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https://blog.csdn.net/innost/article/details/52583732

innost@innost:~/workspace/aosp/android-7.8/device/innost$ tree

ARMIR N A—iEFIFA TR

—
BEAIFR T A * Vmware+Ubuntu 14.04

o Haix86i i ar A St
{5 B e /> 0 7

README . txt
innost@innost:~/workspace/aosp/android-7.0$ lunch

system.prop

BoardConfig.mk
device.mk
README. txt

domain. te
healthd.te
init.te
You're building on Linux installd.te
zygote.te
Lunch menu... pick a combo: —. GBI
aosp_arm-eng
aosp_armé4-eng
aosp_mips-eng
aosp_mips64-eng
aosp_x86-eng
aosp_x86_64-eng

innost _arm64-userdebug
innost x86-userdebu

Why X86 em u |at0r ? Which would you like? [aosp_arm-eng] [

Y ER YRR RN
o MRTIEIZ
o I ZmACHEAT R S AEAT £1=6.02%

AndroidProducts.mk
aosp_base.mk
aosp_base_telephony.mk
core_base.mk
core_minimal.mk
core.mk

emulator.mk
full_base.mk
full_base_telephony.mk
full_x86.mk
generic_no_telephony.mk
innost_arm64_device.mk
innost_arm64.mk
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Jjava
class @a
i javac
—— | .class
}
]
mirror::Object ’\_AArtFieId ArtMethod

mirror::Class

mirror::String

— | mirror::Array

mirror::Throwable

.dex

l dex2oat

.oat | .

_________




dex3Z{Eat (1)
dex A

header i

string_ids

type_ids

proto_ids

field ids <

method_ids

class_defs

data

link_data

struct header item |

public ubyte[] magic = new ubyte[8];
public uint checksum;

public ubyte[] signature = new ubyte[20];
public uint file size;

public uint header size;

public uint endian_tag;

public uint link size; public uint link off;
public uint map_off;

public uint string ids_size; public uint string ids_off;
public uint type ids_size; public uint type ids_off;
public uint proto_ids size; public uint proto_ids off;

field ids_size; public uint field ids_off;

public uint method ids_size; public uint method ids off

public uint class_defs_size; public uint class_defs_off;

public uint data size; public uint data off;




dex3Z{#HE= (2)

Class3E A5 B

ClassH Ji¥ 52 A% & 1 A, 574 bR

PGPS,

struct class def {

uint class idx;

uint access flags;

uint superclass idx;
——uint interfaces off;
uint source file 1idx;
uint annotations off;
uint class_data_off;”’
uint static values off;

struct class data item{
uleb128 static fields size;
uleb128 instance fields size;
uleb128 direct methods size;
ulebl28 virtual methods size;
encoded field[]
encoded field[]
encoded method(]
encoded method(]

|~

}

static fields;

instance fields;
direct methods;
virtual methods;

dexfg &by

EEJ\ Eiﬂlﬁ/fﬂm S

DA ]

Fﬁ;&f)” 2 H 2615 S

struct type list {
uint size;
type item[] list;

}
struct type item {

struct encoded field {
uleb128 field idx diff;
ulebl28 access flags;

s%ruct encoded method {
uleb128 method idx diff;
uleb128 access flags;
ulebl28 code off;

struct code item {
ushort registers size;
ushort ins size;
ushort outs size;
ushort tries_size;
uint debug_info_off;
uint insns size:
ushort[]
ushort padding;
try item[] tries;

= encoded catch handler list handlers;
}

ushort type idx;
}
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oatd {48t (1)
oat XA E— N il B ELF A

Section Headers:

[Nr] Name Type Addr off Size ES Flg Lk Inf Al

[ 0] NULL 00000000 000000 000000 00 o 0 o

[ 1] .rodata PROGBITS 713b7000| 001000 273000 60 A © 0 4096

[ 2] .text PROGBITS 73af5000| 273f000 18ace5f 60 AX O 0 4096
[ 3] .dynstr STRTAB 75332000 3fec000 000037 G0 A O O 4096

