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(4) KEBALEE A ALY G .

(5) L FF GPS Fhi.

MR R bsrE, FHURM A TR TR LA F 2R 2.

(1) B @EFHIFTAShRe, B, PRI, Bovr i s FfoR w145

(2) R NIFIERIRIE RS, RS LT ULy =5 N R, M SEEsh e
PR 75

(3) HA& EWIigE, #ilhn, wreLx S v,

(4) H% PDA [WIhRE, B, RSO NMEEEE. HRHCEHE. B4tk 28N
Fi S B0 R A5 T A
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(5) HEPEREH, I AT B REBLA B

1.1.2 FREERFHEZRIK

B4 e 2 — B i, s R BETHLR S MR AKX Windows Mobile, FEHE
Symbian. Palm. BlackBerry. 3¢5 i0S FIA 151 E 4 Android.

1. %X # Windows Mobile

Windows Mobile 25K 2 7 ()—2K A H 75, Windows Mobile K471 Windows 5
Iy R T A N . i Windows Mobile #:4E RGN B4 1247 PPC THL. PDA. Bt
EARFE IS . Windows Mobile #:1E R4 — ', 43Jll/& Windows Mobile Standard. Windows
Mobile Professional, Windows Mobile Classic. H HIIBEH AN & Windows Phone 7 Fil Windows
Phone 8.

2. Symbian (ZEI)

FEVERG AR .. RIEZAR BEFEP R, T 1755 L R 8l ik 45 i 4k
A RN — NG R AT, BIIPRTFIERIERSE, 5V 24000 . Symbian 7
HRUFMIFHHE, KRAWNZS R EER, SRR LR, SCRF C++. Visual Basic 1
J2ME. H iR AWLF I FIANFE, Symbian AR 7 FHH (User Interface, UD “F&5 404
Series60. Series80. Series90. UIQ %5, H:H' Series60 T Z LA E 7B F-HIH, Series80 J&
HSEHEBR AL T B TE,  Series90 NI A f a2 Uy M we vt

2013 49 A 3 B, #ERNE) B AL 37.9 ICERAANASH I 5 T 4935 &A IR 43011,
F) B E A5 0A 16.5 /LB TGN AS I 35 R T 49 A8 X AR E ], KRR 5 EHAE] 544 /LR,
HFA 327 4 R THAER BN, FEXHTOTHET 2014 £ 5 —F R TR IO
WiE R ENE G, WAAWFEIEFA L%, ™ EHE Windows Phone #4F & 44945 2k & o

3. Palm

Palm ZmAT I ANECF B (PDA, XHRE D M54 0. AW~ EDE, Palm &
PDA [F)—Ff, & Palm A F R 1M, Palm & Palm /A ) 427 [#) PDA 7=, X
5T SONY /A #) Clie FIl Handspring 24 7] [f] Visor/Treo 25 HAMIZ AT Palm #E1E R PDA 7
fhe RS R EANREEMASIR M S, el sl R g E R EARE RN
TH . 2009 42 H 11 H, Palm 2% CEO Ed Colligan 'S4 LAG #5413 T WebOS # Windows
Mobile IR BEREA, HASHEGHET “Palm OS” (R Re &4, B8 T Palm Centro 27F LA
Je AHABIE 7 A VI gk i

4. 2% BlackBerry

BlackBerry #& i1 % K RIM A RIHEH ) — R 2 L7 i R e 280,  HARr U S FFES) X
IR, FHETE. SCFRAE . BRI W N R A TC 2 IR S, o R 3s
FETWOR AT . AESERAT Android [R5 KTTIABA T, BlackBerry CLAE% JEHEAR T 65

5.i0S

10S 143 R 8 ¥ 4 iPhone M1 iPad [#R1ERSE, 1E App Store IRHEZNZ R, il T 11
Ft LGSR A R — o JRAIX AN R G4 M “iPhone OS”, HE] 2010 45 6 H 7 H WWDC
Kas BEATSLA R “10S7, 10S (1 P S R S RE 8T H 22 Al /e . 5l
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TrEAFR B BRI e . 5 RGRL LK) (Swiping). 4% (Tapping). #fHk
(Pinching, 1% H T4/ KM% (Reverse Pinching or Unpinching, % H TN, I
AN B AT RIS, LA e B R y B DA BERE R T 1), XA RS
iPhone S8 T 4,

6. Android

Android ;AP EAM, HFT 2007 4 11 H 5 HRA, %P mEERS. B H
JA AN ARG, SRR AN B B 28 41 38 IR B E RSO 5 3 A% a3 ik

I EBREdE AR (IDC) AMiFIEHE, 76 2014 E55—Z, Android 1 i0S RS &
BEHLE BT R RE AL TR R 92.3%, %3 Android REHIFT R RETFHIECREIRF 2 1.821 12
KO LA R 9030 5. (RIS R A S HUTE HT R REFHL, 2R akm shifE
RGNS H R OLIES] 82%, L2013 4E5 K 75%A B .

BUEBIARBER 2, Android REEHIEFTRAZ Android 5.0,

1.2 Android ARGEVA RINIX

Android — il FHILTEEVERRFI/R Y (Auguste Villiers de I'lsle-Adam) 7 1886 &
RINEHNGE CRARE L) v, Ak bR NIV EE 44 4 Android. AT 3= #f1 5 2 Android
R, EARTERIESH Android RGEIFEEAEFNA DI FE

1.2.1 Android Z24RYHEAE A RBIVIK

M 2008 4= HTC F1 Google BXF-#EH 25— & Android FHL G1 JF4h, £ 2011 5 —FF,
Android 7EAERI T 37 080 B OB ZEPE R SE, WRJm ke —. Nt LS sets 78 7 Ui i
Android R4 H EHAT .

(1) 2011 4F 11 H##E, Android f#82BRE RETHURAE RGN0 52.5% M08, vh =T
WA EEN 58%. 2014 4 8 H 15 HIWHE, M IDC KA 2014 4255 2R BEFHLTT A
SR B B, S 10S FIAREK Android K RS0 H 4k SE41H . Android RS E TN,
IKH) T 33.3%, HITEIAR] T 2.553 145 . Android

Top Five Smartphone Operating Systems, Worldwide Shipments, and

?\ éﬁ E](] Tﬁ%ﬁ}%ﬁ%’aﬂ T %Eé% s }\A 2013 E’;ﬁ :éﬁ Market Share, 2014Q2 (Units in Millions) - IDG/Applelnsider

Q? 2014 C':: 2314 QZ 2013 Cnl: 2313 o Vea\:-
1 79.6%IK 2 T 2014 F2 /M 84.7%. H Vikomw: | Stoew | cilme, | Share | Beowlt
. Operat'ing System . . s
PR 1-1 Pros. os B2 mrh e reow  or
(2) WM B TEi T, Android sy s osw  or 2w 7oou
Oth 19 0.6% 29 1.2% -32.2%
/2%\ éﬁm %t&%@ﬂiiﬁ] IJ__—I‘%‘ z;ﬁ . E(] ,fjﬁ R % % % EH?% Tf:t:lr5 3013  100.0% 240.5 100.0% 25.3%

Wi LAY Net Applications K ATIEGHIEGR & 1-1 2014 45 8 AWEETHPA G X
SR, 2013 429 HE)2014 47 H, 4L
INFIAL L, Android Wil v 33— HA TRUPETRIRE, MBI 29.42%FF A 44.62%.
(3) AR T IZAELE P it B 7 T EAT EL S, Android RGENNEAT FEEITERIE S, Hn
W #iEik 85%.
H ERGE T s v W, Android R 5 A AL 5 — . Android HLAUAPSEE R PE K,
R M, A B R RGRELL) R R H] SR ROM, 58 il SR s i s fF A =
EE 3
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AN . RIS R A 2 T KR P BRAT, T TRIPLAE & A D> Android FH P
Pt SR 1 1

A Android MANKEHZ, T EFIINAE/ERS 1.6 3] 4.4.2 L AFPIRA Android R4E
FHL, RN S IRAS RGBT I RN g — A ki R i1 T
MR, SENHBEBRANZ, BERESEANS, HERIADEERMNE, S
ZEUK . [FI Android WA X&) REREME FOHTRRE, FECLeH S AEARIm ALY AR
A Ji—J71, A Android N FH AT H] Java 5 5Tk, H@AT R AR —H
S LA TR T g

1.2.2 #0AY Android %%

K24 Android R4 M S 2 AR, I RGEAR S AN TIRE, 1§45 Android REEAHE
MTFFHR S L, i ) 2T A g s &b B8 RN AT, BRZENHR T
FHU= 2 A, W A5 Android ARG AR %

(1) Android % BEHLAL

Android ZREHAL, A SCRIBE T 2 5 E RGN . S A Ref, REibrl
PRSI GO Y. PAR L S WK I AT, S5 PR H i A BETFHL—RE I D Rg o
LA 2 R R G A SE IR AL AT, BT )73k e siism N T S IR S5 PN 2B e 2
i, #E/R MOOKA i~ U42H7030 {2 — 344K Android 4.2 RZ MR REHAL, Wi 1-2
FiRo

B 1-2 4% Android 4.2 RS GEH L

(2) Android HLIN&x

Android L& Z I B Ge THL 1, RARITHECEE, B80T 288 ERg, WLiH
PP EAT BB PR =T IS5 i iR, 3 2R e SR ASKonT FEAIL )
DREHATY 78, JEnT DLE L 2. o2k W 2 R S 9 p R i B — A B LT 8 B R

WA Android MLINIEE, WILLRAALEA ER. B, Dok, BRI
HOIREDIRE, AT — AMIREA AR FU .- Android HLIT S A E— AN Eis 7S
R M ANIAS AL, BEDON T EAL XA A Tl Android HLINEINL £ 41
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AMEBRN S, BEAEA R TR, IR RERAT U SRR b I AR B
AL A HIAE FAR B Be “ ) /NSy 7L CREA AR SR k. i, SRALA FII Letv
ML g 2 JE T Android $T3&E 10, WKl 1-3 FiR.

(3D UEARAL

Android MUK Android B ReF-R—FE, 782013 FHIL T EEARK. 75 CES g4
I, NVIDIA ] Project Shield % FJfEak FEHLLAZLE X FEIRHI R A AH, Z 5 XA Ouya
Gamestick fHZEHEH . ANATT, Mad Catz tH K4 T — 2K Andriod JEA& AL

(4) BEEFE

PRET R, R TFRANENRURS. BENETILRGER TN LIZ R, &
FRCFHUR RS, fE. ISP A, 5 AR55. 2013 4F 3 iR, R, =&, 778
SR ECSKHORLE 2013 SEMRLELI R AR BE TR . £ E T35 A 7 Current Analysis 4347 ifi
YE « MEMINEE (Avi Greengart) A4 2013 fE M RES N R RETF-RICHE. Hln, LG EAKK
FIAHK Android Wear #:4F RZEIT Kk —#k4 M G Watch [ HE T8, 1%/ 00T 2014 E55 )%
KA, WE 1-4 Fios.

1-3 T Android 1 Letv HLIT & 1-4 ## Android Wear £4:[f) G Watch
(5) Aaexk=
BREF e LMEE A P&, FIHZEEMEREAR. MEHEGERAR. BERE-RERIT T E

ZARPIEER BEERIEOR . F AN K m BN A RIS, M R Eg ik
SR pE IR M HARL, HIGRRII R et Rk, &Fdrt. 2R, JFsisl
IORITREM AR

BBESJE AL T BRI NI PRI, A BESK T MK I BACKS 5 (R 25
B (WS ismses . MRS, wiishl. Smdl. 2P Rg. B Rg. MK
HLDL R =R DIASE) RS, SeMESOTEml. IR EaRh). mihgreEhl. =
WANRERE . B R AT, Bl sl 20O R A RO i I S 2 M OiRe . 5
WBEF AL, BRI ANEATRG N EETIRE, A 3. MREE. FEaXm. #
#B, ERG. Gk IR EE AR fTE. A R ORISR,
ety b R BAC LIRS RER A B S AN AR FRE R Wil A AT AR J5 5K,
WA R ], S SSE ARG i) 2 A, EL 0 A4 Rl eI o HI 1T 4 92 <

Bhn, IRAFIEA A GW-9311 2 BE L™ 2 —3K Android B e & ™ i, W] 1-5
IO
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K 1-5  RAHEAFEI GW-9311 FHRETAHL

R RE R SR KL — S, BEAE BRI AN 2 IR 25 I IR e, KA S 2 A ek &
YA, FPRANG,  Android RGERANA — AN B RLFHIAK

1.2.3 Android 24BYE XN

I A ARG RAEIX A Z R e RGP A, oA A T HLRS
We.? Zp i LB, s TR e BRI #.

(1) &)

Android RZIETH AN Linux REMENZ, & FIHEKTHEIERS . Android %
D2 J5, & KT S Sy N, XA a5 vh R 2l BEFE D47, =idd - HTC F1 T-Mobile
TEWI 30 2 FEARFITCE N H A ANV AR o 38 58 E R . B HIERT « JF AR A1 A
A RS TT G R IZ DRI BRI C R, Ay rAr A . BN s s - &,
TR BN N TG S — IR AR S R .

(2) s KT B

Android [IRFR MEBEZ K, AIEEEFER H7. Google. HTC. PHILIPS. T-Mobile.
W k. —A. LG LR EBSIENT 34 Kok, XEEETHISIREEm A A .
EATHRE LT % B R T B S5, Y FH 2 T (10 38 FH P R B IR A e KR 45 2
fRiEe I HIE AL T FHUF RO, B P i 4 sy .

® FHLHE R

G ZIAERHT (HTC), EEEPH, whE =Ew¥, #E LG By, TEB3, HA
KDDI, HA NTT DoCoMo, [ Sprint Nextel, &= KFJH{E, PHHE Telefonica, T-Mobile,

® AT

Audience Corp, Broadcom Corp, #4§/K, Marvell Technology Group, Nvidia, SiRF,
Synaptics, FEMNXHS, i, 2 HP.
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(3) AR AL

B T HR R AT KRR, A 3L T — i A, — AR
55, T HIESE T RAT ORI S R LEBE,  FH S < e )
J i1 R,

® JFR NG TR

7t Android “F-& b, 7Rl DIF R & NSFENH . Android N HFET ZIEE Java
EEIP RN, HEERK Java JFREEN, sUERIR ML BT IR 548 . 10 M Android JF &,
X Java ISRFEI TS AR, BIAEA A WIESR 1IN, Wl PIESE T2 2] Java 2 )52
Android JF&. %34t Android 58430 FF 2D 3D FIELIZE, I EAIN A Sl T 4. i
Wi Android V5, PP RATLURIE, St R 40 2 N, Blanss L TH. &
HEL HEM AR o

® W4F ) Android K

TS5 Z (PR Android JF R, Google LLEE L2475 T 42430 1000 J3 565 IT
RETEIE . BT RN R B2 Taa R RIS T RN DR,
AMEBEE R B QIR FF H @i 2 a2 22 A 15 21 sh .

