaclie;

| View.Scro!labiiily€ache
H implements Runnable

1ScrollBarDfawable scrollBar; —

13-45

329

13

Drawable

range offset extent

600 offset

200 dip

Drawable

track thumble,

-thumb

Scroll srDr wabie
extends Drawable

boolean mVertical;

Drawable mVerticailrack;
Drawable mVarticalTtiomb;
Drawable mHorfzonlallrack;
Drawable mHorizontallhumb;

int mRange;
int mOffsel;
int mExtent;

View

View

600



Android

onDrawScrollBarQ

1 View ScrollabilityCache mScrollCache
XML androidiscrollbars
vertical horzontal none, View initializeScrollbarsO
ScrollablilityCache View XML
View setScrollbarFaddingEnable(boolean) “ (fadding)”
initializeScrollbars() ScrollabilityCache “ ”  Android
PC PC
setScmllbarFaddingEnableO
fll cache cache state) ScrollablilityCache
ON OFF ON OFF
OFF
ON OFF
setScrollbarFaddingEnable() cache OFF, ON
scrollBy() awakenScrol'Bars() cache
“ ”  ON cache ON
cache OFF
awakenScrollBars() protected,
scroffiy() View ListView
scrollByO

awakenScrollBars()

3 cache FADDING FADDING ON “ "

FADDING Oxff

4

(1) scrollBar.getSizeO track
thumb track thumb size 0 XML
android:scrollbarSize

(2)

(3) computeVerticalRange() range
offset extent scrollBar “ ”

computeXXXO



13 View

View RTL
RTL onDrawVerticalScrollBarO

SCroll. 1o .rSMtioyods(1 f i

rs)ss : scrolllor,dra_Cc:arr_s:)
scroUBar  draw()
5 invalidateO
invalidate, cache FADDING
true invalidateO
13-7
13-7
XML « androidiscrollBars
« android:scrollBarStyle
« android:scrollBarFadeDuration
android:scrollBarSize:
« android:scrollBarTrack track Drawable
¢ android:scrollBarThumb  thumb Drawable
View « scrollBy(int dx, int dy)
View « computeHorzonTalScrolIXXX(), XXX Range Offset Extent,
« awakenScrollBars(),
GUI View draw()

View

View



Android

. Activity
WindowManager addView()
14
. View
. ViewGroup ViewGroup
ViewGroup
Android it
13.11.1
)
View Android View
View
View View
Animation View Animation
View
Animation Animation
View View Animation
View “ ”
Animation abstract View API
Animation API API
Animation Interpolator interface
View X,

Y to, tl to "~



View AO
to tl to tli
Interpolator Interpolator
getinterpolation()
j float getlnterpolation(float input)
input tO tl, input 0 1 to tl

tO 2s tl 12s 3s input (t—tl) /t2—tl= (3—2) /10

getinterpolaticmO
input
input 13-46 t
y—y0) / (yl-yO)o
Transformation
Animation “ "
Transformation
e Matrix mMatrix 13-46
 float alpha
Animation API 13-8
13-8 — Animation
apply Transformation( View Animation t
float interpolatorTime, Transformation
Transformation t)

boolean Animation Matrix Matrix
willChangeTransformationMatrix()
boolean Animation
willChangeBoundsQ

Animation XXXAnimation XXX
AlphaAnimation Alpha RotateAnimation

13

View

Al

01

View

true



Android

13.11.2 ViewGroup drawChildO

ViewGroup drawChild()
Animation Animation
canvas
res/anim/xxx.xml

3 <set xmins:android- itpz/schemas,android, com/ apk/
android: interpolator- fSaxdraid: anim/ deceler

drawChild(Q)

res/ androidwm
ateminterpo lator”

lh android: zadjus imetii- top >
; <sca\e ondroid: androidi 10XScale™ Sw
ih android:froniYScole- Ul android :toYSca®.e- p,5
; ondroid* pivotX- u android ;pivoiy -
1)) androidi duration- android: integer/ canfimediumAnimfime/>
il pho androidi fromAlpha- #l ,0U android itoAipho- BDu
3w android iduroiion- f8android; integer/ config”mediumAnimTimes7 >
3:</sci>
<%1>
e <scale> fromXScale
e <alpha>
e <rotate>
e <translate>
XML Android
AnimationUtils.loadAnimation() XML
Animation View setAnimation()
View startAnimation() startAnimation()
invalidate() ViewGroup
drawChild()
drawChild() 1496 if(a !=null) 1552 if
" region
f “ ” Animation
boolean minitialized Animation reset() false

true

xmi



13 View

u
. a.initialize()
. a.initializelnvalidateRegion()
. child.onAnimationStarted() “ "
3 Animation Transformation
a.getTransformation() transformToApply, “
” getTransformation()
boolean true
invalidateO
4 Matrix concatMatrix
Matrix Matrix
Matrix
5 3 getTransformation() false
invalidated
invalidateO
a.willChangeBounds()
a.getinvalidateRegion() region region
region left region region
drawChild() canvas
transformToApply Matrix canvas
by~ canvas ttransloteC—t_ransX"j -tronsY)”
IbAS 1 Log,t(MierGroypul "matrix _ ” + transformToA
Vad4 canvos tconc:at(tronsforrifiToAppi"ly.getNatrix0);

canvas,trQnslate(trans)Cs transY);

mGroupriogs FLAACLtARATRANSfORMATlOM;

canvas
concatO



Android

if (hasNoCache) {

convassclipRectfsx” Syl sx + (cr - cl)SY

IbiO ¥ flit {
Ibi-1 if

17
}oilit {
Ibi4
Ibib
canvas.concat() concat()
Matrix scale
100 clipRect()
40 100
Matrix m = new Matrix(;

m.setScale(d, 2);
canvas.concat(m);

canvaseclipRect(20, 0, 120, 20);

Button

13-48

| Button
IK

Buttori

13-47

canvas eclipRectd 9, cache.get®idthC),

Nct});

(!scolingRequired) {
convos.clipRect(9} 3t cr “c.lcb - c.1);

cache, getHeight(}) 5

canvas.clipRect()

clipRect()
canvas M atrix
Matrix canvas Matrix
clipRectO
canvas scale 12)
Button
Button
Button 13-47
View 1
] p—
View 2 Viewl =

13-48 #

clipRect()

20



13 View

13.11.3 ViewGroup dispatchD aw()

ViewGroup dispatchDraw() dispatchDraw()
ViewGroup drawChildG
res/anim/xxx.xml
<layoutAnimation xmlns:android=Mhttp://schemaseandroid.com/apk/res/android"
android:delay=n50%"
android:animation=n@anim/slide_top_to_bottomf />
layoutAnimation Framework ViewGroup
andmidianimation
android:delay animation 3
delay 50% 15
XML ViewGroup dispatchDraw()
XML anim—tab.xml layout
ViewGroup android:layoutAnimation ViewGroup
<ListView xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@android:id/ list"
android:layout_width="match_parentn
android: layout-height=nmatch-parent?®
android: layoutAnimation="@anim/anim tabn />
ViewGroup layoutAnimation
cose R.styleable, View€raup”layoutAnimat ion:
int id - a,getResourceld(attr4 -1)j
if (id > 0) {
setlayoutAnimationCArsimationUtils. loadLayoutAnimationCmConieKti id));
break;
layoutAnimation a.getResourceld()
anim_tab.xml AnimationUitls loadLayoutAnimationg
anim—tab.xml LayoutAnimationController
setLayoutAnimation() Controller yiewGroup

mLayout AnimationController


http://schemas%e2%80%a2android.com/apk/res/android
http://schemas.android.com/apk/res/android

Android

ViewGroup setLayoutAnimaion()
Controller XML Controller
dispatchDraw() Controller
1'ie if (Clogs FLAG-MM-Mil TIOM) i conAniMite()) {
fincil hmImm cocht m (mGroupFlags i TLAGMANIMATIOM~.O
1 mGroupFlags FLAG_RUN_ANIMATION
ViewGroup ViewGroup

setLayoutAnimation()

dispatchDraw()
2 mGroupFlags FLAG-ANIMATION-€ACHE mGroupFlags
ViewGroup
3 for
layoutAnimation android:animation
(L attachLayoutAnimationParams( LayoutParams LayoutAnimationParams
LayoutAnimationController.AnimationParameters
count index count index
13-49
13-49
(2) bindLayoutAnimation()

mLayout AnimationController  getAnimationForView (child)



13 View

Controller XML
delay, Animation delay Animation
1) AnimationParams count index
animation Controller

getAnimationForView(child)

Animation clone() Animation Animation
Animation Animation
(3) U child.buildDrawingCache(tme)
4

controller.start()
5 mGroupFlags FLAG—RUN-ANIMATION FLAG_ANIMATION-BONE

ViewGroup
setLayoutAnimation() startLayoutAnimationG
FLAG_ANIMATION_DONE

6 mAnimationListener.onAnimationStartO setLayoutAnimationListenerO

onAnimationEndO

LayoutAnimationController

Controller LayoutAnimationController
ViewGroup
setLayoutAnimation¢ Controller ViewGroup
LayoutAnimation , Framework GridVeiw gridLayoutAnimation
¢ rowDelay

e columnDelay
 directionPriority “row” “column-

e direction right to-eft top_to_bottom
GridView GridView
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WmS Android

Android WmS

1411 O

13
“Window”
“Back”
WmS
Surface

Surface
Surface —

WmS

“Window” “View”

PhoneWindow
Activity View

AN

Activity
Activity Window. Callback
7 (13 M enu"

WindowStkte
Surface
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Winl _
W_ __
14-1
Android
14-2 14-3
1 2
1 2 1 nw
IFC
IPC

14-2

14

14-1
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WmS
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Linux X-window
Socket

Windowsg

Windows

Android
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) 1
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2
3
P
14-4
Windows
Andmid
4.
PC

Android IPhone

Android

Android

14.1.3



Android

final HashSet<Session> mSessions
final HashMap<IBinder, WindowState> mWindowMap
final ArraylList<WindowState> mWindows; //Z-ordered
final HashMap<IBinder, WindowToken> mTokenMap =
new HashMap<IBinder, WindowToken>();
final ArrayList<WindowToken> mTokenList
final ArrayList<AppWindowToken> mAppTokens; //Z-ordered
//* Windows whose animations have ended and now must be removed,
final ArrayList<WindowState> mPendingRemove
/1 Windows whose surface should be destroyed,
final ArrayList<WindowState> mDestroySurface;

ArrayList<WindowState> mForceRemoves

/! Window tokens that are in the process of exiting, Wt
Il on screen for animations.
final ArrayList<WindowToken> mExitingTokens
final ArrayList<AppWindowToken> mExitingAppTokens
final ArrayList<AppWindowToken> mFinishedStarting ;

&k

still

* This was the app token that was used to retrieve the last enter

* animation. It will be used for the next exit animation.

\
AppWindowToken mLastEnterAnimToken;

*'k

* These were the layout params used to retrieve the last enter
* They will be used for the nextexit animation.

*/

LayoutParams mLastEnterAnimParams
[k

* Windows whose animations have ended and now must be removed.

final ArraylList<WindowState> mPendingRemove
// State management of app transitions.

int mNextAppTransition = WindowManagerPolicy.TRANSIT—UNSET"-
string mNextAppTransitionPackage

int mNextAppTransitionEnter

int mNextAppTransitionExit

boolean mAppTransitionReady = false;

boolean mAppTransitionRunning = false;
boolean mAppTransitionTimeout = false;
boolean mStartinglconInTransition = false;
boolean mSkipAppTransitionAnimation = false;

animation.
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final ArrayList<AppWindowToken> mOpeningApps
final ArraylList<AppWindowToken> mClosingApps
final ArrayList<AppWindowToken> mToTopApps
final ArraylList<AppWindowToken> mToBottomApps
float mWindowAnimationScale = 1.0f

float mTransitionAnimationScale = 1.0f;

InputMethodManager mlnputMethodManager
final ArraylList<WindowState> mResizingWindows
/1 This just indicates the window the input method is on top of, not
I/l necessarily the window its input is going to.
WindowState mlnputMethodTarget = null;
WindowState mUpcominglnputMethodTarget = null;
boolean mInputMethodTargetWaitingAnim
int mlnputMethodAnimLayerAdjustment
WindowState mlInputMethodWindow = null;
final ArrayList<WindowState> mlnputMethodDialogs

final ArrayList<WindowToken> mWallpaperTokens

Il If non-null, this is the currently visible window that is associated

Il with the wallpaper.

WindowState mWallpaperTarget = null;

/1 1f non-null, weare in the middle of animating from one wallpaper target
/1 to another, andthis is the lower one in Z-order.

WindowState mLowerWallpaperTarget = null;

/1 1f non-null, weare in the middle of animating from one wallpaper target
/1 to another, andthis 1is the higher one in Z-order.

WindowState mUpperWallpaperTarget = null;

int mWallpaperAnimLayerAdjustment

float mLastWallpaperX = -1;
float mLastWallpaperY = -1;
float mLastWallpaperXStep = -1,
float mLastWallpaperYStep = -1;

/1 This 1is set when we are waiting for a wallpaper to tell us it is done
Il changing its scroll position.

WindowState mWaitingOnWallpaper

/1 The last time we had a timeout when waiting for a wallpaper.

long mLastWallpaperTimeoutTime

/I We give a wallpaper up to 150ms to finish scrolling.

static final long WALLPAPER_TIMEOUT = 150;

// Time we wait after a timeout before trying to wait again.

static final long WALLPAPER_TIMEOUT_RECOVERY = 10000;

/1* Windows that have lost input focus and are waiting for the new
//* focus window to be displayed before they are told about this.
ArraylList<WindowState> mLosingFocus = new ArraylList<WindowState>();
WindowState mCurrentFocus = null;

WindowState mLastFocus = null;
AppWindowToken mFocusedApp = null;

WmS
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14.1.4
WmsS
assign layer performlayout, place surface
 assign layer WmsS WindowsState
e perform layout perform
layout
e place surface Surface assign layer
perform layout WindowsState
Surface Surface
place surface Surface
Surface Flinger Surface
14.1.5 Policy WmsS
wWmsS WindowManagerPolicy mPolicy
wWmsS
2 1 10
“ ” WmS “
Android WmsS
PhoneWindowManager
WmsS Phone ( “
PhoneWindowManagerPolicy
wWmsS wWmsS wWmsS
WindowManagerPolicy interface API WmsS
Android Mid

WindowManagerPolicy MidwWindowManager



1416 WmS O

WmS WmS
14-5
Framework Framework
m
145 WmS
1 Activity
removeView() ViewRoot
2 AmS ActivityThread Activity
removeView()
AmS WmsS,
Activity
WmS

InputManager 11
SurfaceFlinger Linux

14 WmS

AmS
WindowManager addView()
IPC wWmsS
ActivityThread WindowManager
WmS WmS
wms Activity

SurfaceFlinger
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HH WmS
WmS wWmsS
14.2.1 O
WmS WmS
WindowsState WindowsState
WmS
WindowToken  AppWindowToken
WindowsState WindowsState
WindowsState
WindowToken token WindowToken
WindowToken
Activity Activity
AppWindowToken
WindowState WindowToken AppWindowToken
AppWindowToken WindowToken WindowsState
=====AppWindowToken

==========WindowToken
—=====—===========\\ indow State

14.2.2 DimAnimator

Dim DimAnimator
DimAnimator Animation

WmS “ ” 14-1



14 WmS

14-1 “ "
blur
dim dim  blur dim blur WM.LP
FLAG, FLAG blur dim 14-6
obscured dim
opaque opaque WindowSate isOpaque() opaque
obscured WindowState mObscured  true
mObscured
opaque opaque false true
update effect “effect” dim blur
£ __e ofh _ youcinnkike ailivilyfu a = - eof -/ h a
iranslucem bacicgroiind, coniposiiing over - background compositing over
whatever BSbehind it* ' whatever is behoci it
14-6 blur dim

14.2.3 FadelnOutAnimation

Animation
Acceleratelnterpolator

NG5 public float ge Interpolationlent input) {
bl if (iriiF~fctor «« 1.if) {
G fmtutn input * input;

FadelnOutAnimation

apply Transformation()
Transformation y = (x—0.5) X2,



Android

Acceleratelnterpolator

14-7
14-7
0689 vy 0
iIf (x <s.5) ¢
/! move the aindoa out of the screen,
10bifo : t,getMotrix(),setTransl.ote(mVridth, 0);
i;JbU T o#Ilit 1
1 t ,getNotrix()4setTransl 9) // Si

t ,setAlpho((x - 8,Sf) %25*

i%m

14.2.4 InputMonitor

11 InputMonitor InputManager

InputMonitor WmS 14-8 :»

y= (t*t—0.5) X2



WwmsS
InputManager
InputDispatcher
wWmsS
mTemplnputWindows
InputWindow

14.2.5 PolicyThread

PolicyThread
WindowManagerPolicy
PolicyThread mPolicy
WmsS

14 WmS

InputMonitor  Wms

InputMonitor InputManager
mWindowManagerService WmS
InputManager Callback

minputMonitor
InputWindowL.ist

InputWindow WindowState
WindowsState
Thread, mPolicy
WmsS mPolicy

WmsS mPolicy, WmS mPolicy

final ~Indoy<NonogerpQI\ cy mPolicy Poll c~Monoger>makeNewWindaMamgerQ;

PolicyThread
Policy

PhoneWindowManager WmsS

Policy f
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Policy Policy
WmsS mPolicy
Policy Handler
Policy Thread rung) Looper.prepare() Looper.loop()
PolicyThread Looper koep()
Handler
PolicyThread wWms

PolicyThread

PolicyThread thr - ne
thr»startC);

synchronized (thr) {

WmS

Policy

prepare()

WmS

PolicyThreadCrfiPolicy” th icontextr pm);

36 while (!thr A"Running) {
37 _ {
39 thr
3 } ciotcfi (Interruptedtxception e) {
#
4
!
PolicyThread :
synchronized (this) {
s8i mfiunning - trye®
591 i nofcifyAllO;
< w L
I _
s Looper> loopQi
loopO wms
14.2.6 Session
SurfaceFlinger SurfaceSession Surface
WmsS WmsS SurfaceSession
SurfaceSession WmsS Session SurfaceSession
Session SurfaceSession mSurfaceSession,
pid uid
Session WmS  openSession() ViewRoot
openSession ViewRoot



14 WmS

UTS i static: IWindo~Session sU't*"do~Sessio/?;

sWindowSession IWindowSession
WmS Session

Session IPC
Session Session IWindowSession.Stub  Binder

privute finol class Session extends IWindo”Session.Stub

14.2.7 Watermark

Watermark)

pdf
“Confidential”
WmS Watermark
14-9
1i Imi oz
V- ;
| - . nm 1

14-9
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/system/etc/ setup.conf

iloveyou%

setup.conf
setup.conf
16
/system/etc/setup.conf

Watermakr

liiiz int len _ mTokens[9],length();
1 1 % -1;
ftr (int i-ij i+-2) {
1308b int cl - rnTokens[0] *charAt(i);
1 s int c2 - mFokens[0] .chorAt(i-f1);
1/ if (cl 1kr cl o =m: ci « cl rar 4 ii
else if cd fAT M. ci. ci - W 4m
1 91 il# cl ‘ri
: if (c2 > Ti1itg. c2 T ) c2 « c2 .18
1 else if Ctz >m f it. a2 c2 ii;
1 #1S# c2 |
1 3! byi Ide r ,append((cto f) (2SS~ (c1+16)4c2)))\
1 3
WmsS Surface Surface
100 100 10 100
performLayoutAndPlaceSmfacel ockedlnner()
if (r*iotermork ! null) {
mWaiermork,positionSurface(d”a dh);
bil T+
14.2.8 WMThread
WmsS Policy wms SystemServer SystemServer
WmS WmS WmsS

WMThread



14 WmsS

WMThread PolicyThread — WMThread
PolicyThread
SystemService WmS main() WMThread
bli- pyblic static indo_MoncigerService moin (Context context *"™
514 PoferNanogerService pmj booleon havelnpuiNethods) |
515 iNThread thr - new ?NThreod(contextf pmf hovelnpytHethodS);
Sl€ thr,startC)
517 :
511 WymEKrmimd (thr) {
SIS while (thr juService — null) {
2 ; try {
521 thr. maitol i
522 : } catch (InterryptedEnceptione) {
523 : 1
524 }
525 thr .~Service;
WMThread run Looper.prepare() Looper.loop()
Looper SystemServer SystemServer
SSz sfnckmnizmi (this) {
iiiService S;
554 rioti FAAILO 1
14.3.1 O

WindowManager addView()

Activity
addView() addView()
8 addView() WmsS
WindowManager addView() ViewRoot
ViewRoot setView() IPC wWmsS Session

14-10

add()
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Session add() WmS addWindow() addwWindowO
14-11
mDisp oy
mDfep;ay, InputMonoger SUB_WI1NDOW s
P M
SUB-WINDOW
rnWindowMop & ottrtype. Qttriokenig
14-11
1 mDisplay Display
minputManager.setDisplaySize( InputManager InputManager
2 mWindowMap IWindow
ViewRoot w
3 attr.type SUB-WINDOW
SUB-WINDOW
4 attr.token attr.type
attr.token
attr.token.appWindowToken appWindowToken AmS WmsS
attr.token INPUT-METHOD
IMMS Window Token
token TYPE WALLPAPER

356



17|
187§

WallpaperManagerService WindowToken
14-12
14-12
WindowState WindowState WindowState
in  nm mindowStataCsessioru clienttoken$
attschedHindo Qttrs™ view Visibility);

session Session

client ViewRoot W WmsS (client)
ViewRootW WmsS W ' Binder

token attr.token addWindow() attr.token

14 WmS

WindowToken

attachedWindow SUB-WINDOW



2 mPolicy.adjustwWindowParamsLw() “ "

SYSTEM_OVERLAY

SECURE_SYSTEM—OVERLAY TOAST attr.flags FLAG_NOT_FOCUSABLE
FLAG_NOT—TOUCHABLE OVERLAY TOAST
3 pipe pipe pipe
outchannal InputDispatcher
4 WindowToken
WindowToken WindowToken mTokenMap
mTokenList HashMap ArralyList
5 win.attach() Surface
WindowsState mSurfaceSession SurfaceSession
SurfaceFlinger SurfaceFlinger
Session mSurfaceSession
SurfaceSession SurfaceSession
6 WindowsState mWindowMap
w Activity STARTING
Activity token.appWindowToken.startingWindow
8
14-13
LA $ _

od)usfWolipoperWinclowlock”cil)

P> WmS
P,

P
2t
SRS oK)
27

0 R P P

. p f mnsmm
i mlnpuiMMhodDidogs
P:s

ddWindowToyst!nOfd@fLock”
’ fiindontoystnords

2s addWindowToystiiiDrderIDckedO
3, aclustirtpyIMsmociOiaio"tock?:cifl

P

14-13
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9 win.mEnterAnimationPending true

mPolicy.getContentinstesHintLw/()

outContentlnsets ViewRoot
14-14
1
R
P
1414
ii touch Activity
Activity touch WmS
minTouchMode
14-15
upcksteFBous\WindowLoclcecin assgnLoyersLockedO

irhMctyMoveS true

: 3
fMi %EdoteFocusedWindowAUer

AsS$ignLayersLockedf)M' =

gnﬂ/glc%lﬁjgﬂethodWInccawsIfNeed

fecqnfigmho
repowggr%ﬁgg\fgom;gtrr&%nﬂ

1415

Toast
updateFocusWindowLocked()



U imMayMove

true im Input Method,
ill imMayMove  true movelnputMethodWindowslIfNeededlLocked)
WindowsState
assignLayerslLocked()

mBaseLayer mLayer

ill updateFocusWindowLocked()
finishUpdateFocusedWindowAfterAssignLayersLocked()

InputManager
5 configration
configration origitation
sendNewConfigrationg), AmS  updateConfigurationO sendNewConfiguration(}
14.3.2 assignLayersLockedO
mBaselLayer mLayer
WmS mWindows
mWindows assignLayerslLockedO
mWindows mLayer
mwindows 3+2+4 14-16
8 5 3 2 0

14-16



14 WmS
assignLayersLockedO 0 0 mLayer mBaselLayer
mBaseLayer WindowState 0
mBaselLayer 1 2 3 0 mlLayer mBaselLayer + 5
mBaseLayer +2X5 mBaselLayer +3X5
4 5 mLayer 4 mBaselLayer mBaselLayer +5
678 mLayer 6 mBaseLayer mBaselLayer +5 mBaselLayer
+2X50
WindowsState mBaseLayer
6040 if ((rnAttrs.type flRSASUBijDOW &&
hmi mAttrs.fcype LASCSUB~WINDOW}}
i [l the T tiplier is lo ~esctve Space for ra
// ~indo”s in the some type laye®”,
44 rtiBoselayer - mPolicy."indo*"TypeTolayerL"C
b.4S attachedWindow .mAttrs ‘type) * 1YPEALAYLU~L UPLIDBR
fo + DIYPEMNLArtRmOF-fSEN
6847 mSubLayer - mPolicy esub indo rypelfoLayerL (a, typels
60Sb }AM {
ferb /1 1he multiprler here is io reserve space fo, multiple
67" /1 windows m the some type "loyer»
o) niBoseloyer ™ mPolicy “indo~fypel oloyerl*CQ stype)
6 : * YEIMUL 11PL1£R
b*8bl + TYPENLAYER _OFFSETI
hl mSubLayer 8;
attrs.type SUB_WINDOW mPolicy
windowTypeToLayerl w() Policy 13
13 TYPE—LAYER-MULTIPLIER 10000
TYPE_LAYER_OFFSET 1000 APPLICATION_LAYER,
2 mBaselLayer 2X 10000 +1000 TYPE_LAYER_MULTIPLIER
10000
SUB_WINDOW attachedWindow
mPolicy subWindowToLayerLw() mSubLayer Policy
mSubLayer
15: stotic Tinal int APPL1CATION"MEDIANSUBLAYER - -2;
12[ static final int APPLICA101im DIAJWERLAYJLWUYER - -ij
6. stotic finol int APPLICATION"PANtLASUBLAYKR  1;
stotic final int APPL1CAJJON SUS PANEL/ASUBLAYER  2:

—
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14.3.3 addWindowTolListin rde Locked()

addwWindow() WindowsState mWindows
mWindows
mWindows o “
. Policy 13
14-17 if/else
14-17
1,1.1: {7\
1.1 Kt
Activity
(oppWindowTolcen: %
1J.2
1.2* ©
~ Activity ©
2:
(attached ) ©
14-17
1.1.1 14-18
TYPE- S~ S| * TYPE_BASE_APPUCATION, ©

STARTING

14-18

P
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BASE_APPLICATION

STARTING
1.1.2 14-19
AppWindowToken mWwindows
1 J
o t[ ( 06 <
0 ( y 6 a
- | f mWindows
mBasalLayer/™ft
14-19
Activity Activity
AppWindowToken AppWindowToken allAppWindows
AppWindowToken
AppWindowToken token token token
token token
mWindows mBaseLayer
1.2 14-20
mWindows mWmdows
| 1
0] o (0]
40V) 2000 1000 4 mm 1000
14-20
Activity
mBaselLayer mWindows mBaseLayer
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2 14-21
P Q
deiA\Am subloyer=-I sybloyer-2
0
3220 32204 32220
0— if 1P s
. Sy 0 |
o—
N modd K
322023 43220
14-21
SUB-WINDOW
sublayer 0
. mWindows
* WindowsState mSubLayer
« mAppTokens AppWindowToken
AppWindowToken allAppWindows token Activity
Activity Activity
. Activity
14.3.4 O
Android Windows
SDK SDK SDK
Activity,
Activity finishO ,
dismissO #

<364

sublayer
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SDK WindowManager
addView() removeView()
View View
View
WindowManager removeView() Activity
finish() Activity
WindowManager removeView()
Activity
WindowManager removeView()
Back AmS destroyActivityO;
finishO AmS destroyActivityO; AmS
destroyActivity() AmS ActivityThread destroyActivity
10
Activity Thread scheduleDestroyActivity() 14-22
AcitviyTtiread
14-22 Activity
WmS Activity
Activity Thread.AppicationThread scheduleDestroyActivity()
Handler handleDestroyActivity
removeViewImeediate() closeAll() Activity Activity
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Activity
ViewRoot
ViewRoot doDieO doDieg
sWindowSession.remove() IPC

removeViewlmmediateO

14.3.5 O
Wms.Session
remove( removeWindow()
14-23

refnoveWmdowC)

14-23 removeWindow ()

die()
dispatchDetachedFromWindow(;
sWindowSession

WindowManager

remove()
SurfaceFlinger
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windowForClientLocked()
removeWindowO
windowForClientLocked()

mWindowMap mWindowMap ViewRoot
w IWindow
0 removeWindowLocked()
1 win.disposelnputChannel() pipe pipe
pipe() pipe
Surface frozen)
screen on)
(1) win.iswWinVisibleLwO
false, true

removeWindowLocked()

applyAnimationLocked()
(2) isWinVisibleLw() false
performLayoutAndPlaceSurfaceslLocked() wWmsS
3 win mSurface
removeWindowlnnerLockedO
4
updateOrientationFromApp TokensLocked()
Handler SEND-NEW_CONFIGRATION AmS
5 updateFocusedwWindowlLocked()

14.3.6 removeWindowlnnerLockedO

Session session  WindowState

367
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¢ HashMap mWindowMap<IBinder, WindowState
e ArrayList<WindowState> mWindows

¢ ArrayList<WindowState> WindowToken.windows

WindowsState WindowsState windows
¢ ArrayList<WindowState> AppWindowToken.allAppWindows,
WindowState WindowState Activity

allAppWindows
¢ HashMap mTokenMap<IBinder, WindowToken- ,
¢ ArrayList mTokenList<WindowToken>0
¢ WindowsState minputMethodwWindow
¢ ArrayList<WindowState> minputMethoDialogs
mWindowMap mTokenMap IBinder
14-24

adcdMend]

14-24 WindowToken

WindowManager addView()

mWindowMap WindowState
client ViewRoot.W mWindowMap
WindowToken token attrs.token
WindowToken mTokenMap
WmS addwWindowToken()
IMMS

WindowToken

AppWindowToken

WindowToken

ViewRoot.W

WmsS

IBinder client.asBinder

mTokenMap
,mTokenMap

WindowToken
WallpaerManagerService
WindowToken addView()



14 WmsS

removeWindowlnnerLockedO 14-25

removeWindowsSoriariDcked ()

14-25 removeWindowlInnerLockedO

1 minputMethodTarget
2 (1] 7
3 win.removelLocked() Surface
4 mWindowMap mWindows
5 WmsS

mInputMethodWindow
minputMethodDialogs WindowsState
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WindowToken
WindowToken