[ 4] .dynsym DYNSYM 75332038 3fec038 000040 16 A 3 0 4

[ 5] .hash HASH 753a20 3fec078 00001c 04 A 4 0 4

[ 6] .dynamic DYNAMIC 753a33000\3fed000 000038 68 A 3 0 4096

[ 7] .shstrtab STRTAB 00000000 000038 00 0 0 4096

Symbol table '.dynsym' contains 4 entries:
Num: Value Size Type Bind Vis Ndx Name
0: 00000000 O NOTYPE LOCAL DEFAULT UND

]

oat A}

713b7000 0x273e000 OBJECT GLOBAL DEFAULT 1 oatdata

13
2: 73af5000 0x18aceS5f OBJECT GLOBAL DEFAULT 2 oatexec
3: 753a1e5b 4 OBJECT GLOBAL DEFAULT 2 oatlastword




oatMHEl (2)

oatIﬁﬂ‘%iﬁ OatCIass{ OatClass[0]
OatHeader X J5k OatClass]...]
Oatlgi)j(zF“e OatDexFile[0] VmapTable_[ VmapTable[0]
X 11 . X ik
OatDexFile[...] b VmapTablel...]
_ : T li .
DexFile { /@T@J\ Crgdmepéli;ze{ Trampoline code]...]
X1 \ / 7
b 2 pexFile[ .+~ OatQuickMethod
TypeLookup - OatMethod Header[O]
‘ ypeLookupTable[O] Header[X 15
Table[X 3, { OatQuickMethod
TypelLookupTablel...] Header[...]
ClassOffsets ClassOffsets[0]
o 1
ClassOffsets]...]




oat3Z (&=t (3)

OatHeader —/

OatDexFile[a]

DexFile[a]

TypelLookupTable[a]

ClassOffsets[a] ’
class_offsets_[a][0] ;
class_offsets_[a][b] /

OatClass[b] /

Trampoline code

VmapTable[d]

uint8_t magic_[4]={'0’,’a’,’t’,’"\n’} OatHeader
uint8_t version_[4]={'0",’7",’9’,’\0’}

uint32_t adler32_checksum_

InstructionSet instruction_set_

uint32_t instruction_set_features_bitmap_
uint32_t dex_file_count_

uint32_t executable_offset_

uint32_t|interpreter_to_interpreter_bridge_offset_
uint32_t|interpreter_to_compiled_code_bridge_offset_|
uint32_t|jni_dlsym_lookup_offset_

uint§2_f quick_generic_jni_trampoline_offset_
uirt32_t|quick_imt_conflict_trampoline_offset_

'uint32_t quick_resolution_trampoline_offset_

uint32_t|quick_to_interpreter_bridge_offset_

int32_t image_patch_delta_

uint32_t image_file_location_oat_checksum_
uint32_t image_file_location_oat_data_begin_
uint32_t key_value_store_size_

uint8_t key_value_store_[0]

OatQuickMethod
Header[d]

12



oat}‘(#’l’ﬁ;‘:\‘, ( 3 ) OatDexFile

int32_t dex_file_location_size

OatHeader
const char*®
i dex file location dat
OatDexFile[a] 1 ex_file_location_data_

uint32 _t
dex_file_location_checksum__

DexFile[a] -~

<

s uint3 2 _tdex_file_offset_

TypelookupTable[a] |<«---______

--I uint32_t class_offsets_offset

ClassOffsets [a] T uint3 2 tlookup_table offset

4

class_offsets_[a][0]
class_offsets_[a][b]-1-~

OatClass[b]

Trampoline code

VmapTable[d]

OatQuickMethod
Header[d]




oat3Z{Est (3)

OatHeader

OatDexFile[a]

DexFile[a]

TypelLookupTable[a]

ClassOffsets[a]
class_offsets_[a][0]
class_offsets_[a][b]- -

OatClass[b]

Trampoline code

OatClass

intl6_t status_

uintl6e_ttype

uint32_t
method bitmap_size

BitVector
method_bitmap_

vector<OatMethodOff
sets>
method_offsets_»

VmapTable[d]