® /t Android Market 3R 25

T el Android WG 2 E, BHIF K T H M Android 3KA: T #)E
Android Market, Android Market s}t /2 http://www.Android.com/market/, fCVFFF & N 02K
N HFRFPAE BT kA, ARV Android H P REE T3 H SR FET. EANFFRE, i
G R B MK S, il e A4 88K B AP E 4% 2] Android Market, JFf H o] BLXT H K
AT MY o BT, BRI R R AW g TN, 3t n] DASRAFAR I i (R4, AT ik 2]
2 W AR

(4) JHkE

TR RE XS T AN BAITHL) R, Android & 58490 9 0 o DR YA RS 28 FF 1
BRI, BRG] T S HIEHRE T R o . IRZ T R#R4r2rkH Android 1E0 H C
PRI RYGE, PRI, PTUARRAC T A, e TRRNE. oI R A G UCRL, ARE TR
KA EWE NATRK, A4y ImA %] Android JFR KZE K. T2 —LEae hAHT
TP RAEAME S H IR, S48 THRA Android JFK

1.3 &% Android NFEFFAINE

Android RGN —FH M TR 6 5 AEREAT HAARTT A 2 B B S B — XN TT A
EE . TR TT R, 55 TR T R TH PTG E AR AR A OB A AR
PEAN U5 & Android N IFAIASE I REA RN

1.3.1 %I Android SDK B R G E K

FEREIE LR, — R SEHiE I T Android [KIN FIERAFIT A I g ZEPARE R, BAR IR 1-1
Pis.
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*1-1 AERFRFKRSE
i H [T N 3 Ui ) G
Windows XP LA 5§,
Vista Mac OS X . . N
e R E A [ -
BAIERYS 1048+, Linux Ubuntu RS RN R INEE Y3 TEHE H OB IMERE RS
Drapper 2L I
AT R AL (Software . N : MBI AT, mHFIURA 2
Development Kit, SDK) Android SDK TEFFRTRRAR 1 SDK Android 5.0
SERTT RIS (Integrated ik Eclipse3.3 (Europa),
Development Evironment, Eclipse IDE+ADT 3.4(Ganymede)ADT(Android P “for Java Developer”
IDE) Development Tools)JT & i
A2 Java SE Development qi.%im Ky Jz.iva BTN (.l‘avg
Kit 5556, Linux &l Mac |- Runtime Environment, JRE) &4
HoAth JDK Apache Ant - . LA, MRS Java SRR T
] Apache Ant 1.6.5+, Windows a .
AR 17+ BRA ,\A@(‘Java Development Kit, JDK),
: AHMiZY GnuJava itk dy (gcj)

Android T Ho 2T A WA, FAABMIITT .

Q JDK: #JLLE|M AL http://java.sun.com/javase/downloads/index.jsp T %o

Q Eclipse (Europa): 1] LAZIM L http://www.eclipse.org/downloads/ 4% Eclipse IDE for
Java Developers.

Q Android SDK: 1] LLE|M KL http://developer.android.com %,

Q AR N IR TE R AGAT

1.3.2 %% JDK

Java 55 AT & T HA (Java Development Kit, JDK) &34 Java (%0, 5T Java
BTN Java THAM Java JEAHKIZRIA . E 2038 IDK Z Ay 2563045% IDK, 3R45 JDK
PRI T .

(1) &3k Oracle B Jy M uk, ML http:/developers.sun.com/downloads/, WK 1-6 Fi7R.

(2) £ 1-6 Al LLERIFRZMAS, EIIER Ui BB ARA Java 7, T
K 1-7 e

Downloads Store Support Training Partners About Oracl T
Java Platform, Standard Edition

Databases Server and Storage Systems

Database 11 Solaris e for Bevelopers Java SE 7u1 _ JDK _ JRE
Database 11g Release 2 Linu and Vi o This release includes many security fixes. Learn
Express Edtion cmare Java for Your Computer more +

MysaL R JavaFx

Berkeley DB Oracke Solaris "What Java Do | Need?" You must have a copy of | JDK7 Docs JRET Docs

Instant Client Developer Tools the JRE (Java Runtime Environment) on your - Installation - Installation
»‘:nnhcumn Express system to run Java applications and applets. To Instructions Instructions
See Al develop Java applications and applets, you need - [
Pre-Buit Developer Vit the JDK (Java Development Kit), which includes * ReadMe * ReadMe
Widdleware the JRE.
= ReleaseNoles * ReleaseNotes
Free Open Source Software
oc Partner Demo Software = Oracle License * Oracle License
Si"s 8 Applications = JavaSE * Java 8E
elive E-Business Suite, Products Products
Peopiesof, J0 Edwards,
Siebel CRM = Third Party = Third Party
Agie Licenses Licenses
Autovue
see = Certified System * Certified System
Configurations Configurations
PN NECeS & s
Kl 1-6 Oracle 177 N4 Ui 1-7 JDK R

(3) 7K 1-7 s JIDK R 71 “Download” $24H, AE38 HH (18r AL o B B N AR
JDK, 2E#7E k1 2& Windows x86 A, W1&] 1-8 .
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(4) FESERJE R N “.exe” IH%&%&?@«% B e 37 SHEHE, 7E
el N 287 fel. WK 1-9 For

Java SE Development Kit 7u1

‘You must accept the Oracle Binary Code License Agreement for Java SE to download this
software.

ORACLE
(o i ol i i nt
e B KWL Tava(TH) SE Development Kit 7 Update 1 528 F1 &
Product / File Description File Size Download
Linux x88 77.27T MB_ #* jdk-7ul-linux-i586.rpm
Linux x86 92.17 MB ¥ jdk-Tul-inux-i586 tar oz ToalTh) SE Development 0t 7 Undate 1 SHERFFILENERHAS ST SH
Linwexd 77.91M8 ¥ jdk 7utlinusxbd.pm BISEEAIRESENR, HHR
Linux x64 90.57 MB_# jdk-7ui-linux-xG4 tar.gz
Solaris X386 15473 MB ¥ jdk-7ul-solaris-i586.tar.7
Solaris x86 9475 MB # jdk-7ui-solaris-i586.tar.gz.
Solaris SPARC 157.81 MB ¥ jdk-7ul-solaris-sparctar.Z
Solaris SPARC 99.48 MB ¥ jdk-7u1-solaris-sparctar.gz
Solaris SPARC 64-bit 16.27 MB_# jdk-7ui-solaris-sparcvd.tar.Z
Solaris SPARC 64-bit 12.37 MB # jdk-7u1-solaris-sparcyd.tar.gz
Solaris x64 14.68 MB # jdk-7ui-solaris-xG4.tar.Z
Solaris x4 9.38 MB ¥ jdk-7u1-solaris-x64.tar.gz
Windows x86 79.46 MB # jdk-7ul-windows-i586.exe F 5
= = 56 ) > B
Windows x64 80.24 MB # jdk-7ui-windows-x54.exe ) 2

& 1-8  #E$E Windows x86 A Kl 1-9 “2edem's” XibtE
(5) B “22deprAr” REHE, (Rt SO ek it. il 1-10 Fros.
(6) {EILVE 223 M A2 & “C:\Program Files\Java\jdk1.7.0 01\”, #RJ5 ¥ “ N5 4l
THIATE 2B A IR I 4 N 3K Sk i 1-11 fow.

o e
S ; L N
= Iava' ORACLE = Iava ORACLE
M T AP P R AT AR TIRR . SR CEREG o AT LA BB R TR EAE A ER i/
MHERIZ R 2k R 2 Aok R R E RThRE ks
Thiefied (] ]
- > BEEHERE TR AR
..... e ERET AR, e
i HHRE 46 MB RIEER RS
..... = g
..... =

2
C:\Program Files\Java\jdk1.7.0_01\

<20 [FEw-| @w |
1-10  “22Aepsit” XHEHE P 1-11 fil 4 R3St

(7) SERUGHH “CHERSCHIE” SHEHE, EILIERRE 2238 A0S . WK 1-12 fiow.
(8) Huily “F—7 e IR IE%esE, WK 1-13 for.
x| |

ORACLE = ¥ ORACLE

3 Billion Devices Run Java

i T >

Bl 112 “BARSCge” SHiEHE Kl 1-13 ket
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(9) SERUFHRH “TERC” REHE, B “oER” HEH R e A ekl B . WA 1-14
PR e

TE B fa AT LRSI 2 A5 2B pe oy, AT R Ty “ TR — “IBAT, EisATHE
AN “emd” JF4% T (Enter) #, 7EFTFFHI CMD & IR HIAN “java —version”, WIH B R
B 115 P iOgeon s B, W] 2228k o

i Java (TH) SE Development Kit 7 Update 1 - 5uBl

ORACLE

Java(TM) SE Development Kit 7 Update 1 EEEThE%

R MR R , ST FHEIRS :
SRS, e RS
SRR Orade FREF L, IR WIS
* B BT AR AR

SEeE T RN RS RRE R FRTET ok SR e. RE
SEf s M EFEER.

A RR R L R R EE N EA A TR EE R . BT
FERRER T,

FRIEmERE

nt Chuild 1.7.8_81-h88>

SE
HotSpot(TM> Client UM Chu 21.1-bB2, mixed mode, sharing)>

:\Documents and Settings\Administrator>

K 1-14 et i Kl 1-15 CMD %

AR AT 22 g2 ey, B H SR B 400 B AN N 2 R GE ) PATH e HARA0Z:
LI A

(D A <R — “BYE” — “mg”, R NHr “HEARR”, £
I “ RYAN 7 Abik$Epd, AL AN “JAVA HOME”, A5 A AR H 5%,
Ebini &4 “C:\Program Files\Java\jdk1.7.0 01”7, 1[& 1-16 fix.

AERLRTE
EEEm: [7ava_Home
TREW: |o:\Program Files\Javahjdkl. 7.0_01|

1-16 WHEARGAR
(2) PR — MR AN classpath, HAREATUIT .,
5%JAVA_HOMEY%/lib/tt.jar;%JAVA_HOME%/lib/tools.jar
B “HfE 7 RHIERE] PATH (AR, Xl i gttt 7R AR A fe i s a1 i
%JAVA_HOMEY%/bin;

HARWE 1-17 fizr.
(3) PRI “HFaR” — “IB1T7, EIBITHERHIAN “emd” JF% T (Enter) #E, 7
FIFFH) CMD % RN “java —version”, IR W WK 1-18 Frarfen(s &, Wi«
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Mindows XP [hE 5.1.26801
‘5 1985-28081 Microsoft Corp.

FEE W) [classpath
- - - C:“Documents and Settings™Administrator>java —version
TRE (V) [ib/rt. jar  %TAVA HOMES/1ib/ tools. jar java vercion "1.7.8_ 81"
= s Java{TM>» SE Runtime Environment ¢build 1.7.8_HA1-hA8>
Java HotSpot(TM> Client UM <huild 21.1-h82,. mixed mode, sharing)
K 1-17 WERGARR Kl 1-18 CMD %I

FE: AT FREFY, REREH AANZEIZREN, HH LR IDK 9354722

C:\Program Files\Java\jdk1.7.0_01.

1.3.3 3EENFF%EE Eclipse #1 Android SDK

Eclipse A& 11T Android N FHIT & 1)—NMERCTH, 1l Android SDK J&JF & Android )% f
TP AU £ BIRESE . /5 Android F 7 AAn oA, C444 Eclipse Al Android SDK
KA THIEAT THER, — IR FERIAT R SRAGIX AN TR SREUF %3¢ Eclipse A1 Android

SDK [ HARS IR,

(1) 3% Android B 77 M ¥k http://developer.android.com/index.html, 1P 1-19 iR,

Developers Design Develop Distribute Q

Android 5.0 Lollipop

The Android 5.0 update adds a variety of
new features for your apps, such as
notifications on the lock screen, an all-new
camera API, OpenGL ES 3.1, the new
Material design interface, and much more.

Learn More

532 Building Apps for Creating Apps with
Wearables Material Design

5 Android Studio
Learn about the new features in the
@ Learn how to build notifications, send beta release of our new IDE.
and sync data, and use voice actions. o=
Almast home! R

Learn how to apply material design to
your apps.

1-19  Android (5 J7 Mk

(2) ¥ “Getthe SDK” %4, WK 1-20 fizw.

K 120 i “Get the SDK” #id

(3) e i i T B “Download the SDK” 4441, W& 1-21 fizs.
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e
lﬁl Developers ~ Design Develop Distribute Q
Training API Guides Reference Tools Google Services
Developer Tools Get the Android SDK
Download £
The Android SDK provides you the API libraries and
Setting Up the ADT developer tools necessary to build, test, and debug
Bundle apps for Android.

Setting Up an v . 5
Existing IDE If you're @ new Android developer, we recommend you

- download the ADT Bundle to quickly start developing
Android Studio - apps. It includes the essential Android SDK

Exploring the SDK components and a version of the Eclipse IDE with
built-in ADT (Android Developer Tools) to streamline

Download the NDK your Android app development.

Workflow v With a single download, the ADT Bundle includes

everything you need to begin developing apps: ywhload the SDK

)T Bundle for Wi

Support Library

* Eclipse + ADT plugin
Tools Help v « Android SDK Tools

1-21  #idi “Download the SDK” 241l

(4) {E5fH I “Get the Android SDK” Ftifiith/a)i% “I have read and agree with the above
terms and conditions” Hij [’ SZIEHE, SRJFAE N R BB F A kS RGN 2. Bl g 1)
TN 32 f7ff, FrLla)iE “32-bit” RITHI ST . W 1-22 Fis.

N Get the Android SDK

Developer Tools

Download ~  Before installing the Android SDK, you must agree to the following terms and conditions.
Setting Up the ADT B
Brwilz 1.2 "Android” means the Android software stack for devices, as made available under the Android Open Source J
Setting Up an v Project, which is located at the following URL: http://source.android.com/, as updated from time to time.