WindowToken

WindowToken
mTokenMap

token.windows

mTokenList

token.explicit true mTokenMap mTokenList
,- i if (token”wifidows.slzeC) 8 {
111; if (3taken, sKplicit) {
S IV mTokenMap. remove (to ken.token) i
,,H7 infFokenList ,renoveCtokein);
,11 } else if (otoken null) {
il1 otoken, firstfindQwDrs”~n folmi
explicit “ WindowToken addWindow()
addwWindowToken() IMMS  WallpaperManagerService
WindowToken explicit WindowToken
explicit mTokenMap mTokenList
7 Activity AppWindowToken
allAppWindows
8 TYPE_WALLPAPER) win.attrs.flags
FLAG_SHOW_WALLPAPER) adjustWallpaperWindowsLocked()
9 minLayout
true, false
> iilnloyout  tru.s
try {
6s.: perforinLoyout AndPlace Syrf aesLocked InnerCre coveri ngHéEinory);
minLayout flase
if (IminLcjyoui) {
assignLayersLockedO i
- i inLoyoutNeeded - true;
KIKI perfor"LoyoutAndPloceSurfocesLockedC);
11>3 if ("in.mAppToken !- null) {
JIST in .rtiApp'Token .ypdoieReportedVisibilitylockedC);
rac ’

10



minputMonitor.updatelnputWindowsLw()0O

WmS

1441

WmS WindowState

mCDfilainIngframe

mDJsplayFrame

mCkintentFrame- mCont©n!!nsats

mVisibleFrame » mVisiblelnsets
14-26
mContainingFrame
mDisplayFrame mContainingFrame

mContentFrame  mVisibleFrame

mContentlnsets mVisiblelnsets
mFrame mShowFrame mFrame
mShowFmme
mShowFrame

mGivenContentFrame  mGivenVisibleFrame

Rect insets

14-27

14

mFmma
mSliowFram#

Content

mFrame
mContentinsets

WmS

14-26

mVisiblelnsets

insets
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Activity

mCootainingFram@”™ mContainingFrame”

mContainingFrajme™ r
mDisplayFrame= mDIspiayFrama= m DisplayFrame=
(0,0 -320f480) (0,0 ~ 320, 480) (0,25»320, 480)
mCootai ifFrama® mContentFrame- mCo”tentFramas
mvisibleFrame® mvisibteFram®- mVisibleFrame®
0,0 .2 (0, 25 320, 480) {0, 144 320 380)
mODntanlinsetss nmCootOotinsats—s mContentInsets®
0+0,0) 0,250, 0 (0S0 -0, 0}
mFrame: m Fram@= mFmmm
mShowFrame= mShowFrama™ mShowfFrame:
fa 0 - 320, 2n « 0-320,4 _ fa 144-smwm
14-27 _
mContainingFrame
mContainingFrame
Activity mContaingFrame Activity
Activity mContaingFrame
mContentFrame
mFrame
mContentFrame Activity mContentlnsets

mFrame = mContentFrame +mContentinsets

14 .4 .2
14-28
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B jowms IEROR
B iR
mnb
ggin
0 ml
14-28
ViewRoot IMMS  ViewRoot
WmS.Session relayout()
View measure
264/ int relayoutResult s firtdomSessi on»raloyout (
ndow p aramss
2649 (int) (_Vi jn_e:asuredlidth * oppScale & €LSf),
2850 (int) (~ViewjHecisuredHeight * appScole & §, Sf)s
bS1 Vi sibility insetsPmnding ~ mWinFrome
2652 mPendingContentinsets, fHPOnding¥islbl€Insets »

PendingConfigyratim $ Surface) ;|

mView.mMeasuredWidth mMeasuredHeight
———mWinFrame mPendingContentinsets WmS

IMMS
WmS IPC ViewRootW resized()
measure layout
wWmsS resize

WmsS relayoutWindow()
14-29
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reiayoytWindowCl

14-29 relayoutWindow()

relayoutWindow() win.mFrame
outFrame ViewRoot
sWindowsSession.relayout(y outFrame
mPolicy.beginLayoutLw(dw dh) dw dh
mPolicy Policy
Policy MDockXXX mCurXXX
mContentXXX, 14-30
mDockXXX mContentXXX mContentxxx
MCurXXX
mCurXXX
14-30 Policy
mTop (

L >? mDockTop - fflContenlTop — mCurTop — mStotusBor,gefcFromelL”Q,bottom;
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MCurXXX  mContentXXX
mDockXXX
beginLayoutl w() mPolicy
mPolicy.layoutWindowLw()
14.4.3 Policy layoutWindowLwO
mPolicy mPolicy
beginLayoutLw()
computeFramelLwO
View mPolicy
Policy parent display content visible
MTmpXXX pf df cf vf
beginLayoutLw() 14-31
beglntayoutlwO
14-31 beginLayoutLw()
for layoutWindowLw() 14-32
1 pf df cf vf mDockXXX mDockXXX
beginLayoutl w()
layoutWindowLw()
"2
(1) Activity
attrs.flags softinputMode
SOFTHINPUT_ADJUST-RESIZE contentFrame
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R
P
_ __0de
_ttfsjoftinpiitMode
SOFNINPULADJUSLRgSIZe, _
Cf mCont tXXX
mDockXXX mContentXXX mContantXXX cf~mDoc<xxx
mCurXXX mCurXXxX
loyoytWindowlwfl
KptcfxfM N
i mDockXX)l(]s ft FLAG LAYOJT \HW$CREEH
ot!rs.arcvityM ~Gravity,BOTTOM t FtAG,tAYOUT_INSET DECOR,
7 P AcWty p,
i2,
vi~AmCurxX
c
P, _
FLAG LAYOUTJN SCREEN
> ; dl-pf
w n>comput@Ffc_elw iS 0 v P xx
cf -
P, mConfenSottom
mCurBottom g p
L. pfss mCoritentXXX '
o
3, vf- mCurXXX
4, cfrdf

14 32 layoutWindowLw()

(2)

contentFrame visibleFrame

contentFrame visibleFrame

(3) pf mContentXXX df cf

softinputMode $ 1) cf

3
computeFramelLwO

4 vf vf mMCurXxXX

MCurXXX
mCurBottom mContentBottom Policy
mWindows z-ordered

layoutWindowlLw() for

win.computeFramelLw()
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Xyz
7 Xyz 14-33
14-33
1 containingFrame Gravity apply()
ol4h Gravity,apply(mAtirs,gravikyi h, container,
6147 (int) (mAtirs.k # mAttrsthorizontolMorgin _ pit).
J*8 (int) (mAitrs,y + niAttrs tverticolNorgin * ph)s frame);
w h
measureG MATCH_PARENT,
pf WRAP—CONTENT
6129 .- mAlirs.vadth *.mAi.trs.MA'EH~PAREN! ? pw : rtiRequesicd™idih;
- . h .height- - mAttrs. MAfW~APAREMT ? ph : mRequestedHeight;
aPPly() frame mAttrs.gravity w h
container frame
2 frame df
frame
hibl /1 Hoa moke sure the window fils in the overall display.
GravityaapplyDisplay(mAllrs,gravity! dfj frame)j
pf df frame
3 contentFrame
contentFrame frame frame
contentFrame frame
4 contentFrame contentFrame frame insets
contentFrame frame
frame

frame contentFrame
ViewRoot sWindowSession.relayout()
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relayout()
mwWinFrame WindowState  mFrame; mPendingContentinsets
mContentinstes
outf rame, set(*in .mivVame)
ouiConteritinseis,setOin 4riiCoritent nsets)
outVisiblelnsels, nseLs)
14.4.4 [ O
PhoneWindowManager Policy
WmsS IPC ViewRoot.W resized()
resizedO
CPU
Word 14-34
i, MM, oi_,
§5 T,

14- 34

WindowState

Policy,



Word
InputMethodManager
Manifest Activity softinputMode
resize Activity
resize
Android
Activity
InputManager WmS
WmS
AmS WmS
InputManager AmS WmS
A B
B
14.5.1
Android AmS
AmS wWmsS Activity
Activity

API
WmsS Activity

14 WmS

Activity ” Activity
Activity
wms resize
Activity
InputManager WmS$S
Activity
B A “Home”
Activity Activity
WmsS WindowsState
WmS g InputManager

InfmtDispatcher
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WindowsState InputManager
. AmS WmsS,
WmsS InputManager;
AmS Activity B wWmsS
AmS ActivityRecord Activity ActivityRecord
Binder IApplicationToken.Stub ActivityRecord WmsS
AppWindowToken ActivityRecord
Activity AmS ActivityRecord
WmsS AppWindowToken Activity AmS WmS
AppWindowToken
AppWindowToken WmsS mWindows
AppWindowToken
WmS InputManager minputManager
AmS Task Activity
Task Task Activity Task
Task wWmsS
performLayoutAndPlaceSurfacelocked()
performLayoutAndPlaceSurfacelL.ockedlnner()
traversal,
ViewRoot performTravasals()
WmsS startAppFreezingScreen()

topAppFreezingScreen() resumeKeyDispatching() pauseKeyDispatching() setEventDispatch(true/false)

API
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1452 InputManager WmS

WmS
SurfaceFlinger InputManager InputDispatcher
WmsS
InputManager WmS wms
InputManager WmS
InputDispatcher
WmsS SurfaceFlinger
WmsS :
WmsS InputManager InputMonitor InputManager
InputDispatcher
. Dispatcher
InputDispatcher
InputMonitor updatelnputDisptachModelLw()
updatelnputWindowLw(), InputDispatcher

14-35



Android

wms 1 u_on_
startA|")FreeZ2ingSc”ao{iBindefi | mJnputDispatcliFmzan = try©/false
stopAppFr8ezingBcr@en(IBind©rs) ypdaielnpylDIspatchModelLw(enabl0{ frozen)
satEventDispatdiiogLwfboolean) booiaan mlripytDipsatchEnabi~d;

ypdatainpylOispatehMod€Lw{anabl81frozen)

rasymeKayDispatehingflBindef)
pausaKeyDispatching(fBloder) tO paused _®/fals8;
updateiopyiWindowsLwO

©
InpytWindowO wi  ws;
1. mAppFroe2jng
2 ‘- 1 0 boolean enable:
tooleari frozen;
14-35
wWmsS freeze
mAppFreezing true/false mAppFreezing true
InputMonitor “
InputMonitor freeze
InputMonitor freeze freeze InputMonitor
InputMonitor
IBinder IBinder ActivityRecord
setEventDispatchingLw(), boolean
InputM onitor
pause/resumeKeyDispatching() ActivityRecord
IBinder ActivityRecord InputM anager InputWindow
InputWindow
InputDispatcher WmsS
InputManager InputWindow
WmsS InputDispatcher
InputDispatcher WmsS

SurfaceFlinger
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InputWindow InputDispatcher
WmsS InputMonitor updatelnputWindowLw()
WindowState InputWindow
updatelnputwWindowlLw() InputWindow
< inputChannel wWmsS InputDispatcher
» hasFocus
e paused WmsS
pause/resumeKeyDispatching()
InputDispatcher
wWmsSs InputMonitor setFocusedAppLw() InputDispatcher
InputManager setFocusedApplication()
b, Te :plnputApplication stoken  newApp;
(A mInpuWanagBr, ppliccitioiiC T@ pln:put pplieotion);
mTemplnputApplication InputApplication
Object token,
AppWindowToken InputDispatcher AppWindowToken
InputDispatcher WmsS setFocusedAppLw() WmsS
InputManager
WmS  InputDispatcher WmS
WmS
InputManager :WmS InputManager
InputManager updatelnputWindowsLw()
mWindows InputWindow
1453 AmS WmS
AmS WmS AmS Activity WmS
AmS AmS Activity, WmS
AmS
WmS

Activity AmS
10 AmS
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AmS WmS
WmsS Activity
WmS wmS AmS
AmS WmS 14-2 14-3 14-4 WmS AmS
Activity AmS ActivityRecord ActivityStack AmS
AmS ActivityRecord Activity ActivityStack Task
Task ActivityStack 14-2 14-3 14-4
WmS
WmsS WmsS AmS mWindowManager
WmsS
14-2 ActivityStack WmsS
WmsS
AS completeResumeLocked(ActivityRecordnext) executeAppT ransition()
AS resumeTopActivityLocked(...) setAppVisibility
prepareAppTransition()
updateOrientationFromAppTokens()
executeAppTransition()
setAppStartingWindow()
addAppToken()
validateAppTokens()
AS ensureActivitiesVisibleLocked(...) for
setAppVisibility(r, true)
AS finishActivityLocked( prepareAppT ransition(end Task?
ActivityRecord r RANSIT-—TASK—CLOSE: TRANSIT-ACTIVITY—CLOSE)
AS moveTaskToBackLocked(...) prepareAppTransition()
moveAppTokensToBottom(moved)
validateAppTokens(mHistory)
AS moveTaskToFrontLocked(..s) prepareApp T ransition()
moveAppTokensToTop(moved)
validateAppTokens(mHistory)
AS processStoppingActivitiesLocked(...) for

setAppVisibility(s, false)



AS

AS

AS

AS

AS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmS

AmMS

realStartActivityLocked(...)

removeActivityFromHistorylLocked(
ActivityRecord r)

resetTasklfNeededLocked(...)

startActivityLocked(ActivityRecord,)

stopActivityLocked(ActivityRecordr)

14-3

closeSystemDialogs(String reason)
enableScreenAfterBoot()
getRequestedOrientation(IBinder token)
goingToSleep()

handleAppDiedLocked(...)

isNextT ransitionForward()
overridePendingTransition(...)
setFocusedActivityl.ocked(
ActivityRecord r)
setRequestedOrientation(IBinder token,

int requestedOrientation)
shutdown(int timeout)
updateConfiguration(Configuration values)
updateConfigurationLocked(...)

wakingUpQ

14 WmS

WmsS
setAppVisibility(r, true)
updateOrientationFromAppTokens()

removeAppToken(r)

setAppGroupld(...)
moveApp Token(dstPos, p)

validateAppTokens(mHistory)

addAppToken()
validateAppTokens()
prepareAppTransition()
setAppStartingWindow()

validateAppTokens()

setAppVisibility(r, false)

WmS

WmsS
closeSystemDialogs(reason)
enableScreenAfterBoot()
getAppOrientation(r)
setEventDispatching(false)
while
removeAppToken(r)
getPendingAppTransition()
overridePendingAppTransition(...)

setFocusedApp(r, true)

setAppOrientation(r,)
updateOrientationFromAppTokens()
setEventDispatching(false)
computeNewConfiguration()
setNewConfiguration(mConfiguration)

setEventDispatching(true)
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AR

AR

AR

AR

14-4 ActivityRecord WmsS
wms
pauseKeyDispatchingLocked() pauseKeyDispatching(this)
resumeKeyDispatchingLocked() resumeKeyDispatching(this)
startFreezingScreenLocked() startAppFreezingScreen(this,)
stopFreezingScreenLocked( stopAppFreezingScreen(this, force)
boolean force)
WmS
ActivityStack
add/removeAppToken(), WmsS AppWindowToken
ActivityRecord WmsS AppWindowToken
setAppVisibility(true/false), WmsS WmsS
WindowState mReady ToShow
Surface Surface
“ ” Ready to show
isReadyForDisplay() AmS

AmS setAppVisibility()
WmsS performLayoutAndPlaceSurfaceO

setAppStartingWindow() prepareAppTransition() executeAppTransition()

setAppStartingWindow()
wWmsS
prepareAppT ransition() WmsS Task
Task Activity executeApp T ransition() wWmsS
AmS
setEventDispatching(true/false), WmsS AmS
shutbownQ setEventDispatch(false) AmS
AmS wakeUp()

setFocusApp() WmsS “Home”

Activity Activity AmS
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WmsS ActivityRecord WmsS
ActivityRecord AppWindowToken , ActivityRecord
WindowsState wmsS Focus
ActivityRecord
» pause/resume KeyDispatching, wWmsS Activity
 start/stop FreezeScreen, SurfaceFlinger
AmS WmS WmS AmS AmS
145 PW.P PhoneWinowManager
14-5 Activity
AmS
PW.M goHome() stopAppSwitch()
PW.M launchHome() stopAppSwitch()
wms reclaimSomeSurfaceMemoryl ocked() killPids()
wms sendNewConfigration() updateConfiguration()
WmsS AmS
e stopAppSwitch() AmS
e KillPids(), AmS , Surface
WmsS wWmsS Surface Surface
Activity Activity killPids()
« updateConfiguration() AmS Configuration
Configuration Listener WmsS Orientation (
Activity
AmS AmS Activity
AmS WmS
14.5.4 A B
Home
AmS A B

14-36
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J  wWmsS — ArS-
P Activity
3 P
=]
O P
| |
is
14-36 Activity -— A B
B AmS WmS addAppToken() token token
Activity WmS setAppStartingwWindow() WmsS wWmsS
WmS
AmS B ~ ActivityThread
Activity ActivityThread ActivityThead
Activity
AmS ; WmS
ActivityThread
ActivityThread
ActivityThread IPC AmS attachApplication(); AmS
Activity AmS WmS setAppVisibilityO
wWmsS setFocusedApp() AppWindowToken
Null ActivityThread
ApplicationThread scheduleLaunchActivity() Activity

Activity onCreate()
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WmS Activity
null, ActivityThread Activity
onCreate() setContentView() Activity
ActivityThread Activity WmsS addWindow()
Activity
AmS WmsS
setFocusedApp(Q addWindow()
WmS
Handler FINISHED—STARTING performShowLocked()
removeWindow()
Activity AmMS
14-37
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14.5.5 B A
B A B “Back” A
IANJtyThread j
B —_
onPau df)
B pouse
8
A Q
ri#tioyoytWilidow)J ;
A
A p
A
. acttvitvidleCl «* destroy

wmmmmimm,

8

Surface Ps

0

1 ' _ destroy
AppWindov/Token

1433 Activity — B A

“Back” AmS finishActivityLockedO
AmS finishActivityLockedO B Activity, B
Activity onPaused() AmS WmsS B
WmS pauseKeyDispatching()
B
B ActivityThread
5 WmS AmS,
B IPC AmS completePauseLocked() AmS
B A wWmsS A A

” IPC ViewRootW dispatchA V isibility ()

14-38
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14  Wms

ViewRoot performTraversals() WmsS
relayoutWindow()
Wms IPC performTraversals()

A A mSurface A
mSurface A B B WmsS A
diSatchAppViSbility(falSe) A e 7 A
WmS  relayout Window() view \sibility false relayoutWindow()

win.destroySurfaceLocked() A Surface Surface
SurfaceFlinger Surface
WmsS A relayoutWindow() A Surface Surface
A
A
AmS WmS removeWindowlLockedO
B mRemoveOnEXxit true
Z0b'3 // TI© sxit is rynnijni,., » =« 'for it!
2151 //Sidi,i(TMs  __ Ry_ing mmt oniiicition,
2152 ; m n.fnExiting _ :trw«s
wiru Re oveOnExit  tmm;
,AmS WmS removeWindowlLocked() A
IPC AmS activityldle() AmS finish  Activity B
IPC B ActivityThread handleDestroyActivity()
removeWindow() wWmsS removeWindowO
WindowState finishExit() Surface
mDestroySurface mPendingRemove
WmsS traversal Surface WindowsState
B destroy AmS “ destroy” IPC AmS
activityDestroyed() AmS  activityDestroyed() WmS  removeAppToken
B WmsS AppWindowToken “ WindowState
AppWindowToken ” ActivityThread
destroy
B A
1456 A “Home” B

“Home” A
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« A WindowState
- A AppWindow Token

> w

ralgyoytWindow "

mmmfm

14-39

A “Home”

RecentApplicationDialog
AmS

Activity

A

WmS AmS

A B
A
A destroy
AmS
A
onPausedD
pause
B
Activity
Recent Task L ist), Rtl
startActivity() B
A Activity Thread A ActivityThread
onPause() AmS wWmsS A
Rtl
ActivityThread A
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ActivityThread IPC AmS completePauselocked() AmS
”AmS wmS A
B WmsS  setAppVisibility() AmS IPC
ActivityThread scheduleResumeActivityo BO
WmsS Rtl
Rtl B B
A Rtl B
B B ViewRoot relayoutWindow()
IPC WmS relayoutWindow() B Surface
B B
7 B
B B
B A
WmsS AmS B ActivityRecord
windowVisible() windowGone()
/ it CDESUGMVISIBILHY) siog.v(
"Reporting visible in N 4
+ Mvisible -" no”~Visible
+ M gone-" + ncmGone);
if (no~Visible) {
_ /3 Stoken 4app foken ndo”sVisible();
} else {

¥«token.oppToken .“indo”*"sGoneO j

AmS WmsS setAppVisibility) A A
A Surface
Surface
14.5.7 setAppVisiblityO Surface
AmS WmS setAppVisibility()
Surface

Surface setAppVisibility() 14-40
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14-40 setAppVisibility()

setAppVisibility() AmS wWms AmS WmsS
WmS
mOpeningApps mClosingApps
traversal setTokenVisibilityLocked()
setTokenVisibilityLocked() AppWindowToken
sendAppVisibility ToClients(), ViewRootW dispatchAppVisibility Q)
ViewRoot sWindowSession.relayoutWindow()
WmS Surface Surface,
AmS WmS setAppVisibility()
Surface Surface
relayoutWindow() setAppVisibility();
“ ” Surface

14-41
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14-41 Surface
removeWindow()
mRemoveOnEXxit true, “
mPendingRemove
traversal traversal
removelocked() destroySurfacelLocked()
Surface traversal
WmS relayoutWindow()
wmsS Surface

; } else {
\ if (minputNethodiindo”  $in) |

2462 mlinputNethodWindo” null;

2463

24€4 1 v*in,destroySurfcscelLockedC);

relayoutWindow() Activity
Surface WmsS Surface, relayoutWindow();
AmS WmS setAppVisibility) W mS ViewRoot.W
dispatchAppVisibility(), WmS
relayoutWindow()
Surface

setAppVisibilityO Surface
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14.5.8 computeFocusedWindowLockedO

mWindows mAppTokens mFocusedApp
mFocusedApp setFocusedApp()
compute
compute mAppTokens moveApp TokensToTop()
moveApp TokensToBottom() , mAppTokens A—B—C—D
AppWindowToken B compute mAppTokens A—C—D—B
mWindows compute
mWindows A—B—C—D 14-42
mwWindows mApplbtons.
14-42 mWindows  mAppTokens
compute compute ,mFocusedApp B, mwWindows
D nextApp =
mFocusedAPp
if (nextApp — mFocusedApp) {
+ 9 /1 Whoops T e ore belo™ the focused apps4, no ft
] r1 for ymil
it ClocalLOCV 11 DtBUGMFOCUS} siog.vc
J FM, nReoched focused opp: 1 + mFocusedApp)”
9023 return nuii;

mAppTokens

mWindows
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relayoutWindowO WmsS mWindows
compute mWindows
canReceiveKeys() true

/1 OispoLch to this ~indoA if It is "onis key events.
if (~in,canReceiveKeys(}) f

) if CDtBUGAfOCUS} Slog,<
ound Focus i M i n)|
)44 reiytt min;
break;
canReceiveKeysG “ ”
. NOT—-+FOCUSABLE flag
NOT_FOCUSABLE mWindows
Toast
flag NOT_FOCUSABLE

NOT_TOUCHABLE

InputDispatcher WmsS
InputDispatcher

NOT TOUCHABLE WmS.InputMonitor updatelnputWindowLw()
L'l firial int flogs —child.m Altrs,Flags]
5174 finol INt type child.m Aitrs, lypen
SI75
M/b final boolean hasFocus - (child m np
i i final boolean isVisible - child.isVisib

: fim | boolean hcisWallpciper - (child — i
S179 M (type findoiiiM~nager, Lciyoy
lia
SIS // Md mindom to oyr list of input i
MH fiifiol Inputllindo inputfindow rfiTempin
SIM ,inputChonnet child, Input
5184 inputWindow sname - child,toString();

1 inputwindow Aout?aramsflags - flcigs;

flags NOT_TOUCHABLE inputWindow
layoutParamsFlags InputDispatcher

NOT_TOUCHABLE, InputDispatcher
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NOT—TOUCHABLE InputDispatcher

- : -, I: I_ M- & G VA : [P |

perforLayoutAndPlaceSurfecesLockedlnnerO

WmS

WmS Dianne Hackbom Dianne “ ” Android
Dianne Framework

I was blown away to find yesterday that the Gingerbread version of
WindowManagerService.performLayoutAndPlaceSurfacesLockedlInner comes to
1233 lines. That, well, unimaginably far from "one screen".

Is it just too risky to touch? (Obviously, it"s a lot harder to write
unit tests for GUI code than for engine code.) Or is it simply that no
one has had the time to refactor it?

Actually, both these are proxies for my realquestion: If | broke it
into a series of calls to smaller private methods, would this be a
plausible patch candidate, or is it a “protected species"?

| Hi Jon,
What, you have a problem with my 1000 line function??:)

Actually there are much biggest aspects to WindowManagerService that | would like to refactor to
ease maintenance -- the first being turning this nearly 12,000 line file with multiple inner classes
into a bunch of separate classes in their own package.

have been wanting to do this for over a year. The problem is finding a good time to do it that
won *t cause huge merge headaches -- we oftentend to have multiple development lranches mnning
in parallel, so if you do this at the wrong time you suddenly have painful mrges between them.
think we have an opportunity coming up for this post-HC, but we"ll see.

What that means for AOSP contributions, though, 1is that refactoring code like this is fairly

problematic to accept as a contribution, because of the merge pain that will arise from that. Even
changes that do things like just "fix" a bunch of whitespace are difficult to deal with.

“ 1000

1200
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1000

14.6.1

WmS WmS

mWindows mTokenList

WmsS API AmS API addwWindow()
removeWindowO, setAppVisibilityO#o API

WmS traversal

WmS InputDispatcher
WmS
WmsS Policy —

WmS “ Android ” “ Android

” WmS

traversal 14-43

14-43 WmS traversal

try catch
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try catch
1 performLayoutl ockedinner()
p
/I ~IRST IDDP: Per fq layout® if needed,
if (repeots < 4) {
changes performlayoutlockedlnnerC);
if (changes {
continue;
X
} else {
Slog,W Q nLayout repooi skipped after tot
asss changes
Abb
performLayoutlL ockedlnner() 0 continue
perfermLayoutlL ockedlnner() 0
4
performLayoutl ockedlnnerO 0
mPolicy.fmishLayoutLw(), Policy 0
i / _ {finheritOoc} _/
public iInt finishLciyoytLw() {
14M \ fmtum
1 ! }
2
@
SurfaceFlinger
traversal Handler
traversal
1 mResizingWindows
WmsS
IPC ViewRoot.W resized()

2 mDestroySixrface



A
A
Surface
3 mEXxitingTokens  mEXxitingAppTokens
AppWindowToken
AppWindowToken “ ”
” WindowToken

WindowState WindowToken

WindowState

traversal
14.6.2 O
144
14.6.3 O]
14-44
for mWindows

1 mSurface
Surface

(1) mSurface
performShowLocked()

wallpaerMayChange true

14 WmS

B A Surface
mDestmySurface
traversal Surface
WindowToken

WindowToken

WindowState
AppWindowToken

SurfaceFlinger

commitFinishDrawingLocked()

true flag
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FneB592 - 8710...
mPoScy bog:nAn mattor Lwf]B
mPojcyiinishAnimationLwO

line 8714-8751
ifflokerMoyBeDrawnlf, Jt
mTokem

gv\lde\ donaiWhdov/slocked{ISM™

line 8756-8965
ir(rrAppTrons tiorReadyH,
200 rOpen:ngApps
maosingApps C P S 3,
good'?ogo s

i[ne 8969-8989

ifflanimating mApplrcimlionRyonIngff*

* r~Wirdows]|crrlokenUst
R m TokenJst

iffwolJpoerForccHidr.QChongeci
chongas — 0 &% mAppltomitkm

P K f
INELAOrMOR S AN |

14-44

(2) w.stepAnimationLocked()

(3)

attrs

hideLwO
showlLw()

(4) mPolicy.animationWindowLw()

U-I

1iffw.mSurface!~ nul'){

m/[lgxecutea Imalion, p
WS

VT

\|rf{‘c::<vlanN M n ’

;Fffw.commitF!n:shDrowsngloc<cdf
|CurfentT5mc}){ _ i

iffw.slepAnimoiionLockcd G \H
— mPors* ornriG ?k5n

j .

‘f(mPoicy.doesForcorl defw, atirs)
te se T(mPoicy.cQn&eFcrce”~daen
! fw,ottrs)

ImPolicy.aninotngWindowLwiw, otlrs),
: JVt
B , 1 S

;_deLp mOpen;rgApps niClosingApps
P

~serokenV sfbil :yto€ked{K
?|opplyAnimal onLockea{l

mT ransformation
false,
showlLwO hideLw()
SurfaceFlinger
13 t h
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Policy
Policy Policy —
2 mWindows
AppWindowToken setAppVisibilityO
AppWindowToken
f tokenMayBeDmwn true true
AppWindowToken showAllWindowsLocked() token
4 mAppTransitionReady true AmS WmS  executeAppTransition()
true “ Activity ” wWmsS
mOpeningApps mClosingApps
AppWindowToken
mWindows mOpeningApps mClosingApps
transitionReady transitionReady
mOpeningApps mClosingApps
Task Activity
5 mWindows
mTokenList mTokenList mWindows

/6 traversal

7

InputDispatcher

Surface
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14.6.4 SurfaceFlinge
SurfaceFlinger Surface setLayout() setSize
setPostion() show() hide() SurfaceFlinger
SurfaceFlinger
BLUR DIM Surface Surface WindowState
Surface 14-45

Mwneiricee

iine 9382 - 9491: updote effect

wcmpjﬁn/\rﬁmgﬁi(%f)?