OatMethodOffsets: Ite
uint32_t code_offset 7~~~

OatQuickMethod
Header[d]

OatMethodOffsets:

uint32_t code_offset_
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oat3Z{Est (3)

OatHeader

OatDexFile[a]

DexFile[a]

TypelLookupTable[a]

ClassOffsets[a]
class_offsets_[a][0]
class_offsets_[a][b]- -

OatClass[b]

Trampoline code

OatClass

intl6_t status_

uintl6e_ttype /

/ OatQuickMethodHeader

uint32
method bitmap_size

int32_t vmap_table_offset_

uint32_t frame_size_in_bytes_

/BitVector
method_bitmap_

uint32_t core_spill_mask_

uint32_t fp_spill_mask_

vector<OatMethodOff
sets>

uint32_t code_size_

method_offsets_»

VmapTable[d]

OatMethodOffsets:
uint32_t code_offset_

OatQuickMethod
Header[d]

OatMethodOffsets:
uint32_t code_offset_

uint8 t
code_[0]

/
B
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Java ClassFKObjectfZARTEIMNERNREHE

Java Class X % /T ARTHE L) HL 1) Java%Cla‘lssE{’]%'EfﬁlJiﬂLZE?f
K77 b ART 2 480 HL (1 A7
sizeof(Class) AC%E[fObjectSize }Q%EHE%%
A e | \E
sizeof(uint_32) AT HEETEADN) ;{C%E\Z UA /Ei
VTable TE=/4#N sizeof(HeapReference<Object>)*A -
IM Table ArtMethod*[64] ArtMethod JEEE 7 long/doubleEI ZE & (B1)
8*B
VTable ArtMethod*[N]
g iny float VA B (C) JEFRS
S5 FREEEE (M) - 4*C T e —
sizeof(HeapReference<Object>)*M EEJI_\' EE
#sh har®81Z4F = (D4
T 7xlong/doubleEIZEE(01) SR ort/;*gr e
8*0 A E R
S A D AR .
. FEgEFbyte/booleanF = (E1) \
gaZint/floatR A E (X1Y) I ﬁﬁ%%lm i
e ) ArtField: E
g5 short/charEIAE B (Y1) * declaring_class__ ,,"
2 | * access_flags_ /
#74byte/boolean B A B (74) T * field_dex_idx_
ve T T e offset_ e Y




RS GEE
. invoke-static/direct/
. invoke-virtual/interface ......

Folr: HEEHIFArtMethod % %

embedded_imtable_

ArtMethod[kimtSize=64]

GetlmtUnimplementedMethod

nullptr

vitable_

java.lang.Class
<ConcreteChildClass>

!
embedded_wvtable_

methods_

& ArtMethod*

iftable_

Object 11-~Fi&

ConcreteClass.dolnterfaceWorkO

ConcreteClass.doAbsWork0

ConcreteClass.dolnterfaceWork1

ConcreteClass.dolnterfaceWork2

ConcreteClass.dolnterfaceWork3

ConcreteClass.dolnterfaceWork0

ConcreteClass.dolnterfaceWork3

-~

~,

S

AbsClass0.doRealWork0

~,

N

IfTable
java.lang.Class<IfO>

ConcreteClass.dolnterfaceWork0

ConcreteClass.dolnterfaceWork1

java.lang.Class<If1>

ConcreteClass.dolnterfaceWork2

ConcreteClass.dolnterfaceWork3

A

1
LengthPrefixedArray<ArtMetHod>

ConcreteChiIdCIass.{ini'p

1
ConcreteChiIdCIass.doReaI\r!uforkl

.. | ArtMethod:

ConcreteClass.dolnterfaceWork2

ConcreteClass.dolnterfaceWork1

ConcreteClass. doRealWorkl

ConcreteChildClass.doRealWork2

I method_index
* hotness_c _
ntry_point_from_jni_
point_from_quick

piled_code_

18




Image Section

EECE.

Bitmap Section

B3 .

art3 {830 (1)

art

ImageHeader
Object|...]

ArtField[...]

ArtMethod]|...]

RuntimeMethod]...]