Existing IDE

1.3 "Google” means Google Inc., a Delaware corporation with principal place of business at 1600 Amphitheatre

Android Studio "
Parkway, Mountain View, CA 94043, United States.

Exploring the SDK

Download the NDK E A
2. Accepting this License Agreement
Workflow S
2.1 In order te use the SDK, you must first agree to this License Agreement. You may not use the SDK if you do not
support Library accept this License Agreement.
Tools Help “ 2.2 By clicking to accept, you hereby agree to the terms of this License Agreement.
Revisions v 2.3 You may not use the SDK and may not accept the License Agreement if you are a person barred from receiving
the SDK under the laws of the United States or other countries including the country in which you are resident or
Samples from which you use the SDK.
ADK v 2.4 If you are agreeing to be bound by this License Agreement on behalf of your employer or other entity, you n

' | have read and agree with the above terms and conditions

© 32bit  © 64-bit

Download the SDK ADT Bundle for Windows

& 1-22  “Get the Android SDK” Ftf

(5) #pililEl 1-22 vy T 1 1 s FRUG R T, P30 B b so ke —A
R, Wk 1-23 fiR.

@ adt-bundl e~windows-xG6-20140624. zip 359, A5HB

s ERETHET HEE @ RAZE (D aex
C:\TODOWHLOADY ﬁl]j—?—: T5.94GF ~ I__"]

HRITERRS 22

T #mREEEET

SRR T
Fati IS a-10) S

e TR SRITE -

Bl 1-23  JFea M H AP At
12 mEm



N F1%¥ Android ZHENB
(6) K¢ T HAG 2NN IRAUATAR B, R O H SR Sk I 1-24 PO

| eclipse 2014/10/14 8:51 i
) sdk 2014/10/16 16:28 SOk
(571 SDE Manager. exe FO14/T/3 374 BREEE 216 KB

B 1-24  fRIE )G H 451

A WL, Android B 7 CL4K Eclipse A1 Android SDK SEHL T £, Xili “eclipse” H
K1) “eclipse.exe” A LLFTFF Eclipse, FHIZCHR I 1-25 FioR.

@ Java - ADT [ S5
File Edit Refactor Source Navigate Search Project Run Yindow Help
- [ R=ERERENN TR UE R R R RSl B iR S P
[quick Access B |[& geve
[# PackageExplo.. 52 = O = B g Outline =g
B& v An outline is not available.
2 activity and intent
E] Console G| B-r4-=80
Android

53 of|85H |[[ | Loading data for An.. 4.3: (100%) [HEN @

K 1-25 #$TH Eclipse J& IR

(7) 477t Android SDK 77V PR, 35— FhEXd N4 H P “SDK Manager.exe”
A, BB FE R Eclipse T HAH LR EIEIbR . FIIFE MR WE 1-26 Fiw, 2RI
17 Android SDK ¥ f#7 iR A /& Android L.

ol

Fackages Tools
SDR Path: C:%adt-bundle—windows—z86_B4-201407024sdk

rPackage
i ¥ me [ 2PT [ Rev. |[Status | N
[/ Android SIK Tools 23.0.5 [ Installed
[ Android SIK Platfarn-toals 20 [ Update availsble: rev. 21
O Androsd SBE Surld-tools 2F | #ot installed
----- [/ Android SDK Build-tools 20 [ Installed
----- O/ Androsd SBE Purld-tools i8.1 [ Kot installed
----- O/ Androsd SBE Purld-tools 18.8.3 | Fot installed
----- O/ Androsd SBE Purld-toels i8.8.2 | Not installed
----- O/ Androsd SBE Purld-toels i8.8.1 | Fot installed
----- O Android SBE Puild—toeis ig [ Kot installed
----- O Android SBE Puild—toeis 18,11 | Not installed
----- O Android SBE Puild—toeis 8.1 [| ot installed
----- O Android SBE Puild—toeis 18,81 | Not installed
----- [/ Android SIK Fuild-tools 1T [ Installed
E-ELZ Android 5.0 (AFT 21)
[8 Zocumentation For Androsid SEE 21 F [ Kot installed
508 Flatform 21 F [ Kot installed
(3 ARS FART v7a Systen Tmage 21 F [ Kot installed
[8 Tntel 86 Aton 67 System Image 21 F [ Kot installed
[0 Tntel =86 dton System Tmage 21 F [ Kot installed
' Google APT: 21 F [ Kot installed
[0 Google APTe ARN FART v7a Systen Image 21 2 [ Kot installed
[i8 Google APTe Tntel x86 Aton 64 System Image | 20 2 [ Kot installed
[18 Google APTs Intel 86 dton System Tmage 21 2 [ | Kot installed
(1] Seurces For Androsd SBE 21 I [ Fet installed
O Android L (AT 20, L preview)
(] [8 Docunentation for Android ‘L' FPreview SIK L 1 [ Installed =

Show: I Updates/Few [V Installed Select Hew or Updates Install 13 packages
[~ Obzelste Deselect A1l Delete 4 packages...

‘ M =

Done loading packages

K 1-26 $THF Android SDK J& [t S HI 3
EE 13



-
| Android EEHANNEIER
134 %% ADT

Android 4 Eclipse &1l T —A~% Hffl (Android Development Tools, ADT), MtAdif}h
M P ERAE T —N58 KT R Android N HIFEFP ISR G EE. ADT 97 )& T Eclipse (Z)RE, W LA
b ad 2 37, Android 10, BUEE N HIRE R S M- 222225¢ ADT i, 195675 24T IF Eclipse
IDE. ARJGHEATIN T H#AE

(1) 4TJF Eclipse J&, MK dZ A1) “Help” — “Install New Software...” &3, U1
Bl 1-27 s

Install Hew Software. ..

B 1-27 g hndEf:
(2) EFH IR ERHEF Ll “Add” $24, Wil 1-28 fTos.

Available Software
Select a site or enter the location of a site.

o

XA
m

)

K 1-28 AN indd iR

14 EE=
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(3) fEHLH) “Add Site” XIFHER PRl AL, &7l A s, Bl
“123”, {HJETE Location " AZIU A Jdi (19 25 Hutil: http://dl-ssl.google.com/Android/eclipse/
ikl 1-29 .

Hame: JL23 Local. .. |
Location: Ihttp:ffdl—ssl. zoogle comfAndroeidfeclipzef Archive. .. |

@ Tuplicate location

(‘E‘j ) I Canesl |

129 ok
(4) B “OK” ##%4l, MWHLE “Install” S S ER R o] G Wi 1-30
iR

Available Software
Check the items that yeu wish to install.

¥ -

fork with: [new - http://dl-ssl gooele. con/androidfeclipse/ 2| hdd

Find more software by working with the “Availsble Software Sites" preferences.

Jtrpe filter text

Hame Version
= [F 00 Deweloper Tosls
[F & Android TOMS 23.0.0, 1245622
[F &+ Android Development Tools 23.0.0, 1245622
Lt Android Nierarchy Yiewer 23.0.0, 1245622
[ &f# Android Native Development Tocls 23.0.0, 1245622
L Android Traceview 23.0.0, 1245622
L Tracer for Openfl ES 23.0.0, 1245622
Select A1l | Deselect A11 6 items selacted
~Details
¥ Show only the latest wersions of available software [ Hide items that are already installed
¥ Group items by category What is already installed?

I” Show only software applicable to target enwiromment

[V Contact all updats sites during instsll to find required software

@ <Beck | Hemt> |[ Eimish | Cancel

K 1-30 A1
(5) % “Android DDMS” 1 “Android Development Tools”, #R/J5 Hiili “Next” %41k
PRt . K 1-31 Fos.
(6) Hili “Finish” $%4l, JFUREAT %%e, et BERHE S i W&l 1-32 fFrw.
R ALRPBPTRASLATESE ERATREN, TLHLER. TREARTE
/& Eclipse kmBiEtF, FETREHKTUAMAT . RATEIMAL Eclipse 2541697 kA
BRTE ), 2ZAKE DNF, EHTURBERERT AITEIN.

HE 15
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[N Install IH[=] E3

Install Details

@ Tour original request has been modified. See the details. ]

=y N
Hame | Version [ 14

% Android DDMS 23.0.0. 1245622 com. android ide. eclipse. ddms. featur. .
@ Android Development Tools 23.0.0. 1245622 com. android ide. eclipse. adt. feature. .
[ Amdroid Hierarchy Viewer 23.0.0. 1245622 com. android ide. eclipze. hierarchyvi. .
% Android Wative Development Tools 23.0.0. 1245622 com. android ide. eclipse. ndk feature. .
@ Android Traceview 23.0.0. 1245622 com. android ide. eclipse. traceview. £..
[t Tracer for OpentL ES 23.0.0. 1245622 com. android ide eclipze. gldebugger. ..

<« |

Size: Unlmown

Details

Your original request has been modified ~
“pndroid DIMS” iz already present because other installed software requires it. Tt will be added to the

installed software list. LI

@

Hext » | Finish Cancel

B 1-31 iR i i

ISi[=] E3

\i) The user operation iz waiting for background work to complete.

[1]]]

Fetching com. android. ide. eclipse. ddms_0.. . pse. ddms_0. 9. 9. »201009221407T-60953. jar

%y Install (Blocked: The user operati... for backgrewnd work to complete. )
L] ]
Fetching com. android. ide. eclipse. a .. adt_0 9. 9 +201009221407-B0953. jar

Fun in ﬁackgroundl Cancel 4 Details

1-32 JFURads

1.3.5 1% E Android SDK Home

M5e i B AEE3E TAE), BERFISANBEAEH Eclipse B Android WiH, &7 %EAE
Eclipse "5 % Android SDK )3 H =%

(1) #TJF Eclipse, 7EZEH AR HS “Windows” — “Preferences” i, W& 1-33
PR

16 Em
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%15 Android EGAEB |

Preferences

¥ 1-33  Preferences M

(2) eSS 22 e LLE ) “ Android” T, %+ Android J&5, fEA47 1 E Android
SDK FfE H3% 4 SDK Location, i “OK” #H5e ik &. W& 1-34 Fizn.

F:tandroid-sdkwindows

[ Torget Hame [ Vendor  [Flatforn [ar . |

E---Usage Stats
[ Ant

[ Help

- Install/Update
[#- Jawa

- Bun/Tetug
Bl Tasks

M- Team

M- Usage Data Collector
- Validation

- XML

K 1-34 wERS

1.3.6 WIEFAINE

S ETIPER, —/NEARN Android JFARPNEREHER T o R — N H
2, B UE S HT P A AT BUE R TAE.

(1) FTJF Eclipse, fEHAFUKIKIERE “File” — “New” — “Project” T, fE#H 6%
HE ] LA 2] Android 2R LTI, Wil 1-35 Fior.

fEm 17
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& Hew Project

Select a wizard

<7

Wizards:

Itype filter text

F-[= General
o - [
H- [ Java
B Examples

@ < Baol: | Hext

> Finish ||

Cancel

K 1-35

B H

(2) K 1-35 LiEFE “Android”, i “Next” $#%Hl54TF “New Android Project” X
TAE, R R SCASHE h iy N S ZEAE L, Wil 1-36 Fis e
(3) il “Finish” %415 Eclipse 4% Hah58 I H A1 T, &faaa 2wk 1-37 o

ZNIORTISEAy AP

@ Inter an application nane (shown in leuncher)

gl= |

6

hpplication Hame: O

Project Hame: @]

FPackage Hame: 6

Minimm Eequired SIK: &[APT 8 Android 2.2 (Froyo)

Target SDK 6APT 17° Android 4.7 (Telly Bean)

Compile ®ith Ql)‘\PI 18. Android 4.3

[N WEY RN EY

Thene: ©[Holo Light with Dark Action Bar

. The application nane is
Settings

shown in the Flay Store, as well as

in the Manage Application list in

B 1-36  “New Android Application” X iFAE

1.3.7 €liE Android [EHIiZE (AVD)
FATEBEIEFE P R 77 E R,

18 Em

E Packaie Ex g i E }{ierarchy] =

|
=

0 s s

EI"_IS Apillemos
B4 =re
[:I--flﬁ gen [Generated Java Files]
| BEEh Android 2.0.1
[]--G@ azzets
§ B res

B[ tests

Q1 AndroidMani fest. xml
i\ LB default.properties
B2 test

5 o
El-53 gen [Generated Java Files]
B-E Andreid 1.1
Bl-2% assets
[]--G@ res
B[ tests
- Q1 Androidiani fest. xml
default. properties

4 |

Kl 1-37 T H 45

AR Ja A REFnIERE 7 2 T REIE#ET. 1F4
—HKTFHRSE, ERRETENEE B Android F2/708? AL, 2HCHIRATRME T




o %1% Android ZHENB
DA AR POX — 8. PR, W e et Sl EBAUSEIL Android R4E, W LLHIX
MU R AT 1T IT KK Android R o TR A AT — D ELSLH) Android T-AL, il
NP T — AN TF L.

Android ME#L1% % (Android Virtual Device, AVD), B4/ AVD H) T —E BRI &K
21T Android V&5, XAPFERDEA HCMNZ. RERGAEGR X, & LA H O
SD ~RATH 7 #4s LL AL R 7R 5% . Al AVD SEASPIRUNT .

(1) il Belips S RS, Wk 1-38 frs.

& Tava — Eclipse

File Edit Eun Source Refactor Navigate Semrch Project Hindow [Help

=1olx]

[ i la |@ad % -0-Q- & E- &0 - ] @ s (& ors

|

[£ Package Expleze I

s mermhﬂ =8

=8

B%|s 7

B g |

[E] Task List 2

G-l xBla~

=8

[ e—

@ Connect Eylyn

Connect to yowr
ea

or cres

loc

task and AIM tools
al task

&

5 Outline E2 = ¥ =0
hn outline is not available.
[2 Froblems f@ Javadoe f@) Declaration fE Console 53 (0 Frngresq =8
e kb8 -y~

B 1-38  Eclipse S H.