Yo «  HAGCALED

ifl*(w.mObscured"o%c]redlH,8 4
P7 iw.m Lﬁ(s;jS\ﬁﬁwF!cm e"ﬁsj 8
iflw.mSur~cc N nd)i
hosdScroor, w.m Syffec@i”sIM|aposliori
screonBrghtnesss
buttonBr ghtne$sf #
Syswsr, P P
if|lw,mAppFr#e»ng H wjrAafOiMBq
rntoyoytSeqll
w  Yise frarre
&
. _ [ ]
opoque s ~displayed, tfe
_ obscured true, K w p
for n upacste surfaces P . PicsccyedrH
mm, e
2S i Motrix
t, d toyed trut
8 Sbffece
B showsSuifoce”cb”s:'ylcckoa:
opoque, G Surfoc©
noea3ockgroudFler(), obscured
true, PJbt:' Surfoc:e 3 OW
mgockgfoupdFH cxSuftoco
f -obscured ftogs BLUR  3IM d:sptoyed rue,
mn, tr BLUR oM . w,dok erMiosV;s ble true
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folse
14-45 Surface
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(1) mFrame
w computeShowFramelLocked()

mShowFrame, mShowFrame mFrame
mShowFrame
(2) attrs FLAG_SCALED
mShowFrame

FLAG_SCALED

(3) resize true Surface
size) position)
(4) inset frame
(5) displayed
displayed
isReadyForDisplayO
false Surface hideLw()
Matrix
Surface setAlapha() setLayout() setMatrix() Surface
displayed true
displayed true
(6) displayed
2
3 Surface
(1) opaque) obscured true for
update surfaces
Activity Activity
(2) needBackgroundFilter()
Surface Surface mBackgroundFilterSurface
(3) DIM BLUR
Surface DIM Surface

Surface.FX SURFACE DIM, BLUR Surface.FX SURFACE BLUR



Android

SurfaceFlinger( sf) sf Surface,
Surface sf Surface
Surface

ARM

Surface

Surface DIM BLUR, sf
Surface

DIM BLUR
sf
Screen outScreen
for(WindowState win: mWindows){
win.draw(outScreen)

if(flag == DIM flag ==.BLUR){
createNewScreen(outScreen)
outScreen.drawOnScreen();
traversal
Framework
SurfaceFlinger
Surface SurfaceFlinger
Framework
Surface, View,
Surface
SurfaceFlinger

Surface SurfaceFlinger

Animation WindowState mAnimation



14 WmS

14-46
relayou ndow ¢
14-46
WmsS applyAnimation() WindowState
hideLw() showLw() relayoutWindowO removeWindowO
setTokenVisibilityLocked(), applyAnimation()
WindowsState int transit
int Animation win mAnimation
true false
applyAnimation() int transit Animation
1 transit

windowEnterAnimation windowEXitAnimation

transit id

14-6 transit
transit id
WindowManagerPolicy. Window Avimation_windowEnterAnimation
TRANSIT_ENTER
TRANSIT_EXIT Window Aiimation—windowEXxitAnimation
TRANSIT_SHOW Window AimationwindowShowAnimation

TRANSIT_ffIDE Window AlimationwindowHideAnimation

14-6



Android

2 id id id
id Animation loadAnimation()
3 WindowsState setAnimation() mWindow
traversal
14-47
14-47
traversal for
for() mWindows WindowsState
stepAnimationLocked() * mAnimation.getTransformation)
mAnimation
mAnimation stepAnimationLocked() false
Transformation mTransformation
for() mWindows,
computeShownFrameLocked() mTransformation
(1) tmpMatrix mTransformation mT ransformation
Matrix
(2) tmpMatrix.getValues() Matrix tempFloats

(3) tempFloats
3 for

'408



SurfaceFlinger

Surface.closeTransaction() traversal

Surface.openTransaction();

for(WindowState w : mWindows){
w.stepAnimationLoced();

}

for(WindowState w: mWindows){
w.computeShownFrameLocked();
w.mSurface.setAlpha(Q);
w.mSurface.setSize();

}

Surface.closeTransaction();

traversal
Transformation

14 WmS

mSurface setAlpha()

Surface.closeTransaction()

traversal stepAnimationLocked

SurfaceFlinger “ SurfaceFlinger Surface
Android Framework C
Framework
- Configuration
Activity
onConfigurationChanged() Configuration

Configuration -—

Activity  onCinfigurationChanged() AmS updateConfigurationLocked()
Configuration AmS
Activity Configuration
Configuration
Android Configuration
14-48

Configuration
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Activity
Activity
wWmsS

Activity

XML

unspecified

landscape
portrait

user

behind

. bpj:Marager

S
inpuiManager.Cailbocks.
notSlyLIdSwilchChangedO
WmSvlinpytiMofiitor,
nof%yd$witchChang©dO
PWM.nolifyUcSwltchChongcciO
FWM.upIdcteRgtctsonO

ieciedtl

wmsS
ypdoteOrienfotbn FromApplok.ens||I,
Configurofon

boofeon ~

upd Ori_at ftort pr.ofc._iock !

) o tfu
Configurotion =
coffiputeNewConfigurotiootocked (| ¥

Wwms

oddWiiidowé) /
©f©movaWsn ow{] /
reiayoutWindowi

updoteOri@ntatlonffDmAppTokemiDck#d
[s
s@ndNewC i.p_!

AmS 1L
Y/paﬁif:eC_&fmictd(ed | gl re>

ORConllgurofionCtenged<{)
canfig ~mwindowManager,
ypdoteOrfenloionfrorpApplokensO

ActivityStack
fmumeTopActivilylockedl)

P1#
14-48 Configuration
ActivityStack resumeTopActivityLocked()
Activity Activity Activity
ActvityStack ActivityStack
Activity wms
AndroidManifest.xml  Actiivity screenOrientation
14-7
14-7 Activity
ActMtyInfo

SCREEN
—ORIENTATION
—UNSPECIFIED
—ANDSCAPE
—PORTRAINT
—SER
—BEHIND A B B A

XML

WmsS
Activity



14 WmS

WindowManager.LayoutParams screenOrientation

WmS  updateorientationFromAppTokensLocked()
WmsS mForcedAppOrientation
true computeNewConfigurationLoced()
Configuration Configuration ActivityStack Configuration
Parcelable IPC
WmS addWindow() removeWindow() relayoutWindowO
sendNewConfiguration) AmS Configuration

InputManager
InputDispatcher WmS  setRotation()
setRotationLocked() sendNewConfiguration()
AmS updateConfigurationLocked()
Configuration Activity onConfigurationChanged()
Activity destroy Activity
updateOrientationFromAppTokensLocked()
14-49

ypdataOrjantotlon:FromAppTokensiocicaci|)

14499 WmS

1 computeForcedAppOrientationLocked()
(1) mWindows
mAppToken
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(2) mAppTokens

2 WmS mForcedAppOrientation
mPolicy.setCurrentOrientationLw() Policy

3 setRotationUnCheckedLocked()
SurfaceFlinger mRotationWatchers

Configuration

mlinputManager
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m m

Android XML
Ul

Android drawable layout menu animation

layout animation menu XML
XML element layout
TextView
TextView Layout TextView
android:textColor="#ff0000ff’ textColor # 000

android:background="@drawable/bkgn background @drawable/bkg

e String Color boolean int res/values/>xoxx.xml

« Drawable res/drawable/xxx.png



. (layout): res/layout/xxx.xml

. (style): res/values/yyy.xml yyy—

style="style_name”
res/values/zzzxml zzz— “attrs”

declare-styleable name=,Window">
<attr name=,windowBackgroundl />
<attr name="windowContentOverlayn />
<attr name="windowFrame f />
<attr name=nwindowNoTitleM />
[ </ declare-styleable>

styleable “ ”

style
styleable R.java int[]

styleable attr id

aapt

name Java
attr
styleable, attr Window
styleable “ ” “

name format

Windows Activity

Window Activity
View/ViewGroup

15

“style”

View/ViewGroup

styleable
attr id

windowBackground

attr

windowBackground
Activity styleable)

style)
style)

windowBackground

styleable attr “
styleable

<attr name=nwindowBackground" format=,referencen />

XML element

style

styleable

attr
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APK
APK
APK

zip

$unzip ./bin/MyQin.apk -d temp

temp
* AndroidManifest.xml
XML

APK

Jar zip

XML

http://code.google.eom/p/android4me/downloads/list
$ java -jar ~/Desktop/AXMLPrinter2.jar AndroidManifest.xml

« META-INF
Jar
* res

drawable, layout

¢ classes.dex
Java Class
google

* resources.arsc

resources.arsc
String (

layout

APK
META-INF

zip

values
XML

res

png jpg

Java Class dex

Class

id

id
int, long )

drawable

assembled resource

APK

» /data/app APK

» /data/dalvik-cache
APK

apk

+classes.dex”

APK

/system/app

APK
classes.dex
classes.dex

APK

416

unzip

AXMLPrinter.jar

Jar

layout

drawable

google

Class

XML

APK

classes.dex APK


http://code.google.eom/p/android4me/downloads/list

15

data@app@com.android.contacts-1.apk@classes.dex

Andmid dex
odex
/ APK APK
dex Dex ClassLoader
2
e /data/data

/data/app /system/app

resouces.arsc
id
111 styleable style attr theme
styleable— attr styleable attr
element
attr—-namel = Walueln
attr name2 = nvalue2"”
attr nameN = "valueN"
XML AttributeSet element
attr namel attr—sameN attr—hame2 attr_name4 attr_name5
id AttributeSet
R.id.attr_name2 R.id.attr_ name4 R.id.attr_name5o
styleable
styleable
declare-styleable name="Flower*>
<attr name="allr_name2" />
<attr name="allr_named4" />
<attr name="allr_name5" />
</declare-styleable>
AttributeSet R.styleable.Flower
aapt int[] attr  id styleable

417
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styleable style

Theme — “ ” Windows
Android
framework/base/core/res/res/values/attrs.xml theme  styleable
AndroidManifest Activity Application View/ViewGroup
attrs View/ViewGroup styleable
attr attr styleable theme
Activity Application
framework/base/core/res/res/values/attrs_manifest.xml theme
<attr name= “theme” format= “reference” /> AndroidManifest.xml

Application Activity

theme TextView theme aapt
theme TextView theme
TextView theme
style theme style style Application Activity
theme styleable
framework/base/core/res/res/values/theme.xml theme  style style
Activity Application theme style styleable
name= “Theme
15-1
15-1 AndroidManifest.xml theme
attr) layout View/ViewGroup style
AndroidManifest.xml theme android style style
(attr) attrs.xml theme AndroidManifest.xml Activity
Application TextView android:theme
Activity setTheme() Activity setTheme()
context.setTheme() Context Contextlmpl styleable  theme
View/ViewGroup style style attr
theme, XML style U style id style
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attrs_maoilasixmi thama.xml AndroidManllest. ;xmt
<dOciariO-stvjleable 3™ style
name=i |§
"tadroidManlfast 3 o
» E ayidroid:alfc
t Walye-'
LA
K <siyla names
. iThama,yyy
= <Activity android :th8m€=
. sfyle/Thame .yyyl
<declarastylleable . Android_anif@stJtam
. ¢ Activty Application
t
<doclar@-st8able ~ *
oama"XiKX1L =
: uzrs> =
Zh
- <View/ViewG:roup slyla=
a n@sNBizzzw
attrsml styla»xml r8Yiayoyf/?2?xml
15-1
framework styleable style theme
styleable style style
styleable -« "
android.view.widget styleable viewparas “ ”
<declare-styleable> <declare-viewparams>
framework/base/core/res/res/values/attrsxml  manifest—attrs.xmil XML
attrs manifest_attrs
AndroidManifest.xml, Theme styleable manifest—attrs.xml
attrs.xml
AndroidManifest.xml Activity theme android
"android:theme=" “style=" “
” style attr
15-1 theme styleable,
style Activity Application,
API setTheme() Activity
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style style theme

AttributeSet  TypedArray

AttributeSet android.util. AttributeSet

XML .

<ElementName
attr-namel="valuel
attr-name2="value2"

attr_nameN="valueN
/>

Framework
XML

XML getElementByldO

attrs.xml
API

AttributeSet interface  Framework
APl AttributeSet View

TextView

T public TextVie®(Coniext context”
; AttribL4teSet attrss

int defStyle) {

>

AttributeSet API XML

<View class="android.widget.TextView"
android:layout_width=n@dimen/general_widthn
android:layout-height="wrap-content””
android:text=n@string/ hellon
android:id=n@+id/outputn
style=n@style/ Testl

/>

e public String getldAttribute() id

e public String getClassAttribute() class

e public int getStyleAttribute() style

e public int getldAttributeResourceValue(int defaultValue) id
R.id.output

AttributeSet

attrs.xml

” +id/output”
“android.widget. TektView”
"@style/Test”

int



e public int getAttributeCount(), 6
e public String getAttributeName(int index),

class=0

layout width=1
layout_height=2
text=3

id=4

style=5

index 1, android:layout width
¢ public String get AtributeValue(int index)
“@dimen/general_width”0

» public String getAttributeValue(String namespace, String name)

AttributeSet XML Element
e public int getAttributeNameResource(int index) id
1 R.attr.layout width attr)

public XXXType getAttributeXXXTypeValue(int index,
Type defaultValue)

XXXType int unsigned int boolean float
dex)
style layout
TypedArray AttributeSet

android:layout width="@dimen/general~width” AttributeSet
”@dimen/general-width” dimen

id general width dimen TypedArray

AttributeSet TypedArray TypedArray

dimen

AttributeSet TypedArray

TypedArray a = context.obtainStyledAttributes(
attrs, com.android.internal.R.styleable.XXX, defStyle, 0);

obtainStyledAttributes() AttributeSet
stylable aapt styleable
styleable attr id

AttributeSet

15

index 1

XML
int[]

index
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TypedArray
TypedArray

e int[] mData;

« private TypedValue mValue = new TypedValue() TypedValue

layout width textSize textColor

> int type;
> intdata; type
> int resourceld; type

> CharSequence string;

TypedArray mValue
mData styleable

6 6 int
AssetManager 6
stQtic

st tic fiinol

static fi_l

stotic fi_l

101 /*package*/ strtic fimal

/epcidciife_/ stcitic fvm |
/ ~“pockoge”™/ St: tic final
6

e STYLETYPE(O):

e STYLE-BATA(D:

int boolean float String reference

int boolean float data
reference resource id
type string
mD ata styleable

AssetManager. STYLE-NUMJENTRIES
6 int

int STYLEjmA"NTRIES 6;
ijnt STYLIATYPi - §
int STYLE"DATA 1;
int STYLEAASSET"COOKM - 2;
iisit STYLEMRESOUNaND - 3;

int sTYL CHANGING"CONfIGURA T1ONS  4;

int STYLEADENSITY S;

string

¢ STYLE-RESOURCEHD (3): STYLETYPE reference
resource id
TypedArray XML
android:background="@drawable/bkg”
View/ViewGroup View/ViewGroup obtainStyledAttribixtes()
TypedArray getDrawable()
getString()  getDrawable() TypedArray getString()



15

- public String getString(int index) {

ii/ index AssetNonoger 4STYLEANIMt.EMTRI£S]
D firtcil intX doto mData;
U filial int type  d*taCifidex"AssetWonQger. SFKIf_FI*P£l;
U : if (type - Typedvulye.TYPiAth}{
return null;

k } else if (type — TypedVolue, TYPEASTRIN(T) {

: rmtufn lordStringvValyeAtCindex).toStringC)o»
IZb }
Ub
1,> TypedVolue v m iiV-olye;

i f Cget¥olyeAt(indext v)) {
1. - Log,M(Resoyrces.TAGF Converting to string: M ¢ \
1/, CharSequence cs v,sCOerceTuString()
111 rityro cs [ null ? c¢cs,toStrlngCcC) Donull; o
15 |
1/: Log,"(Resources, ANgetString of bod type: #xH
- i + Integers toM exStrfnf(type))$
1iB rmtum ny1l;
lib }
index 6 6 int styleable
aapt int[] styleable (attr) id
getString() index attr  styleable 0 styleable
styleable aapt attr  styleable TextView styleable
attr  textSize aapt TextView_textSize
“styleable _attr ” textSize TextView
R.styleable. TextView_textSize
mData index+AssetManager.STYLE_TYPE
TYPEN UL L, TYPE_STRING
loadStringValueAtO String
TYPE-STRING mData String
mValue mValue TypedValue
coerceToString(} mValue
getString() int “
int
getValueAt(intdex, v) mData index 6 mValue

loadStringValueAt(index)



Android

?1?a privcitt ChsrSequence I<K3dStriniVGlue index) {
2% finial ijitD data _ mpata;
ns : fl I Int cookie dotaf[index#AssetNanager.Sfyif,4SSfTL.CMOKIEL;
2% i if (cookie <0) {
221 if (1« mill) {
X2 rttum _)( I 4gefcPoole:dStr4:r~C
723 ddto[indsx~AssetHatmger, STYLEADAF4]);
724 }
Y~S rmturn nyll
72b 1 . ) )
f /19ystsii. ,out,printInCotting pooled fron: ¢ ¥;
ri r.tyrii Resources ."“iAssets,getPooledString(
729 cookiel data[index™~AssetManager,SITU F4T) \
© e }
mData 6 cookie cookie 0 mXml
mXml string mXxXml XML mXml
String XML
mData 6 STYLE DATA mXml
Framework
cookie 0 cookie mResource.mAssets getPooledString()
mXml mAssets mXml cookie mAssets
mXml STYLE-DATA Resource
15-2
mt[]mData Xm}BJock.Parser mXm I
STYLEATYPE

STFLENMASSET,,COQICI
STYLENRESQURCEJD

STYLENDENSITT
STYLEJTYPE
getStringd STYLENMASSET_COOKI
SmE£.,,agSOURCEJD
CO_GURAHONS
STYLEJDENSOT

SmiTYPE
Sm+EJWA
L,ASSET.,CQOKi
STYLi,,RESOUjICEID
.~CONFIGURATIONS
STYLE~NDENSmr

15-2

| Salngfi |
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getDrawable()
getDrawable() getString() XmiBlock.Parser Drawable
Resource
public Drawable getDrawable(int index) {
final TypedValue value = mValue;

if (getValueAt(index*AssetManager.STYLE_NUM-ENTRIES, value)) {
return mResources.loadDrawable(value, valueeresourceld);

}
return null;
}
getValueAtO mbData TypedValue TypedValue loadDrawableO
getString() getDrawable() TypedArray
getXXX()
Resources Context PackageManager
1551 Context
getResources().getXXX() XML
getDrawable() getStringO getBoolean()
getResources() Context Activity Service
Activity Service Context Context
Contextimpl
Contextimpl Activity Thread 7 Context)
getResources() Contextimpl getResources() Contextimpl
mResources init() Contextimpl
init() Contextimpl mResources
14)3 - final, void initCActivity hreQd «Pcickagelnfo packogelnfcij
14.94 . I Binder iscidvityToken* ActivityThreod moinThreod J
ftesources container) {

11+ itPockagelnfo pockogelnfo;
149- uResources ( QinTlirecid) j

425
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mResources mPackagelnfo getResources()
Contextimpl Packagelnfo
Contextimpl mResources Resources

Packagelnfo  getResources()

", public Resources getResourcesCActivityThlédd oinThread) {

| if (_Resources m nyll) {
[ rtesources M QinThreael getTopLevelResources*( R.esDii% tIIis)i
bi }

(,4ratyrn MResourcesi

mainThread ActivityThread
getTopLevelResource()
mActivieResources Resources
HashMap<ResourceKey WeakReference<Resources», ResourceKey Resources
Resources | Resources
HashMap ResourceKey

| ResourcesKey key = new ResourcesKey(resDir, complnfo.applicationScale);

resDir resDir APK
/data/app/com.haiii.android.client-2.apk, apk /data/dalvik—cache
data@app@com.liaiii.android.client-2.apk@classes.dex

mActivieResources

Resources mActivieResources Resources
ResourceKey resDir APK
APK « "
mActivieResources Resources
Resources :
21z ssetP4c3iiQger assets MMM AssetMonagerO;
213 if (assets,addAssetPothiresDir) — 8 {
214 retwfn nyll;
215 ; ¥
216 : ) ) )
217 /1Slog ACJAGN "Resource i key: 4 key f  disploy metrics™® T netr
11 DisplciyMetrics Metrics mgO0iDisployMetrlcsLocked(falsi);
1= jrmnm Resoyrc-esCossetst efcrixs*: getConfigurQtion()i complinfo);

Resources AssetManager
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Resources AssetManager
Resources getAssets()
getAssets() AssetManager
AssetManager res/assets res
AssetManager native addAssetPath(resDir)
AssetManager AssetManager
AssetManager
57- public AssetNanager() {
88 synchronized (this) {
D ifiDEBm"MFS} {
- Murtefs
il in cRefs Locked(this.hoshCodeO )
oz }
83 inito; )
8§84 : ifax a | L Log,V 1 nNew osset
efisyreSystem4ssets();
init() ensureSystemAssets()
native
init() AssetManager Framework
AssetManager native

android—util-AssetManager.cpp

. Ib static void android content ssetMcincjger init(JNIEnv* env : jobject clozz)
I 1b)b{

1897 Asset”onoger3 am  mmm AssetMonagerC,
] 1S5S if ¢ _ NULb {
do'hrov% (enva ELjovo/IanO/OutOfNemoryeror*,) ;
1808 turn;
imi
Ibdl
Ifoli am->addpe faultAssetsC)
n
$ I0GV(:"Cr_ted AssetMonoger wp for Javo object up\r\nf clozz);
env->SellntField(clzz, gAsset”QnagerOffsets ject, (§ ;
Ob
AssetManager C++ Java AssetManager
am->addDefaultAssets() Framework AssetManager
setlnitField() C+H i AssetManager Java
mObject Java AssetManager int

427
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12
addDefaultAssets() AssetManager.cpp

1/ ~bool kSSGtHunagerEoddDefoynAssetso

141 const root = getenv (8ANDROID,,
1U 10AimyYfAT 1F(rool — NULL, 2ANDROID?
143
144 StringS path(root)]
14 b path.QppendPathCkSyste ssets);
3
147 rmturn oddAssetPoth(pothf NULL);
1473y
Android getenv() Linux

keyd:tools keyd$ ./adb shell
root@android:/ # echo $ANDR ID-R T
/ system

root@android:/ #

kSystemAssets
const char* ksysieniAssets - rome”ork/frame”ork»res.apkH;
[system/framework/framework-res.apk Framework
? 7
init() ensureSystemAssets() Framework
mSystem static Zygote
Resources AssetManager
Fmmework Resources
Framework
Resources res = getResources();
MetDrawable(android.R.drawable.ic_menu_add);
AssetManager.cpp getXXX(int id) id 0x1000 0000
AJtManager aapt id
int id 0x7000 0000
Resources mActivieResource

Resources 15-3
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p
getResourccsf
B FFESI s
15-3
155.2 PackageManager
154 —
PackageManager

Resources
PackageManager pm

= mContext.getPackageManager();

Aeti¥lyTlireaiCl

Aasetyanai30r,epp

[system/framework/framework-
imapk

/dela/app/*,apk

Resources

“aHome

pm.getResourcesForApplication("com.android.haiiieclient?);

15-4

15
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getPackageManager() PackageManager

PackageManagerService PackageManager

PackageManagerService “ ”

ZT—"Override
~ J?-/ public PackogeNanoger getPackageNanagerO {
S : if (mPockageNonoger nyll) {
rmtum iiPockogeNonoger

i IPgckogeHanager pm  ActivityThreod sfe f er();
24? if (pm null) {
9% /7 Doesn 51 toiler ~ake ?m”~e than one instances
24S rmtufn (iiPcickogeNonager ntm ~ppliczcjti.onPaekageM”anagerCthiSs: pn));

Ib }
naf

. rmtum nyll;
}
PackageManager abstract

ApplicationPacakgeManager

getPackageManager()

public static IPackageNonoger getPockageNonflger|C} {

if (sPocCkageManager null) {
//Slog,v { Pq ckageUQndferbs er©tyrnirii cur defciiilt
sPackageMamger;

X
IBinder b ~ ServiceManager..getService("packoge8);
/15~,09 .v(4PQckogeMonogor®” ndefault service hinder - n
sPackageManager - IPockogeNonoger,Stub,£?slr?terfoce(b)j
/1 Slog.v(sPockageNonocie™, "defouli service 7 I sPacka
return sPackageManager;

PackageManager getResourceForApplication()
Contextimpl.ApplicationPackageManager

IPackageManager
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Wverride public Resources getResourcesforApplication(
ApplicationInfo app) throws NomeNotFoundException {
if (app,pockcageNome ,equals(SBysterfin)) {
return mContext .r?iNainThreod.getSystemContext() ,getResources()]
1
Resources r _ mContext.mNoinThread,gettopLevelResources(
Cppduid — Process.mytlidC} ? opp,sourcoDir
i app.publicSourceDiri mContext.mPackogeinfo);
if (r null) {
return r;

thro ne NomeNotFoundExceptionCMUnoble to open 1 + app tpublicSourc”

mMainThread.getTopLevelResources() Context
Resources
uid sourceDir publicSourceDir
AndroidManifest.xml
uid publicSourceDir sourceDir
mainThread.getTopLevelResources() ActivityThread
mActivieResources Resources
15-5
OcmtaMIimpi
getPackageManager{)
¥
AppiieMionPactegaMariaiar
getResou roeForApplication(
t
Activi*Thread
gellopLeveiResoyrcasf .
155 Contextimpl Resources
Framework

Resources Framework
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framework/base/core/res/res framework-res.apk

15.6.1

zygote

com/android/intemal/os/Zygotelnit.java main()

156 Zygotelnit

startSystemServerO
mnSdectLoopModeO Socket
9
preloadResources()
i92 \ sources * Resources. getSys. tmi);
mResources,start Preioading();
5M if ( {
\ Log. {{TMt ®©looding MESQUANE. .
3:
long siartTime - SystemClocks 1
a- » ,obtainTypfidiAr
.it39 c «,androidiinteriia liarray,prel& d&l drawables) i
4 tilt N: or}l
*40.1. ® 4 n resoyrcas in 3
402, + (Syst Clsicku time + wms,m) 1
g
-4 startTijie » Syst®© Clock, i 1£11IsC).
4 ar m mRes&urcé&s,CfbtsinTypi€dArrayC
co®,android.in r ,ior ray.pt€Imded”€01lorL.stof+ lisis) i
m? N» pt&ImdColQtSiMeLisisirm rt» ar)j
4b preloaded 3 + N & mresayrces in b
AN + (SystemClock. uptimeMi 11is () ™ stqrtTi) + nrss, n);
410
411 soutc s.finishPreloadiiigC) *

432

appt
18.7

15-6
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Resources mResources Resources.getSystemO getSystemO
@hide
Resources Framework
getSystem() private Resources AssetManager
AssetManager.getSystem() mAssets Resources mSystem
mSystem static
sSystem
zygote Resources
getSystem() Resources
Resources preloadDrawables()
preloadColorStateL.ists() “ ” preloadDrawables()
TypeArray ar res/values/arrays.xml array
preloaded—drawables

<arrsy nsne=8prelosdedjrawables“>
awable/ syrrdefjB pp_icon</iten>
<ite?n>|wrawabie/arrow_ijo'wn_float</itOm>

preloadColorStateL.ists() TypedArray ar
res/values/arrays.xml preloaded_color—state—lists

<arrsy
<itgh o or/hin oreground ark</!lletr>
<it empicchUsr/hi nt—foreground  ight</it dii>

Resources
Resources

priVviOti static final LongSpQrseArray<DrasQble.ConstanfcSt«fce> sPreloadedDrawab?es
- ne LongSparseArray”Drci*cible.ConstantStcite>();
privatt stdtic fin | Sparse.Array<ColorStat elL\si> reload”edColorStoteiLists
—new SparseA?'ray<ColorStateList>();
private static finol LongSparse rray<DrcmQble ConstcmfcStflfce> sPreloadedColorDrawables
new LongSparseArray”Dro”abl e.ConstantSt£3te>();
private static hoalmm mPreloaded;

static static Resources
Resources zygote
zygote framework-res.apk



Android
zygote mPreloaded startPreloading()
true finishPreloading() false startPreloading()  finishPreloading()
Zygotelnit.java preloadResomces() zygote
Resources mPreloaded true

static

mPreloadedDrawables mReloadedColorStateL istes

1746
174 &
i/S—a
m i

1752
175

irbs
17Sb
1757
175S

1761
&2
1ra
1764
1S

15.6

Resources

loadDrawable() mPreloading

if (mPrelooding) {
if (isColorDrarable) {
sPreloadedColorDrawables.putckey, cs);
1ilit |
SPreloadEdDrawables,put(keys cs);
)
} otilt f
synchronized (mImpValue) {
/1 Log,i(TAG5 ~Saving cached i
| // Integer,ioHexStringCkey.intVo
/1l 4 Fin 74 this 4 1I: 1 + ts);
if (isColorDrawable) {
mColorDra”obleCache ,putCkey* Nm "Hx
i I
mDrawableCache.put(keys new “leokRefc
}
.2
Framework res/values/arrays.xml
Framework zygote
res/values/arrays.xml

private) public)

18.8 res aapt

true

Framework
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Framework SDK

| <string name="cus_str">Customer string</string>

res/values/string.xml Framework
com.android.intemal.R.java Framework

TextView tv;
.setText(com.android.internal.R.string.cus_str);

cus_str com.android.intemal.R android.R
SDK
android.R com.android.intemal.R
res aapt R.java com.android.intemal.R
android.R res/values/public.xml

frameworks/base/core/res/values/public.xml

SDK id id Android
Andoird
cus_str SDK public.xml
15-7
version version n
type : attr id"\OxOiDIODDO type - attrid:...
type : a id™0x010200CX) type-idd:...
type - style 1d-OK0103CXK)O type - styled ...
fypa - string 1073000 type ~stringd : ...
type —dimen type ~dirrmnd:...
type : co or 0x01C60000 type =color
typ#: may 0 type -array
type - drowaye 0)€ 10SCXHO type N €kawahiB d
type - toyoyt OxOIOfO00D type * layoyf
type- animCxOl0aOOCX) type - anim

15-7 public.xml
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id Android

public.xml

Resources By myself.