ImtConflictTablel...]

DexCacheArrays|...]

InternedStrings|...]

ClassTable[...]

Bitmap]...]

ImageSection

| uint32 t offset

| «——f—uint32_tsize_

7’
’
-
-
-
______

ImageHeader } 200779
. ¥
. Object 0 ~ - Object* pObject
Object
Section
. KA E, A
op Obrectd A8 A5
HoA.
Bitmap 1001001000100000
Section | 0010001001001010 || KB
1011001000100100
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art3HEaL (2 ) —artXXHRIER

———— e e
- —— -
——
—~

art X
mma
. mm2 & LR ﬁ R R
mageHeader __» Object...
Object... |  ooo-mmmmmmm ":’ ArtField...
K S ', ArtMethod...
ArtField... ," Oat 3+ ", ,"
II O tH d : ”
‘ ArtMethod... ! “a"fz_;\"e_r . 1
\ e / dex - | )

\\ ;H\:Hg lj\] //G\‘ 'l, = _/ﬁﬁij:j_’;e\: :’
Mdex%l\Jmirror Object/ArtField OatQuickMethod ,',
/ArtMethodi#b J K TAE (
class linker) uint8_t code [0] <’




art_file_bytes = header_bytes + object_bytes + alignment_bytes
header_bytes = 200 ( 8% of art

object_bytes

5070453 (46% of art

art_field_bytes = 619656 ( 6% of art
art_method_bytes = 2303328 (21% of art
dex_cache_arrays_bytes = 2455340 (22% of art

interned_string_bytes
class_table_bytes
bitmap_bytes

351608 ( 3% of art
37528 ( 0% of art
81920 ( 1% of art

alignment_bytes = 122783 ( 1% of art

object_bytes breakdown:
Landroid/accounts/Accounts$1;
Landroid/animation/ArgbEvaluator;
Landroid/animation/FloatEvaluator;
Landroid/animation/IntEvaluator;
Landroid/animation/RectEvaluator;

8 bytes

8 bytes
g bytes

8 bytes

12 bytes

Landroid/app/ActivityManagerSMemoryInfosi;
Landroid/app/ActivityManagerSRunningAppProcessInfosi;
Landroid/app/ActivityManagerSTaskDescriptionsi;

file
file
file
file
file
file
file
file
file

1

1

bytes)
bytes)
bytes)
bytes)
bytes)
bytes)
bytes)
bytes)
bytes)

instances (

1 instances (
1 instances (
instances (

1 instances (

8 bytes 1 inst

8 bytes
8 bytes 1

artd {30 ( 3 ) —oatdump

adb shell oatdump --image=/system/framework/boot.art --header-only

8 bytes/instance)

8 bytes/instance)
g8 bytes/instance)

8 bytes/instance)

12 bytes/instance)

1 instances (

0% of object_bytes
0% of object_bytes

0%

of object_bytes

0% of object_bytes
0% of object_bytes
ances ( 8 bytes/instance) 8% of objec

8b

ytes/instance)

instances ( 8 bytes/instance) 0% of

t_bytes
0% of object_bytes
object_bytes

Landroid/app/ActivityManagerNatives$i; 12 bytes 1 instances ( 12 bytes/instance) 0% of object_bytes
Landroid/app/ApplicationErrorReportsi; 8 bytes 1 instances ( 8 bytes/instance) 0% of object_bytes
Landroid/app/ApplicationlLoaders; 12 bytes 1 instances ( 12 bytes/instance) 0% of object bytes
Landroid/app/IActivityManagerSContentProviderHoldersi; 8 bytes 1 instances ( 8 bytes/instance) 0% of object_bytes
Landroid/app/Notifications$1; 8 bytes 1 instances ( 8 bytes/instance) 0% of object_bytes
Landroid/app/NotificationSAction$i; g8 bytes 1 instances ( g8 bytes/instance) 0% of object_bytes
Landroid/app/PendingIntents$i; 8 bytes 1 instances ( 8 bytes/instance) 0% of object_bytes
Landroid/app/ResourcesManagers$i; 8 bytes 1 instances ( 8 bytes/instance) % of object_bytes
Landroid/app/ResultInfosl; 8 bytes 1 instances ( 8 bytes/instance) 0% of object bytes