(2) 7E5HF) “ Android SDK and AVD Manager” FEHI 1 AMES: “ Virtual device” £,
Wi 1-39 Fior.
Oy T

Andvoid Virtual Tevices |Dm:e Definitions |

=101 x|

List of existing dndroid Virtnal Dewices located at C:ilsersizuan’. androidiavd

AVD Hame | Target Name | Platform | APT Level | CPU/ABI | | Create. ..
e ndroid 4.4.2 442 19 Intel Atem [x35) EI
] first ndroid 5.0 5.0 z1 Intel Atom (x35_64)

Edit..
Repair

Telete

T

Tetatls,

Refreszh

Ay & repairabls Android Virtual Device. x An Android Virimal Device that failed 4o load Click "Details’ to s=e the error.

K 1-39  “Android SDK and AVD Manager” F*[H

EE 19
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7& “Virtual device” FIFRTHIH T 2401 423 AVD A, wT DU A 7 e >k 1)
AL MIEREIE S AVD. B HAR UL R .
O [Erste | Gz —/NgiR0 AVD, B AL B O T T AT AR — AN AVD,
wE 1-40 Fizs.

x

@ Create new Android Virtual Device (AVD)

AVD Nanme [£irst

Device [Fexus 5 (4857, 1080 * 1920° suxhdpi) =l
Target [Android 5.0 ~ APT Level 21 =l
CPII/ABT [Tntel Aton Gi@6_B4) |
Keyboard: |¥ Hardware keyboard present
Skin. [Skin with dmenic herdware controls =l
Front Camera [Wone =l
Back Canera [Wone |
Memory Options | wan: 5o W Heap: BT |
Internal Sterage: | g Wi -
SD Card

o+ Size: [120] MiE >

 File: | Browse
Emulation Options | [~ Snapshot ¥ Use Host GEV |
IT Override the existing AV with the zame nane

b

Kl 1-40 it AVD Sl

o . emog s AVD.

o [ ] migogdrtem AVD,

O =0 B34 AVD Bifilgs.

O AVD Name: fEUCBEEDRG A AVD (047, W LSS SCERF 44

O Target: {EULIE R EAIEE AVD [ API A, 4 Android 2.3+ Android 2.3 Android
4.0. Android L. Android 5.0 45,

Q Device: 7EMBERFZEANE AVD K BERERI 73 HE RN o

Q CPU/ABIL: HI T & AN 1) CPU. 7R &A% Android SDK AN FHRR IS, A H]
) Android FHUSSHIUNIE ARM KRG, XIS IEAEIZITAE x86 1, 1M
SERUN ARM, BT AR RARRE P I i 2 I R A H 18 o EFXTIX /N, Intel
H T SCHF x86 1) Android BLAULER, RS M S SE BEFRE P IRIS AT IR, Ay
Android BEFULSREW LA GG T (CLHUISATIEED) BAT7EfI H Intel x86 ALFRARITHA
Ml o FrRAXTAEH Intel x86 VAT A Android N HFEFIFFRE KL, HEINLE
“CPU/ABI” HIEFAT “Intel” bRiRFFMIIEI

EE: TeAL CMD Al X MR AVD, #lde T A4 4e F CMD 4441 —/~ AVD.
android create avd --name <your avd name> --target <targetID>

H¥ “your avd name” £ FE0|EH) AVD 494 F, £ CMD & v R ¥4 H 1-41 Frr.

20 Em
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prandroid create avd ——name mm ——target 2

1-41 CMD & A5t

1.3.8 JA#h AVD 1588
XT Android N FHREFERITE RN SR, AL B I B TF R & B F R AR AR ok

TARKIWMER] . TR TE Windows R4 NI JE Linux 248 1, Android #4UZs AT LURAIZTT o
Jf H. Android B 73884t T Eclipse ffifl, 7 LURHSHUL 854 3 Eclipse ) IDE #4455, Android
SDK A& AL I DI RE IR 55 4, FRIE AR, IR SEDIReAS v LIEHATH CHRIRINE
FUH X BLFT HEE ) o 2 L P B T ) U A R P TS ] AR Y o FH P o] A AN, b
BB  N,  EARE T DA R bR . HiB) SRR AT RN . BLUES AR L R

FLEAT IR W 1-42 s

% @6:58 000
(XX -Xo)

—
ey

1-42  fifUlss

FE:

4 2K Android £ 28 R AL T 2B RAM, BARRAA T £H.

©® AR R I HF AR LRkl e id it e d) S AR s (P AFert i),
® AWK R FF USB ik,

® IR AT

® BMERLFF M (FIR), 12 Fmd (Fah).
mE 21



Android ZEMLANEHEBR

® AR XY EIA.

©® B RheA T iR ERE.

©® FEWE AL A T W, KA A AR,

® HENI R EeHE SD FagdEN/FE .

® MBIMBRIIFET.

7EH Android N IR /7 5 75 225 2l AVD BERLE%, JH 3l AVD BRI S AR an

(1) B 1-39 FFRh & h “first” 19 AVD, il el 5 “Launch Option”
Ftif. W 1-43 Pros.

(2) i “Launch” #5458 740 0 “first” FBLES, 847 AR A 1-44 PR,

000
Android Al e ('IA‘@ (N2 ]

023

Saturday, June 28

ov

Launch Options m

Skin: T20x1280
Dlensity: 320
[~ Scale display to real size

Scoreen Size (in): |4 T
Meonibor dpi: IQB

Scale: default

[~ Wipe user data
T Launch from =snapshat
I Save to snapshot Charging

Luanch || Cancal |

Kl 1-43  “Launch Options” S}ifHE Kl 1-44  Android 5.0 BERLASIEAT 18I0

FE: BIT—IRIERE SDK B957E

i83% Android SDK Manager £ &2k #12 FAE 718, M BA N E G, EETAM
M %+ F&E| SDK TR, ARFFFTRIATHE, HHLAIETE RERTATRER.
EAR 77 % &4 F X android-sdk-windows, #X/& 7£ android-sdk-windows T X setup.exe, F£ %
#4942 F 2 X I %3 Android SDK #9i% EZ 1KiB/s, LB ITHFRE, 5 A4 T @ 6 bt

https://dl-ssl.google.com/android/repository/platform-tools_r05-windows.zip
https://dl-ssl.google.com/android/repository/docs-3.1_r01-linux.zip
https://dl-ssl.google.com/android/repository/android-2.2_r02-windows.zip
https://dl-ssl.google.com/android/repository/android-2.3.3 r01-linux.zip
https://dl-ssl.google.com/android/repository/android-2.1_r02-windows.zip
https://dl-ssl.google.com/android/repository/samples-2.3.3_r01-linux.zip
https://dl-ssl.google.com/android/repository/samples-2.2 _r01-linux.zip

22 Em
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https://dl-ssl.google.com/android/repository/samples-2.1_r01-linux.zip
https://dl-ssl.google.com/android/repository/compatibility r02.zip
https://dl-ssl.google.com/android/repository/tools rl1-windows.zip
https://dl-ssl.google.com/android/repository/google apis-10 r02.zip
https://dl-ssl.google.com/android/repository/android-2.3.1 r02-linux.zip
https://dl-ssl.google.com/android/repository/usb_driver r04-windows.zip
https://dl-ssl.google.com/android/repository/googleadmobadssdkandroid-4.1.0.zip
https://dl-ssl.google.com/android/repository/market _licensing-r01.zip

https://dl-ssl.google.com/android/repository/market _billing r01.zip
https://dl-ssl.google.com/android/repository/google apis-8 r02.zip
https://dl-ssl.google.com/android/repository/google apis-7 r01.zip
https://dl-ssl.google.com/android/repository/google apis-9 r02.zip

TEEREHBENZH T “android-sdk-windows/Temp” H& T, A5 FFIE1T setup.exe, 2]
BT APLIEI, 23 RIMR PR 22256 58 o IR A SO R B I, BRUATBE temp HSKR

IS E2 A A SIHES »

1.4 BIEE—"T Android i2F

ARSI D RE AL TR h s iy “ARIFFRMITACY”, fERATTIRZ A e fi—A

o] SRR, B 1-45 P

Javaftig Debugiffizt]

Eclipse = Hi T —— HENRW — AR B — isf75H

W7 AR

1-45  FRFEMRI B

1 H H ] B B R
S 1-1 ETFHUBERR DR il Y4k \daima\ 1\first

ARSI ) BARSEILRFE W
1. #E Android T2

(1) 1E Eclipse i “File” — “New” — “Project” #igt—A> TR CIE. Wl 1-46

J7R o
(2) EF “Android Project” LI, Hif “Next” #%4 .
(3) TEFLH “New Android Project” XJUGFHET, E TRHMEE. WK 1-47 .

EE 23
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[Nl Hew Android Application

Select a wizard New Android Application
— 9 Exter an spplicstion mame (shown in lsuncher) )

Yizards Application Hame: @
Jirpe £ilter text FProject Name: @
(& General Package Name: 6
Mininum Requived SIE: O[AFT 5. Android 2.2 (Froya) Ea|
Target SIK:G[APT 21: dndroid 4.1 (L Previen) &3
= Tava Conpile Mith: AAPT 20: Android 4.4 (KitKat Year) =
= Examples
Thene: 6[Holo Light with Jark Action bar =
7 I Next > Finish | Cancel @) et > | e Cancel
R _ &y - TR _ L -Th
Bl 1-46  JPrd TR Kl 1-47 wE LR

FEIE] 1-47 Fros i SRR s s TR 7 B4 Activity 24 7NN 47

2. wWERIBIRRDS

PUHECZAIEE TN “first” [ TRESCPE, FTIFICPF firstjava, 2 S H AR K W0
IXAVLEE

package first.a;
import android.app.Activity;
import android.os.Bundle;

public class fistMM extends Activity {
/** Called when the activity is first created. */
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.main);

}

WR RS TREF, BAS B T AR, BRi Al L6 AR T A i i o, hRe
Femth “HelloWorld”. EAARHS T .

package first.a;

import android.app.Activity;
import android.os.Bundle;
import android.widget. TextView;

public class fistMM extends Activity {
/** Called when the activity is first created. */
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
24 Em
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setContentView(R.layout.main);
TextView tv = new TextView(this);

tv.setText("PREFFRITT AL ");

setContentView(tv);

}

gt RIS G, ATRAE R ORI Y, FFE IO SR

3. @i

Android WHEA—M 0 K 3 NP, e R E W . Debug WAATNT 5

(1) WHEMW A

WG A () L BRI ASUR Java R TV —HE T DU I X AR A 3 PR DX IR A T B s A
K 1-48 fli7N.

4 first Manifest [J] Eirst. java B2 =8

1 package first.a: ;I
Z®import android.app.Activity;[]

6 public class first extends Activity {
7 ** Called when the activity is first created. */

@0verride

public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.lavout.main)
TextView tv = new TextView(this):
tv.secText ("IIIFRRTA ! =) ;

setContentView (tv) ;

" i
K 1-48  WE M
K TR, A A E B AT R . T EACRY e 2 1 3 oy b A B, AR
W A SE £ “Show Line Numbers”, & 1-49 Fis.

@ Toggle Breakpoint
Toggle Enablement

Open Super Implementation Ctrltl

#dd Bookmark. . .
#dd Task ..

v Show Quick Diff Ctrl+5hi f+0

Show Line Humbers

Folding L4

Freferences. ..

Breakpoint Properties. ..

K 1-49  WHE BRTTH
(2) Debug i

Debug Android i35 H 1) /7 1A 1418 Debug Java iR H i) 7 V5240, ME— AN R & 7E
EE 25



Android ZEMLANEHEBR

MR H I $E “ Android Application” fiy4. BAAT VA A BRI H 44, FEHLH v &
PR IER: “Debug As” — “Android Application” 7% . WK 1-50 FiR.

T JHimnort Sndrold. Spp. ACt1vity;
S » )
1 Go Into irst extends Activicy {
Open in Hew Window when the actiwvity is first created. */
L H
S Open Type Hisrarchy s d onCreate (Bundle savedInstanceState)] |
Shox In AL t+Shi £ onCreate (savedInstanceitate) ;
B2 | Copy - tentView (R. layout.main) ;
£ B2 Copy Qualified Hane o w;ﬁ%e;ﬁ.%%%l,em fthas) s
SR Clrltv fext (T ; 2L
) = tentView(tv):
3 Delete Delete
I8 Eemove: £2om Geontext OtrI+l+Bhe ECHD opn
Build Path 4
| Source ALt+Shiftts 3
T Bl ALEHShi £44T 3
25 Inport
5 Export
¥ Rafresh 5
Cloze Froject
Assizn Working Sets
Bun hs »
il »
Validate J0 2 Android TUnit Test
Team * B33 Tava Applet ALt+5hi Fr40, A
Conpare Hith . ¥ 4 T il etdion KL44Shi £64D, T
Restore from Local Historg. S T T Muthige, T prto device
Android Tools » ..
Froperties ALt+Enter e (M e
s —7:01 — first] Starting activity first.a.first

Kl 1-50 Debug ik

(3) LI
AT AT OB PR, HAR IR VAR Java BP0 7 7E2RA0L, RS i il 1-51
7R

M Resource - 014/Androidlanifest. zal - 1 [=]
File Edit Souwrce Navigate Sesvch Froject Run Window Help

. = = 8 -l hl s Jautck eeess [ T || Besource
[Py Project Explover 52| = O |||d 014 Manifest 32 I project. properties ‘ = 8
B G:) =~ <?xml version="1.8" encoding="utf-8"?>

=i = <manifest xmlns:android="http://schemas.android. com/apk/res/android™

Bh Android L (Preview)

[SRE
- first s

[3] fist. java android:minSdkVersion="L"

38 gen [Generated Tava Fil android:targetSdkVersion="L"
B hndreid Private Librari L2

B Aadroid Dependencies S <application

android:allowBackup="true"

&l
14 N N - . "
£ assets android:icon="@dranable/icon

= bin

B androi
= res = <activ : e:
(< Androi dHan fast. aml android:label="@string/app_name">
project. properiies & <intent-filter>
<action android:name="android.intent.action.MAIN" />
§ Keategory android:name="android.intent.category. AUNCHER" />
</intent-filter>

</activity>

</application>

4 o

=IMsni st |(&] Applicstion (F) Perni ssions |[T] Instrumentation | (=] dnds oi diani fast. unl

21.sks[Econsu1ezﬂ epi|l#B-r5-= 10
Android
[2014-66-23 09:56:20 - ©14] New emulator found: emulator-5554 N

[2014-06-29 @9:56:2¢ - ©14] Waiting for HOME ( android.process.acore’) to be launched...
[2014-06-29 89:58:37 - ©14] HOME is up on device 'emulator-5554'

[2014-86-29 89:58:37 - 814] Uploading @14.apk onto device 'emulator-5554°

[2014-06-29 @9:58:37 - 014] Installing @14.apk
[2014-06-29 @9:59:52 - @14] Success!
[2014-06-29 89:59:53 - ©14] Starting activity first.s.fist on device emulator-5554

< L )T | ’

|5 manifest/applicationactivityfintent-filterfitext

K 1-51 RS
26 EE



%1% Android EENDB

4. iBTWA

B RS ORAE S B ATIX B AR 1, BARE R .