<public type=nstringn name=ncus_str" id="0x0104f000" />

id 01 Framework 04 String
f Framework 0

15 .6 .3

Activity Application

AndroidManifest.xml

Theme, Theme style
Theme

Theme Activity Application
Themeo

Theme
TextView Button Framework

13 7 A P K
Framework
C++ JNI1 Java API C++
AssetManager framework-res.apk C++

AssetManager JNI

Java
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framework-res.apk

zygote
Resources zygote
Resources
Eclipse APK aapt
Eclipse id 0x07 Ox01
public.xml id
C+ Java
id id 0x01
0x07 Resources id O0x01
PackageManager
Eclipse APK—
Resources
Resources
Resources
Java
zygote
APK id
public.xml id
Resources 0x01 0x07
public.xml Resources id

id id 15-8
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15-8 id String

Resources
dimen color, String
destroy Activity
AmS Activity Activity
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4 — (- ISSXX DX T

. intent Activity Provider Service
startActivity(intent)Ht, intent
Component Java Component
PackageManagerService PmS
1 View
XML Hash

Framework 16-1
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pi

Absitmi

App heation Packaga™lanagar

PackagcManagerService

/system/etc/pcfm ssions/xxx.xml:

atue,
E i
PmS [ ': DefuaHConta nerService : |
/dato/sptam/pock:0g®©s,xmi:
instaii#r
/system/app /system/frameworkr.apk”.jar 1‘/gato/secure/
fromework T
/data/drm/
dr” y
/doto/opp
/dafa/app-pnvate/
drm y
{j(ée)l(ta/dalvik»cachO/ /data/data/
ft
16-1
PmS
1.
Contextimpl getPackageManager()
PackageManager API PmS
getSystemService( “package” getPackageManager()
getSystemService() ServiceManager IBinder
“package” getPackageManager()
2. PmS
AmS WmS SystemServer PmS
XML
“/system/etc/permissions” XML permission
feature

AndroidManifestxml <use-feature>

feature
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| <use-feature android: name=//android.hardware .wifi f android: required= true />
“ ” “ ” feature
required feature
feature GPS
XML Framework
platform.xml uid gid
uid <assign-permission> gid <permission>

assign-permission name=Mandr id.permission.WRITE-EXTERNAL-STORAGE>”
uid=fishelln />
permission name=nandroid.permissioneBLUETOOTH-ADMINN >
| <group gid=nnet bt-adminn />
/permission

“/data/system/pcakgesjonr,

Package Manager Service)

PmS XML
PmS DefaultContainerService
Installer Binder,
Socket PmS Socket Socket
APK dex dalvik-cache dex
3.
Android
/system/app
/data/app PmS
APK /data/app APK
13 _X”
com.android.haiii.debugjar-l.apk 1 2
1 (13 7
/data/dalvik-cache APK Jar
AndroidManifest PmS
APK dex
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data@app@ com.android.haiii.debugjar-l.apk@ classes.dex0

Jar

/data/drm

packages.xml

packages.xml

last—platform-version

permission-trees
permissions
item />
/permissions
package
<sigs>
<cert/>
</sigs>
<perms>
item />
</perms>

/package

16-1 packages.xml

intemal="9", extemal="9"

<itemname="android.permission.PERSISTENT_ACTIVITY"

package="android" protection:" 1" />

package name="com.android.soundrecorder"
codePath="/system/app/SoundRecorder.apk"
nativeL ibraryPath="/data/data/com.android,soundrecorder/lib"
flags="1" ft="12dabe97198" it="12d805b2cd8" ut="12dabe97198"
version="9" userld="10006">
<sigs count="1">
<cert index="0" key="3082..." />
</sigs>

/package

framework /system/framework APK
dalvik PmS Jar APK
dex PmS dex /data/dalvik-cache
/data/data/xxx/ XXX
/data/data Android 2.2 /data/secure
Framework /data/drm
Framework Drm
/data/app-private /data/drm Framework
/data/app—private
/data/system PmS
16-1
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disabled-components <itemname="com.android.email.service.MailService"/>
prefered-activities intent Activity Activity
Activity,
<shared-user> id Linux id
<sigs> id package codePath
<cert/>
</sigs>
perms >
<item />
</perms>
</shared-user>
cleaning-package
update-package
16.2.1 last-platform-version
SDK foryo 8
internal, external, internal
external
XML
16.2.2 permissions
Framework
Framework android/framework/base/core/res/rs/AndroidManifest.xml permission
item item
* name android.permission.
e package Framework android



Android

e protection

16.2.3 cert

cert certifacation

index key
¢ index PmS
e key

index

e cert

16.2.4 sigs

sigs signature

16.2.5 perms

perms

perms

permissions
package

16.2.6 package

package
* name
e codePath

permissions

perms
shared-user

4
Android
index

index key

key 2390 16
packages.xml package
count sigs
item
permissions
package

com.haiii.android.Foo

#

cert
APK
cert
count cert
perms
perms

/system/app/Mms.apk /data/app/com.haiii.android.Foo-1.apko

444
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« nativeLibraryPath native native
lib /data/data/com.haiii.android.Foo/lib
» flags ApplicationInfo.java FLAG—SYSTEM
FLAG-BDEBUGGABLE FLAG—PERSISTENT

e It ut “ install time” “ update time”
o« ft ts

ut
 installStatus packages-backup.xml false true
package sigs perms

<packsge nerre™'com,androidshiiii,debugfsr” codePath”H/ data/app/ con5bh
<sigs coont="1&

<cert />

</sigs>

<perms>

<item nane-Android &ernissionkREADAL1SER DICT GNARW />
</ perms>

</ package>

e userid sharedUserld: Linux id
Linux id sharedUserld
id id
e installer PackageManager installPackage()

installerPackageName

16.2.7 shared- user

Linux id native id 1000 shell
log Phone Java id 10000
id id
shared-user id package
shared-user name userid package package

sigs perms
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1
, PmS Service, WmS AmS —
SystemServer AmS WmS
PackageManagerService
PmS main()
public static final IPockogeManager moinCConiext context, factoryTest) {
PcsckageNonogerService m « mmm PockageNanog€&S€viceCcontext,
S Se rvi. ceMancsger,addS”rvi ce(”packogevS m);
696 rityr™ m;
mainO PmS ServiceManager
Context getSystemService() PmS Binder PmS
PmS
XML
16.3.1
PmS 9 PmS
Settings
1.
¢ File mSettingsFilename; packages.xml
* File mBackupSettingFilename; backup backUp
< File mPackageL.istFilename; packages.list
com.android.haiii.debugjar 10032 1/data/data/com.android.haiii.debugjar0
Linux id
id, id id; 1 debug 0
debug;
« Hashmap<String PackageSetting> mPackages PmS
packages.xml PmS mPackages
APK

packages.xml
PackageSetting PackageParser.Package
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« Hashmap<String PackageSetting> mDisabledSysPackages

PmS Packages.xml
adb APK packages.xml
PmS packages.xml
U mDisabledSys
Packages Sys
¢ int mintemalSdkPlatform packages.xml last-platform-version
< int mExtemalSdkPlatform
2. Id
e HashMap<String, SharedUserSetting> mSharedUsers id
packages.xml <shared-user>
e ArrayList<Object> mUserlds id
» SparseArray<Object> mOtherUserlds
« ArrayList<PendingPackage> mPedingPackages PmMS packages.xml
package sharedUserld package mPendingPackages
shared-user package
3.
ArrayList<Signature> mPastSignatures
¢ HashMap<String, BasePermission> mPermissions Map permission
permission
¢ HashMap<String, BasePermission> mPermissionTrees packages.xml permission-tree
4.
ArrayList<String> mPackagesToBeCleaned packages.xml cleaning-package
package

PmS

PmS
e HashMap<String, PackageParser.Package> mPackages

« final Settings mSettings PmS Settings
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HashMap<String, Featureinfo> mAuvailableFeatures feature
*“android.hardware.wifi”

int[] mGlobalGids Linux id

¢ SparseArray<HashSert<» mSystemPermissions

HashMap<String packageName String path mSharedLIbraries Java
platform.xml library

<library android >test ,runocer"
$t€ir/+rsirework, ndroidUtest-runner />
Alibrary nane="jevsx”“bex"
fil€=3 syster/ franework/ javsx tobex ,jar"/ >

« ActivitylntentResolver mActivities
< ActivityintentResolver mReceivers;

* ServicelntentResolver mServices
Intent-filter Activity Receiver Service PmS
AndroidManifest.xml

intent-filter PackageManager
queryintentXXX()
16.3.2 PmS
PmS 10
1 PmS.Settings
¢ mSettingsFilename /data/system/packages.xml
« mBackupSettingsFileName /data/system/pckages—backup.xml
« mPackageL.istFileName /data/system/packages.list
2 mSettings.addSharedUserlLP() id
3 Installer APK dex
dex Installer LocalSocket Installer API
LocalSocket SocketServer Installer
ping() Socket
4
e mAppDataDir, /data/data

e« mSecureAppDataDir, /data/secure/data
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« mDrmAppPrivatelnstallDir, DRM /data/app-private
Framework Secure Drm

Digital Right Management)

5 readPermission() /system/etc/permissions XML
feature native
mSettings.mPermissions PmS
6 mSettings readLP() /data/system/packages.xml
mSettings.mPackages
Java dex ) Android Java Class
Android Class dex
Class
APK Jar zip dex
Jar/APK dex dex
dalvik.system.DexFile.isDexOptNeeded() dex
APK/Jar dex dex
Java
« Java Boot Boot Terminal getProp(“java.bootclass.path™)
. platform.xml library Jar
e Frameworks APK Jar framework-res.apk
dex
8 FileObserver FileObserver

scanPackagelLI(file, ...

PmS Package
File scanPackageLI(file) scanPackageLl(package)
e /system/frameworks Framework
e /system/app Android

« /vendor/app
/data/app FileObserver p
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9 scanDirLI()
PmS
10
mSettings.mPackages

11

12

AndroidManifest.xml)
mPackages

mPackages
mPackages.containO false
minstaller.removeO
mSettings getListOfIncompletelnstallPackages()

for() cleanuplnstallFailedPackage()
packages-backup package intallStatus false

FlleObserver scanDirLI1Q)

mPackages

e /data/app
e /data/app-private

/AN

14

15 mSettings.writeLP() mSettings.mPackages

PmS

deleteTempPackageFiles() /data/app vmdl

tmp
vmdl

upatePermissionsLP()

id id

packages.xml

16.3.3 readPermission()

readPermission()

feature natvie

mSetting.readLP()

16-2



readPe  ss }

1 /system/etc/permissions
2 for()
XML for()
XML
android.hardware.wifi.xml
feature feature
feature, feature

16 Package Manager Service)

readPermission()

+ feature name="android.hardware.wifi’’ />

+ feature name=Nndroid.hardware.cameral\¥>

« feature name="android.hardware.location” />

e feature name="android.hardware.location.network’ />

«  feature name="android.hardware.sensor.compass" />0

. feature name="android.hardware.sensor.accelerometer" />

. feature name=Mindroid.hardware.bluetoothm/>

- feature name="android.hardware.touchscreen” />

. feature name=fandroid.hardware.microphoneM/>

A platform.xml

e <permission>

XML readPermissionFromxXmi()
platform.xml platform.xml
feature features.xml handleheld—eore—hardware.xml
XML
Android Market
feature
3 3
groupld germission assign-permission
userid permission

481>
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permission name=,landroid.permission_INTERNET" >
<group gid="inetn />

/permission ~

INTERNET inet inet
readPermissionFromxXml() id
 <assign-permission> uid

<assign-permission
name=Mandroid.permission_READ-CALENDAR~~
uid=nshellM />

READ_CALENDAR shell id uid
uid
e <library> Framework
XML readPermissionFromXmlO 5
(1) group gid mGlobalGids[]
group permission group
(2) permission
mPermissions gids group
Process.getGidForName(String) int
(3) assign-permission permission mSystemPermission
SparseArray<HasliSet<String» int  HashSet int uid HashSet<String>
uid
(4) library mSharedLibraries
(5) feature mAvailableFeatures
HashMap<String, Featurelnfo> String feature Featurelnfo feature
name) flags reqGlesVersion
PmsS feature, uid

16.3.4 mSettings.readLPO

packages.xml
packages.xml  packages-backup.xml backup.xml)
packages.xml backup ,
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package backup mSettings.mPackages backup
backup packages.xml
backup PmS
16-3
163 readlPO
1 backup
reportSettingProblem() packages.xml backup
package.xml package.xml
package.xml
readLPO false
2 XML
permissions readPermissionsLp() package
sharedUserld Package mPendingPackages

sharedUserld sharedUserld packages

3 mPendingPackages package

readLP() mSettings.mPackages

packages.xml
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16.3.5 scanPackagelLlO

scanPackagelL IO

APK
dex scanPackageL IO
PackageParser.Package
scan(file) scan(package)
PmS scanDirLI() forQ
scan(me)
AndroidManifest.xml intent-filter permission ;
dex
scan(file)

1 PackageParser  parsePackage()
PacakgeParser.Package pkg XML

2 scan(package) PmS

1 android android

2 uses-libraray mSharedLibraries
mSharedLibraries

3 uses-feature mAvailableFeatures

4 shared-userld userid sharedUseld
mSettings.mSharedUserld

5 originalPackage

android:originalPackage
6 verifySignatureLP()
r scan (package) scanMode SCAN_NEW_INSTALL
provider provider provider provider
8
9 APK
android /data/system

Framework /data/data
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10 dex /data/dalvik-cache
11 synchronized (mPackages)
(1) pkg mPacakges
(2) Provider PmS mProviders
(3) Service mServices
(4) Receiver mReceivers
(5) Activity mActivities
(6) permissionGroup mPermissionGroups
(7) permission mSettings.mPermission
(8) Instrumentation minstmmentations
Instrumentation Android UnitTest
(9) Broadcast mProtectedBroadcasts
scan(pkg)

16.3.6 mSettings.writeLPO

mSettings.mPackages packages.xml packages.list
1 packages.xml packages—backup.xml
packages.xml packages.xml
packages-backup.xml packages—backup.xml
2 packages.xml mSettings
3 packages—backup.xml
packages.list packages.list.tmp mSettings.mPackages
JoumalFile
PmS

pckages.xml
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16-4
Abstract Hamll&fParams
| int retry =0;
jint MAX,, ,RETRfgS ~4;
abstract void h dleStartCopy{};
startCopyO; hcindleStortCopyf}:
installPapams OVOP.ara»s
void handieStartCopyO; void handleStartCopyO
16-4
PmS HandlerParams abstract

InstallParams  MoveParams HandlerParams
Hello.apk APK /data/app
com.haiii.android.Hello.apk
HandlerParams InstallParams
MoveParams
InstallParams handleStartCopy()
PmS InstallArgs

16-5

16-5

Hello



InstallArgs
FilelnstallArgs
SD
InstallArgs

e Observer

« flags
e packageURI

ContentProvider

installerPackageName

IMediaContainerService

SdinstallArgs

16 Package Manager Service)

framework/base/packages/DefaultContainerService

/system/app
/data/app
16.4.2
PmS installPackage()
INIT-€EOPY, “
16-6
INIT-€EOPY
(Media Container Service )
mPendinginstalls
mBound false,
mPendinglnstalls
onServiceConnected()
mDefContainerConn

copyApk() InstallArgs
PmS observer
content//.»
PmS IMediaContainerService
IBinder ffiinder DefaultContainerService
PackageManager installPackage()
installPackage()
mBound true true MCS
mPendinglnstalls
MCS _BOUND “
connectToService() MCS
MCS_BOUND MCS
onServiceConnected() MCS_BOUND



1

obj MCS Binder
starlCopyfl InsfaiiPackogeO
16-6
MCS-BOUND MCS mContainerServer
mPendinglnstalls HandlerParams
InstallParams MoveParams installPackages()
InstallParams installPackages()
Nessoge MSY m nHondler,obtciinN~ssogeCIMI1I11.03710;
fnsg,obj ~ NMM InstoliParamsCpockageURIj observer, flagsf
installerPockageNciM )i
mHandI”r, sendNesssgcC”sg); |
params startCopy() InstallParams retry
4 handleStartCopyO
InstallParams handleStartCopyO
flags SD
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2 packageURI  flags MCS getMinimalPackagelnfo() MCS
packageURI PackagelnfoL.ite loc
loc int MCS packageURI loc
3 MCS packageURI installLocationPolicy()
PackagelnfoL.ite flags
n packageURI
PmS FilelnstallArgs
SdinstallArgs loc createlnstallArgs() InstallArgs
FilelnstallArgs
5 InstallArgs copyApk()
FilelnstallArgs copyApk() 16-7
startCopyll
16-7
(1) createCopyFile() vmdIO 9.tmp

vmdll631123653.tmp

File.createTempFileO
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(2) File
File, File
(3) codeFile ParcelFileDescriptor
ParcelFileDescriptor FileDescriptor Parcel
PmS MCS
DefaultContainerService MCS
(4) imcs  copyResourceQ packageURI
vmdiO 9.tmp tmp APK
framework/base/packages/DefaultContainer
/data/app APK
13 _111 [13 _21 A P K
packages.xml mSettings.mPackages PmS
scanDirLI()
PmS PmS /data/app FileObserver
APK FileObserver
PmS FileObserver  AppDirObserver onEvent() ADD—EVENT
4811 if ((events 8) {
.4blz | if cp- null) {
m p ®» sconPackogelLI(fyllPoth *
4514 (misRom ? PackageParser,PARSE,,2SmSYSTtM
151S : | PaekageParser, 25— 0} |
<ISlb PackageParsQr ,PANSEACHATTY j
4S1T - PackageParser,P AHUS T mBEMNAPKt
4816 s SCANAOMITOR | SCANMLMTVS 1| SCANJJPDAf~ArmE,
4 System ,currentTimeMi 1
4sZi) if (p i- null) {
4sjl synchronized (mPackages) {

ypdatePmrmi ssioifis LPCP *pacteeig N fp$
p.permissions,size() > 8% folse* falsejj

4s£4 1

4S2b addedPaeksge p,opplieatiotinfo.pac i
4526 oddedliid ~ p,applicationIinfo,uidj

482? }

452S T

SanPatkagelL I(file)
APK updatePermissionsLP()
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adb push /system/app adb install
/data/app adb install adb push
16.4.3
PackageManager deletePackageO IPC PmS
deletePackage() deletePackageX()
16-8
devViePodeeXt}
16-8
1 Admin Android 2.2
Admin 1T
Amdin
Framework DevicePolicyManagerService
packageHasActivieAdmins() Amdin PmsS
DPM frameworks/base/services/ DevicePolicyManagerService

deletePackagelLl()

. /datalapp APK
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« PmS mSettings.mPackages mPackages
(1) deleteSystemPackageLl()
(2) killApplicationO
(3) deletelnstalledPackageLl() APK mSettings
$ Intent ACTION_PACKAGE-REMOVE,
ACTIONJIID-REMOVE,
ACTION_PACKAGE-ADDED ACTION_PACKAGE_REPLACED
4 InstallArgs doPostDeleteL ()
“ ” dalvik—cache dex
3) deletelnstalledPackageLl() 16-9
defetelnstQiledPackagaUf)
16-9 deletelnstalledPackageLl1()
1 removePackageDatal |() mPackages mActivities

mServices mProviders
! minstaller.remove() /data/data/
& schedulePackageCleaning() “ ” AmS
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startService()o Intent  action ACTION—LEAN_EXTERNAL_STORAGE component
com.android.defcontainer.DefaultContainerService DefaultContainerService
DCS DCS PmS
Intent DCS
ACTION_CLEAN_EXTERNAL_STORAGE PmS nextPackageToClean()
mSettings.mPacakge ToBeCleaned DCS
T mSettings
. mSettings.removePackagel P() mSettings.mPackages
. mSettings
. prefered-activities
5" mSettings
packages.xml mSettings.writeLP()
B intent
intent Component PmS
AndroidManifestxml intent-filter
PackageManager queryXXX() Component
Activity
1651
intent 16-10
PackageManager PmsS
1, gMe_tentAdiv_; 1, class ActivityIlntentRasolver extends

Inte{itR©so!ver<
2* cp8__S8rviceO; PackageFarserActMtylnteritinfo,
Resolveinfo>;

3, queryBroadcastROc@iver{}; 2, class ServicelntentResoiver extends

4s queryContentProvidsrO; tntentR©solver<

PackageFarser.Sarvicetotentinfo,
Resoivelofo>;

3,

4S mProvidersByComponent;

16-10 intent
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PackageManager 4  query Framework
Component, Il Activity Service Receiver R ContentProvidero
PmS PmS Component intent
Activity intent-filter ActivitylntentResolver
Service intent-filter ServicelntentResolver Receiver
intent-filter ActivitylntentResolver ; PmS ContentProvider
intent-filter mProviderByComponent
PmS query query PackageManager query()
PackageManager
PmS ActivityIntentResolver IntentResolver
PmS scanDirLI()
IntentResolver 16-11
InttntBesolver 0- I_Tei%e_’ leg_‘i/le’ ° 9‘___7_* ________________ o mFiltar

HashSet<String> mFlter;~

HashMap<StririgsArrayUsI<F» ; t
mBaseTypaToFlltar, O———— S o mnBasaLI'yper Filter
mTypalbFlllar, mWiidTypalbFtlitar;

HashMapo mSchamelbFiltar; =TT 0 mTypeToRlter
HashMapo mAolmTbRI_r; da image/*

HAhMapo mTypdACYoii ToF 8rf—M E| o— 0 MAWHATypeTbFjltar

16-11 intent

intent
intent-filter
intent-filter intent
intent—filter

action scheme mime

Component Component
intent intent-filter action scheme
mime
Android IntentResolver

intentfilter Component MIME



mFilter mBaseTypeToFilter mTypeToFilter

Package Manager Service)

mWildTypeToFilter

16-11 mFilter MIME mBaseTypeToFilter mFilter
mTypeToFilter mFilter mWildTypeToFilter mTYpeToFilter 4
scheme action mSchemeToFilter mActionToFilter
mTYpedActionToFilter action
mActionToFilter Action MIME data
16.5.2
ActivityIntentResolver 16-12
In_R@ sol
16-12 intent
ActivitylntentResolver IntentResolver IntentResolver
querylintentO
1 Intent scheme http://xxx scheme http
2 Intent MIME
3 scheme scheme
"4" intent
buildResolveListO fmalList
finalList buildResolveL.ist()


http://xxx%e4%b8%ad%e7%9a%84scheme%e5%b0%b1%e6%98%afhttp%e3%80%82

Android

5 sortResults()
buildResolveList()
PackageParser
16-13 match()

fmalList()
filter match() filter
ActivityInfolntentinfo Servicelntentinfo,
IntentFilter match()

16-13 intent
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(Input Method Framework) IMF

IMF Service

Service

IMF
onClick()
EditText)

 IMF Input Method Framework) “ K
e IM InputMethod)
« IMS Input Method Service)
e IMMS Input Method Mananger Service)
e IMM Input Method Manager)

IME (Input Method Engine) , IMS Binder
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IMM Binder
Binder
IMMS
Binder
IMM
Binder Binder

17-1

Input Method Manager), IMM

Input Method Manager Service) IMMS

Binder

EditText)
IM M IMMS

Binder

ViewRoot

Edit Text

\ 468

Binder IMMS

Binder

Binder IMMS

Binder

ViewRoot
” Binder

Binder
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. Binder

. Binder

Binder

IMF Binder Binder

17.2.1 InputConnection

InputConnection interface
Binder Binder
¢ InputConnection.java interface API

¢ InputConnectionWraper InputConnection

« EditablelnputConnection.java interface

¢ lInputContext.aidl Binder aidl
lInputConnection.aidl

¢ llnputConnectionWrapper Binder

« ControlledinputConnectionWrapper IMM
17-2

linpytContext.aldl

jlInpytConIB5ct,Styb
. 72

inpytConnecloo

iinpylOonn”ctioriWrapp@r
W W EditabiefnpyfConnection

imIof)yIDonn@c!to;

ConitroitedinpytCofinactionWrapper

17-2
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Binder lInputConnectionWrapper( Wrapper) InputConnection
W rapper
getTextAfterCursorO
¥ — public void gefcTextAfterCursor(int length, tut flags* tot seq, IInpiiiiGonteKtCiallbQck callback) {
dispc5fcchNE€ssag”(obtQinlMessagel ISCCMOm\er,,'fEX/3 ~ f 1l e n g t h , flagss ssq* callback));
N N N N
Binder lInputContextCallback callback
callback IPC parcelable
Binder
Wrapper
DO GET__TEXT_AFTER—€URSOR
Jjc void executeNessage(Nessfige msg} C
i/v switch (msg,”hai) {
cose IKLM'L fEXTAAFILRACURSOR: {
i, SomeAfgs orgs —-SomeArgs)nisg,obj;
try {
npiitConnection ic _ mlnputCormection,get(Q"
1 if (ic — null !l lisActive(Q} {
in "gettexiAfterCursor on inactive InpytConm
150 cirgs,CQllboek, setfext fterCursar(null s orgs,seq);
Jji\ return .
195
1%t args .callback,setTextAfterCursor(ic,getTextAfterCursor(
] msg,Qrgls msg,arg2)s args.seq
} catch (“emoteException e) {
139 Log, Rew t eEmception calllug setTextAftOrCyrs
: }
G I return
Wrapper InputConnection
getTextAfterCursor() callback setTextAfterCursor()
callback Wrapper callback
Binder Wrapper callback “ ”
Binder IMF “ ”
lInputConnectionWrapper Binder
InputMethodManager startinputinner()
1 mServedView focus)
EditText
2 onCreatelnputConnectionO InputConnection

ic TextView EditablelnputConnection
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N 2 if (mVeKt instonceof Lditoble)
InpytConnection ic - NtM EditableinputConnectionCtNis}”
9 oytM trs,initiol siiStart :getSelectionStcirtC);
* outA ttrs,initialSelEnd - getSel@ction End()
4b31 out ttrs,initialCopsNode ic,getCLir'sorCQpsModeOri nputType);
Jct
3 ic Wrapper
4 Wrapper IMMS  startinput() IMMS
Wrapper Binder
17.2.2 linputMethodClient
linputMethodClient aidl Aidl Binder
Binder IMMS IMMS
 llnputMethodClient.aidl Binder
e« IMM mClient Binder
Binder IMM IMM
Binder IMM IMMS client
IMMS IMMS IMM
client IMMS
WmsS wWmsS Session wmsS
Session Session Session
ViewRoot sWindowsSession
sWindowSession WmsS Session
ViewRoot getWindowsSession()
ic stati(z I_indo_Se_ssion_ getWindo”Session(Looper mainLooper)
synchrmizmd OrSiaticlrtit} {
if tiiiliztcO {
try {
InputNethodManoger. etlf?stof?ceCin«inLooper) ;

InputNethodNanager inmm

s ftndowSession IWindQ”"Manager. Stub aasl
ServiceNanager,getServic e (mindow9))

,openSession Cimm .getClient{) * i mm-getlnputContext());

mlIniiialized :trm;
1 catcli (Remot©Exception e) {

1
ratyrp s\WWindowSession;



getWindowSession() ViewRoot ViewRoot

Session wms openSession()
imm.getClientO IMM client
linputContext lInputConectionWrapper getinputContextO
Context
wWmsSs openSession() client Session
Session session : n Session(clients inputContext);
8130 rmturn session;
Session client inputContext IMMS IMMS

client inputContext

minpuiNethodNonoger ,addClient(clienta inputContextj
Sbl * Mid, iirid);

IMMS addClient()

"6 synchronized (rriNethodNop) {

S65 mdients,put(client ClientSteiteCclientj
inputContext - uid# pid));

“ ” ClientState mClients HashMap
WmsS IMMS IMM IMMS
IMM 17-3

17-3 t

17.2.3 InputMethodSession

InputMethodSession interface IMM D,
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InputMethodSession.java interface

AbstractinputMethodService.AbstractinputMethodSessionimpl

InputMethodService.lnputMethodSessionlimpl

linputMethodSession.aidl Binder
lInputMethodSessionWrapper.java Binder
17-4
HnpufMofhodSessior.aid”® InputMethodSession
liInpulMethodSession.Stub Airn”~.Sessionlmpi
4 AsfractrputiVietliodService
( Aims)
I nputMethodSession— Im...SessionImpi

minputMethodSession;

InputMetfiod Service
( t_

17-4

17-4 linputMethodSessionW rapper Binder
InputMethodSession minputMethodSession
InputMethodSessionimpl InputMethodService

Binder
Binder IME Binder
Binder
IMMS  startinput() startinputlimerLocked()
bindService()

rtiCurinlent. ™ new Intent(InputMethod.SEM¥ICtmINFtRtACIH };

mCurlntent,setCoffiponentfinfo sgetComponenfc());

mCurlintent .putLxtrciClintent, tXIRAACLItNtALABhiIN
com,cmdroicLinternal,lustringt

mCijrintenLputExtra(Intent ,M) G Pendinglntient ty (
mContext, 8, new IntentCSettingsAC7TOIV_IAfFI/fm\/I£'ﬂ'm\st 9));

if CmConte™t.bindServicefOnCyrintents thi§j Context,BINDMAUJONEREA/E)} {



Android

bindService() Service ServiceConnect
IMMS ServiceConnect
public closs InputNethodNQnagerServiGe mxtmds llnputNethodNonciger, Stub
U implefnents ServiceConnection® HandleraCallback {
IMMS  ServiceConnection onServiceConnected()
MSG-ATTACH_TOKEN WmsS
token token IMMS mCurToken;
MSG—EREATE—SESSION
Session Binder linputMethodSessionWrapper

—  MSG_ATTACH_TOKEN
MSG_CREATE-SESSION

13SS case md£AT£j£SSm

1359 args - (HondlerCaller,SomeArgs)msg,obj,

1- tfy { )
I<bl ((IlnputN ethod)orgs.orgl) ,createSessionC

(llnpytNethodCallbackJargs,orgZz);
} catch (RemoteException e) {

1364 1
args.argl Wrapper args.argZ U
args.arg2 IMMS Binder Wrapper createSession()
IMMS lInputMethodCallback

MSG_CREATE_SESSION

fil execyteOrSendtessogeCmCyrNethod1 Caller,obtoinNessageOO(

1 MSACRiATEAStSS|ON, mCurMethod,
H new NefchodCdllb«ck(mCurNethod)));
MethodCallback sessionCreate()

IMMS onSessionCreated()

MS- pyilic SESSiorsCreot ed(11lnputMet hod SESSion session)
44b : onSessionCreoted(iiMethod} session);
w 3
session IMS lInputMethodSessionWrapper IMS
createSession() Session linputMethodWrapper createSession()
IMMS
Wrapper DO_CREATE_SESSION
163 * cose DONEREATASESSIONT {
b4 inputNefchod.createSession(new InputNethodSessionCcillback”rapparC
16b i mCaller.mContext* (11lnpytMet hodCailback™)msgwbj));

474
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msg.obj IMMS Callback InputMethodSessionCallbackWrapper
callback “Wrapper”
Binder “  Wrapper” inputMethod InputMethod
InputMethodService InputMethodImpl
createSession() AbstractinputMethodimpl
N (Sw- public: mid creoteSession(SessionCollbock callback) {

callback-sessionCreatedConCreateInpytNethodSessionInfcerfacec));

64 : i

AbstractinputMethodSessionimpl callback

sessionCreated onCreatelnputMethodSessioninterfaceO InputMethodService
bili py”~lic AbstrcictinputNethoidSessionlmpl oriCreatelnpytNsfchodSessioninterfaceC) {

bz < r tyrri nt InputNethodSessionlmpI()\

InputMethodSession Binder
Binder IMMS callback.sessionCreated()
callback “  Wrapper ”
public void sessionCreatedClnputNethodSession session) {
try {
if (session null) {

sS7 lInputM ethodSessionWrapper “rap 7z

A6 NM IllnpytNethodSessionirQpperCmContext® session);

6~ ' mCb,sessionCreotedC”rap);

} else {
.91 mChb,sessionCreQted(null)j
=N
b }
session lInputMethodSesionWrapper
Wrapper “  Wrapper” Binder Binder mCb “
? sessionCrated() IMMS
IMS Session Binder IMMS IMMS
Binder IMM IMM

IMS Session Binder

17.2.4 InputMethod

InputMethod InputMethodSession,
InputMethod interface -API API



Android

¢ InputMethod.java interface
» AbstractinputMethodService.AbstractinputMethodimpl InputMethod
« InputMethodService.lnputMethodimpl
¢ InputMethod.aidl Binder
¢ lInputMethodWrapper Binder
Service Binder
Binder Binder
Service Binder Service Context
Binder Service
Binder AmS Binder
aidl Binder IPC
Service “ AmS
Binder ServiceManager
Service
ServiceManager  getService() AmS
Service Service AmS
Service Binder
17-5
inpytMetl'iod Sifde
linputMethodstub
linpytjMethQdWfapper
minputyetiod;
WeakBefer®nc6<Aims> mTargei;- Jnpu ( e‘hb&sse)r"ice
17-5
17-5 lInputMethodWrapper Binder
minputMethod InputMethod InputMethodimpl
InputMethodService mTarget AbstractinputMethodService

Service

onBind()
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Service InputMethodService
AbstractinputMethodService

linputMethodWrapper
Binder IMMS IMM
Binder IMMS startinputinnerLocked() bindService()
AbstractlnputMethodService  onBind()
lInputMethodWrapper
NLN4 final public IBinder onBind(intent intent) {
if (mInpylMelhod — null) {
lie 1 mliInputNethod onCrecitelrTput

rmtum Nm 1IinpytMethodiroppercCtliiSA iftilnputHethod);

IMF Binder Binder
“ ” IMS), IMS Binder
IMS Session Binder “ ”
IMS
Android
17.3.1
Binder Binder Binder
Binder
Binder

477
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+ Session Binder Session: IMS
IMS
« Connection Binder Connection:
¢ InputMethod Binder Binder:
17-6
17-6
17-6
showSoftlnputG
17.3.2

IMS

Binder

Binder

Binder

IMS

IMM

IMMS

Binder
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APK
Setting
View performLongClick()
TextView onCreateContextMenu() View 13
onCreateContextMenuO
[17e if C~slnputMethodTorgetC)} {
' TCnu,odd(l, ID"SWIJCHM"NNPUMHOD”N 0, com,android,Intar
. setOnNenulte~Clicklistener(hoiidl€r);
added  trumi
1

isinputMethod Target()

public boolean islnputNethodTorgetC) {

| InputMethodN"Qnoger i m InputNethodMonager, peekinstan€e(J;
11 rmturn im 1 mil itrn, i sActive(thiS);
7 12 J
imm.isActivite(this) this View isActvie()
View

IMM  showlnputMethodPicker()

75% C 1m I TCIlImm:
InpytNethodHc3nog€r imm #~  InpytMcthodNcinoger ,peekimtanceQ);
. if (im=1 _11)
e, inii, showlnpytNethodPicker ()
- 1
return true;

showlnputMethodPicker() IMMS showlnputMethodPickerFromClient()

IMMS IMMS
MSG—SHOW_IM—PICKER
showlnputMethodMenu()

1 Setting Provider
Settings.Secure.DEFAULT_INPUT_METHOD n
com.android.inputmethod.pinyin/.PinyinIME, Service

lastinputMethodld

2

Setting Provider

Setting.Secure. ENABLEDINPUT-METHOD String String

#

479
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17-7

Japanese IME

IMMS
Key)
Setting
3
AlertDialog

AlertDialog
setSingleChoiceltems(mlitems,...)
4 AlertDialog

Setting Provider

setings

mMethodMap
Value) InputMethodInfo
mMethodMap InputMethodinfo

CharSequence[]

InputMethodinfo

setinputMethodLocked()

mCurMethodld

ACTION-INPUT__METHOD-€HANGED

unbindCurrentClientLocked()

(1) mCurMethod MSG_UNBIND_INPUT
IM'S  unbindinputO
mCurMethod
(2) MSGJINBIND-METHOD
IMM  onUnbindMethod()
17.3.3

startinputXXX
start
I M F (13 7

IMS Service, IME



Session Binder

IMM start
IMM start
startinputinner()
hideXXXO
Activity

onlnputWindowFocusChanged(),

WindowManaaerService

1?