21



artd {30 ( 3 ) —oatdump

@x708ac170: java.lang.String "startRecognition() failed with error code
shadowS_klass_: @x705fc268 Class: java.lang.String
shadow$S_monitor_: 0 (8x0)
count: 42 (@x2a)
hash: -832870278 (@xce5b687a)

@x7@8ac1d8: java.lang.String "android.permission.BIND QUICK_SETTINGS_ TILE"
shadow$S_klass_: ex705fc268 Class: java.lang.String
shadow$_monitor_: @ (8x8)
count: 43 (0x2b)
hash: -1354439018 (0xaf44e696)

0x708ac240: java.lang.String "Notification listener service not yet bound."
shadow$_klass_: @x705fc268 Class: java.lang.String
shadow$S_monitor_: @ (8x8)
count: 44 (0x2c)
hash: -1583507273 (0xa19d98b7)

@x788ac2a8: java.lang.String "attach() called after dream already finished"
shadow$_klass_: @x705fc268 Class: java.lang.String
shadow$_monitor_: @ (8x0)
count: 44 (@x2c)
hash: -1895380700 (0x8f06cC924)

@x788ac310: java.lang.String "android.service.chooser.ChooserTargetService"
shadow$_klass_: @x705fc268 Class: java.lang.String
shadow$S_monitor_: @ (8xe)
count: 44 (@x2c)
hash: 1727114772 (0x66f1ael4)

22



artd {30 ( 3 ) —oatdump

Ox7064d140: java.lang.Class "java.util.concurrent.locks.ReadWriteLock” (StatusInitialized)
shadow$S_klass_: @x785fbdb8 (Class: java.lang.Class
shadow$_monitor_: 0 (0xe)
accessFlags: 537396737 (0x20080601)
annotationType: null sun.reflect.annotation.AnnotationType
classFlags: 1 (8x1)
classloader: null  java.lang.Classloader
classSize: 128 (8x80)
clinitThreadid: @ (8xe)
componentType: null java.lang.Class
copiedMethodsoffset: 2 (@x2)
dexCache: 0x7858c118  java.lang.DexCache
dexCacheStrings: 1892852196 (0x70d2aled)
dexClassDefIndex: 1579 (0x62b)
dexTypelndex: 1883 (@x75b)
iFields: @ (0x8)
ifTable: null java.lang.Object[]
methods: 1890465988 (@x70ae38c4)
name: @x707ce6c®  String: "java.util.concurrent.locks.ReadWriteLock”
numReferencelnstanceFields: 8 (8x0)
numReferenceStaticFields: @ (8xa8)
objectsize: 8 (8x8)
primitiveType: 131072 (0x20000)
referenceInstance0ffsets: @ (0x0)
sFields: @ (0x8)
status: 10 (@xa)
superClass: Ox705fc588 Class: java.lang.Object
verifyError: null java.lang.0Object
virtualMethodsoffset: @ (@x0)
vtable: null dava.lana.Obiect




art>)HRE (4 ) —art3UFRIKIR

dex2oat: option[0]=--image=/data/dalvik-cache/x86/system@framework@boot.art
dex2oat: option[1]=--dex-file=/system/framework/core-oj.jar
dex2oat: option[2]=--dex-file=/system/framework/core-libart.jar

dexzoat: option[3]=--dex-file=/system/framework/conscrypt.jar
avN dexzoat: option[4]=--dex-file=/system/framework/okhttp.jar
b Oot R dexzoat: option[5]=--dex-file=/system/framework/core-junit.jar
_ dexzoat: option[6]=--dex-file=/system/framework/bouncycastle.jar
I _>boot Oat dexzoat: option[7]=--dex-file=/system/framework/ext.jar
. dexzoat: option[8]=--dex-file=/system/framework/framework.jar
dexzoat: option[9]=--dex-file=/system/framework/telephony-common. jar
I _> b 0 Ot . a rt dexzoat: option[18]=--dex-file=/system/framework/voip-common. jar
dexzoat: option[11]=--dex-file=/system/framework/ims-common. jar