(D A E 44, 723t A S P K 0% “Run As” — “ Android Application”s
ik 1-52 fior.

[ Project Explorer = O [1] £istiM. java 2 =7
= <'===€>| A package first.a: =
?qbw— “import android.app.ictivicy;
g4 Her y B.os.Bundle;
= #s Tt Jwidget . TextView;
Show In ALtHShi ELHY P EistMM extends Aotivity f
= H when the activity is first created. =/
i ‘T?:.[_:Dpy . Ctrl4C
- E‘?CUPY Gualified Name id onCreate (Bundle savedInstanceState] {
| & Fazte Cirl+V onCreate (savedlnstancesState) ;
% € Delete Delate tentView(R. layout.main)
B Remove from Domtext Corlihl eh8hi ity f2W ©V = new Text¥iew(this);
B o y EText ("HelloWorld");
i Refackor AL4+Shi F4T y prentiievicvl
=
2 Import. . .
= o7 Expart. . .
Build Project
- & Refresh F5
Cloge Project
Gloze Unrelabed Projeate
Validate
Debuz As Y g2 Android JUnit Test X
Tean ' 3 Tava Applet ALt+Shi £, A
Conpare Hith ¥ F 4 Tave Application ALt4ShiFHE, T

Restore from Lecal History...
hndroid Tasls

Source

, JUS Thnit Test AHSRIFHL T b devies !

»  Eun Configurations

FProperties Al t+Enter I:3Eb - first]3tarting activicty first.a.fiscHM
”[ OO9-12-1% 13:17:42 - first] ictivityManager: Starting: Intent
s

al

al i

K 1-52  FFEEIER

(2) BRI TREITARIEAT, AT 5E MU BE b Pt “ARaF B AL X BT,
Kl 1-53 fior.

an
]

K 1-53 BT8R

mm 27



o 2 % ARINGFIiSE Android iR

S YR REANREST EIEIR 2 AL, 2% 2] Android IBALFIA M AN, FARFTIERSIE Android
RAMAHILONE, AMATFEE N HRRF AR, IETF 2T ff 2R 50082 A5
SIRTHISIIR, I H AL R FEREXS Android RETFIEATIA . FEARFTIN AT, FEgl k7
SR G1F Android YD FEARZIN, W ST 5 AR 2% 19T N 364l

2.1 3£EX Android JE48

FREEST Android RECIMYERY, TG IRIYEIS . H ey F =2 Windows. Linux.
Mac OS [FpE R4, HT Mac OS J& T-25 Linux 5248, LA KL IHRAE Windows 240
A1 Linux 247 3B Android JEASF%0H .

2.1.1 7E Linux £%:%£EX Android JE#3

7f Linux R4, % 8 A Ubuntu >k T8R4 1+ Android Y565 . 1T Android HJJ504
WHEIRZ, Google KH T git FIRRAEEHI TH, FERA R MBI EAR K git k54,
AL repo H DAL IMIASK T 8 Android Y%, R/ A — 2 — D MK Android Y55
it FE

(1) T repo

P EHZT, g bin X, HTAPK repo, FHAEIXEEAR R E RIS FP 2:,
AUF:

$ mkdir ~/bin
$ PATH=~/bin:$PATH

% repo A, I THAT repo, ArAUIF:

$ curl https://dl-ssl.google.com/dl/googlesource/git-repo/repo > ~/bin/repo
BEE PHATAUR, a2k

$ chmod a+x ~/bin/repo

(2) WIHEAL— repo %) S
FERHRT, Sl — 2 Hx, HI 478 Android #5#4, U F:

$ mkdir AndroidCode
$ cd AndroidCode



F2%E FWMHALRIF Android B5H

HENZE] AndroidCode H3x, JIEAT repo AN Faiing, T34 LR, F2503L

WA B bug,  BLEIFAR IE S RATRRAS (11 5B,

$ repo init -u https://android.googlesource.com/platform/manifest

AL S, IEAEAT I RAS AT LAE

L IN-b ZHOR N

AR

AR

$ repo init -u https://android.googlesource.com/platform/manifest -b android-4.4 rl

E PR &7 EIES Name A1 Email,

HUSSEEL IR, A Y A, R

718 repo MIGRALTERL, XIS 0] LLJFUR [P Android Y5A% T, [FD I FRIRIE K, T2 O 564,

PAT N 2 IR RS AN

$ repo sync

it FAOPIRI, (EIFR TR Android YIS T, FHHRCRMIE 2-1 FioR.

out files: 100% (2497/2497), done. out

out file % (1654/1654), done. out
out files: % (3471/3471), done.

out fi 2 % (24607/24607), done.ut
out files: 100% (2431/2431), done. out
out files: % (18696/18696), done.
out files: 108% (4276/4276), done. out
out fi : % (2216/2216), done. out

out files: 100% (857/857),

done.ng out

out file % (1141/1141), done. out

out files: 100% (431/431), done.ng out
out files: % (175/175),
out files: 100% (135/135),

done.ng out
done.

out file % (378/378), done.

out file % (433/433), done.

out fi % (2407/2407), done. out
out files: % (2489/2489), done.

out files: 100% (2493/2493), done.

out files: % (177/177),
out fi % % (137/137),

done.ng out
done.

out file 100% (40775/40775), done.ut

out file % (93/93),

syncing work tree: 100% (329/329),

done.
out files: 100% (458/458),
out fi . % (5265/5265), done. out

done.

done.

K 2-1 T#IFFP Android YihY

2.1.2 7 Windows F & %£H! Android ;&2

1% (790,/2497)
% (649/1654)

% (5269/24607)
% (800/2431)

% (2058/4276)

% (1093/2216)

% (115/857)

% (28/1141)
10% (46/431)

% (19/175)

% (724/2407)

% (27/177)

% (2199/40775)

1% (2167/5265)

7t Windows V- & FIREUEAS A Linux ~F & R AL, HE 7L Windows & L i

A Linux 1358, AT EH 2] Cygwin T.H. Cygwin f/EH A —

] Linux A3IIAEE, FE Cygwin T HE Al A . http://cygwin.com/install.html.

NEEIR SR “setup.exe” [T AT S,

B TEARA, BARGREWT
(1) a3 Cygwin, W& 2-2 FizR.

(2) i “Rb 7 L R ANIET, AR R Bk

wE 2-3 Frr.

£4F Windows I

LSO R DU ORI R 2k

EE 29



Android F AL AN () E)E @
il -l

Choose A Download Source
Choose whether to install or download from the intemet, or install from files in =
@ local directory.

Cygwin Net Release Setup Program

This setup program is used for the initial installation of the

Cygwin environmert as well as all subsequent updates. Make
; sure to remember whers you saved &
The pages that follow will guide you through the installation. = Install from Intemet
Please note that Cygwin consists of a large number of
T E T e BT T (Lot (downloaded files will be kept for future re-use)
install a base set of packages by default. You can always un
this program at any time in the future to add, remove, or " Dowrload Without Instaling

upgrade packages as necessary.

£ Install from Local Directory
Setup.exe version 2.819 (32 bit)

Copyright 2000-2013
ito.//www cvawin.com/

so|F—fm>]  mH | <r—ew[Ff—gm>] mE |

&l 2-2 A3 Cygwin &l 2-3  EFE LS TR

(3) iy “F 2B ¥, ERELRE E %, WK 2-4 s
(4) Wil “F—7 $l, EFRImESCIEE 3, Wil 2-5 B,

IL=TE TR ™ - Seter - Serece Locan Fackage'® -loj]
Select Root Install Directory [ Select Local Package Directory
Select the directory where you want to install Cygwin. Also choose a few Select a directory where you wartt Setup to store the installation files it E
installation parameters downloads. The directary will be created f it does not already exdst
i~ Root Directory Local Package Dirsctory
C:\androidcodes]ools Browse: ’V IC.\Users\guan\.ﬂupData\LocaI\SuguuEq)lore( Browse...
~Instal For
* All Ussrs (RECOMMENDED)
Cyawin wil bs availabls to all users of the system
 Just Me
Cygwin wil still be available to all users, but Desktop lcons, Cygwin Menu Entries, and
important Installer information are only available to the cument user. Only select this if
you lack Administrator privileges or i you have specific needs
<t [Ff—Fm > E | <Egm|Tms|  mE |

2-4 IEFRLCEARH K 2-5  JEFRIRIN SO H %

(5) Wy b7 dEHl, BEE MR, G A T AR, R D TR
B, M, WIERHEE T, WK 2-6 Pis.

(6) Hidy “ b ¥, WP FEu A, Bk IRAT LRI s A, A TR
P, X BLIERER S E SV, W 2-7 Fs.
il x| -loixi

Select Your Intemet Connection E Choose A Download Site E

Setup needs to know how you want it to connect to the intemet. Choose Choose a site from this list, or add your own sites to the list
the appropriate settings below

Available Download Sites

itp-//cygwin uib.no =
Iftp://ucmimor canterbury.ac.nz
hittp-/¥ucmimor canterbury ac nz
Hittp-//stingray cyber net plc
ftp://ftp eq uc pt

hitp:/ftp eq uc pt

ftp://mimmors fe up pt
http://mirmors fe up pt

ftp-//ftp sunst se
htp://download nus edu sg
http://mimars. mojhosting sk

% Direct Connection
" Use Intemet Explorer Prosy Settings
" Use HTTP/FTP Proxy:

Proxy Host
Port |80

Iftp.//Atp.ntu.edu tw

User URL: Add
] e | <t#m[Tsm]  mE |

2-6  BE M < 2-7 JERE R E R
30 Em



 H2® FMARIF Android BTH
(7) s “F87 $d, FHETER TR, WK 2-8 fiR.

(&) Huly “ 07 ¥, WHRHETEM TAM. EHTEMRICTIE curl, git. python
XET R WlE 2-9 fir.

== Cygwin Sety o B [ |
€ o9 o > Cygwin Setup — Select Packages _1al x|
Select Packages
This page displays the progress of the download or installation. E Seloct packages lo nstal I [
Search [cur] Clear  Kesp & Cur (" Bp  View | Category
Downloading... Category | Corrent = ERNES Size =]
B AL 43 Defanlt
setup bz2 from fip://ftp riu edu tw/pub/cygwin/
bug &% Default
0 0DkB/A bs £ Default
Progress: 4 &F Default
Heb 4F Default
I | _>l_I
[¥ Hide obsolete packages

<t—pm[FTFm>]  mE |

K 2-8 HHLEYIK K29 KR FETH

N T HTRAENS 23 ER TR, — @ B R, 2200 Install FE30. Wk 2-10 Fios.
(9 Huili “ N7 %, R KA AR . W 2-11 For.

= Cygwin Setmp — Selact Packages

= ~inix]
Select Packages Progress

Select packages to instal = This page displays the progress of the download or installation ==
Search [cul Clear " Keep & Cur (" Bp  Mew | Category
Category | Corrent [ Hen |8 [s | Siz = X
T ML & Teetall Downloading

Debug 4% Install

Doc & Install
Libs & Install
Het &¥ Install
Web &¥ Install

gawk-4.1.0-1 tarbz2 from ftp://ftp ntu.edu tw/cygwin/AB86/rel...
0% (0k/1010k) 0.0kB/s

Package: [
Total
Dishe:

C ]

IEEEE—
N Ll_l
[ Hide obsolete packages

<rt—ge[Ffm>]  mE |

(Esw|i o] mE |

K 2-10 45 05BEE N Install T2 K 2-11 FaEuE4L
R T ERBE S HMERGEE, Bili “5e” R e, FTIF 3 a

Cygwin Ji, 2FHIH— Linux B TAEREE, SRGH% Linux P& WY M0 kmtnl LU
&, Android Y515 T .

AV TE T3 Android YRS, AL AL AP ERIEAT, HhlliE: hitp:/source

android.com/source/downloading.html. 3X— UM~ F KU L. 5546, AT HL L
B, WEM O B 2-12 B gn E v L ar A .