WmS

IMMS IMS IMM
public restartinput()
public startinput() IMM
IMM
Android
showXXX() hideXXXO
WmsS
Activity,
WmsS IPC
” onWindowFocusChanged() Focus
Focus
11
Focus 17-8
17-8 Focus

private
showXXX()



Android

ViewRoot mView

PhoneWindow.DecorView ViewGroup wWmsSs W

Binder ViewRoot windowFocusedChanged()

FOCUS w WmsS
ViewRoot WINDOW_FOCUS_CHANGED

1 View IMM

IMM, IMM IM M mCurRootView
View

2 View “ ”

View View
View IMM mServedView
Focus View View Focus lj WindowFocus
ViewFocus View
17-9
TextView Button EditView
Button?
Hello World Welcome!
17-9
TextView Button Touch Focus
EditText Touch Touch
Focus, View onWindowFocused()
IMM  foSn(Viewthi§
49 else if (imm null (mPrivoteflogs & FOCUSED} 1- i) {
m u imm,focysin (this);

focuslIn() IMM CHECK-FOCyS
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checkFocus() 3
@ 13 7
FOCSABLE
.
1979 mLast N ¥iindo"Nonager, LoyoutParams
1Bhd ,moyiU'selnp'c/tMetto”CiiirindowAttribytes,flags);
mayUselnputMethod() lj mWindowAttributes

FLAG_NOT_FOCUSABLE
(I M ) ”

(1) focusinLockedO

mLastWaslimTarget “

IMM  onWindowFocus(...)

View mNextServedView ViewRoot
CHECK_FOCUS checkFocus()
(2) checkFocus() served
TextView checkFocus()
mServedView mNextServedView checkFocus()
mServedView mNextServedView
mNextServedNeedStart,
synchronized (mH) {

106S if (mServedViaw — mNextServedVi M ! NextServedNeedsStcirt) {

IM h return;

W' }

IMM true IMM IMMS IMM
mClient setActive() false,
false
startinputinner()
(3) IMMS  windowGainFocus(...)
IMMS— mCurClient
mCurFocusedWindow,
startinputinnerO
IMM private 17-10



Android

mCriant chackFocus{)
a - .
ofioinoi¥!0inociy f m MSGuBIND
1711 imixhaiel A - "m G —UNBIND
rastartinputQ
17-10 startinputlnnerO
checkFocus() public @liide SDK
Framework IMM MSG IMMS IPC mClient
onBind() onunbind() onSessionBind()  onSessionUnbind()
restartinputO n
startinputinner() 17-11

17-11  startlnputinner()

IMSS bindService() IMS InputMethodService

<484
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IMMS  onServiceConnected() IMS  createSession() IMS
Session Binder IMMS Binder IMM
IMMS attachNewlnputLocked() Input
InputConnection Binder
Binder
Binder mCurinputConext
startlnputinnerO
. Setting
IMS IMMS
73S if (mHoveConnectionP {
736 if (mCurMethod K null) {
/i? if (lcs,sessionRequested) {
mHaveConnection bindService() IMS mCurMethod IMS  Binder
cs.sessionRequested IMS Session Binder
bindService() Service IMS Session
Binder startinputlnnerO
IMMS 843 bug onServicedConnectedO IMS
Session Binder MSG_CREATE_SESSION mCurClient
sessionRequested true,
IMSo
InputConnection Binder IMS
InputConnection Binder
Binder
startinputinner() 3 11
17.3.4

IMS



Android

. IMMS  windowGainedFocus()
11
. IMM  showSoftinput()
17-12
17-12
IMMS IMS showSoftinput()
IMM  showSoftinput() IMMS
IMMS MSG—SHOW_SOFT_INPUT
IMMS executeOrSendMessage() mCaller.obtainMessagelOO()
mCaller HandlerCaller obtainMessagelOO 100
I int 0 Object 0 Object 00,000 Handler
I intwhat intargl intarg2 Object obj 100
000 Object SomeArgs SomeArgs
Handler  obj
MSG_SHOW_SOFT-NPUT
e
liiS args - (HandlerCaller. SomeArgs)msg obj;
4 é:"l’\wfaetmd rgs,argl) doafortinput p,

UM : &l ctiver)drgs,argly;
: Kcatch (Remotetxception €) |
i

return true;

args.argl IMMS mCurMethod lInputMethod
Binder msg.argl int flags showFlags()
mShowForced args.arg2 IMM Parcelable

IMM
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IMS showSoftinput() IMS lInputMethodWrapper
DO_SHOW_SOFT_INPUT

cose DONSMASOFTAXNPUT:
InputNethod, sho”SoftinputCmsgi, arglj (ResultReceiver}msg,ob

177 returni
inputMethod Wrapper minputMethod InputMethod
Binder Wrapper
Wrapper InputMethodService AbstractinputMethodService onBind()
AN B final public: 111nder onBindClintent intent) {
16b if+ CAlnputNethod _ nyll) {
- _Irizpu_ethod  onCr elnpytNethodl nter¥qc€();
7 } _ _
1: return new llnputNethodWrcipperCthis, minputMethod);
|
minputMethod onCreatelnputMethodinterface()
InputMethodService

public AbstrgcllnputNethodimpl onCrestelnputNethcidIinterfacet)
bc | mtufin niir 1npiitMethodImp

Ip o
Wrapper DO_SHOW-SOFTJINPUT inputMethod
InputMethodimpl 17-13
B L5 Abstr~tpiSl 1 ...Wrapper ] 1 M om j
3 i
| bfj|dServiceO

onCreatetnpiitiyiet?odinte?faceO|

hpti  eShodi:m:p_*
tnputMethodImpl

linputMslodW rapper

putMethocirnpt
sftowSoftinpytfl L

17-13 IMS IMMS



Android

17-13  InputMethodService(IMS) AbstractiIMS onXXX(Q
A B B A
“ SDK
” 17-14
rn ir—w
Z
iif«
17-14
public
View
Android IMF IMS Activity
View SDK API
InputMethodimpl showSoftinput()
InputMethodService showWindow()
ResultReceiver send()

* RESULT_UNCHANGED_SHOW
e RESULT_UNCHANGED—HIDDEN:
e RESULT_SHOW

Window Window

174.1

IMMS indowGainFocus()



showSoftinput(),

PC
17-15
1
+ xiansheng
? 2. -
17-15 PC
17-16
17.3.5
1.MM

e mCurld String

17

Andmid
PC
Android
N
4 , 5
Android
HTC Android
Touchinput
17-16
IM S InputConnection
performPrivateCommandO r
IM S

InputMethodSession appPrivateCommand()



Android

mCurMethodld startinputLockedO
mCurld

« mCurMethod Binder IMS
« mHaveConnection mCur'ld mCurMethodlId
mCurld

 mCurRootView PhoneWindow DecorView
2. IMMS

e mCurClient IMM
* mCurFocusedWindow

e mCurinputContext Binder Binder

3. IMS

« mWindowAdded

* mWindowCreated mWindowAdded

« mWindowVisible/mWindowWasVisible /

* mShowlInputRequested

* mlinputStarted Connection Binder IMS

e mInShowWindow showWindow() true
false

e misinputViewShow
« mShowlnputForced showSoftinput() flag SHOW—+ORCED

true

IMS

IMS IMS
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1741 IMS showWindowO

IMS IMMS Wrapper showSoftinput()
IMS InputMethodServicelmiM 1734
IMS  showWindow() IMS showWindow()
IM S InputMethodServicelmpl showSoftinput()
showWindow() 17-17
hEmbetE SOE MK

17-17 showSoftlnputO

1 isinputViewShown() misInputViewShow
mWindowVisible IMS

2 onShowlnputRequested()

(1) onEvaluatelnputShownO

public booleon onEvaluatelnpytVie*Shown() {
Configurotiofi config getResourcesO,getConfigura

= rttyrn config,keyboard Configurotion,KEYBOARDAMOKiYS
11 conft g,hardK©yboqrdHi dd €n Configyrotion,KEYBOARDM'DDiMA

(2) SHOW_EXPLICIT



Android

EditText showSoftinput() IMM
showSoftinputO SHOW_FORCE 0O IMM IMMS
showSoftinput() IMMS  showCurrentinputLoced()

if ((fIogsiilnputNethodNanoger.S|'D\N’\. |MP|_|C|T) — 8)
i M4 mShovs»Explicit lyReqgyesied - true;
1S 1
1046 If iCnagskinpumeihodHanQger. SHOWAOHCED} i) |
MM? mSho~LxplicitlyRequesled ~ true;
1546 ndonraocd 7 true:
SHOW_IMPLICIT IMM IMS
InputMethod SHOW—-EXPLICIT
1 SHOW—MPLICIT SHOW_EXPLICIT
mShowEXxplicitlyRequested (  mShowForced)
SHOWJEXPLICIT mShowEXxplicitRequested
true bug ==0 =0
if (mcyrNethod i- null) {

execyteOrSendNessageCmCurNethoda mCciller,obtainMessagel00(
HSASHOALSOfTAlNPUT, getlitieShowFlogsC), rriCurNethod,
resultReceiver));

getimeShowFlagsO

"o \m private int getlmeShowFlags"} {
int flogs - d;

613 if (mSho”rorced) {
bi-i i flags I* InpytMethod.SIMWYORCED
h”5 I InpytHethodSHm~EMPLIiCITi
: } else if (mShowExplicitlyRequested) {
63, fl,s | Inputtethod,Sm~EMPLICUi
6BS }
839 return flags;
SHOW—-+ORCED SHOW_EXPLICIT
(3) SHOW—-+ORCED mShowlInputForced true

3 IMS showWindow(true)



UNCHANGED-HIDDEN

17

UNCHANGED_SHOW;

3 showWindowO

showWindow()
minputStarted boolean
attachNewlnputLocked()
startinput()
IMS
doFinishlnputO
false
minputViewStarted
false

mWindowVisible

minputViewStarted

false

mCandidatesViewStarted

minputViewStarted

mShowlnputRequested

false

minputViewStarted

SHOW;
IMMS
IMS IMS
doStartinput() mlnputStarted true
doFinishinput() false
WmS
hideWindow()
minputViewShowsStarted
minputViewStarted
false
onStartinputView() onStartlnputViewO
Itf true
minputViewStarted
Extracting)
“ ” 17-18
true
true

17-18 -



Android

showWindowO

showWindowO 17-19

17-19 showWindow()

minShowWindow true
2 mWindowWasVisible
3 showWindowInner(showlnput)

true, minShowWindow false bug

mWindowWasVisible true
showWindowlnner()

IMS
mWindow.showO

k false

Was

mWindowVisible

mWindowVisible true

17-20



csoShow rpu: true

- Illl. I - m :

iipd€ite_IScr_nM<xtef t

1 i

Cr©aleCandidafasVI@w/l
sUCandldot©sViewfv|

17

m_owlnpum_i®sted, B
Hm!npu_ewS!ofted®g cfees
. il_"onStarlinputView{h
minpytViewSto: true

Xin X } -
h IMS -
onS!<3rtJnpbty wO

o tartC id View$i» fl

stortExtfocftngfedd_») f
s

on_VWKtowSh.owr™ t
mWIndow.showf! f IE _ i

17-20 showWindowlnner()

(1) mShowlnputRequested false)
minputStarted true) true,
(2) oninitializedinterface() IM S
(3) updateFullScreenModeO
(4) updatelnputViewShow()
onCreatelnputView() View
setlnputView(v) ViewGroup
(5) onCreateCondidatesView()
View setCondidatesView(V) ViewGroup
(6) mShowlInputRequested true minputViewStared true
onStartinputViewO IMS “
7 7 )
(7) 6)

onStartCondiatesViewO IMS

(8) startExtractingText() “



Android

17.4
(9) mwindow.show()
onWindowShownO IMS
N
17.4.2 IMS
IMF Binder
Binder Binder Binder
Binder 17-1
17-1 Binder
Binder
lInputContext linterface interface, Binder
lInputConnectionWrapper
InputConnectionO
lInputMethod linterface interface, IM'S Service Binder
lInputMethodSesson linterface interface, _ IMMS IMS Session Binder IMS
Binder
IMF Binder
« AbstractinputMethodService Service abstract

¢ InpputMethodService.java
¢ llnputMethodWrapper
 lInputMethodSessionWrapper

AbstractinputMethodService
linputMethod Binder
lInputMethodSession Binder

IMF

Binder

IMS

IMF

onCreatelnputConnection()

IMMS

IMF

IMS

Binder

Google
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 EditablelnputConnection InputConnection
InputMethodService
Google
PinyinIME .java InputMethodService
AndroidManifest.xml Service action
R se’vict' Qridrtrichriome—'Pf/iyiDiMf o
" adrald:".obel “string/i neyene?
>ronient W 1o
7ection adroidrentg" androidnput”ethod F/>
</ Intent- filLeo
43 >rTel.i -ilaLg ondro'~d: name- "android, view, ondrcr:d:resource™ /methodli />
IMMS action.view.InputMethod
IMMS bindService() Service PinyinIME InputMethodService
InputMethodService onCreate()
SoftinputWindow mWindow SoftinputWindow Dialog
Dialog
initViews() Dialog
com.android.intemal.R.layout.input methodo FL LL FramelLayout

LinearLayouto

LL vertical
LL mFullScreenArea, vertical

FL mExtratFrame, gone -

FL mCandidatesFrame, invisible
FL minputFrame, gone

“ ? IM S mFullScreenArea; *
mCandidatesFrame “ " mlnputFrame
FramelLayout IM'S

IM S “ "

17-2

17-2

onCreatelnputView()
onCreateExtracTextView() “ ”

onCreateCondidatesViewQ

“ ” IMS



17-21

17-22

MM u

17-21 17-22

input—method_extract_view.xml

LL horizontal
android. inputmethodservice.ExtractEditText, width=0, weight = 1
FL, 1id=inputExtractAccessories
ExtractButton, id=inputExtractAction

ExtractEditText EditText, ExtractButton
Button
IMS updateFullScreenMode() setExtraView()
startExtractTextO,

.- mExtrcsciedText: ic fiyll? nyll

..h) ; ic *ge £xtrjQcitedTex.t(yeqlnputCQmnection ¢GE7AEXTRAETEDA TEMT KONITOR') ;

m i ,sstlnpy rspytfypi) ;
: eet,setH\ nt(ei.hintlext);
H : if (mExtroctedText ™ nyll) f
1 eet,setEnabled(trua)|
eet.settxtractedfext(r-nLxtrocted fext)j

eet ExtractEditText setHint() setExtractedText()



ei.hintText ei Editorinfo Pacelable
mExtractedText ExtracText
Pacelable “ ”
startExtracingText()
onUpdateExtractingView(ei) ei Editorinfo ei imeOptions
&
: if (niExtractAction !« nyll) {
13di if (eiidcfcionLobel ! nyll) {
iyj\ nExtroctActionsetText(ei.acfeioriLobel);
r-B4 . } «IS€ {
199S ExtrortAc:t:iorusetText (getTextForlr«eAc:tionf ei.imeOptions));
1" y
1992 ExtractAction,setOnClickii stesi€r(m citioaClicklist®ner);
actionLable android:imeActionLable
P getTextForlmeAction(ei.imeOptions)
imeOptions android:imeOptions
getTextForimeActionO
1925- public CharSequence get extForlme imeOptions) {
1IL 4 switch(irneOptions&Lditorinfo, |M£IT]MASK’\A€J1(N) {
MS. Editorlofo, IMENAETIOMNMOMEI
o r" tyr~n nyll;
" ess. Editorinfo, IM 140101 ) i
rftpfn goOtfextCcom.android,internal,R.string, |me’\act|an’\gd) ;
1129 € _€ Editorinfo.MEMACTIM. SEARCH:
| 33~ fBturn getlext(com.android.internal,R,string, ime”~action®seatch)
i.Bl m cam Eeditor info, IMEMACTIOMNSEMD:
[ rmturmn getText(co_, android, ifrter:nol.tiL.string *£ , e?ctfern s 14d) j.
1:)33 cas€ Editorinfo. IMPACTIOMMEKTI
1nN34 rftprfi getTexfc(Go_,android, iiiter™ncilstring:.
18BS cmm Editorinfo. IMEMACTIONDQME: ) )
1?2ib rttyrn g@tText(co™. android,interr”I»R,string, |me"act|on"dam};
;1831 retyrn g@tText(comi,android,inte rnaI,R.string sime’\actian’\defaml);
1939 }
H " I
case android:imeOptions
Action
Editorinfo imeActionLable imeOptions
inputType none, “ ”
t g8 final bogiiSin hcjsection mei.actionLobel « nyll 1 (
A Y (eHeOpHotisaEditorInfilM—-£2S140T_ » Editorinfo.IMEMAETIMNMmME U
188 Cei AmeQptions”Lditor Info, IMtMLAGNOMACaSSORYMACTIOIN — o
188 ei.inputTy|]be U Input ype‘m _ U );
Editorinfo TextView InputContentType IMS
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Pacelable

TextView
Editorinfo
InputContentType
IM S Editorinfo IMM TextView
onCreatelnputConnection() TextView InputContentType
imeOptions TextVeiw imeOptions Editorinfo imeOptions
if ((outAttrs,imeOptions8sfditorinfo *
4 AN EditorInfo,IMENAETIONJINSPi €1F1i D} ¢
b3b if (focusSeorcthOCUSADOWN) null) {
/ [.] Mm hus net been set, but the enter key -hiW me
i A\ /1 tha focust £ set the action 1o that.
9 OOtAttrs ,iiie0ptions 1 Editorinfo, HACFIOINEXT;
bt: 3 mtsm
-ell /7 n action hcis not boon sel ? ond there is fxus to
,AIZ /1 10~ so lei%s just supply a SloneP ociion >
W OUtAttrsimeOptions U Editorinfo.MACFIONDONt;
14 :

H

focusSearch(FOCUS_DOWN)
imeOptions ACTION-NEXT

imeOptions ACTION_DONE “ ”

IM S
mActionClickListener
finol Vie%.DnClickListener n”~ctionClickListener - ne% ,OnClickListener() f
public void onClick(¥ie® v) {
% finol Editorinfo ei » getCurrentinputtditorinfo(};
finol InputConnection ic - getCurrentlnputConnectionC);
if (ei null &% ic null) {
if (ei,acfcionld 0) {
19 ic,performEditorActionCei.actionld);
} else if ((ei.imeOptions”Edifcorinfo4lHh~mSK”~AC I10N)
P _ 1 Editorinfo.MEMACFIOFLMOME} { i
| IC,performEdi torActionCei *imeOpt IONsSEditorin fo, IME_MASKAA€T|OM) ;
a
I®5 |
96
Editorinfo Editorinfo
actionld ) performEditorAction() actionld
imeOptions actionld performEditorAction()
performEditorAction() InputConnetion

EditablelnputConnection, onEditorAction()

<500
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TextView onEditorAction() inputAction
action
firiol InputContentType ict. minputContentlypei
if (let null) {
if (ict,onLditorActionlistener null) {

if (ict,onEditorActionListener,onLditorAction(this
actionCode, null)) {
return; '

mEXxtractAction TextView
setOnEditorActionListener() minputContentType  onEditorActionListener

setOnEditorActionListener()

fooisSearchO requestFocusO
12
requestFocusO handleGainFocusintemal (¢

onFocusedChanged(),

IMM  focusIn() focusIn() scheduleCheckFocusLocked()

CHECK_FOCUS IM M checkFocus()
17.3.3
IM M checkFocusO IMMS startinputO,
attachNewlnputLockedQ MSG_START_INPUT
MSG_RESTART—HNPUT mCurAttribute Editorinfo
IMS startinputO IMS
doStartinput(), IMS onStartinputView(Editorinfo ..)
Editorinfo inputType

17-23
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fnputMethodServsce. InputMethod inp!

17-23 IMMS IMM
17.4.3 IMS
InputMethodService
AbstractinputMethodService lInputMethodService.aidl Binder
IMF Binder Binder IMF
InputMethodService
Binder
* InputMethod Service onBind() Binder
linputMethodWrapper
¢ InputMethodSession IMMS Service createSession()
Binder lInputMethodSession Wrapper
* InputContext IMM IMMS  startinputO Binder
Binder IMM ControlledinputConnectionWrapper Binder
Binder InputConnection InputConnection

EditablelnputConnection
Andmid Google HTC Touch



17-24

IM S
IMS
Binder API
InputConnection

« getTextBeforCursor(n, flags)

« getTextAfterCursor(n, flags)

e getExtractedText(request, flags)
» setSelection(start, end)

17-24

EditView

start

end

EditView

IMS

17

InputConnection
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» getSelectedText(flags) setSelection()
¢ deleteSurroudingText(left, right) left right
e commitText(text, pos) text Pos

« commitCompletion(Completioninfo text)

» setComposingRegion(start, end) start end
¢ setComposingText(text, pos) text pos
 finishComposingText()

getCursorCapsMode(reqModes)

“ABc” B c

API API
TextView API TextView AP,
TextVeiw

Package android.inputmethodservice
* AbstractinputMethodService.j ava, Service InputMethod  InputMethod
Session abstract IMS
e ExtractButton.javao
» ExtractEditTextjava

 lInputMethodSessionWrapper.java, linputMethodSession.Stub IPC
InputMethodSession
* lInputMethodWrapper.java, linputMethod.Stub IPC InputMethod
InputMethod

504
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InputMethodService.java, AbstractinputMethodService
AbstractinputMethodService abstract
InputMethod InputMethodSession AbstractinputMethodService
KeyEventCallback IMS
Keyboardjava,
KeyboardView.java0

SoftinputWindow.javao

Keyboardjava XML Keyboard
KeyboardView Keyboard XML
row Keyboard “ ?
KeyboardView extends View Listener onKey() onClick()
KeyboardView onTouchEvent() KeyboardView
LatiniIME

getKeylndices(touchX touchY null);,

Latin
Keyboard LatinKeyboard
KeyboardView LatinKeyboardView

Package android.view.inputmethod
BaselnputConnection.java, InputConnection
Completioninfo java

Editorinfo.java

ExtractedTextjava

ExtractedTextRequest.java, Parcelable

InputBindingjava, Parcelable

InputConnection.java, interface

InputConnectionWrapper.java Wrapper IPC
interface Proxy

InputMethod.java, interface

InputMethodinfo.java, Parcelable

InputMethodManager.java, IMM
InputMethodSession.java, interfaceo

Completioninfo.aidl Parcelable
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 EditorInfo.aidl

» ExtractedText.aidl

» ExtractedTextRequest.aidl
* InputBinding.aidl

¢ InputMethodinfo.aidl

Package com.android.intemal.view IMF
 lInputConnectionWrapper.java, linputContext. Stub
context connection ?
e InputBindResult.java, Parcelable
* lInputConnectionWrapper.java, InputConnection
| Binder Wrapper abstract

¢ llnputConnectionCallback.adil
 llInputContext.aidlo
* lInputContextCallback.adil
e llnputMethod.aidl
 lInputMethodCallback.aidl
* llInputMethodClient.aidl
¢ lInputMethodManager.aidl, IMMS
¢ lInputMethodSession.aidl
* InputBindResult.adil Parcelable
IMMS
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18 Android

1 make

target): prerequest
(tab

hello: hello.c
gcc hello.c -0 hello.bin

.PHONY he
he: hello.c
gcc hello.c -0 hello.bin .
hello hello.c hello.c make
hello gec hello.c -ohello.bin .PHONY .PHONY
make make
he
. Android
Andmid Android
Hello world
Android

make



bionic

bootable

build

dalvik

development
device
external
frameworks
hardware
libcore

ndk
packages
prebuilt
sdk

system
tools

vendor

18 Android

= Android
18-1
18-1 Android
Android C C
NAND Flash system.img  boot.img
make shell Android
Android Google 1 Google
SDKAPI
Android Java
10 dalvik/docs
Android .classpath
Nexus One Nexus S HTC magic
Android sglite opencore C/C++ Java
Framework Java
Android HAL)
Dalvik Java ArrayList HashMap Dailvik Dailvik Java
Native DevelopmentK it, NDK
Android Contacts Music Player
ARM
SDK
Android Linux adb logcat
tradefederation Java
device device device
vendor
make

Android
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18.2.1
Android
Android out system.img
bootimg
cd path/to/android/ root
I . . /build/envsetup.sh
make PRODUCT-full_crespo-eng
android path/to/android/root
Linux
source envsetup.sh
mm mmm source
Shell
PRODUCT
product)
APK, Java Jar
Linux
make libbz

I mmm external/bzip2

libbz
mmm
m
mmm
sdk

| make sdk
18.2.2

Android

target): prerequest)

I (tab

envsetup.sh
m mm

make



18 Android

Android make
=—===z=M= —=—=======— - ====
Contacts: xl.java, x2.java
javac xl.java x2 .java
Music: yl.java, y2.java
javac yl.java y2.java
1 Java
libbz: xl.c x2.c
gcc xI x2
opencore: yl.c y2.c
gcc yl y2
C/C++
sdk: Contacts, opencore
"mkdir out*®
cp Contacts.apk out/ .../
.PHONEY sdk
.PHONEY
make Contacts, Contacts make target
target javac
make libbz libbz target, target gcc
gcc PC arm gcc
makesdk sdk target sdk image
sdk mkdir cp
Android
Contacts Java
Java javac C/C++ gcc
g++,
Android Android
Android
sdk out

image



Android

make PRODUCT-full_crespo-eng product
product product?
Android .mk shell
make Android
make C Android
libc libc C C
Android Jbuild/
18.3.1
18-1
181 Android
.mk target
make XXX target

make XXX Android.mk



Android.mk

out

PC

18 Android

APK
make
host target host PC
target SDK

out/host

packages/apps/Camera Android.mk

L CAL_PATH:= $ (call my-dir)
include $ (CLEAR_VARS)

LOCAL_MODULE_TAGS := optional

L CAL_SRC_FILES := $ (call all-java-files-under, src)
L CAL_PACKAGE-NAME := Camera

LOCAL-SDK_VERSION := current

L CAL_PR GUARD_FLAG-FILES := proguard.flags

include $ (BUILD_PACKAGE)

Andmid.mk

* LOCAL-PATH:

* LOCAL-MODULET AGS:

» LOCAL-SRC_FILES:

aidl
Andmid.mk
+ LOCAL_PACKAGE_NAME

target
LOCAL MODULE,

my-dir
Jpackages/apps/Camera

user eng userdebug optional

product
product product
Java aidl
Android.mk packages/apps/Music
make XXX XXX
f make
Java C/C++

make XXX XXX
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 BUILD_PACKAGE
BUILDHOST EXECUTABLE BUILD_HOST—-EXECUTABLE