dexzoat: option[12]=--dex-file=/system/framework/apache-xml. jar
dexzoat: option[13]=--dex-file=/system/framework/org.apache.http.legacy.boot. jar
dexzoat: option[14]=--oat-file=/data/dalvik-cache/x86/system@framework@boot.oat
dex2oat: option[15]=--instruction-set=x86
dexzoat: option[16]=--instruction-set-features=smp,ssse3,-sse4.1,-55e4.2,-avx,-avx2,-lock_add, -popcnt
dexzoat: option[17]=--base=0x70942000
dex2oat: option[18]=--runtime-arg
dex2oat: option[19]=-Xms64m
dex2oat: option[20]=--runtime-arg
dex2oat: option[21]=-Xmx64m
dexZoat: option[22]=--image-classes=/system/etc/preloaded-classes
dex2oat: option[23]=--compiled-classes=/system/etc/compiled-classes
dex2oat: option[24]=--instruction-set-variant=x86
Unexpected CPU variant for X86 using defaults: x86
dexZoat: option[25]=--instruction-set-features=default
Mismatch between dex2oat instruction set features (ISA: X86 Feature string: smp,-ssse3,-ssed4.1,-s55e4.2,

APPEE{R 4= yyy.jar

| ->xxx.dex 222.apk
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main&ELRYE

RESUAL)A 3l

|

.2 H b5 77 15 ) ArtMethod

i H ArtMethod.Invoke

== Py - |
-ldmtb*i

/ * start the virtual machine */
JniTnvocation jni invocation;
jni invocation.Init (NULL) ;
JNIEnv* envwv;

_______________
- -
- ~

if ({startvm(&mJay¥avM, &env, zygote) != 0) {

S R S e e e S e S s s s sm sl EE s

Jclass startClass = env—>FindClass(slashClassName);\\
if (startClass == NULL) {

1
1
1
ALOGE ("JavaVM unable to locate class '$s'\n", slhshClassName);
i
1
1
1

/* keep going */
} else {
1
“....1methodlD startMeth = env--GetStaticMethodlID(startClass, "main",

"([Ljava/lang/String;)V");
if (startMeth == NULL) {

ALOGE ("JavaVM unable to find main() in '%s'\n", className);

/* keep going */

o o
- -
-

-

(env->CallStaticVoidMethodf2tartClass, startMeth, strArray);

-
e L L ———— Y
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ArtMethodEEAI Okt

ArtMethod
|

|-> ptr_sized_fields__
= y_point_from_jni_
try point_from_quick c iled_code_
TERE 2 YN jnitl 2 A 0

INARFS art_quick_generic_jni_trampoline=Z— art_jai_dlsym_lookup_stub

BN IR E]
AEjni s i a@_to_interpreter_b@ ImtConflictTable
XF A L iy
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.@.

— A 0id ArtMethod::InVOke(Thread* self, uint32 t* args, uint32Z t args size, JValue* result,

e

ArtMethod Invoke

const char* shorty) {

if (UNLIKELY(!runtime->IsStarted() || Dhg::IsForcedInterpreterNeededForCalling (self, thig
} else {
bool have quick code = GetEntryPolntFromQuickCompiledCode () != nullptr;

if (LIKELY(have quick code)) {

art_guick_invoke_stub)
else {

(5, args, args_size, self, result, shorty):

stub) (this, args, args_size, self, result, shorty):

DEFINE FUNCTION art guick invoke stub
/4 Save the non—-volatiles.

PUSH ebp SS save ebp
PUSH ebx JJS save ebx
PUSH esi /S save esi
PUSH edi /S save eddi

Lgpr setup finished:

mo B s =) iy I Y=Y e method pointer into eax
call *ART METHOD QUICK CODE OFFSET 32 ($eax) // call the method
m el gesp ore stack pointer

T

CFI_DEF_CFA_ REGISTER (esp)
POP edi /S pop edi
POP esi S/ pop esi

28
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