EE 31
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anarao
ndroid-
1

and
androic
android

Kl 2-12  7E Windows F1H Cygwin T.H % Android JFA4 11k K]

2.2  4HF Android SBE34EH

3RAF Android Y5fH S5, AT LAYEAS K48 TRE 9 A 40 =AM
Q Core Project: %0 TREHR4)y, X 257 Android RGFEAE, BORAFAER H X184
A
Q External Project: # & TRE#B4;, W LME HARTF U0 H RA Y EDIfRe, #ArArAe
“external” XAFJer,
Q Package: 7y, $AET Android N TR WARAEE . MNERIRS, WORAT
1E “package” CAFJEH,
T/ Android 1.5 &2 Android 4.4, FMRRAAGUEEY H SR FEASL, Bt 1o
Android I HFRHUACHS . =L THA BT . 40 T 201 Android 4.4 Jitdtl)s,
— G H s G5k FAR BT N % 2-1 Jrors

% 2-1 Android 4.4 JFFSHIR B R

Android AR H 3% E T
abi abi H15548fiL, abizapplication binary interface, [ HIFLF —HEHI#: D
bionic bionic C i
bootable JA A5 FAHSARD

32 Bl



F2%E FWMHALRIF Android B5H

(4
Android J5THR H 3% T
Build TEL R Gidm PRI S generic 255ERHFF R il & AL
cts Android AEAMEMRRELFARvE
dalvik dalvik Java UL
development N FRFPIF R AN R
device B AH AN
docs AR TFIR A O SRS
external Android {4 ] f{— 2L TFIR AR AL
frameworks HOHER—Java J CHHEE, /& Android NP HESL
adk B £ M
hardware TR ERL)Z HAL S
kernel Linux [ P9 4% 31
libcore WL DS
libnativehelper J& Support functions for Android's class libraries )45, FARBIAFE, &S INI RS
ndk #1548, Android NDK (Android Native Development Kit) ft—ZRFIMIT & T, AR
ndk JER A BE Android SEFFRFF A CIC-HHE 2 405 AT RS
out G e B AR TS e e H
packages R
pdk Plug Development Kit [W4i5, EAHTT K EM:
prebuilts x86 Fll ARM B T g ik i) — 45 B
sdk SDK JHiAi#%
system SR RGRN ] R ALPE, 2 C S
tools THICk
vendor I E AR
Makefile A JR 11 Makefile

2.3 4RiF Android JE45

g Android YEAS I VAR L, HFHE ] Android JSAESAR H 5% T ) Makefile SCfF,
AT make iy BT ERAA SN o 248K AE S 156 Android SRS 2 |/, 120 E O & 5E R E A TAE.
B Android Y565 H 58 H make #3740 18, A a2 g AR

$: cd ~/Android4.4 GXHL[¥) “Android4.4” e T EED A H )
$: make

Yk Android YT AT LL#G 3] “~/project/android/cupcake/out” H 3%, 23 18k St i an
B 2-13 iz,

EE 33
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/ob]j /NOTICE FILES/src/

lava.jar
VA LIBRARIES/core intermediates/class

tion EFH

,‘ﬂmt uncheck
ommon/obj /JAVA_LIB

HAEET
wﬂ'ﬁ z

es-jarjar.jar

a nut, ib/classes-jarjar.jar
t_internediates
LIBRARIES/bounc

out/targe
: out/targ

K 2-13  gwikil fE i Stk A
FA P FEARIE K, T O

2.3.1 EERIFINEG

747 Android YRR Z i, F7 BTG TAE. e Rk, LA Ubuntu 5
45 R SRS i G PR R A A 2 13 Android YRRS I 5. HARGFEWTT .

(1) %% DK, %ii¥ Android 4.4 Y574 JDK1.6, F#¥ jdk-6u21-linux-i586.bin Ji5 2F
T4, MNATSUT:

$ cd /usr

$ mkdir java

$ cd java

$ sudo cp jdk-6u21-linux-i586.bin ./

$ sudo chmod 755 jdk-6u21-linux-i586.bin
$ sudo sh jdk-6u21-linux-i586.bin

(2) W JDK MEGARRE, W a0 R PAEEAR S in 21 3= 3C4F % H 5 R ¥ bashre SCEFH, AR5
H source v 2 FHARL, IR A AL W .

export JAVA HOME=/usr/java/jdk1.6.0 23

export JRE_ HOME=$JAVA_ HOME/jre

export CLASSPATH=.:$JAVA HOME/lib:$JRE_ HOME/lib:$CLASSPATH

export PATH=$PATH:$JAVA_HOME/bin:$JAVA_HOME /bin/tools.jar:$JRE_HOME/bin
export ANDROID JAVA HOME=$JAVA_HOME

(3) A LN, B AT IR g e B rh (3R BT Ik +8, W RERT BRI e ey
AR
34 EN



F2F% FMFLRIF Android BT

$ sudo apt-get install git-core bison zliblg-dev flex libx11-dev gperf sudo aptitude install git-core gnupg

flex bison gperf libsdl-dev libesd0-dev libwxgtk2.6-dev build-essential zip curl libncursesS-dev zlib1g-dev

2.3.2 FIR4RiIF

PR B TARSE R A, WAl LT 46443 Android Y565 1, AU .
(1D BT AR, A AT MR a2

source build/envsetup.sh
.build/envsetup.sh
PAT R 2t

source build/envsetup.sh

including device/asus/grouper/vendorsetup.sh
including device/asus/tilapia/vendorsetup.sh
including device/generic/armv7-a-neon/vendorsetup.sh
including device/generic/armv7-a/vendorsetup.sh
including device/generic/mips/vendorsetup.sh
including device/generic/x86/vendorsetup.sh
including device/samsung/maguro/vendorsetup.sh
including device/samsung/manta/vendorsetup.sh
including device/samsung/toroplus/vendorsetup.sh
including device/samsung/toro/vendorsetup.sh
including device/ti/panda/vendorsetup.sh
including sdk/bash_completion/adb.bash

(2) RaikFegmiE Hbr, HikdmL:
lunch full-eng

PAT A S AT PSR

PLATFORM_VERSION_CODENAME=REL
PLATFORM_VERSION=4.3
TARGET PRODUCT=full
TARGET BUILD VARIANT=eng
TARGET BUILD TYPE=release
TARGET BUILD APPS=
TARGET ARCH=arm
TARGET ARCH VARIANT=armv7-a
HOST ARCH=x86
HOST_OS=linux
HOST_OS_EXTRA=Linux-2.6.32-45-generic-x86_62-with-Ubuntu-10.02-lucid
HOST BUILD_TYPE=release
EE 35
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BUILD ID=JOP40C
OUT_DIR=out

(3) PRI AR, AR PP T R Ay &

make -j4

Horp “Lj4” KorH 4 ANEFEATH . NG E 0k EEAR TR L2 O & AN [R) T 75 B[R] )
TR . 502 2 AL intel i5-2300 PUH% 2.8, 4G WAE, Zitir 4 /A G, 244
IS B R R G PR 5 K

target Java: ContactsTests (out/target/common/obj/APPS/ContactsTests_intermediates/classes)

target Dex: Contacts

Done!

Install: out/target/product/generic/system/app/Browser.odex

Install: out/target/product/generic/system/app/Browser.apk

Note: Some input files use or override a deprecated API.

Note: Recompile with -Xlint:deprecation for details.

Copying: out/target/common/obj/APPS/Contacts_intermediates/noproguard.classes.dex

target Package: Contacts (out/target/product/generic/obj/APPS/Contacts_intermediates/package.apk)
'out/target/common/obj/APPS/Contacts_intermediates/classes.dex’ as 'classes.dex'...

Processing target/product/generic/obj/APPS/Contacts_intermediates/package.apk

Done!

Install: out/target/product/generic/system/app/Contacts.odex

Install: out/target/product/generic/system/app/Contacts.apk

build/tools/generate-notice-files.py out/target/product/generic/obj/NOTICE.txt out/target/product/

generic/obj/NOTICE.html "Notices for files contained in the filesystem images in this directory:" out/target/
product/generic/obj/NOTICE_FILES/src

system.img

Combining NOTICE files into HTML

Combining NOTICE files into text

Installed file list: out/target/product/generic/installed-files.txt

Target system fs image: out/target/product/generic/obj/PACKAGING/systemimage intermediates/

Running: mkyaffs2image -f out/target/product/generic/system out/target/product/generic/obj/

PACKAGING/systemimage_intermediates/system.img

Install system fs image: out/target/product/generic/system.img
DroidDoc took 5331 sec. to write docs to out/target/common/docs/doc-comment-check

2.3.3 EREBISEFIET

R AR ST AU B LR R A T, U AR A i R AT TS iy 4RIV RT

emulator

BAT R R RCR W] 2-14 .
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F2% FWMARIF Android B

A/

v
Ao

1 1o JaleJsls o ls oo
o e [ x [ o s Jo o
s Jo 1 [o [y [ |8
12 v o o | o
Y E——r

B 114 AERBGEUE g AT R

234 FERAEIRSHT

BRI PEHNEARH R, (HR AR B R U A S th e, NI A T8 LA 4 PR R
R,

(1) ShDab E AT

HBEAZE] Android H>%F, A make fir& B4, FIRES HELAT R RIEE RN .

host C: libneo_cgi <= external/clearsilver/cgi/cgi.c
external/clearsilver/cgi/cgi.c:22:18: error: zlib.h: No such file or directory

IRE SRR B zliblg-dev, T EMEH apt-get v WA T 223 zliblg-dev, H
AT 2.

sudo apt-get install zlib1g-dev

WATREFT L2 T I AE, 2 B IR SR R

sudo apt-get install flex

sudo apt-get install bison

sudo apt-get install gperf

sudo apt-get install libsdl-dev

sudo apt-get install libesd0-dev
sudo apt-get install libncurses5-dev
sudo apt-get install libx11-dev

(2) WA %3 Java J15 JDK

M EIRRAPE A g e R, T BHEAT make fiv A I XS Android WD . W HAE 2 B
R0 2R Java M85 JIDK, WG 25 N BIAR 22 Java SCHFCVE4m 3 A4S % . 4T JT Android (¥
b, wTLLERIEWN B N EIRZ Java YE SIS

android/dalvik/libcore/dom/src/test/java/org/w3c/domts
XFEIr UEWIAES 1% Android Z Tl A2IE %% Java PA5E IDK, 222 RE i

M Oracle 7 J5 M3t % jdk-6ul 6-linux-i586.bin A4, #RJ5 2%,
mm 37
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7t Ubuntu 8.04 ', /ete/profile SCAE 4 Js A AR S C &S, e 1& T BT 1) Shell.
TEE Sk Linux RGNV iZ5G ) dl)/etc/profile SCLF, ARG R BN 7 H 3% K i~/ bash_profile.
~/.bash_login m~/.profile SCAFH—AS, PATHIMFHA_EHPHE 4. Wi~/ bash_profile
SAAFAE, WIE AT~ bashre SCAF. 7RI TR IDK 1 H 305 & fete/profile Hax FRIHAT,

JAVA HOME=/ust/local/src/jdk1.6.0_16
PATH=$PATH:$JAVA_HOME/bin:/ust/local/src/android-sdk-linux_x86-1.1 rl/tools:~/bin

AL, FIA “java—version” x4, HrH T I H4F B R E L) o

Java version "1.6.0 16"
Java(TM) SE Runtime Environment (build 1.6.0_16-b01)
Java HotSpot(TM) Client VM (build 13.2-b01, mixed mode, sharing)

R4 Android W5, AEZA SR A1 R SR

Target system fs image: out/target/product/generic/obj/PACKAGING/systemimage unopt_intermediates/
system.img

Install system fs image: out/target/product/generic/system.img

Target ram disk: out/target/product/generic/ramdisk.img

Target userdata fs image: out/target/product/generic/userdata.img

Installed file list: out/target/product/generic/installed-files.txt

root@dfsun2009-desktop:/bin/android#

235 EHRG— FMMRIF Android ZFIAEE T

Android SR EEA L LW, I HAMGASEIE 9 R A T2 H 3% R A H Makefile
S, M HARR) RS Component (A1) #AFHIZE—FrUER) Android.mk SCfF. ANidax IFA R
AT 1K Makefile, 1M 240t Android 54 1P R GEAC BRI SCHE o B DA B 2L 1T P 4 Ho
MR RIE R E A%, AEIXF 7 e T, 'S — S8 Android.mk 45 Android 31—
ANHT Component 2378753 LI ] B o 4 7 A8 3524 BE IR A MBI ARAE Linux FR5E N4 Android
B J738, AE8 FRIN AT, F 0 7R PR3 Android F2FP IR 5%

1. #RiF Native C HJ helloworld 1512

i Java FEI7 T DLE R Eclipse MBS SE MG, SEMUTVEARH T, 7R BLA
MEST . P REZEX C/CHkul i, il — M7k il Bl WA 7/E Android 88—
> C FEF 11 Hello World.

(1) 7£ “$(YOUR_ANDROID)/development” Hzk NI —A4 K “hello” HI1H %, F£H
“$(YOUR_ANDROID)” #§r] Android YA IT7E) H 3% .

# mkdir $(YOUR_ANDROID)/development/hello

(2) fEH 3 “$(YOUR ANDROID)/development/hello/” F&4i'5 44k “hello.c” ) C
S E, CfF hello.c IACIS TR o
#include <stdio.h>
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int main()

{
printf("Hello World!\n");//4ii i Hello World

return 0;

}

(3) fEH3% “$(YOUR_ANDROID)/development/hello/” F4i5 Android.mk (. iXJ2
Android Makefile [Fr#fEm 44, ANREE K. CIF Android.mk S ZURI N 0T LLS25 HiAth OO
) Android.mk SCAEMIEE, &% helloworld #2771 Android.mk SXCA4EN BUTR .

LOCAL_PATH:= $(call my-dir)
include $(CLEAR_VARS)
LOCAL_SRC_FILES:= hello.c
LOCAL MODULE := helloworld
include $(BUILD EXECUTABLE)

O LOCAL_SRC FILES: Fk485Edi k.

Q LOCAL_MODULE: #5& Lgmitiiif s, &£ Dot H 2l

Q include $(BUILD_EXECUTABLE): /2 4iik s —ANalHAT M, W FAR G 1PE 1%s))
AN A BUILD_SHARED LIBRARY, iX 48 HL{A L LAfE“$(YOUR_ANDROID)/
build/core/config.mk” £ %1,

(4) [H12] Android YRR T H s AT i 1%

# cd $(YOUR_ANDROID) && make helloworld

FHFREE R, “make helloworld” #iy4 T1Z% helloworld it J& F1H Android.mk 347
tH LOCAL_MODULE & IR 4% o e 28R4 B4 RN .

target thumb C: helloworld <= development/hello/hello.c

target Executable: helloworld (out/target/product/generic/obj/EXECUTABLES/helloworld
intermediates/LINKED/helloworld)

target Non-prelinked: helloworld (out/target/product/generic/symbols/system/bin/helloworld)

target Strip: helloworld (out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/
helloworld)

Install: out/target/product/generic/system/bin/helloworld

(5) WSROI IR e RAN], W28 i ] AT ST IRAE A T H 2%
out/target/product/generic/system/bin/helloworld

XA “adb push” fir K EALIL BB A [, FHEIL “adb shell” i 26 5k BB 25
iy Jr e nl ABAT T o
2. FI%F C &R
TERT YR T 18 AR HER) Android.mk SOk i C B B A, I8y L H #HHs H
gee M AAT RGN IE C FEIF, XA AT LR 4fh T /% Android 4u PSS I40 15 . BARGREW T o
(1) 7f Android Zmi¥IptsEr, 24t T “showcommands” FEINR B ongmdn 247, 7 LLE
mE 39
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AT IFIXANIEIOR B — L84 I 4075
(2) FERARSRAE AT, 5 LIS A 2T AT Y helloworld B ER -

# make clean-helloworld

IR “make clean-$(LOCAL_MODULE)” fir4 /& Android 43554241 1) make clean
ﬁﬁ o
(3) i showcommands %10 5 Fr 2 1 helloworld, HAKATAUIT .