BUILD_HOST_STATIC_LIBRARY

APK
include BUILD_PACKAGE, “ APK”
Andmid
Build
18.3.2
1 make make Makefile
Android make Makefile
build/core/main.mk main.mk
13
1 .PHONY target dmid make
target target
2 config.mk product
(1) SRC-HEADERS
(2) pathmap.mk
frameworks-base:frameworks/base/include
(3) BUILD_EXECUTABLE
gec/g+—+ make BUILD—EXECUTABLE
executable.mk Android.mk include
Gy buildspec.mk
(5) envsetup.mk .mKk envsetup.sh
product
product_config.mk product.mk 1 Android

device vendor AndroidProduct.mk



JSdefine _find-android~products-files

18 Android

$(shell test ~d device &% find device -moxdepih 6 -name AndroidProducts.mk) \

I ~/ $(shell test -d vendor find vendor -maxdepth
\it $(SRC,TARGLT_O01R}/produci/AndroidProducts.mk
Dendef

6 -name AndroidProducts,mk) \

product_config.mk product product
product product
(6) product BoardConfig.mk product
(7) AAPT aapt
config.mk
3 Android Linux Darwin)
Android2.3 64

4 Java Javac Android 2.3 Javal.6

5 defmations.mk

6 dex_preopt.mk preopt pre—optimazition Dalvik

dex CPU Dalvik dex
CPU dex CPU,
dex t dexjreoptmk

dex

7 product variant) variant user userdebug eng
tests, variant

8 product PRODUCT_TAGS dalvik.gc.type—precise
ADDITIONAL_BUILD _PROPERTIES

9 product apns—conf.xml apns-conf.xml

WAP
10 SDK tiny Android SDK
product tiny
product SDK tiny
® product
product

build/tools/findleaves.py subdir_makefiles



Android

subdir-makefiles := \
$ (shell build/tools/findleaves.py --prune=out
— prune=.repo - prune=.git $ (subdirs) Android.mk)

—-prune subdirs $(TOP) Android
Android Andmid.mk
out .repo git
subdir—makefiles inciude Android.mk
S3 < S(subdirrokefilos)
Andorid.mk make include
make 18-2
18-2 make make
n SDK frameworks/
policies/base/PolicyConfig.mk —include include
n variant tag make product
variant) PRODUCT —productName-variant variant
tag baSe mleSmk tag

cd C$CFiller-oyt user debug eng tests optional samples shell-osh shell*nkshZ2
W$(_rriing unusual togs SCLOCALAIOOULLJ AGS) on KLOCALAMODULE) at $(LOCALAPAEH)) — *

— . . : x : AY v T

tag tag
product
e user
e optional product tag,
product PRODUCT_PACKAGES



e debug eng tests tag make
variant debug tag debug
e samples tag variant
e shell ash shellk-mksh:
tag variant 18-3
tag If OptioTOF mg yser debug lafts
vsfiant mg user ysardabug m_s
18-3 variant tag
14 Makefile
15 target target
» files
 checkbuild Android
e ramdisk ramdisk.img
« systemtarball system.img
 boottarball boot.img
» userdataimage userdata image
« bootimage boot image
e droidcore droid Android
target target droid
e apps_only target
e droid droidcore distibraries
e tests droidcoreo
e all modules checkbuild

SDK
SDK

e docs
» sdk

18 Android

variant

samples

Android

make

TARGET_BUILD_APPS



Android

fmdbugs

e clean make clean clean target
e modules

* showcommands

18.3.3
Android.mk
Android.mk LOCAL_MODULE LOCAL_PACKAGE-NAME
include include $(BUILD_PACKAGE)
.mk config.mk

CLEAR-VARS:= $ (BUILD_SYSTEM)/clear_vars.mk

! BUILD_H ST_STATIC_LIBRARY:= $ (BUILD_SYSTEM)/host_static_library.mk
BUILD_HOST_SHARED_LIBRARY:= $ (BUILD-SYSTEM)/host_shared_libraryenk
BUILD_STATIC_LIBRARY:= $ (BUILD_SYSTEM>/static_library.mk
BUILD_RAW_STATIC_LIBRARY := $ (BUILD-SYSTEM)/ raw_static_library.mk
BUILD-SHARED_LIBRARY:= $ (BUILD-SYSTEM)/shared_library.mk
BUILD-EXECUTABLE:= $ (BUILD-SYSTEM)/executable.mk
BUILD_RAW_EXECUTABLE:= $ (BUILD_SYSTEM)/raw_executable.mk
BUILD-HOST-EXECUTABLE:= $ (BUILD_SYSTEM)/host_executable.mk
BUILD_PACKAGE:= $ (BUILD_SYSTEM)/package.mk
BUILD-HOST-PREBUILT:= $ (BUILD-SYSTEM)/host prebuilt.mk
BUILD_PREBUILT:= $ (BUILD_SYSTEM)/prebuiltemk
BUILD-MULTI-PREBUILT:= $ (BUILD_SYSTEM>/multi_prebuilt.mk
BUILD-JAVA_LIBRARY:= $ (BUILD_SYSTEM)/java_library.mk
BU LD-STATIC_JAVA-LIBRARY:= $ (BUILD_SYSTEM)/static—java_library.mk
BUILD_HOST_JAVA_LIBRARY:= $ (BUILD_SYSTEM)/ host—java_libraryemk
BUILD_DR IDD C:= $ (BUILD_SYSTEM)/droiddoc.mk
BUILD-C PY_HEADERS := $ (BUILD-SYSTEM)/copy-headers.mk
BUILD-KEY_CHAR-MAP := $ (BUILD_SYSTEM)/key_char_map.mk

.mk 18-4



18-4

baSe_mleSmk
SSrALUODLILES ~ iCLOCAUMOOULE}

ALL_MODULES

18.3.4

config.mk
include
Jjava .c/lcpp

BUILD_PACKAGES

18 Android

BUILD_PACKAGES
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18-5

18-5

“ ” Andmid.mk
18-2
18-2 packages.mk
Androdtmk

LOCAL-PACKAGE_NAME
LOCAL_MODULE—SUFFIX COMMON_ANDROID_PACKAGE_SUFFIX
LOCAL-MODULE LOCAL-PACKAGE_NAME
LOCAL-MANIFEST_FILE AndroidManifest.xml
LOCAL_MODULE_CLASS APPS
LOCAL_MODULE_TAGS optional
LOCAL_AAPT_FLAGS $(LOCAL-AAPT—FLAGS)-z
LOCAL_ASSET_DIR $(LOCAL_PATH)/ assets
LOCAL_RESOURCE_DIR :=$(LOCAL—PATH)/res

LOCAL-AIDLINCLUDES
$(FRAMEWORKS_BASE_JAVA_SRC-DIRS)

assets res asset res

packgages.mk



18 Android

PRODUCT_PACKAGE_OVERLAYS DEVICE-PACKAGE-OVERLAYS OEM
Android
res assets
BUILD-PACKAGES java.mk
Java java.mk definations.mk

Java javac gcc
BUI'LD_PACKAGES

(1) Rjava aapt
Rjava Java
ITAS$(Uile PRIVA1IX"RESOURCEMPUBLICSMOUTPUL \
1 $(intermediotes sCOMMON)/public_resources .xml
sL_p): PRIVArL,PROGUARO,DPT1I0ONSmMriLL ICproguord”opiions”~file)

ilersiamp): JColl”~rostassets) i(Jull~midro\d®manifesl'} 1(AAPI} i J(ACP)
§echo ''target R,javo/Manifest.java: I(PRIVA IX*"MODULL} ($#)M

-f
%Cr&at€—re soyrce-jwia-files)

(2) INI INI
(3) 4) Java
(4) AAPT ZIPALIGN AAPT APK ZIPALIGN
BUILD_PACKAGES make
target target
18.3.5

out

envsetup.mk

161# > >  — === == B
I, # figure out the output directorses
ibi

1b4 C,$C>trip SCOUOIR)))
1bSOUFAOIR 1C{OPO1R)out
ihb



Android out

debug Android
HOST TARGET host target,
host target out
“out” main.mk findleaves.py
OUT-BIR
18.3.6 Image
Image
Image
main.mk Image make target,

.PHONY : rarndi sk
* ramdisk i S(INS1 ALL'ONRANDISK”I ARGL T)

l.-:*, PHONY i systemtQrbo1ll

b, Isystemtarbal 1= $(INS IALLLDSYSILNI ARBALLm\ ARQi )

u - .PHONY: boottarball
h:' boottarball: ICiNS IALLLD™BOOT [ARBALLNI )

.PHONY : userdatciimoge
f userdataimoge: ${INSTALLLD~USLRDAIAIN4AGLNURGL])

ko
bd).PHONY: userdotatarboll
H ~juserdatatorboll: $(1NSTALLEDNUSEROATATARBALLNT/ARGET)

- vl"PHONY: booti_ge
hSJbootimage: i(iNS!ALLLUJOO 1_GL 1 EI)
target — make
make sdk sdk target ramdisk systemtarball
sdk
Image

out
Andmid
out,
target
target
systemtarball

INSTALLED SYSTEMTARBALL TARGET, Jbuild/core/Makefile
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Makefile main.mk include target

' -systeitar :™ S(PRODUC 1nmQU | >/system ,tar

' NaNSIALLLD_SYSTtMrARBALL, TAKGLr S(syslefnnior),S(SYSImMAPSkLLJ MMh I}

*-I$CINSIALLLDN8YSfEM!ARBALLNAAN T); PRIVAIL3YSTHMATAR $(sysiernmiLQr)
AN$CINSIAULLDNSYSILMIARBALLNARGLS): $(? SAGL InBU1 S) $(INFLRNALNSYSUNINAGLAPILLS)

/> IOhyilsS-systairtrfeoll-target}

INTERNAL—-SYSTEMIMAGE—ILES out system
build-systemtarball-target system
system system.img
system.img ext4
Makefile BUILD_SYSTEMIMAGE,
system

—~~I(BUININSYSILMINAGL): 1(INILRNALASYSILMimGIJ ILLS) $(1IN!tRNALNMUSLRINAGES”DLPS)
%Cca\\ byild-sysfceinimage-iQrgei~Ji]

build-systemimage-target EXT
Android 2.2 system.img yaffs Android 2.3
system.img ext4 build-userimage—ext-target
MKEXTUSERIMG config.mk
| MKEXTUSERIMG := $ (HOST_OUT_EXECUTABLES)/ mkuserimg.sh
mkuserimg.sli make—ext4fs system extd
make_ext4fs system.img 19
Image system.img
N\
a g product
Android make PRODUCT-productName-variant
productName variant eng userdebug
user tests,
18.4.1 product

product 18-6



Android

Android
adbd
Binder
Android

LOCAL_MODULETAG

Android
product

product

product

product.mk

186 product
product
product
Android adb
Android
Android
APK
optinal APK Android
Andmid
make
product
systenLimg
product product
product

Android

Binder
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_prodyct_vor_lisi \

b: PRGOUCTANANL \
i- PRODUCTANODEL \
o!- PROOUCTALOCALES \
hb PRODUCTAPACKAGLS \
v PRODUCTADEVICE \
P_DUCTJ :UFACTURER \
tv- PRODUCIAIRAND \
i PRODUC r"PROPLRI YAOVERRIDEIS \
71 PRODUCTACHARACTERISTICS \
\ 10iJCIL.COPY T1ES \
PRODUCTAOTA, PUBLICMKEYS \
oM PRODUCT_PACKAGLAOVERLAYS \

/1= DEV1CE,PACKAGCOVERLAYS \

Yh PRODUCTACONTRIBUTORSAFILE \
DUCT-TMS \
By _DUCTjDKJDD _jl E\
y DUCTJ D | ILiS \
cH PRODUCTAS DK"ADOOM LES \
PRODUC I"SOKNADDONADOCNOOULL \
al PROOUC iLDEFAULOIri*CHANNELS
Android product
make product.mk dump_products Android
Makefile
### DO NOT EDIT THIS FILE ###
lude build/core/main.mk
$ (call dump-products)
### DO NOT EDIT THIS FILE ###
make-n -n
product product
PRODUCTSfdil:fvé'cééﬁamsung/crespo/fulI crespo'.mk,PRODUCT__NAME := full crespo
PRODUCTS ,device/samsung/crespo/ full crespo,mk,PRODUCT__M DEL := Full Android
BRODUGdvidervdanscngrunabpoesnedfelkbsps emp 0s#k=,PRODUCT—LOCALES : =en-US
PRODUCTS {device/ samsung/crespo/ full crespo,mk.,PR DUCT_-PACKAGES = eee
PRODUCTS .device/ samsung/crespo/ full crespo,mk,PRODUCT _DEVICE := crespo
PRODUCTS.device/ samsung/crespo/ full crespo,mk.PRODUCT_-MANUFACTURER :=
PRODUCTS .device/ samsung/crespo/ full crespo,mk.,PRODUCT_ BRAND := Android
product dump-products

| ### DO NOT EDIT THIS FILE ###



Android

include build/core/ main.mk

$ (call dump-product,device/ samsung/ crespo/ full_crespo.mk)
### DO NOT EDIT THIS FILE ###

product

Makfile
include

product
product
product
product product

« build/target/prodcut/ AndroidProducts.mk

product
PR DUCT_MAKEFILES := \
$ (L CAL_DIR)/core.mk \
$ (LOCAL_DIR)/generic.mk \
$ (L CAL_DIR)/generic—x86.mk \
$ (LOCAL-DIR)/ Full.mk \
$ (LOCAL-DIR)/ full_x86.mk \
$ (LOCAL_DIR)/ sdk.mk \
$ (LOCAL_DIR)/sim.mk

product
PRODUCT_MAKEFILES product

+ device 6 AndroidProducts.mk
e vendor 6 AndroidProdcuts.mk

product device vendor
product
optional PRODUCT—-PACKAGES

PRODUCT_COPY_FILES

snides,

RODUCT COPY FILES += \

vendor/ samsung/ crespo/ proprietary/gpseconf:system/ etc/ gpseconf

product
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18.4.2 product

product product

1 haiii
k device

cd path/to/android
cd vendor
mkdir -p haiii/k

2 k AndroidProducts.mk

PRODUCT-MAKEFILES
#device/ haiii/k/AndroidProducts.mk

PRODUCT_MAKEFILES := \
$ (L CAL_DIR)/k.mk

3 m k product

#k .mk
PRODUCT_PACKAGES := \
helloMake

PRODUCT_NAME := full_k
PRODUCT-DEVICE := k

PRODUCT_BRAND := Android .
4 BoardConfig.mk
product, product
Linux camera BoardConfig.mk
TARGET_CPU_ABI := armeabi-v7a
TARGET_NO_BOOTLOADER := true
TARGET_NO_KERNEL := true

#no real audio, so use generic
B ARD_USES_GENERIC-AUDIO := true

i # no hardware camera
USE CAMERA STUB := true

product
Android Makefile



Android

### DO NOT EDIT THIS FILE ###
include build/core/main.mk

$ (call dump-product,device/haiii/k/k,mk)
### DO NOT EDIT THIS FILE ###

make PRODUCT-full_k-eng, k  product

===== device/haiii/k/k.mk =====
PRODUCTS.device/ haiii/k/ k.mk .PRODUCT_NAME := full-k
PRODUCTS.device/ haiii/k/k.mk.PRODUCT_MODEL :=
PRODUCTS.device/haiii/k/k.mk.PRODUCT_LOCALES :=
PRODUCTS.device/ haiii/k/ k.mk.PRODUCT_PACKAGES := helloMake
PRODUCTS.device/ haiii/k/k.mk.PRODUCT_DEVICE := k
PRODUCTS.device/ haiii/k/k.mk.PRODUCT_MANUFACTURER :=
PRODUCTS.device/haiii/k/k.mk.PR DUCT_BRAND := Android
PRODUCTS .device/ haiii/k/k.mk.PRODUCT_PROPERTY_OVERRIDES :=
PRODUCTS.device/haiii/k/k.mk.PRODUCT_CHARACTERISTICS :=
PRODUCTS.device/haiii/k/k.mk.PR DUCT_C PY-FILES :=
PR DUCTS.device/ haiii/k/k.mk.PR DUCT-OTA-PUBLIC-KEYS
PRODUCTS.device/ haiii/k/k.mk.PRODUCT_PACKAGE_OVERLAYS :=
PR DUCTS.device/ haiii/k/k.mk.DEVICE-PACKAGE-OVERLAYS
PRODUCTS.device/haiii/k/k.mk.PRODUCT-C NTRIBUT RS-FILE :=
PRODUCTS .device/ haiii/k/k.mk.PRODUCT TAGS :=

PRODUCTS.device/ haiii/k/k.mk.PRODUCT_SDK_ADDON_NAME :=
PRODUCTS.device/ haiii/k/k.mk_PRODUCT_SDK_ADDON_COPY_FILES :=
PRODUCTS, device/haiii/k/ k. mk.PRODUCT_SDK_ADDON_COPY_MODULES ==
PRODUCTS.device/haiii/k/k.mk.PRODUCT-SDK-ADDON-DOC-MODULE :=
PR DUCTS.device/haiii/k/k.mk.PR DUCT-DEFAULT-WIFI-CHANNELS :=

product product —

crespo AndroidProducts.mk

Android
C/C++ shell
APK
. target
APK Jar
variant

variant
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185.1

config.mk 18-3

18-3

BUILD_HOST_STATIC_LIBRARY

BUILD_HOST_SHARED_LIBRARY

BUILD_HOST_EXECUTABLE

BUILD—STATIC-LIBRARY

BUILD-SHARED-UBRARY

BUILD_EXECUTABLE

BUILD_PACKAGE APK

BUILD JAVA-UBRARY Java
BUILD_STATIC_JAVA-LIBRARY Java

BUILD—HOST—-JAVA_UBRARY Java

Android.mk
Android out .git .repo
Andmid.mk Android
Andmid.mk

« external
* packages APK
Android
vendor device
Framework Java

Java
framework jar Framework —

529>



18.5.2 C

external
target target
helloMake

mainx

#include <stdio.h>

#include <stdlib.h>

#include "hello.hM

int main(QO{
makePrintf(nhello make™);
return 0

hello.h

#include <stdio.h>
#include <stdlib.h>

tifndef _HELL —H
#define _HELL _H
void makePrintf(char *str)

{

printf ("9%", str)

}

#endif

Android.mk

LOCAL_PATH:= $ (call my-dir)
include $ (CLEAR_VARS)
L CAL_SRC FILES := \

main.c
LOCAL—C- INCLUDES += $ (LOCAL_PATH)
LOCAL-MODULE := helloMake
LOCAL_MODULE_TAGS := eng
include $(BUILD_EXECUTABLE)

mk
C/C++
C/C++
C include

config.mk
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SRC-HEADERS
JbSRCHEADERS \
17 $CTOPOIR)systerri/cQre/inclyde \
j'6 $(TOPOiR)hard~tare/libhard”are/include \
p 1(1 OPDIR)hard~Qre/l\ bhard”are,legacy/inclyde \
1(1O0PDIH)hard”are/ril/include \
4 1(1OPOIUJdoIvik/Iibnativehelper/include\
52 $(TOPDIR)frome”orks/base/include \
33 S(fOPDIH)fromeviiorks/base/opengl/include \
144 1(10PDIK)framenorks/base/notive/include \
3b $(TOPDIIl)external/skiQ/inclyde
TAG eng eng
TAG optional product
PRODUCT_PACKAGES
make PRODUCT -fall_crespo-eng Android
system.img Jadb shell, , helloMake “hello make”
18.5.3 APK
APK Andmid
APK C APK C
Eclipse HelloApk Android
Android
Android out Android.mk
HelloApk
vendor HelloApk
vendor/haiii/k/apps
HelloApk bin gen Eclipse
Android
APK bin gen
Android.mk HelloApk Android.mk

LOCAL_PATH:= $ (call my-dir)

include $ (CLEAR-VARS)

LOCAL_MODULE_TAGS := optional

LOCAL-SRC_FILES := $ (call all-java-files-under, src)
L CAL_PACKAGE-NAME := HelloApk
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LOCAL-SDK_VERSION := current
LOCAL_CERTIFICATE := platform
LOCAL_PROGUARD_FLAG_FILES
! include $ (BUILD_PACKAGE)
mk
LOCAL _MODULE_TAGS
optional tests eng,

device/haiii/k/k.mk

PRODUCT_PACKAGES := \
helloMake \
HelloApk

LOCAL_SRC—FILE
Java

LOCAL_PACKAGE-NAM E
LOCAL_MODULE-NAME
LOCAL-SDK_VERSION

LOCAL_CERTIFICATE

e platform, Framework
« shared,
e user,

* tests,

LOCAL_PROGUARD_FLAG_FILES,

Eclipse proguard.cfg

include

product

PRODUCT-C PY_FILES := \

ndor/ haiii/k/helloapk/helloapk.apk:/system/app

= proguard.cfg

Java

APK

APK

Java

APK

Jar

BUILD_PACKAGE

product

<3P

SDK

Jar
Contacts

apk

optional
C
C
current Android
apk
APK
APK
product
k.mk



HelloApk.apk
APK
HelloApLapk APK
BUILD-PACKAGE-WITHAPK
Android.mk include
. HellApk JNI
. HelloApk aidl
. HelloApk Jar
. LOCAL—SRC—FILES
src
HelloApk gen bin
APK
_ APK
APK package.mk
j make Contacts -n > / Desktop/ mmm. txt
Contacts Contacts
pckage.mk mmm.txt
e Java 0

18 Android

/system/app

BUILD_PACKAGE —

APK
JNI Android.mk
Android.mk
Android.mk
src HelloApk
src Java
mmm.txt
APK

18-7 apk
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. INI
APK
Java Java
Rjava,
HelloApk APK

vendor/ haiii/k/apps/HelloApk/Android.mk

vendor/ haiii/k/apps/HelloApk/src/com/haiii/android/helloapk/Welcome.java

vendor/ haiii/ k/apps/HelloApk/ Foo.jar(FooClass.java)

vendor/ haiii/ k/apps/HelloApk/src/com/haiii/android/ helloapk/ HelloApk.aidl
J vendor/haiii/k/apps/HelloApk/src/com/ haiii/android/ helloapk/ ApkService.java

Android.mk make Welcome.java APK
Foo.jar FooClass IHelloApk.aidl
IBinder ApkService IBinder Android.mk

LOCAL_PATH:= $ (call my-dir)
include $ (CLEAR-VARS)

LOCAL_MODULE_TAGS := optional

LOCAL-N —STANDARD_LIBRARIES := false

L CAL_SRC-FILES := $ (call all-java-files-under, src) \
src/com/ haiii/android/ helloapk/ IHelloApk.aidl

L CAL_STATIC_JAVA-LIBRARIES := FoolJar

LOCAL_PACKAGE_NAME := HelloApk

#LOCAL_SDK_VERSION := current

LOCAL_CERTIFICATE := platform

L CAL_PR GUARD-FLAG-FILES := proguard.cfg

include $ (BUILD_PACKAGE)

include $ (CLEAR-VARS)

LOCAL_MODULE_TAGS := optional
LOCAL_PACKAGE_NAME := AllMyJar
LOCAL-—PREBUILT-STATIC_JAVA-LIBRARIES := FooJdar:Foo.jar

include $(BUILD_MULTI-PREBUILT)

make HelloApk -n> /Desktop/helloapk.txt HelloApk
paCkage.m k

Activity
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res Rjava
Fi
18.6.3 aidl
Android.mk aidl
LOCAL-SRC_FILES := $ (call all-java-files-under, src) \

rc/com/haiii/android/ helloapk/ IHelloApkeaidl

idl
aidl

out/host/darwin-x86/bin/aidl

-dout/ target/ common/obj/APPS/HelloApk-intermediates/src/src/com/haiii/android/ helloapk/ Hello
Apk.P

-b
-lvendor/haiii/k/apps/HelloApk
-lvendor/haiii/k/apps/HelloApk/src -1frameworks/base/core/ java
- vendor/ haiii/k/apps/HelloApk/src/com/haiii/android/ helloapk/ IHelloApk.aidl
out/ target/ common/obj/APPS/HelloApk-intermediates/src/src/com/haiii/android/ helloapk/ HelloAp

k .java

aidl aidl OPTIONS INPUT [OUTPUT], OPTIONS

e d

e -b aidl Parcelable

o - aidl import Framework

APK aidl import — Framework
aidl aidl
Java
18.6.4 Java
APK Jar Jar
Jar Android.mk

build/core/java.mk LOCAL_STATIC_JAVA_LIBRARIES



334$(LOCALMBUILTMODULIi): $(olK«s”oss€ts)

techo Marget Package: LANOOULL) ($i)H
136 i(creofcs-entpty™pQckoge)
35/ I(add~osseis~Lo-package)
($(jni~shored_1ibrsries},)
$(add~ jni "-shorted™libs - lo-packoge)
- Um
341 (SCfullrclasses”jor},)
34. $(add t o -psekfif
iCsigo-pscka]€)
_ ifiyst hoppg oft©r all other zip operotiom,.
b $(olign~pockQge)
(KIOCAUDLXMPRLOP 1), true)
A . I(hide) rm ~F $(patsubsi apk3.odex,!€}
1Ceall d pr pt- filmfW siCprtlybst l.apkjisd Ss
ICcall i € M p r io p t ,Amm”$#)
18.6.2 R.java
Java _ Rjava Rjava

out/host/darwin-x86/bin/aapt package -z -m

-J
-M

out/ target/ common/obj/APPS/HelloApk_intermediates/src
vendor/haiii/k/apps/HelloApk/AndroidManifest.xml

18 Android

jm-sh”edjibrories) S(full*android®nanifest}

aapt res

-P out/target/common/obj/APPS/HelloApk—-intermediates/public-resources.xml
-S vendor/haiii/k/apps/HelloApk/ res
-1 out/target/common/obj/APPS/ framework-res_intermediates/package-export.apk
-G out/ target/common/obj/APPS/HelloApk_intermediates/proguard_options
--min-sdk-version AOSP - target-sdk-version AOSP version-code 9 version-name AOQOSP
aapt
e - R.java
e -M AndroidManifest.xml
« P public_resources.xml
e S res
o -l APK Framework
Framework package—-export.apk
e -G proguard
Android HelloApk_intermediates/src/
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CALESTATICNJAVA_LIBRARILS +- libprotobuf™java™2.3,9™micro

LO
m |
1 LOCAUSTATICJAVA~LIBRARIES libprotobuf-java~2.3,0«lite
Ad @ .
\" L CAL_STATIC_JAVA_LIBRARIES := Foo.jar
Foo.jar
Jar HelloApk
Android.mk target target
config.mk
BUILD—-PREBUILD BUILD_MULTI_PREBUILD
Android.mk
include $ (CLEAR-VARS
LOCAL_MODULE_TAGS := optional
L CAL_PACKAGE-NAME := AllMyJdar
LOCAL-PREBUILT-STATIC-JAVA LIBRARIES := FooJar:Foo.jar

include $ (BUILD-MULT -PREBUILT)

LOCAL_PREBUILT_STATIC_JAVA-LIBRARIES

PRODUCT—COPY—FILES

for f in

do if
unzip

(cd out/target/common/obj/APPS/HelloApk_intermediates/classes && rm -rf META-INF);

Jar
HelloApk src
out/ target/ common/obj/ JAVA-LIBRARIES/FooJar—-intermediates/ javalibejar;

[ ' -f $f ], then echo Missing file $f; exit 1, fi;.
-qo $f -d out/target/common/obj/APPS/HelloApk_intermediates/classes;

Java
Jar

done
upzip Foo.jar HelloApk_intermediates/classes
java.mk

LOCAL—-IAVA_LIBRARIES

~\ ~ifneq ($(LOCALIJCLSTANUAINILI ItS), true)

32 LOCAL,JAVA_LIBRARI1ES core core-junit ext framework KLOCALJ A_Li 1LS)

endif
Andmid.mk

AndroidManifest.xml use-library
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18 .6 .5 Java Jar

Java

javac -J-Xmx512M -target 1.5 -Xmaxerrs 9999999 -encoding ascili

-bootclasspath out/target/common/obj/JAVA_LIBRARIES/core_intermediates/classes.jar

-classpath out/target/common/obj/JAVA_LIBRARIES/core_intermediates/classes.jar
:out/ target/common/ obj/JAVA_LIBRARIES/core-junit_intermediates/classes.jar
cout/ target/conunon/obj/ JAVA-LIBRARIES/ ext-intermediates/classes.jar
out/ target/common/obj/JAVA-LIBRARIES/ framework_intermediates/classes.jar
out/ target/ common/ obj/JAVA_LIBRARIES/FooJar_intermediates/ javalib.jar

-9
-d

-extdirs ™
out/ target/ common/obj/APPS/HelloApk-intermediates/classes

\Oout/ target/common/obj/APPS/HelloApk_intermediates// java-source-1list-uniq ||
(rm -rf out/ target/common/obj/APPS/HelloApk_intermediates/classes ;

» —bootclasspath Java core.jar C

e —classpath corejar extjar frameworkjar,

° 4

e —d: class HelloApk intermediates/classes
Foo.jar class

jar

java-source-list-uniq
—classpath Foo.jar
HelloApk—intermediates/classes
Jar

exit 41 )

Foo.jar,

Java

Foo.jar

Class

-cf out/target/common/obj/APPS/HelloApk_intermediates/classes-full-debug.jar

out/ target/ common/obj/APPS/HelloApk_intermediates/classes

-cf ¢ Jar f Jar
classes-full-debug.jaro
- jar Class Classes
Java
Jar acp acp cp

copy) a Advanced

Java

Class

javac
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echo Copying: out/target/common/obj/APPS/HelloApk—-intermediates/classes-jarjar.jar
out/host/darwin-x86/bin/acp

out/ target/common/obj/APPS/HelloApk_intermediates/classes-full-debug.jar

out/ target/ common/obj/APPS/HelloApk_intermediates/classes-jarjar.jar

mkdir -p out/target/common/obj/APPS/HelloApk_intermediates/emma_out/ lib/
out/host/darwin-x86/bin/acp

-fpt out/target/common/obj/APPS/HelloApk_intermediates/classes-jarjar.jar

out/ target/ common/obj/APPS/HelloApk_intermediates/emma_out/ lib/classes-jarjar.jar

echo Copying: out/target/common/obj/APPS/HelloApk_intermediates/classes.jar
out/host/darwin-x86/bin/acp

out/ target/common/obj/APPS/HelloApk intermediates/emma-out/ lib/classes-jarjar.jar
out/ target/common/obj/APPS/HelloApk_intermediates/classes.jar

echo Copying: out/target/common/obj/APPS/HelloApk_intermediates/noproguard.classes.jar
out/host/darwin-x86/bin/acp

out/ target/common/obj/APPS/HelloApk_intermediates/classes.jar

out/ target/common/obj/APPS/HelloApk_intermediates/ noproguard.classes.jar

acp

acp classes-fUll-debug.jar

HelloApk_intermediates/classes-jarj ar.jar

HelloApk intermediates/emma_cmt/ lib/classes-jarjar.jar
HelloApk—intermediates/classes.jar
HelloApk_intermediates/ noproguard.classes.jar