# make helloworld showcommands

build/core/product _config.mk:229: WARNING: adding test OTA key

target thumb C: helloworld <= development/hello/hello.c

prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/arm-eabi-gcc  -I system/core/include  -I hardware/
libhardware/include -1 hardware/ril/include -1 dalvik/libnativehelper/include -1 frameworks/base/include
-1 external/skia/include -1 out/target/product/generic/obj/include -1 bionic/libc/arch-arm/include -1 bionic/
libc/include -1 bionic/libstdet++/include -1 bionic/libc/kernel/common  -I bionic/libc/kernel/arch-arm  -I
bionic/libm/include -1 bionic/libm/include/arch/arm -1 bionic/libthread db/include -I development/hello
-1 out/target/product/generic/obj/EXECUTABLES/helloworld intermediates -c -fno-exceptions -Wno-multichar
-march=armv5te -mtune=xscale -msoft-float -fpic -mthumb-interwork -ffunction-sections -funwind-tables
-fstack-protector -D_ ARM _ARCH 5 -D ARM ARCH 5T -D ARM ARCH SE  -D ARM ARCH
5TE__ -include system/core/include/arch/linux-arm/AndroidConfig.h -DANDROID -fmessage-1 ength=0 -W -Wall
-Wno-unused -DSK RELEASE -DNDEBUG -O2 -g -Wstrict-aliasing=2 -finline-functions -fno-inline-functions-
called-once -fgcse-after-reload -frerun-cse-after-loop -frename-registers -DNDEBUG -UDEBUG -mthumb -Os
-fomit-frame-pointer -fno-strict-aliasing -finline-limit=64 -MD -o out/target/ product/generic/obj/
EXECUTABLES/helloworld_intermediates/hello.o development/hello/hello.c

target Executable: helloworld (out/target/product/generic/obj/EXECUTABLES/helloworld intermedia-
tes/LINKED/helloworld)

prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/arm-eabi-g++ -nostdlib -Bdynamic -WI,-T,build/core/
armelf.x -W1,-dynamic-linker,/system/bin/linker -W1,--gc-sections -W1,-z,nocopyreloc -o out/target/product/generic/
obj/EXECUTABLES/helloworld intermediates/LINKED/helloworld -Lout/target/product/generic/obj/lib -W1,-rpath-
link=out/target/product/generic/obj/lib -lc -Istdc++ -lm out/target/product/generic/obj/lib/crtbegin_dynamic.o
out/target/product/generic/obj/ EXECUTABLES/helloworld intermediates/hello.o -W1,--no-undefined
prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/../lib/gcc/arm-eabi/4.2.1/interwork/libgcc.a out/target/product/
generic/obj/lib/crtend android.o

target Non-prelinked: helloworld (out/target/product/generic/symbols/system/bin/helloworld)

out/host/linux-x86/bin/acp -fpt out/target/product/generic/obj/EXECUTABLES/helloworld
intermediates/ LINKED/helloworld out/target/product/generic/symbols/system/bin/helloworld

target Strip: helloworld (out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/
helloworld)

out/host/linux-x86/bin/soslim --strip --shady --quiet out/target/product/generic/symbols/system/bin/
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helloworld --outfile out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/helloworld

Install: out/target/product/generic/system/bin/helloworld

out/host/linux-x86/bin/acp -fpt out/target/product/generic/obj/EXECUTABLES/helloworld
intermediates/helloworld out/target/product/generic/system/bin/helloworld

M ER AT UG ], Android g B BT I A S T HAE W T

prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/arm-eabi-gcc

Hrh S 17 “-L7 53 e 7 TR C E%Y#%Diﬁﬁﬂfi#%%ﬁ%ﬂIEé“bionic/libc/
include” F1 “out/target/product/generic/obj/lib”, AL FHIR 2 gmiFit LA K “-D “ it LI
TR 1%

(4) SEiPmtnT AR BRI g e 2k T T9% %5 helloworld 27, 5T TMER k4w
P42 helloworld 72/ .

# rm out/target/product/generic/obj/EXECUTABLES/helloworld_intermediates/hello.o
# rm out/target/product/generic/system/bin/helloworld

SRJE R gee i, DLAERH AR SO

# prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/arm-eabi-gce -1 bionic/libc/arch-arm/include -I bionic/
libc/include -I bionic/libc/kernel/common -1 bionic/libc/kernel/arch-arm -¢  -fno-exceptions -Wno-multichar
-march=armv5te -mtune=xscale -msoft-float -fpic -mthumb-interwork -ffunction-sections -funwind-tables -fstack-
protector -D__ARM_ARCH 5 -D ARM ARCH 5T -D_ARM ARCH S5E  -D__ARM _ARCH STE
-include system/core/include/arch/linux-arm/AndroidConfig.h -DANDROID -fmessage-length=0 -W -Wall -Wno-
unused -DSK RELEASE -DNDEBUG -02 -g -Wstrict-aliasing=2 -finline-functions -fno-inline- functions- called-
once -fgcse-after-reload -frerun-cse-after-loop -frename-registers -DNDEBUG -UDEBUG -mthumb -Os -fomit-
frame-pointer -fno-strict-aliasing -finline-limit=64 -MD -o out/target/product/generic/obj/EXECUTABLES/
helloworld intermediates/hello.o development/hello/hello.c

USRI 55 Android.mk 4 PE 2 Bl AT HUEL, 2L B 3 20> T AL B S HL <17
(5) H R ARIHRA BT AT AT

# prebuilt/linux-x86/toolchain/arm-eabi-4.2.1/bin/arm-eabi-gcc -nostdlib -Bdynamic -W1,-T,build/core/
armelf.x -WIL,-dynamic-linker,/system/bin/linker -W1,--gc-sections -W1,-z,nocopyreloc -o out/target/product/generic/
obj/EXECUTABLES/helloworld _intermediates/LINKED/helloworld -Lout/target/product/generic/obj/lib -W1,-rpath-
link=out/target/product/generic/obj/lib -lc -lm out/target/product/generic/obj/EXECUTABLES/ helloworld
intermediates/hello.o out/target/product/generic/obj/lib/crtbegin_dynamic.o -W1,--no-undefined ./prebuilt/linux-x86/
toolchain/arm-eabi-4.2.1/bin/../lib/gcc/arm-eabi/4.2.1/interwork/libgec.a  out/target/product/generic/obj/lib/crtend
android.o

EIE T BRFRIE R 2 S8 “-WI,-dynamic-linker,/system/bin/linker”, ‘E$&§%€ T Android
LS AFEHES L “/system/bin/linker”, TIAN & T4 14 H 1] 1d.s0.
(6) e il LT 4 file F1 readelf K 25 AL i) $UATREF -
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# file out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/LINKED/helloworld

out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/LINKED/helloworld: ELF
32-bit LSB executable, ARM, version 1 (SYSV), dynamically linked (uses shared libs), not stripped

# readelf -d out/target/product/generic/obj/EXECUTABLES/helloworld intermediates/LINKED/

helloworld |grep NEEDED
0x00000001 (NEEDED) Shared library: [libc.so]
0x00000001 (NEEDED) Shared library: [libm.so]

e ARM k& Bl BERE T AT S0/, AEISATIN 7 2E libe.so A libmuso ). 442
7 “not stripped” I /R EIEEA STRIP (RIED o HRAZUZR G A 15 48 20 10) 38 5 K 20 1 576 B
PR PAT AT BB A R AT # B, Bl pirh 2R IFF 5 R 5. /ERTI “make helloworld
showcommands” iy 2 1 5 B AT T AT LAE 2, Android 4wiEA s H 4R T “out/host/linux-x86/
bin/soslim” T HIEATHIE
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FoR ROEKRE
45305 rHrNEARS

ARFTE S, WAF TSN R A —, R S5 CPU AL B VA (4L .
WAE (Memory) RN NAFiERS, HIDRERE N PRAF CPU HiIaH B, DL IS
SRRt A A . RIS AT RIS, CPU At 28 S Bedia 1 21 A A7 rh gt
IrisfiAabse, 2iaH5EUn CPU PR R K. X T Android REGUKUL, AAFRCRII
REEGEW TR X RS EARR R NAT, KRR 48T Android WAFRZE
AT, DD BEAT IR RN 52 20 3T R Akt

3.1 4T Android B9 BEN

TSR Android REENAFIIEAL, 725 56 7% Android RINAFRSE, TR NAFEEHI
BEREIZAT P AEATT I, R UHE 2 BT Android fRIREREEAF L -

3.1.1 Android BJi##2EE{E (IPC) #1%) Binder

1t Android REH, "N HFETFHAE H—L Activity (RTS8 54D AT Service (J5
GRS AR, —M& Service IBATAEMAZIHERESY, 1T Activity RJ REIZATAE[F]—NERE T,
WA BEEATEA R RFIERE T . AT %N, Android R4 /eHET Linux WAZMY, 1 Linux W%
kAR T F 81 UNIX RGHERE NG (PC) HLHl. 24118 (Pipe). {55 (Signal)
MIERER (Trace), X =WUEAETFBAREH TSR PR 18], 8 K Tl ep iR fa).
BEEBARMPIRRE, JaR NI T dr 4418 (Named Pipe), IXAFETSUERE 2 0] A5 AN 7 R BR
TR TR SRR (8] e by T S A M SRR VS ] T 45 A0 8], 7E AT&T (1) UNIX
RE VI, XN TR =AERA “System V IPC” B RERE ] E A5 HLH -

Q #3CBAS (Message)

Q =N (Share Memory)

Q {55 & (Semaphore)

Android RGHRA K FIRTE BN AP gERE AR AEHLE], 2K H Binder (55D HLiil
51 Binder JFAN & Android R4 610, B &%ET OpenBinder >K5CHLT) . Binder J&—FdEFEH]
TAEHLH], XM+ COM Al CORBA Cill X Sl RAREA R &5 (19504 X A58
Fyo Bk, HOoddeft Tt Bl (RPCY Jifg.

1E Android &%+, Binder ML Client (%)7%i). Server (Jk55%i). Service Manager
(M543 F Binder WRENFE 755 — RA AP . H Client. Server F1 Service Manager 1




124 Android ZZEMLIAN B HER
ATAER %], Binder JXENFEFEATENAZ 2], Binder Ht/E— AU VAN ARG E— A1
MG 75 LR Binder 4144, #0244 /& Binder YX8)FE/F. Service Manager $21it T 44
PERIZhRE, Client FII Server 1F/&7E Binder YXZJF1 Service Manager $HEftfrJEat it b S2H
Client/Server Z [ {IEAG HIAER . Service Manager F1 Binder 9Xz)) LV 487E Android -5 HH SEZE,
TF A N B OO SE B B 8 Client A1 Server 4 AFRIA] 6
XTI KU, Android 248 Binder HLiiE i ME AR K, 10 Binder HLHIG & M AR S
TR N IR RE, #/2& Android R EEMA R, I LURE LEIRAN T fi#
Binder [ TAET7 2. A T Binder [ TAET7 2, S5l A2 5604 52 Binder AHOC HIUEACAS .
BEAHENF# Binder ML, 20 7% Binder 78 S &SR =444 Client. Server Al
Service Manager Z [A][{IAH EOC R, I T il N AZ 25 6] v Binder SRR IR EH 4576 R e vl J 3
HARKYL, Android 4t Binder HLHIT VY4144 Clients Server. Service Manager 1 Binder
AR ISR W 3-1 PR

|
Service :

Manager :

|

|

|

open 4} ioctl 1

T

| |

| @ |

| 1

T{*Z | Binder Driver |
U /dev/binder !
| |

| |

| |

Android i

K 3-1 4144 Client. Server. Service Manager Fl Binder JXZIFE/ 715 &

31 MR KRR HAR IR .
(1) Client. Server F Service Manager 71 H J' 25 [A] 11558, Binder SRANFEFAE N AZ 2= W] rh

(2) Binder JX#FE/7 1 Service Manager 7 Android V- &5 H B 45LW, HFkHE R EAEH
Jras ] SEHLH 2 Client F1 Server.

(3) Binder XA FEFHEAE 4 7% SC14“ /dev/binder” 55 H 7 25 [A] A2 H., Client. Server F1 Service
Manager 38 i SCAFHAE R EL open()F! ioctl()55 Binder IR 3 FE /73471015 o

(4) Client FI Server 2 [a] (Pt A2 )3 5 1L Binder X AL 7 4] 8252

(5) Service Manager +&—Mpr4EERE, HKEHE Server, Jf:11) Client #2711 Server #2
H .

3.1.2 Binder #lHIH ETXEEE

7F Android R4, Service Manager 17575 411 Binder JX 2 F2)/7 & & Binder HLifil[# L~ 3
HHA . Service Manager 24> Binder HLIIMI TR EERE, FIRE HIF R G 1) %5 Server,
FF H.[) Client $2 L7511 Server JmFEEE L1 1 D) HE

[A 4 Service Manager ZH 14 /& H >k 21 Server - H.In] Client $2{f: £ 1] Server ZeF2Hz L 113

44 EN
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#3F

PIRAFEE

f, FTLA Service Manager W3R 2 A1 Server PL & Client #1471 15 . Service Manger- Client 1 Server
=E N FEBAT AT R 2 T Y, XA AT A (R A e TR R A, T HAR 2
K H Binder HLHIBHATHEFE[A]IH (5 . K16, Service Manager 7E 78 24 Binder AL PR3 BEFE ) £
QRN BAE TR Server (A1, B2 —FEFIRIY Server.