18 .6 .6 Jar dex

noproguard.classes.jar Jar dex
Dalvik dex dx Jar dex

out/host/darwin-x86/bin/dx -JXmsl6M -JXmxI1536M
--dex
--output=out/ target/common/obj/APPS/HelloApk_intermediates/ noproguard.classes-with-local.dex
out/ target/common/obj/APPS/HelloApk_intermediates/noproguard.classes.jar

dx
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e -dex dx dex
e —output noprogauard.classes-with-local.dex
Jar noproguard.classes.jar
acp dex

noproguard.classes.dex

out/host/darwin-x86/bin/acp
out/ target/ common/ obj/APPS/ HelloApk_intermediates/ noproguardeclasses-with-localedex
out/ target/ common/obj/APPS/HelloApk_intermediates/ noproguard.classesedex

18.6.7 APK
Dalvik dex Android APK
APK zip
e resources.arsc id
id
* res res XML
¢ classes.dex dex
¢ AndroidManifest.xml
classes.dex k APK
aapt APK classes.dex APK

APK

out/host/darwin-x86/bin/aapt package -u -z
-c en_US,...,mdpi,nodpi
-M vendor/haiii/k/apps/HelloApk/AndroidManifest.xml
-S vendor/haiii/k/apps/HelloApk/ res
-1 out/target/ common/ obj/APPS/ framework-res_intermediates/package-exporteapk
--min-sdk-version AOSP --target-sdk-version AOSP
--product default --version-code 9 --version-name AOSP
! -F out/ target/product/ generic/obj/APPS/HelloApk_intermediates/ packagee~apk

R.java aapt
Rjava apk
R.java -m -J -J R.java
src -m aapt -J R.java
-J -m

| out/host/darwin-x86/bin/aapt package -z -m
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-J out/target/common/obj/APPS/HelloApk_intermediates/src

APK -F APK
-u APK
/HelloApkjntermediates/ package.apk APK
dex APK
18.6.8 dex APK
APK zip dex

I cp out/target/common/obj/APPS/HelloApk_intermediates/noproguard.classesedex
1 out/ target/common/obj/APPS/HelloApk_intermediates//classes.dex &&

| out/host/darwin-x86/bin/aapt add -k

] out/ target/product/ generic/obj/ APPS/HelloApk_intermediates/ package.apk

| out/ target/comnaon/obj/APPS/HelloApk_intermediates//classesedex

] &% rm -f out/target/common/obji/APPS/HelloApk_intermediates//classes .dex

&& cp
dex classes.dex
aapt add add aapt APK
-k “Junkpath of file(s) added”
classes.dex package.apk
18.6.9 JN |
APK JINI Java C
JINI APK

Foo.so Foo.so HelloApk Android.mk

LOCAL—=NI_SHARED_LIBRARIES:=Foo0
LOCAL_IJNI-SHARED—+IBRARIES package.mk

Jni_shored_libraries =\
SCaddprefix S(I(my~prefix}OUILiNTERNEDIATEALIFIRARIES)/, \
ICciddiyffijc SCsmiffix) \
31 SCLOCALNININSHAREDALIBRARILS)))
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so package.mk jni_shared-ibraries
APK lib
CKjni~shored™librories),)
$(odd-jni-shQrmd-Ilibs-to-pmckoge)
348

add-jni-shared-libs-to—-package definations.mk

11 define add-jni-shared™libs-to™pockoge
1421%$(hide) IM -rf $(d\ r

1427$(hide) mkdir =P $(dir $f)lib/SCTARGETACPUABI)
14J)i$Chide) cp $(PRIWTEJNI_SHMED _LISRARIES) $(dir $#)lib/$(TARGETACPU/ABI)
I"ilChide} (cd $(dir $#) M zip -r $(notdir $#) lib}
142b$(hide) M —rf $(dir

m'endef N

rm -rf out/ target/product/generic/obj/APPS/HelloApk_intermediates/ lib
mkdir -p out/target/product/ generic/obj/APPS/HelloApk_intermediates/ lib/armeabi
cp out/target/product/generic/obj/lib/Foo.so
out/ target/ product/ generic/obj/APPS/HelloApk_intermediates/ lib/armeabi
(cd out/ target/product/generic/obj/APPS/HelloApk_intermediates/
&& zip -r package.apk lib)
rm -rf out/target/product/generic/obj/APPS/HelloApk_intermediates/ lib

lib lib/armeabi armeabi TARGET_CPU_ABI,
make —  product TARGET-ARCH-VARIANT
Foo.so lib/armeabi zip lib package.apk
lib Foo.so out lib

HelloApk—intermediates Foo.so out lib
Android.mk Android.mk HelloApk

Foo.jar Foo.so out lib

Java Android.mk

include $ (CLEAR_VARS)
LOCAL_MODULE_TAGS := optional
LOCAL_MODULE := AllMySo
LOCAL_MODULE_CLASS := SHARED_LIBRARIES
LOCAL_PREBUILT_LIBS := Foo:Fo00.so0
include $ (BUILD_MULTI_PREBUILT)

LOCAL _MODULE_CLASS
LOCAL_PREBUILT—+IBS BUILD MULTIPREBUILT
multi_prebuilt.mk
SO JNI
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HelloApk C
Android.mk HelloApk Android.mk
include JN I Andmiclmk JNI
HelloApk Androidmk BUILD_MULTI_PREBUILT
Android packages/inputmethods/PinyinlIME

INI

18.6.10 APK

‘ apk

mv out/ target/product/generic/obj/APPS/HelloApk_intermediates/package.apk
out/ target/product/generic/obj/APPS/HelloApk intermediates/package.apk.unsigned

jJjava -jar out/host/darwin-x86/framework/signapk.j ar
build/ target/product/security/platform.x509.pem
build/ target/product/security/platform.pk8
out/ target/product/ generic/obj/APPS/HelloApk-intermediates/package.apk.unsigned
out/ target/product/generic/obj/APPS/HelloApk-intermediates/ package.apkesigned

package.apk .unsigned signapk.jar
Java Java pem Pks
platform shared user tests, pks
pem build/target/product/security/README
pks pem
18.6.11 zipalign APK
“ ” APK APK
NAND Flash NAND
zipalign APK
zipalign

mv out/target/product/generic/obj/APPS/HelloApk_intermediates/package.apk

out/ target/product/ generic/obj/APPS/HelloApk_intermediates/package.apk.unaligned
out/ host/darwin-x86/bin/zipalign #
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| -f 4

out/ target/product/ generic/obj/APPS/HelloApk_intermediates/package.apk.unaligned
out/ target/product/generic/obj/APPS/HelloApk-intermediates/package.apk.aligned

mv out/ target/product/generic/obj/APPS/HelloApk_intermediates/package.apk.aligned

out/ target/product/ generic/obj/APPS/HelloApk_intermediates/package.apk

pckage.apk .unaligned, zipalign
e -f
. 4 4 32
package.apk.aligned package.apk APK APK
package.apk system/app
HelloApk.apk,

out/host/darwin-x86/bin/acp -fpt
j out/ target/product/ generic/obj/APPS/HelloApk_intermediates/package.apk
out/ target/product/ generic/system/ app/HelloApk.apk

Framework
“Framework ” Framework Framework
Jar
« frameworkjar, Framework Java Class
Class dex

e corejar, dalvik Java String

e extjar,

¢ framework-res.apk, Framework
18.7.1

Framework ' APK APK
Jar android make framework —n >

-/Desktop/framework.txt Framework framework.txt

Framework 18-8
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188 framework.jar

1 aidl aidl framework/base Android.mk
LOCAL_SRC FILES aidl_files Framework
aidl SDK aidl
2 core.jar “core” Dalvik Java framework/core
(1) core Android libcore JavaLibrary.mk core
Jar
(2) dx dx dxjar Jar
dex
(3) core Jar dex
(4) dex core.jar core.jar
core.jar Jar core
dex core.jar dex
3 bouncycastle.jar Jar Jar core.jar
Jar dex Jar
4 core—jimit.jar core
5 extjar ext framework/base/Android.mk
ext_dirs := \

/external/nist-sip/java \
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../ ..lexternal/apache-http/src \

../ ..lexternal/ tagsoup/src
ext_src-files := $(call all-java-files-under,$ (ext_dirs
ext.jar core.jar ext.jar dex dex ext _dirs
Java
6 framework-res.apk R.java Framework APK
APK APK
framework-res.apk, Framework dex
dex Framework framework.jar
Rjava, aapt R.java
7 framework.jar core ext framework.jar Java
framework/base/Android.mk
8 framework-rcs.apko
(1) signApk
(2) zipalign
(3) aapt framework-res.apk signApk
platform zipalign
18.7.2 framework/core/ext Jar
Framework jar Framework core ext Jar
Linux Dalvik Linux
Dalvik C/C++ dex dex
dex Java Javac
Java String Runtime
Java Java
INI core.jar Java
Framework Dalvik Android
“ ” Andmid Java
framework jar core.jar — dex
Dalvik Framework

ext
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Jar framework/base/Android.mk
androidjar
android.jar  framework.jar android.jar SDK
/android-sdk-mac—86/platforms/android-7/android.jar android-7 SDK
Android Eclipse
androidjar Eclipse android 18-9
androidjar Framework framework jar
andmidjar
18-10 Framework aidl res
Java “ ” “ ”
“ ” Framework
HelloApk
>"SfC

® com,hJtiiLandroid.lielloapk
3 ApkServiceJava
(jj Welcome.java

IHdlcsAd Ad
13 {e&djaa Hed
23A

~ 0 android
til android.accessibHityservice

» £0 android.accoufits

189 Eclipse androidjar 18-10 Framework
13 ” S D K
androidjar SDK “ "
androidjar “ ”
18.8.1
aapt aapt id id
id res/values
public.xml

public.xml HelloApk
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res/values attrs.xml

<resources>

<attr name="checkboxStyle_2" format="reference" />
<attr name=McheckboxStyle_3" format="reference" />
<attr name=ncheckboxStyle_4n format""reference" />

</ resources

Android aapt

aapt package -x -z m -J out/target/common/obj/APPS/HelloApk_intermediates/src

-M vendor/haiii/k/apps/HelloApk/AndroidManifest.xml

-P out/ target/common/obj/APPS/HelloApk_intermediates/public_resources.xml

-S vendor/ haiii/k/apps/HelloApk/res

-1 out/target/common/obj/APPS/ framework-res_intermediates/ package-export.apk

-G out/target/common/obj/APPS/HelloApk_intermediates/proguard_options
min-sdk-version AOSP target-sdk-version AOSP

version-code 9 version-name AOSP

-X aapt
out/target/common/obj/APPS/HelloApk_intermediates
attrs id

non-application) id
R.java

public static final
public

class attr {

static final int checkboxStyle_2=0x02010000
static final int checkboxStyle-3=0x02010001
static final int checkboxStyle_4=0x02010002

public
public

-X id 0x02 X

0x07 0x02010000

e 02 01 07
Framework 07

« 01 01 attr 02 drawable 03
string

e 0000 id 0

HelloApk_intermediates public_resources.xml

XML

<resources>

<!1-- PRIVATE SECTION. These resources have not been declared public.

You can make them public my moving these lines into a file in res/values.-->
#
<!-- Declared at vendor/haiii/k/apps/HelloApk/res/values/attrs®. xml:2 -->
<public type=nattr” name="checkboxStyle_2" 1d="0x02010000" />
<!-- Declared at vendor/haiii/k/apps/HelloApk/res/values/attrs.xml:3 -->

<public type="attrn name=ncheckboxStyle_3n id=n0x02010001M />

548

layout 04

01
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<!1-- Declared at vendor/haiii/k/apps/HelloApk/res/values/attrs.xml:4 -->
<public type=nattrM name="checkboxStyle_4M id=M0x02010002" />

<!l-- Declared at res/drawable-ldpi/icon.png:0 - >
<!l-- Declared at res/drawable-mdpi/icon.png:0 >
<!-- Declared at res/drawable-hdpi/icon.png:0 -->

<public type=,drawable”™ name=,licon” id="0x02020000f />

<!-- Declared at res/layout/main.xml:0 -->
<public type="layout” name= fain” 1d="0x02030000" />

<!-- Declared at vendor/haiii/k/apps/HelloApk/res/values/strings.xml:3 -->
<public type=Mstring” name="hello"” id="0x02040000" />
<!l-- Declared at vendor/haiii/k/apps/HelloApk/res/values/strings.xml:4 -->

<public type="string"” name="app_name" id="0x02040001" />

</ resources>

aapt PRIVATE SECTION
“ ” HelloApk
Rjava Rjava

Rjava
HelloApk_intermediates/src/com/haiii/android/helloapk/
HelloApk/res/values public.xml
resources .
<public type=flattrnmname="checkboxStyle_2" id="0x02010000>> />
<public type==attr'name="theckboxStyle-3n id=,10x02010002f />
</ resources>
attrs.xml attr id
public_resources.xml R.java
public_resources.xml PUBLIC SECTION
<resources>
<!-- PUBLIC SECTION. These resources have been declared public.
Changes to these definitions will break binary compatibility. >
<public type=nattr”"name=ncheckboxStyle 2n id="0x02010000" />
<public type="attr"name=IllcheckboxStyle_3n id="0x02010002" />
< 1 :PRIVATE SECTION. These resources have not been declared public.
You can make them public my moving these lines into a file in res/values.-->

<!-- Declared at vendor/haiii/k/apps/HelloApk/res/values/attrs.xml:4 -->
<public type="attr"” name= "checkboxStyle 4" id="0x02010001" />
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public_resources.xml

¢ public.xml attr PUBLIC SECTION id
public.xml id
e PRIVATE SECTION
R.java public.xml public.xml attr
id
“ ” “ ” PRIVATE
PUBLIC SECTION Rjava

framework/base/core/res/res/values/public.xml
private-symbols,

Rjava
HelloApk/res/values/public.xml

<resources>

<private-symbols package="com.haiii.internal” />

<public type=,attr" name=McheckboxStyle_2" id="0x02010000M />

<public type="attr" name=ncheckboxStyle_3" 1id=,0x02010002" />
</ resources>

aapt public_resources.xml R.java
public_resources.xml src com/haiii/intemal

private-symbols src R.java

localhost:HelloApk_intermediates keyd$ pwd

/I Users/ keyd/android22/out/ target/ common/obj/APPS/HelloApk intermediates
localhost:HelloApk_intermediates keyd$ find . -name R.java
.Isrc/com/haiii/android/ helloapk/R.java

./'src/com/haiii/internal/R.java

Rjava

package com.haiii.android.helloapk;
public final class R {
public static final class attr {
public static final int checkboxStyle-2=0x02010000
public static final int checkboxStyle_3=0x02010002

public static final class drawable {
/

public static final class layout {
i

public static final class string {



package com.haiii.internal
public final class R {
public static final

public static final
public static final
public static final

}

public static final
public static final

public static final
public static final

class

class attr {

int checkboxStyle-2=0x02010000
int checkboxStyle_3=0x02010002
int checkboxStyle-4=0x02010001

class drawable {

int icon=0x02020000;

layout {
int main=0x02030000;

18 Android

}
public static final class string {
public static final intapp_name=0x02040001;
public static final int hello=0x02040000;
R.java R.java public R.java
Framework android.jar frameworks/res/res/values/public.xml
public android.jar Framework
SDK framewroks public.xml
18.8.2 aidl
Framework aidl framewords/base/Android.mk aidl
LOCAL_SRC_FILES += framework.jar
aidl Java
aidl_files = androidjar aidl
Framework aidl SDK
SDK

LOCAL_SRC_FILES

18.8.3 Java
Framework Java
| LOCAL_SRC_FILES := $ (call

frameworks/base/Android.mk

find-other-java-files,$ (FRAMEWORKS_BAp_SUBDIRS))



Android

find-other—java-files

FRAMEWORKS_BASE_SUBDIRS

Java build/core/pathmap.mk
~~~fRANLA"ORKSmBAStmSUBDIRS :...\

Sy ICsddsyffiK /jcivci3 \
11 core \

graphics \
83 locotton \
el media \
15 drm \
16. oPengi \
6 ? SOX \
M telephony \

wifi \

vpm \

1 keystore \
.92 ‘'voip \
93 )
Framework Java
Java Java
Java
frameworkjar Java
SDK androidjar
androidjar Java
android.jar Java javadoc

LD-LIBRARY-PATH=out/ host/darwin-x86/1ib \
jJavadoc \

Java

make sdk

\@out/ target/product/ generic/obj/JAVA_LIBRARIES/api-stubs_intermediates/droiddoc-src-list \

-J-Xmx7 68m \

-J-Djava.library.path=out/host/darwin-x86/1ib \

\

-quiet \

-doclet DroidDoc \
-docletpath

out/host/darwin-x86/framework/ clearsilver._jar:out/host/darwin-x86/framework/droiddoc.jar
out/ host/darwin-x86/ framework/apicheck.jar \
-templatedir build/tools/droiddoc/ templates-sdk \
-templatedir build/ tools/droiddoc/ templates \
-htmldir out/target/common/docs/gen \

-htmldir frameworks/base/docs/html

\
-classpath

out/ target/common/obj/ JAVA-LIBRARIES/bouncycastle_intermediates/classes.jar...

-sourcepath frameworks/base/core/ java:...

-d out/target/common/docs/api-stubs \

-hdf page.build OPENMASTER-eng.keyd.20110318.100834

-hdf page.now

"18 Mar 2011 10:08"

\
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-knowntags ./frameworks/base/docs/knowntags.txt
-since ./frameworks/base/api/1l .xml 1
-since ./frameworks/base/api/2,xml
-since ./frameworks/base/api/3 xml
-since ./frameworks/base/api/4 .xml
-since ./frameworks/base/api/5 .xml
-since ./frameworks/base/api/6 xml
-since ./frameworks/base/api/7 .xml
-since ./frameworks/base/api/8 xml
-since ./frameworks/base/api/9 ml
-werror -hide 13

© 0N O~ WNDN

-overview frameworks/base/core/ javal/overview.:

-hdf sdk.version 2.3

-hdf sdk.rel.id 1

-stubs out/ target/ common/obj/JAVA_LIBRARIES/ android-stubs current-intermediates/src
-apixml out/target/common/obj/PACKAGING/public_api =xml

-nodocs
. since SDK API API
. —apixml Framework API

public—api.xml android.jar Java javadoc

@hide public—api.xml,
“ ” Java @hide
public—api.xml frameworks/base/api
current.xml,

out/host/darwin-x86/bin/acp
out/ target/common/ obj/PACKAGING/ public_api .xml
frameworks/base/api/current.xml

public_api.xml Framework
API SDK
public api.xml make update-api javadoc
Framewrok Java public_api.xml

android.jar Java

adt

Android Development Toolkit (AD T) Android

Eclipse android.com adt



Android

adt adt Android

» sdk/eclipse/README_WINDOWS.txto
« sdk/eclipse/scripts/build_pluginsssh
« sdk/ eclipse/scripts/build—senver,sh

Linux ADT Mac
Linux Linux adt
Linux Eclipse Mac Windows Eclipse Eclipse
Java ADT Jar
Java
adt

$ cd sdk/eclipse/scripts
CLIPSE_PATH= $H ME/eclipse"” ./build_server.sh

buikLserver.sh

ECLPSE-PATH eclipse eclipse HOME
eclipse plugins zip
1
Android mage shell python
/
Android tools find,

-name “tools” Android
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ROM
Linux ROM
ROM
ROM
CPU
CPU
CPU
CPU

Android

Andmid
ROM

CPU
I1/0
I/0

CPU

usSB SPI

CPU

CPU

19-1

ROmM

ROM

CPU
CPU
CPU
1KB

BootLoader)

NAND Flash

ROM

/

CPU

1/0)
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2A32=4G

OXtMO 0(XY) NANO FLASH
19-1 Android
CPU ARM 32 4GB
4GB 4GB
* SRAM
CPU C *(addr) = 0x5555, addr
OxO0IfO000 0x5555
512KB 1MB 2MB
*« NAND Flash U NAND Flash
U 2GB 4GB Nexus S NAND Flash
16GB 4GB 16GB
NAND Flash 4
CPU NAND
NAND 16GB NAND
32 32 CPU
4GB NAND 4
NAND 0x1234 NAND 4
NAND NAND
0x1234 CPU NAND Flash 10
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Memory Technology Device “
" Linux MTD
« SDRAM RAM SRAM
CPU SRAM
. CPU
UsSB CPU CPU
SDRAM CPU
PC PC CPU
CPU
CPU CPU
(13 th] 13 7 13 7 Intel CPU
CPU
CPU CPU CPU
OnChip) CPU
CPU
NAND Flash
NAND Flash CPU
ARM CPU NAND Flash
NAND
NS NAND Flash 19-1
* Second Bootloader 2MB
1KB CPU “ "
NAND
NAND FAT32 NAND
CPU FAT32

1K B



Android

2MB
JTAG
Group,
CPU
JTAG
2MB
Ext
PC
Linux
Oxf000 000
* misc
* boot Linux
e recovery boot
boot
» cache
¢ Radio
3GB
Radio

Linux
Ext

Second Bootloadei»

Ext usB
Linux
JTAG
JTAG Joint Test Action
CPU CPU 14
14
CPU
CPU CPU
fastboot
update.zip usB PC
SDRAM
Linux 0x4000 0000
0x4000 0000
sMB
sMB
Linux
boot



system Android Android
503MB
data data 1GB
sdcard SD
Android
13GB
Image)
NAND Flash
Image
.img doc .zip
Image

ROM Flash

int

img

Android boot.img zlmage ramdisk.img
boot_img Linux boot header: 1page

bOOti m g . h kerriei: n pog©s
/system/core/mkbootimg/bootimg.h

bOOt_ |mg ramdisk: m poges

19_2 second stag®: 0 pages
boot.img bootin
Page NS NAND Flash
Page 4096

kernel n Page

19 Rom

NAND Flash
SD

system.img boot.img
.img

ROM Flash

system.img,

mag§_

kemes..size kemetaddf
ramcHskjsize

S8oorsd, si2e seconC.addr

tats.addr

unusec'O] umi
product,,name[i6]
amdiine{s12J

oglisam  / ¥f /

bootimg
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ramdisk m Page, m
sencond stage bootimg.h
boot.img 0

magic[8] “ANDROIDY

¢ kermnel-size: Linux

e kemel_addr kernel
e ramdisk size ram disk addr ramdisk kernel—size
e tags—addr
e page size NAND Flash NS 4096
e unused[2]
e product name[16] 16
e cmdline[512]
< id[8]
Page 0x0000 Oxffff
boot.img img kernel ramdisk.img img
kernel
.0bj
Linux Linux
zip zlmage
kernel boot.img kernel
ramdisk Linux Linux
cp mv chown
Linux init.rc cp mv chown
Linux init.rc
Linux ramdisk.img

ramdisk ramdisk “ ”
ramdisk

ramdisk Linux
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ramdisk ramdisk.img
Linux Linux ramdisk
mmdisk
ramdisk
ramdisk
system.img
ramdisk.img system.img yaffs
yaffs FAT16 FAT32 NTFS— yaffs Linux
NAND Flash Andmid yaffs
unyaffs yaffs PC yaffs
unyaffs yaffs
ramdisk.img”
yaffs ” ramdisk.img system.img
yaffs yaffs folder
PC
yaffs
yaffs folder yaffs
system.img
Android NAND Flash system
yaffs, yaffs system
system.img yaffs
PC folder
yaffs yaffs yaffs yaffs
folder
system.img system yaffs PC
folder system
NAND Flash
NAND Flash
system

19-3
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w
fi c
f Msector te cfor
_ctor
Ms@ctor -< +_
Mseetor
#_CtOI‘Z Wseetor
256M 512M g
19-3
-19-3 folder yaffs 256MB
256MB system.img Android 512MB  system
256MB yaffs
Nexus S (NS ) Image
NS image
1931 Linux Kernel
NS kernel git://android.git.kemel.org/kemel/samsung.git git clone
Git
f git clone git://android.git.kernel.org/kernel/samsung.git kernel
kernel kernel android
, origin, branch,
android-samsung-2.6.35, git branch
gitpull
| git pull origin
Mac Mac 10.6.6 Mac
1 libelf sudo port install libelf
2 sudo In -s /opt/local/include/libelf /usr/include/libelf

/usr/include, libelf

kemel
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f Mac elf.h kernel
/usr/include
11? gsed sudo port install gsedo
5 /Jusr/include malloc.h Mac /usr/include
malloc.h include <sys/malloc.h>, malloc.h
Mac kernel kernel Linux
kernel kernel
NS mymake.sh
kernel chmod a+x

export PATH=/Users/ keyd/android22/prebuilt/darwin-x86/ toolchain/arm-eabi-4.4.3/bin/ :$PATH
make ARCH=arm clean

make ARCH=arm herring_defconfig

make -j4 ARCH=arm CR SS_C MPILE=arm-eabi -

Android /Users/keyd/android22 Android
Mac ARM arm-eabi-4.4.3 PATH
herring_defconfig NS kernel herring NS
make CROSS _COMPILE
kernel Linux Android
kernel arch/arm/boot/ zlmage Linux
19.3.2 N S
Linux Android Android
Android CPU
. mpeg H.263
TI OMAP

ARM DSP MSM
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ARM DSP
. ARM DSP DSP DSP
ARM ARM
DSP Android DSP
DSP
DSP
GPS
Android
Android
Android
NS /device/samsung/crespo/extract-files.sh device  android
device samsung crespo NS crespo
herring crespo NS herring NS Linux
android vendor/samsung/crespo/
proprietary extract-files.sh Android
device/common/generate—blob-scripts.sh
19.3.3 system.img
system.img
. ./build/envsetup.sh
ake -j4 PRODUCT-full crespo-eng
source source
fUIl_crespo device/samsung/crespo/foll_crespo.mk eng
user

userdebug eng eng engineer

LOCAL MODULE TAG
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eng systemimg
-j4 PC 4
-j8 2
1
Linux zlmage system.img
/device/samsung/crespo kernel Android
crespo Linux zlmage, zlmage
Android out/target/product/crespo image
ramdisk.img boot.img  system.imgo
image root system root ramdisk.img
system system.img
system.img yaffs Android
system system yaffs
yaffs Android2.3 system.img
yaffs Linux ext4 yaffs ext4
yaffs
PATH=/Users/ keyd/ android/ android22/ out/ host/darwin-x86/ bin:$PATH
kyaffs2image system s.img
mkyaffs2image Android yaffs out/host
image
ext4
PATH=/Users/ keyd/ android/ android22/out/ host/ darwin-x86/ bin:$*PATH
ake_ext4fs -s -1 536870912 -a system s.img system
-1 16 0x20000000, 16G -a
system -S
make_ext4fS image 16GB
make_ext4fs Android
19.34 ramdisk.img
ramdisk.img Android ramdisk.img bionic Linux
Linux Kernel Andmid

ramdisk.img ramdisk.img system.img
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ramdisk.img ramdisk
Android mkbootfs boot ramdisk.img

cd /Users/ keyd/android/android22/out/ target/ product/crespo
kbootfs boot | gzip > ramdisk2.img

boot ramdisk.img mkbootfs
boot.img boot.img ramdisk.img
19.3.5 boot.img
boot.img Android mkbootimg

PATH=/Users/ keyd/ android/ android22/out/ host/ darwin-x86/bin:$PATH
bootimg --kernel zlmage ramdisk ramdisk. img cmdline ‘console=ttyFIQ0 no-console-suspend:

base 0x30000000 --pagesize 4096 -0 boot2.img

-kernel Linux kernel zlmage —-ramdisk
ramdisk.img ——pagesize NAND Flash Sector) -0
boot.img -cmdline no_console_suspend
root
-base Kernel NS 0x3000 0000
mkbootimg 0x1000 0000
bootimg 19-4
n booLimg - Data
Len $80201000| Type/Creator: / [SeL $00000000 00000000 /$00000000
00000000: 1 4E 4452 4F 49 44"2TT00 BF 21000080 00 38 R\NOROmT * J " »&@ N
00000010 57 31 0280 00 08 OO 31 !0000 00 00iOO OO0 FO 30 gl ..... 11— . .0f!

00000020 00 01 0830jJ00 10 08 80!0800 0080 00 00 80 00 .mwQ..... .........

19-4 boot.img

bootimg Linux kernel zlmage kernel
device/samsung/crespo/kemel Android
festboot Image
image image NS NAND

Plash 4
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NS JTAG fastboot
CPU
image
Android fastboot PC NS
fastboot image NS
NS Flash
Flash
| fastboot oem unlock
NS

fastboot

| fastboot flash partion_name imageFile
partion—Aame boot
system imageFile image
image fastboot Fal AdadanGrego
Android
| fastboot erase partion—ame
data 1008
| fastboot erase userdata
265711433
bootimg ledadeyd-24:
system.img Flash
= eyi20, 102 tetheys a9
Linux 19-5
19-5 fe

. “Home”
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logcat logcat

19.5.1

logcat

W/ KeyCharacterMap( 800) : No keyboard for id 0O

W/ KeyCharacterMap( 814) : Can1l open keycharmap file

E/KeyCharacterMap( 814) : Can"t find any keycharmaps (also tried
;I system/usr/ keychars/ qwerty.kcm.bin)

find grep base/libs/ui/KeyCharacterMap.cpp load()

I snprintf (path, sizeof(path), "%s/usr/keychars/%s.kcm.bin", root, tmpfn);

tmpfh getprop()

sprintf(propName, "hw.keyboards.%u.devname", id);
err = property_get(propName, dev,"");
if (err >0 {

/1 replace all the spaces with underscores
strcpy(tmpfn, dev);
hw.keyboards.O.devname adb shell
getprop hw.keyboards.O.devname
setprop hw.keyboards.0.devname cypress-touchkey cypress—-touchkey
/system/usr/keychars

init.herring.rc

on boot
mount debugfs /sys/kernel/debug /sys/kernel/debug
setprop hw.keyboards.0.devname cypress-touchkey

make -8 PRODUCT-full_crespo-eng, fastboot
boot.img

19.5.2

logcat
| W/ KeyCharacterMap( 828) : Can"t open keycharmap file
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W/ KeyCharacterMap ( 828) : Error loading keycharmap file
system/usr/ keychars/ herring-keypad.kcm.bin®. hw.keyboards.196609.devname= *herring-keypadf

hw.keyborads.196609.devname herring-keypad
/system/usr/keychars herring-keypad.kcm.bin s3c-keypad.kem.bin
s3c-keypad
Android /device/samsung/crespo s3c-keypad
s3c-keypad.kem  s3c-keypad.ki herring-keypad
Android.mk device.mk herring-keypad

«/ device/ samsung/ crespo/ Android.mk:L CAL_SRC_FILES := s3c-keypad.kcm
./ device/ samsung/ crespo/ device.mk:
device/ samsung/ crespo/ s3c-keypad.kl:system/usr/ keylayout/ s3c-keypad.kl \

./ device/ samsung/crespo/ device.mk: s3c-keypad.kcm \
make 48 PRODUCT -full_crespo-eng Android system.img
Flash
logcat
Android Activity,
dispatchKeyEventO
public boolean dispatchKeyEvent(KeyEvent event) {
int keyCode = event.getKeyCode();
int code = event.getScanCode();
int action = event._getAction();
Activity keyCode
0, code
Jdevice/samsung/crespo herry-keypad.ki
key 42 VOLUME_UP WAKE
key 58 VOLUME_DOWN WAKE
key 10 POWER WAKE
event.getScanCode() gwerty .kl
key 115 VOLUME-UP WAKE
key 114 VOLUME_DOWN WAKE
key 116 POWER WAKE
herring-keypad.kl qwerty.kl

s3c herring
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19.5.3 WIFI
Google W IFI bcm4329.ko
Linux Kernel zlmage
kemel/drivers/net/wireless/bcm4329/bcm4329.ko Android /system/modules

/system/modules

./adb push /Users/keyd/android22/kernel/drivers/net/wireless/bcm4329/bcm4329 .ko
system/ modules/

ROM AOSP Google
Gmail Google GmaiKGtalk
Google Maps Gmail Email
Google Gmail Gmail
19-6
WYuandanke@gmail.com
19-6 Gmail
. \ Gmail
. rn.google.com gmail.com
e SSL SSL SSL
Gmail
AOSP

product PinyinIME
build/target/product/fUll-base.mk PRODUCT—PACKAGES PinyinIME


mailto:yuandanke@gmail.com
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1954 Google Mobile Service (GMS )
GMS Google Gmail Google Map AOSP
APK
logcat
GMS APK APK
GMS Framework
Framework Feature /system/etc/ XML
GMS Jar Framework Google Map
Jar /system/framework
GMS Service Service GMS APK
Google APK APK GMS
NS
19-1
19-1 GMS
T m
ns/permissions/com.google.android, maps.xml /system/etc/permissions/
ns/permissions/features.xml
ns/app/*.apk [systenvapp
ns/framework/ com.google.android.maps jar [systenvframeworks/
adb push
out system make
PRODUCT-product name-variate, system.img
make_ext4fs system system.img
vendor vendor mk
PRODUCT_COPY_FILES crespo m k
vendor/samsung/crespo/device-vendor-blogs.mk, vendor/samsung/crespo/gms
GMS device-vendor-blogs.mk
PRODUCT_COPY—FILES
Gmail Google Maps Google Market GMS
Market Google
ROM Andmid
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Android 19 Nexus S
. Android
. Andmid n

TIOMAP Techv-35xx,
Techv-35xx Q)
OMAP3530 600MHz ARM Cortext-A8 430MHz
DSP Android LG Motorala
TI TI
Android Donut Donut Androidl.6

GingerBread
BBS
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SurfaceFlinger

Techv-35XX

Techv-35XX
TV-OUT

Techv-35XX
EL-ARM-DSP-IV EL-ARM-860

RJ45

NAND

TV out

TOUCH SCREEN
Control

LCD

connetor ¥ BUFFER|

Techv-35XX

OMAP3530

Android

20-1
UsB SD/MMC

CPU

20-1 Techv-35XX

OMAP3503

* 600-MHz ARM Cortex™-A8 Core

* ARM

430-MHz TMS320C64x+™ DSP Core
16kBI_Cache 16kB D_Cache 256kB L2

JTAG

Binder

CPU
TFT
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. 64kBSRAM 112kBROM

 128MByte 32 DDR SDRAM, 166MHz
« 256MByte 16 NAND Flash
/
1 1
e TV
/
« 8 TFI/35

. uSB
« SD/MMC
. RJ-45 10M/100M

- 8
« 3.3VITAG

Techv-35XX Bootload, Android TechV-3530 Bootload
Linux Ubuntu 10.04, Ubuntu

Ububtu /media/cdrom arm-"0O0TqgSdl-arm-none-linux-
gnueabi-ieSG.tar.bzZ] /opt Linux

cd /opt
udo tar xvj f arm-2007g3-51-arm-none-linux-gnueabi-i686 .tar.bz2

| export PATH=/opt/arm-2007q3/bin:/ home/u-boot/ tools:$PATH

575
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of .barsrc
| echo $PATH

f nfs
(1) Ubuntu nfs
j apt-get install nfs-kernel-server
(2) nfs
| vi /etc/exports

Ubuntu nfs

} /home/omap3evm_nfs * (rw,sync,no_subtree_check)

(3) nfs

| mkdir /home/omap3evm_nfs

| chmod 777 -R /home/omap3evm_nfs

(4) Ubuntu nfs

J -/etc/init.d/nfs-kernel-server restart

(5) nfs
mount 192 .168 .3.111:/home/omap3evm_nfs /mnt (192 «168 .3+111
d /mnt ( mnt /home/ omap3evm_nfs
NP

(1) tftp

| sudo apt-get install tftp tftpd openbsd-inetd

(2) tftpboot

cd /
udo mkdir tftpboot

udo chmod 777 tftpboot

1P)



(3) sudo gedit /etc/inetd.conf

tftp dgram udp wait nobody

(4)

sudo /etc/init.d/openbsd-inetd reload
udo /etc/init.d/ xinetd restart

20

/usr/sbin/ tcpd

udo in.tftpd -1 /tftpboot
(5) gedit/etc/xinetd.d/tftp

service tftp
disable =no
socket type =dgram
protocol =udp
wait =yes
user =root
server =/usr/sbin/in_tftpd
server args =-s /[ tftpboot -c
source =11
cps =100 2

(6)

RUN_DAEMON=Mno"
OFriONSJ-s [/tftpboot -c -p -U tftpd”

sudo gedit/etc/default/tftpd-hpa

(7)

cd /tftpboot

tftpboot

sudo touch aaa
sudo chmod 777 aaa
(8) tftp
cd /home
sudo tftp 192.168.1.111 (192.168.3.111
get /tftpboot/aaa
home
1. permission denied
tftp
2. Access violation

aaa

TI OMAP Techshine
/usr/sbin/in.tftpd /tftpboot
tftp
1P)
tftp

chmod 777

su root
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. X_loader
CPU x-loader Xx-loader
NandFlash MMC/SD X-loader
UBoot UBoot
1 x-loader
2. UBoot
X-load.tar.bz2 Linux /home /home

tar xvzf x-load.tar.bz2

/home linux_host signGP

/home/x-load

export PATH=/opt/arm-2007q3/bin:/ home/ u-boot/ tools:$PATH
make distclean

make omap3evm_config

make

X-load.bin;

X~-load.bin FLASH

X-load.bin Linux /home/linux—host/
Linux

| sudo "home/ linux-host/signGP /opt/linux_host/x-load.bin

/opt/linux_host/ X-load.bin.ift;
X-load.bin.ift FLASH X-load
u-boot
UBoot
NandFlash USB $

UBoot k

DDR

sudo
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u-boot.tar.bz2 Linux /home /home

| sudo tar xvzf u-boot.tar.bz2

/home/u-boot

export PATH=/opt/arm-2007q3/bin:/ home/u-boot/tools:$PATH
make distclean

make omap3evm_config

make

u-boot u-boot.bin

Techv-35XX Linux

Linux

20.5.1 Touchscreen



Android

[*1 Touchscreens --->
<*> ADS7846/TSC2046 and ADS7843 based touchscreens

20.5.2 KeyBoard

! Device Drivers --->
Input device support --->
*1 Keyboards --->
<*> Android keypad Support
<*> Ds7279 keypad support
< > Ds727 9860 keypad support

EL-ARM-DSP-IV EL-ARM-860 Ds7279 keypad
support <* >Ds7279 860 keypad support
Menu up Home Not Defined
Left Enter Right Not Defined
Volume Down Down Volume Up  Not Defined
Not Defined Back Not Defined  Not Defined

EL—ARM—DSP—IV
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Not Defined Not Defined Not Defined  Not Defined
Not Defined Menu Up Home
Not Defined Left Enter Right
Back Volume Down  Down Volume Up
EL-ARM-860
20.5.3 Audio
'[SA fur
Arrow keys navigste the ~enti. <Eeter> selects sufeuemis - - - Hiahlxghted letters are mtkeys. Pressing <Y>

ioclii#@sf <a> excludes < > "odylsrizes features- Press <Esc>«Esc> to exitf <?> for Help, </> for Search.

['1 teilt-in | 3 excluded << module < > fiafele capable

<> "C Audio for the Texas InstrMe~ts OHAP chips
<> $qC Audio support for CMAPSEVA
<> Build all AsaC COPEC drivers

Device Drivers --->
<*> Sound card support --->
<*> Advanced Linux Sound Architecture --->
- Support old ALSA API
*1 Verbose proofs contents
<*> ALSA for SoC audio support --->

<*> SoC Audiofor the Texas Instruments OMAP chips
<*> SoC Audiosupport for ®AP3EVM



20.54 A4MMC/SD

0 “sodikie™ werblarisfetf v Press
jonltm i AxeXtiM AMu\* <> r

|
<
»

to Oxit« me> far Hel'< «/> far

>:Miach 4 106 <Irver
kffer f< si-p© hosts
D{0 tINT/OPS <XV SKSprt
m< hmt §i

Sur* Dgtal H X
"1 p I mixxmdi® csr(f M
mp s .
WW iA  support
o A" s&ie €& inn d
m7/A/NOt0 mi&i

Device Drivers --->
<*> MMC/SD/SDIO card support --->
[*1 Allow unsafe resume (DANGEROUS)
<*> MMC block device driver
*1 Use bounce buffer for simple hosts

<*> Tl OMAP High Speed Multimedia Card Interface support
*1 OMAP SDIO Support

*1 Marvell SDIO WLAN support

20.5.5 NandFlash

Arrn
xntlydes/ ‘U <:<dwte-y futures. * Ra><<
L 1 Utsin 11 Sman

s-uhnjwis "1
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ijls f, . HD device
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Device Drivers
*> Memory Technology Device (MTD) support
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<*> NAND Device Support —m>
[*]1 Verify NAND page writes
<*> NAND Hash eévice on OMAP2 and OMAP3
2056 LCD
lirrm k«ys n”vigste mren.  >ctnt’r> selecls“rmrmuvis — i lighted letters are fiotk"ys: ?ressing <v>
i"A (l)\K"yt(Al cl KU el |<|>>_<9>>vxﬂs7> to 1, <7> fo? </% Uu Seni

Device Drivers

Graphics support

<*> Support for frame buffer devices

<*>

@

<*>

Console display driver support

——>

OMAP frame buffer support (EXPERIMENTAL)
Consistent DMA memory size (MB)

[*1 Backlight & LCD device support

_—

< > Lod«v-N Al

Al it switch tm i r4tis
t trmX LD, coxtroller. support
c3 iNtlai"atio”™
@ > WA mmory size HB)
H icALiJ\ ~ tep Aipport
bt SEUL .
lp >

-—

——>

Backlight support for OMAP3EVM VGA LCD Panel

—>

<*> Framebuffer Console support

[*] Bootup

20.5.7

linux-2.6.28—-omap.tar.bz2

logo

-—>

Linux

sudo tar xvzf linux-2.6.28-omap_android.tar.bz2

/home/linux-2.6.28—-omap

/home

4
export PATH=/opt/arm-2007q3/bin:/ home/u-boot/ tools:$PATH

make omap3_arm_dsp_iv_android_defconfig #

583

ARM-DSP-1V

Techshine

/home
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(make omap3_arm_860_defconfig # ARM-860 }
\# —

make menuconfig

make ulmage

arch/arm/boot ulmage

Techv_35XX Android

Android Android

module-init(Kbd7279-1nit);

module-exit(Kbd727 9_Exit);

%

void Setup_Kbd727 9(void)
{
int i,result;
omap-cfg-reg(OMAP3-KBD-GPI
if (gpio-request( MAP3_KBD-GPI "kbd727 9 IRQ™) < 0)
printk(KERN-ERR "Failed to request GPI d for kbd IRQ\nM);
gpio_direction_input( MAP3_KBD-GPI
set_irq_type(OMAP_GPI10_IRQ(OMAP3_KBD GP10),
| IRQ—TYPE EDGE—FALLING) //IRQ_TYPE_EDGE_RISING
enable_irq(gpio_to_irq(OMAP3_KBD_GPI10));
if(result = request_irq(OMAP_GPIO_IRQ(OMAP3-KBD-GPI >, &Khd7279_ISR,0, nDs7279n,
NULL))

{

printk (KERN_INFO F[FALLED: Cannot register Kbd7279_Interrupt!J\n”
return -EBUSY
}
else
printk(M[OKI\n™);
send-byte(cmd_reset);

setcsl,;
printk("HD7279 setup complete! -— > [OKI\n");
udelay (10);
omap 7279key = input_allocate_device();

if (lomap_727 9key) {
kfree(omap-7279key);
return -ENOMEM;

} /* setup input device */

omap_7279key->name= '"Ds7279 Keyboard";

set_bit(EV-KEY, omap_7279key->evbit);//EV_KEY

for(i=0; i<10; i++)

set_bit(map3evm_keymap[i]& KEYNUM_MASK,omap_727 9key->keybit)
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input-register device(omap_727 9key);

printk(M\nRegistering Input Device -— > [OKJAN™);
write7279(decodel+7,0x1);

write7279(decodel+6,0x2);

static irqreturn_t Kbd7279_ISR(int irqgfvoid* dev_id)
{ int i
static char function = 1
disable_irq(gpio to_irq(OMAP3-KBD GPI ),
for(i=0; i<100; i++);
KeyValue = read7279(;
switch(KeyValue)

case 0x03:
KeyValue=0x0d;
break;
case 0x02:
KeyValue=0x0c;
break;
case 0x01:
KeyValue=0x0b;
break;
case 0x00:
KeyValue=0x0a;
input_report_key(omap_727 9key,omap3evm_keymap[10]& (KEYNUM-MASK
KEY_PERSISTENT),1);//KEY(@, 3, KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap 7279key,omap3evm_keymap[10]& (KEYNUM-MASK
KEY PERSISTENT),0);//KEY(@, 1, KEY UP)
input_sync(omap_7279key);
break;
case 0x08:
KeyValue=0x03;
input_report_key (omap_7279key, omap3evm_keymap [6] & (KEYNUM_MASK |
KEY-PERSISTENT},1>;//KEY(3, 3, KEYJKBDILLUMDOWN)
udelay (10);
input report key(omap_7279key,omap3evm—keymap[5]& (KEYNUM_MASK |
KEY_PERSISTENT>,0);//KEY(3, 1, KEY-UP)
input_sync(omap_727 9key);
break;
case 0x09:
KeyValue=0x06;
input_report_key(omap_7279key,omap 3evm_keymap[1]& (KEYNUM-MASK |
KEY_PERSISTENT),1);//KEY(3, 3, KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap 7279key,omap3evm_keymap[1]& (KEYNUM-MASK |
KEY PERSISTENT),0);//KEY(@, 1, KEY UP
input-sync(omap_7279key);
break;
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case Ox0a:
KeyValue=0x09;
input_report_key(omap_7279key,omap3evm_keymap[8]& (KEYNUM-MASK
KEY_PERSISTENT),1);//KEY(3, 3, KEY-KBDILLUMDOWN)
udelay(10);
input_report-key(omap_7279key,omap3evm_keymap[8]& (KEYNUM-MASK
KEY PERSISTENT 0);"KEY (3, 1, KEY-UP)
input_sync(omap_7279key);
break;
case 0xO0b:
KeyValue=0x0e;
input_rep rt-key(omap 727 9key,nMENUn,omap3evm keymap[1]&
(KEYNUM-MASK | KEY-PERSISTENT));"KEY (3, 3,
KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap_7279key, " "MENU",0);//KEY(3, 1, KEY-UP)
input-sync(omap_727 9key);
break;
case 0x10:
KeyValue=0x02;
input_report_key(omap_727 9key,omap3evm_keymap[3]& (KEYNUM-MASK
KEY_PERSISTENT),1);//KEY(3, 3, KEY-KBDILLUMDOWN)
udelay (10);
input_report-key(omap 7279key, map3evm-keymap[3]& (KEYNUM-MASK
KEY-PERSISTENT 0);"KEY (3, 1, KEY_UP)
input_sync(omap_727 9key);
break;
case Ox11:
KeyValue=0x05;
input_report_key(omap_727 9key,omap3evm_keymap[7]1& (KEYNUM-MASK
KEY-PERSISTENT) ,1) ;"KEY (3, 3, KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap_727 9key,omap3evm_keymap[7]1& (KEYNUM-MASK
KEY_PERSISTENT) ,0) ;"KEY (3, 1, KEY_UP)
input-sync(omap_727 9key);
break;
case 0x12:
KeyValue=0x08;
input_report_key(omap_727 9key,omap3evm_keymap[4]& (KEYNUM-MASK
KEY_PERSISTENT) ,1) ;"KEY (3, -3, KEY-KBDILLUMDOWN)
udelay (10);
input_report_key(omap_727 9key,omap3evm_keymap[4]& (KEYNUM-MASK
KEY_PERSISTENT),0);//KEY(3, 1, KEY-UP)
input—sync(omap_7279key ;
break;
case 0x13:
KeyValue=0x00;
input report_key( map_7279key,omap3evm keymap[6]& (KEYNUM-MASK
KEY-PERSISTENT) ,1) ;"KEY (3, 3, KEY-KBDILLUMDOWN)
udelay(10);
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input_report_key(omap_727 9key,omap3evm_keymap[6]& (KEYNUM-MASK |
KEY_PERSISTENT),0);//KEY(@3, 1, KEY-UP)
input_sync(omap_7279key);
break;
case 0x18:
KeyValue=0x01;
input-report-key(omap-727 9key,omap3evm_keymap[0]& (KEYNUM-MASK |
KEY_PERSISTENT) ,16) ;"KEY (3, 3, KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap_7279key,omap3evm_keymap[0]& (KEYNUM-MASK |
KEY_PERSISTENT),0);//KEY(3, 1, KEY-UP
input—sync(omap—7279key ;
break;
case 0x19:
KeyValue=0x04;
input_report_key(omap_7279key,omap3evm_keymap[2]& (KEYNUM-MASK |
KEY-PERSISTENT) ,D ;"KEY (3, 3, KEY_KBDILLUMDOWN)
udelay (10);
input_report_key(omap_7279key,omap3evm_keymap[2]& (KEYNUM-MASK |
KEY_PERSISTENT>,0);//KEY(3, Ir KEY_UP)
input-sync(omap_727 9key);
break;
case Oxla:
KeyValue=0x07;
input_report_key(omap_7279key,omap3evm_keymap[9]& (KEYNUM-MASK |
KEY_PERSISTENT>,1);//KEY(3, 3, KEY_KBDILLUMDOWN)
udelay (10);
input-report_key(omap-7279key,omap3evm keymap[9]& (KEYNUM-MASK |
KEY_PERSISTENT),<);//KEY(3, 1, KEY-UP)
input—sync(omap—7279key);
break;
case Ox1b:
KeyValue=0x0f;
i f(function) function = 1
else function = 0;
break;
default:
break;

udelay (10);
input-report-key(omap_7279key,KEY (1, 0, KEY_H ME)& (KEYNUM_MASK
KEY-PERSISTENT) ,0) ; "KEY (3, 1, KEY_UP)
input_sync(omap_727 9key);
write727 9(decodel+0,KeyValue%16);
write7279(decodel+1,KeyValue/ 16);

i f(Ifunction) write7279(disable,0x7f);

else write7279(disable,0xff);
kbd_buf = (unsigned char)KeyValue;
enable_irg(gpio_to_irq(OMAP3_KBD_GP10));
return IRQ_HANDLED;
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EL-ARM-DSP-1V Ds7279.c kernel /drivers/hiput/keyboard/  EL-ARM-860
Ds7279 860.c kernel  /drivers/input/keyboard/
Ds727.c /drivers/input/keyboard/

/drivers/input/keyboard/ Makefile

obj-$(CONFIG_KEYBOARD_MAPLE) += maple keyb.o
obj-$ (CONFIG-KEYBOARD-BFIN) += bf54x-keys.o
obj-$(CONFIG-KEYBOARD-SH-KEYSC) += sh-keysc.o
obj-$(CONFIG KEYBOARD Ds7279) += Ds7279.0

/drivers/input/keyboard/ Kconfig

config KEYBOARD_Ds7279
tristate "Ds7279 keypad support"

help
To compile this driver as a module, choose M here: the

module will be called Ds7279.
endif

make menuconfig

Configuration

As row Key? rssvigsre the menu <Er ter> selects
meu'des, Q\Pé\dhﬁts, <m> modularizes features. Press <EbO<£sc> to exit. <m for
Legend: t*j J excluded «todule ule espable

H ghl iQhtsid le? tes s are hotkeys . sir-g —
</> for Seatch.

ds
Ti Ktyboald
ur. Type 4 arid Type 5 keyboard
ECAtition/ VAXstatio.i LK201/1K401 keyboard
keybosrrf
N wton keyboard
trwaway keyboard
I TWL4636 keypad support
ndroxd keypad Support

< 18323 keypad chip

< » pio ei."ttops

< evice for Goldfish
< s727& S60 Keypad suppert

Device Drivers --->
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Input device support --->
*1 Keyboards --->
<E> Android keypad Support
<*>  Ds7279 keypad support
< > Ds7279-860 keypad support

" #

T chv-35XX Android

ubuntu

sudo apt-get install git-core gnupg flex bison gperf libsdl-dev libesdO-dev
ibwxgkt2.6-dev build-essential zip curl libncurses5-dev zliblg-dev

| sudo apt-get install xxx (XXX >
2 JDK5
JDK-1.5 sim JDK-1.5
jdk-1 5 0_18-linux-i586.bin
/home java—develop jdk-1 5 0_18-linux-i586.bin
jdk

| cd /home/ java-develop
| sudo chmod 777 jdk-1_5_0_18-linux-i586.bin .

| sudo ./jdk-1_5_0_18-1linux-i586.bin
yes/no yes java-develop jdkl.5.0 18 root
profile

| sudo gedit /etc/bash.bashrc

bash.bashrc

export JAVA_HOME=/home / java-develop/ jdkl.5.0_18
xport ANDROID-JAVA-H ME=$JAVA_H ME
xport PATH=$JAVA_HODE/bin:$PATH
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I source /etc/bash.bashrc

java -version Java JDK
3 Android
Android Android—donut.tar.gz; Ubuntu
sudo tar xvzfAndroid_donut.tar.gz Android

Android Donut

Android Android—donut make
Android SD K, make sdk

{H ® m o mmm = _
adffiiriistratOr@ylbynty /ieclia/new/AiicirOid_DD0«t3$ make

PLATFO "VERSI_~Tecfelieiiie J P3530™
T ET-PS_IICT;geiieric
MRGET=BUILD— |I Terg

TAREETBEUILD TYPE Yelease
T : _5_
_STjiCtt=_6

MOST:m  |i X
HOST_ByiLO_TYPE”/release
Bmil io_5_t

* Build coofigyration changed Hyeneric-eRg-sdk-{}" ngemric-mg&-{}n
* Forcing nmake Ipstallcieanm ™
android_donut/out out/host
sdk android_donut/out/host/linux-x86/sdk

| sudo gedit /etc/bash.bashrc

bash.bashrc

export
ANDROID—SDK—R T=/home/administrator/Android_donut/out/host/linux-x8 6/sdk/android-sdk_eng.admi

nistrator—inux-x86
export PATH=$PATH$ANDR ID_SDK_R T/tools

source /etc/bash.bashrc android emulator
android—donut/out/target/product/generic
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EJB Android

android_donut/out/target/product/generic system root
system
android_donut/out/target/product/generic/root

| sudo chmod -R 777 *

root init.rc

mount rootfs rootfs / ro remount

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

service flash-recovery /system/etc/install-recovery.sh
oneshot

Android—donut/out/target/product/generic/root (

| tar xvzf android_rootfs.tar.gz *

android rootfstar.gz

SD Audio
android_rootfs.tar.gz0

Image

X-load.bin.ift u-boot.bin tftpboot
Techv-3530 PC, — P9 Techv-3530

PC
1 X-load

tftpboot 0x81600000 x-load.bin.ift
nand unlock

nand erase 0 20000

nand ecc hw

nand write 0x81600000 0 20000
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2 u-boot

tftpboot 0x81600000 u-boot.bin
nand unlock

nand erase 80000 40000

nand ecc sw

nand write 0x81600000 80000 40000

setenv ipaddr 192.168.3.157 ( 1P,
setenv serverip 192.168.3.158 ( 1P
setenv netmask 255.255.255.0

setenv bootdelay 6

setenv ethaddr 00:50:c2:7e:8A:ID

setenv gatewayip 192.168.3.1 (

setenv get_kernel "nand read 0x80000000 280000 200000 1

setenv get_initrd “nand read 0x81600000 780000 1000000°

setenv bootargs_rd ,mem=128M console=ttyS0,115200n8 root=/dev/ram0 initrd=0x81600000,40M
ramdisk size=40960"

setenv bootargs_nfs “mem=128M console=ttyS0,115200n8 noinitrd rw root=/dev/ nfs
nfsroot=/home/ omap3evm_nfs,nolock ~

setenv bootargs_mmc ,mem=128M console=ttyS0,115200n8 noinitrd rw root=/dev/mmcblkOp2 init=/1init"

setenv addip Isetenv bootargs $ (bootargs)
ip=$(ipaddr) :$(serverip) :$(gatewayip) :$(netmask) :$(hostname) :ethO:on1l

setenv boot mmc 1run get_kernel; setenv bootargs $ (bootargs_mmc) ; run addip; bootm 0x80000000 1
setenv boot_nfs "run get-kernel; setenv bootargs $ (bootargs_nfs); run addip; bootm
0x80000000"
setenv bootcmd run boot_mmc
saveenv (
Techv-3530 P9 P3
3 kemel
ulmage /tftpboot

tftpboot 0x81600000 ulmage

nand unlock

nand erase 280000 200000

nand ecc sw

nand write 0x81600000 280000 200000
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Android
Android SD Sd Andmid
SD
N SD
SD PC dmesg

administrator@ubuntu: s dmesg

65,.779748] sd 2:0:0:0: [sdd] Write Protect is off

65..779754] sd 2:0:0:0: [sdd] Mode Sense: 4b 00 00 08

65,.779759] sd 2:0:0:0: [sdd] Assuming drive cache: write through
65,.784496] sd 2:0:0:0: [sdd] Assuming drive cache: write through

65..784503] sdd: sdd
65,.788762] sd 2:0:0:0: [sdd] Assuming drive cache: write through
65,.788770] sd 2:0:0:0: [sdd] Attached SCSI removable disk

N SD
administrator@ubuntu: $ umount /dev/sddl
administrator@ubuntu:~$ sudo fdisk /dev/sdd

WARNING: DOS-compatible mode 1is deprecated. It"s strongly recommended to
switch off the mode (command 1c1) and change display units to
sectors (command 1u *).

Command (m for help) :pJ

Disk /dev/sdd: 1967 MB, 1967128576 bytes

255 heads, 63 sectors/track, 239 cylinders

Units = cylinders of 16065 * 512 = 8225280 bytes
Sector size (logical/physical): 512 bytes / 512 bytes
1/0 size (minimum/optimal): 512 bytes / 512 bytes
Disk identifier: 0x006c3357

Device Boot Start End Blocks Id System
/dev/sddl * 1 240 1920992+ ¢ W95 FAT32 (LBA)
Partition 1 has different physical/logical endings:

phys=(238, 254, 63) logical:(239, 39, 56)

Command (m for help):d ~
Selected partition 1

Command (m for help):n ~
Command action
e extended
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p primary partition (1-4)
P/\
Partition number (1-4): 27
First cylinder (1-239, default 1) :
Using default value 1
Last cylinder, +cylinders or +size{K,M,G} (1-239, default 239): 128M~*

Command (m for help): tJ

Selected partition 1

Hex code (type L to list codes): c”

Changed system type of partition 1 to ¢ (W95 FAT32 (LBA))

Command (m for help): aJ
Partition number (1-4) : 2

Command (m for help): n 7
Command action
e extended
p primary partition (1-4)
P/\
Partition number (1-4): 2 *
First cylinder (129-239, default 129): ~
Using default value 129
Last cylinder, +cylinders or +size{K,M,G} (129-239, default 239)
Using default value 239

Command (m for help): p J

Disk /dev/sdd: 1967 MB, 196712857 6 bytes

255 heads, 63 sectors/track, 239 cylinders

Units = cylinders of 16065 512 = 8225280 bytes
Sector size (logical/physical): 512 bytes / 512 bytes
1/0 size (minimum/optimal): 512 bytes / 512 bytes
Disk identifier: 0x006c3357

Device Boot Start End Blocks Id System
/dev/sddl = 1 128 1028128+ ¢ W95 FAT32 (LBA)
/ dev/ sdd2 129 239 891607+ 83 Linux

Command (m for help): wn
The partition table has been altered!

Calling ioctl(Q) to re-read partition table.

WARNING: If you have created or modified any DOS 6.x
partitions, please see the fdisk manual page for additional
information.

Syncing disks.

administrator@ubuntu:~$

3 SD
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administratorOubuntu:~$ sudo mkfs.msdos -F 32 /dev/sddl -n diskl
I administrator@ubuntu:~$ sudo mkfs.ext3 -L disk2 /dev/sdd2

f Android disk2

SD android_rootfs.tar.gz 204
/home /home

sudo tar xvzf android-rootfsetaregz -C /media/disk2

SD Techv-C)MAP3530
e EL-ARM-DSP-IV SW4: 1 2 40N
« S5 20N S4:2. 30N OFF;
* EL-ARM-860 SW4: 10FF, 20N, OFF
Techv-35XX
image: Bootlod kernel
Android_donut.tar.gz: Android donut
android_rootfs.tar.gz: Android

arm-2007g3-51-arm-none_linux-gnueabi-i686—pc-linux—gnu.tar.bz2:Bootload  kernel
X-load.tar.bz2:x-load

u-boot.tar.bz2:u-boot

linuxX"2.6.28-omap_android.tar.gz:kemel

jdk-1 5-08-18-linux-i586.bin:JDK5

eclipse-SDK-3.6-linux-gtk.tar.gz:eclipse