Service Manager 7FH )7 25 0] I iS4 T “ frameworks/base/cmds/servicemanager” H & T,
FHE 1 CF binder.h. binder.c Al service_manager.c 41)i%. Service Manager 7 Binder HLi|
RIFEAPAT FRE A 3-2 P

7 Service Manager [\ I E {4 service_ manager.c H1, = pA% main FACAS U1 F .

binder _open

FTF Binderi& &3

open

FTFARA M« /dev/

binder ”

misc_register

O &S

binder _proc

PRAFAT IR B A SO AR
BT 3 E

binder _mmap

FTIF A3 SO AT N
(USRS

binder update page

range

FE—/~ 4y LA (]
SRINZZS AR =S
if]

P 3-2  Service Manager 7t Binder ML= [rI3EAAT FFE

int main(int argc, char **argv){

}

3R B main() EEA U = AT RE:

struct binder_state *bs;
void *svemgr = BINDER SERVICE MANAGER;
bs = binder open(128*1024);
if (binder _become context manager(bs)) {

LOGE("cannot become context manager (%s)\n", strerror(errno));

return —1;

svemgr_handle = svemgr;
binder loop(bs, svemgr handler);

Q 7T Binder %5301

Q 5V Binder X827 H & Binder | N SCE BLE,

BRI T A ) R HERE o
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Q FA—DLINE, 7824 Server I, S5+ Client 135K

M BIR=AThEE 2 a7, F— FIXHE B 41K binder state. %¢ BINDER
SERVICE. MANAGER HJ5& X . #5#J 1K binder state & X 7E X} frameworks/base/cmds/
servicema-nager/binder.c "', LI .

struct binder_state {
int fd;
void *mapped;
unsigned mapsize;

Bs

ot fd RORSCHREIARF, BIERIRFT IR “/dev/binder” 7% SCAFHEIAST; mapped R~
WA S “/dev/binder” Wb B HEFE AR A AL 4G L s mapsize 7 ks Py A7 BILE 2= R] 1K/ o

% BINDER SERVICE MANAGER & X 7 {4 frameworks/base/cmds/servicemanager/
binderh i, AUISHIT.

/* the one magic object */
#define BINDER SERVICE MANAGER ((void*) 0)

XK Service Manager [IAJHK§ 4 0, Binder ilA5 HLiFI# F AWRAC R TR D
PRECE SE 4T T Binder W 7% SCAF I AE PR 2L binder open(), Bt pR 1 & AL T SCAT:
frameworks/base/cmds/servicemanager/binder.c ', HAAARLLI T,
struct binder_state *binder open(unsigned mapsize){

struct binder_state *bs;
bs = malloc(sizeof(*bs));

if (1bs) {
ermo = ENOMEM,;
return 0;

}

bs->fd = open("/dev/binder", O RDWR);
if (bs->fd < 0) {

fprintf(stderr,"binder: cannot open device (%s)\n",

strerror(errno));

goto fail open;
}
bs->mapsize = mapsize;
bs->mapped = mmap(NULL, mapsize, PROT READ, MAP PRIVATE, bs->fd, 0);
if (bs->mapped == MAP_FAILED) {

fprintf(stderr,"binder: cannot map device (%s)\n",

strerror(errno));
goto fail map;
}
/* TODO: check version */
return bs;
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fail map:
close(bs->fd);
fail_open:
free(bs);
return 0;

}

T SRR R 2L open()F] T # S “/dev/binder”, L% SCAF/ELE Binder KA
FP BRI A A R I G 1) o TR EE — PR WA A EI R, 2 kernel/
common/drivers/staging/android H 3%, #TJF A binder.c, W LLFH 241 FHIHY) LN T

binder_init.

static struct file operations binder fops = {
.owner = THIS_ MODULE,
.poll = binder poll,
.unlocked ioctl = binder ioctl,
.mmap = binder mmap,
.open = binder_open,
flush = binder_flush,

.release = binder release,

s

static struct miscdevice binder miscdev = {
.minor = MISC DYNAMIC MINOR,
.name = "binder",
fops = &binder_fops

i

static int __init binder_init(void)
{

int ret;

binder proc dir entry root=proc mkdir("binder", NULL);
if (binder_proc_dir_entry root)
binder proc dir entry proc = proc_mkdir("proc", binder proc dir _entry root);
ret = misc_register(&binder miscdev);
if (binder _proc dir entry root) {
create proc read entry("state", S IRUGO, binder proc dir entry root, binder read proc
state, NULL);
create_proc_read entry("stats", S IRUGO, binder proc_dir _entry root, binder read proc
stats, NULL);
create_proc_read entry("transactions", S IRUGO, binder proc_dir_entry root, binder read
proc_transactions, NULL);
create_proc read entry("transaction log", S IRUGO, binder proc dir entry root, binder
read proc_transaction log, &binder transaction log);
create_proc_read entry("failed transaction log", S IRUGO, binder proc_dir_entry root,
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}

binder read proc_transaction log, &binder_transaction log failed);

}

return ret;

device_initcall(binder_init);

{E PR misc_register() " SEIL T OV B ST DIRE, JFSEEL T misc WA VM, 7R
“fproc” H kO T %P Binder AHIOCHISCAFIER 7 Uil 83 PR %4 binder open()i1 AT
i5A) RIATHE 2] Binder YR E)F2 )7 ] binder_open() BRI %L .

bs->fd = binder open("/dev/binder", O RDWR);

PREL binder_open() I SEEARS 41T o

static int binder _open(struct inode *nodp, struct file *filp)

{

}

struct binder_proc *proc;
if (binder debug mask & BINDER DEBUG OPEN CLOSE)
printk(KERN INFO "binder open: %d:%d\n", current->group_leader->pid, current->pid);
proc = kzalloc(sizeof(*proc), GFP_ KERNEL);
if (proc == NULL)
return -ENOMEM;
get task struct(current);
proc->tsk = current;
INIT LIST HEAD(&proc->todo);
init waitqueue head(&proc->wait);
proc->default priority = task nice(current);
mutex_lock(&binder lock);
binder_stats.obj_created[ BINDER STAT PROC]++;
hlist add head(&proc->proc_node, &binder procs);
proc->pid = current->group_leader->pid,
INIT _LIST HEAD(&proc->delivered_death);
filp->private data = proc;
mutex_unlock(&binder lock);
if (binder_proc_dir_entry proc) {
char strbuf[11];
snprintf(strbuf, sizeof(strbuf), "%u", proc->pid);
remove_proc_entry(strbuf, binder_proc_dir_entry_proc);
create_proc read entry(strbuf, S IRUGO, binder proc dir entry proc, binder read proc
proc, proc);
}

return 0;

PRI %8 binder_open()ff) T ZE L) fig 2t BN 44 4 binder_proc M 4544, Al I EHE 4544
T ARAFAT T B S0 “/dev/binder” HEREI RSO, JF HREXANEERE R 3005 BAR A7
AT SO AR A1 file FRIFAST Zidfi il A 48 & private_data
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T 454K struct binder_proc W4 € X AE LA} kernel/common/drivers/staging/android/binder.c
BRI

struct binder proc {

struct hlist node proc_node;
struct tb_root threads;

struct rb_root nodes;

struct rb_root refs by desc;
struct rb_root refs by node;

int pid;

struct vin_area_struct *vma;
struct task _struct *tsk;

struct files_struct *files;

struct hlist node deferred work node;
int deferred work;

void *buffer;

ptrdiff tuser buffer offset;
struct list_head buffers;

struct tb_root free buffers;
struct rb_root allocated buffers;
size t free async space;

struct page **pages;

size t buffer size;

uint32 _t buffer free;

struct list_head todo;
wait_queue head t wait;

struct binder_stats stats;

struct list_head delivered death;
int max_threads;

int requested_threads;

int requested_threads_started;

int ready _threads;

long default_priority;
s
RGO bR %, L B E AR AR DY R AR
Q threads
O nodes

O refs by desc
Q refs by node
IR PYAS 3 AR AR R R AT AR )T 25, B binder_proc 43 BIEEFEPUANLTRERS T, HoAK

VAR .

Q threads #: FISRLRAF binder proc BEFEANH T-AFEH G K INERE, &M K
max_threads K E o
Q node #: HIKELRAT binder proc JEFE P 1] Binder SEA4
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Q refs_by desc #Fl refs_by node #f: H KLRAF binder proc ZEFEN ) Binder 5|, BI5]
I HABERE ) Binder SEAA, “BL70AIHIPARITT XORMAZVLLERS, — g LA fER
key fERAZY, —Fie CAG | B SRS MU E/ER key fERAZ, EN#EERR
[F]—FEARTE, R R T BT (01 H AL R R R
XFER 58 8 T T IF % S /dev/binder (1) AR, 45 ORTT LT I I B 28 ST IEAT N A
WS 4, B mmap() %0

bs->mapped = mmap(NULL, mapsize, PROT READ, MAP PRIVATE, bs->fd, 0);

X Binder SR ZFE 71142 A %L binder mmap(), SEIARISATF

static int binder mmap(struct file *filp, struct vm_area_struct *vma)
{
int ret;
struct vm_struct *area;
struct binder proc *proc = filp->private data;
const char *failure_string;
struct binder_buffer *buffer;
if ((vma->vm_end - vma->vm_start) > SZ 4M)
vma->vm_end = vma->vm_start + SZ_4M;
if (binder debug mask & BINDER DEBUG OPEN CLOSE)
printk(KERN INFO
"binder_ mmap: %d %Ix-%lx (%ld K) vma %lx pagep %lx\n",
proc->pid, vma->vm_start, vma->vm_end,
(vma->vm_end - vma->vm_start) / SZ 1K, vma->vm_flags,
(unsigned long)pgprot val(vma->vm_page prot));
if (vma->vm_flags & FORBIDDEN MMAP FLAGS) {
ret = -EPERM;
failure string = "bad vim_flags";
goto err_bad_arg;
}
vma->vm_flags = (vma->vm_flags | VM_DONTCOPY) & ~VM_MAYWRITE;
if (proc->buffer) {
ret =-EBUSY;
failure _string = "already mapped";
goto err_already mapped;
}
area = get vm_area(vma->vm_end - vma->vm_start, VM_IOREMAP);
if (area==NULL) {
ret = -ENOMEM;
failure string ="get vm_area";
goto err_get vm_area_failed;
}
proc->buffer = area->addr;
proc->user buffer offset=vma->vm_start - (uintptr_t)proc->buffer;
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#ifdef CONFIG_CPU_CACHE_VIPT
if (cache is vipt aliasing()) {
while (CACHE COLOUR((vma->vm_start ~ (uint32_t)proc->buffer))) {

printk(KERN_INFO "binder mmap: %d %Ilx-%Ix maps %p bad alignment\n", proc->

pid, vma->vm_start, vima->vm_end, proc->buffer);
vma->vm_start += PAGE_SIZE;

}
#endif

proc->pages = kzalloc(sizeof(proc->pages[0]) * ((vma->vm_end - vma->vm_start) / PAGE SIZE),

GFP_KERNEL);
if (proc->pages == NULL) {
ret = -ENOMEM;
failure_string = "alloc page array";
goto err_alloc pages failed;

}

proc->buffer size = vma->vm_end - vma->vm_start;

vma->vm_ops = &binder vm_ops;

vma->vm_private data = proc;

if (binder update page range(proc, 1, proc->buffer, proc->buffer + PAGE SIZE, vma)) {
ret = -ENOMEM;
failure_string = "alloc small buf";
goto err_alloc_small buf failed;
}
buffer = proc->buffer;
INIT LIST HEAD(&proc->buffers);
list add(&buffer->entry, &proc->buffers);
buffer->free = 1;
binder insert free buffer(proc, buffer);
proc->free_async_space = proc->buffer size / 2;
barrier();
proc->files = get files_struct(current);

proc->vma = vma,

return 0;
err_alloc_small buf failed:

kfree(proc->pages);

proc->pages = NULL;
err_alloc_pages failed:

viree(proc->buffer);

proc->buffer = NULL;
err_get vm_area_failed:
err_already mapped:
err_bad arg:
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}

printk(KERN_ERR "binder mmap: %d %Ilx-%Ilx %s failed %d\n", proc->pid, vima->vm_start,
vma->vm_end, failure_string, ret);
return ret;

76 b I& R 2L binder mmap() P, H Jo i b filp->private data 15 2| 7E 4T JF % £ A
“/dev/binder” WG 11454 binder_proc, 7F vma ZHH AR INAFIL 5 B . BLALIT) vma %L
PR E5H) vm_area_struct, &R R I PIELL I AU I F A X 8. S Ah, SRk
vm_struct 77— P LE ) 2 IR [R] X 4

B2 R RO HT S5 F4A binder proc FHI IR % G AR &

Q buffer: &> void*fa5t, BRI ZEWF BN AAAE AL A R UG 7

Q buffer_size: & size t KAMAR R, RRZEWR ML

QO pages: s&— struct page* M ELAL, struct page & KRR EE U1 1] 1) 258 4544 o

Q user_buffer_offset: J&—> ptrdiff t FM 1AL &, "&3RIR 1IN AZ A IR R 40l k- 5 3k

TR FH (1) R FOL bk 2 TR) PR 228, BRI SR B 0 T 7 P A 25 ) ke 92 P e 40 i
addr P&, A IX A3 L [ 2 TR 6) Y. R R SOt bk 5t A 2 T A

addr + user_buffer offset

N RIETEEE— T Binder URSNFE P BN A7 LR Mtk 2 () 1) 759%%, R 7 2E “ buffer
~ (buffer + buffer_size)” X Bl 0], XASHhEZS A4 010 —B—BORE B, &—BUEH
ZERAA binder buffer SKflid 1, HAARMW T,

struct binder_buffer {

Bs

struct list_head entry; /* 5E LEERIR list_head*/
struct rb_node rb_node; * 78 XE5HAA rb_node*/
unsigned free : 1;

unsigned allow_user free: 1;

unsigned async_transaction : 1;

unsigned debug_id : 29;

struct binder transaction *transaction;

struct binder node *target node;

size tdata_size;

size t offsets_size;

uint8_t data[0];

fg— binder_buffer L H AL entry $& MEHER] Stk A 2458944 binder_proc 11K
buffers FoRIEER T 22, JF HAE— binder buffer 35 A IEAEME AN, 1B free B
AR ERX ), 2N binder_buffer £5B)725 & tb_node K 3451244 binder proc H'[1] free_buffers

FORMILBRh 2 . TABLE EAEAE Y binder buffer, JEILE AT H b node N F 1A
binder_proc "1 [] allocated_buffers Fn 2L BB rh 25 o XA H &, J7 (BT AN gEdrax b
Mok ]
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P22 M AL binder update page range(), XA Binder YRANFETHE MY UL ] [R] I B
S B RS T IR R TRl K T vk o FARSEEIACAS T .

static int binder update page range(struct binder proc *proc, int allocate,
void *start, void *end, struct vm_area_struct *vma)

void *page addr;
unsigned long user page addr;
struct vim_struct tmp_area;
struct page **page;
struct mm_struct *mm;
if (binder_debug mask & BINDER DEBUG BUFFER_ALLOC)
printk(KERN_INFO "binder: %d: %s pages %p-%p\n",
proc->pid, allocate ? "allocate" : "free", start, end);
if (end <= start)
return 0;
if (vima)
mm = NULL;
else
mm = get task mm(proc->tsk);
if (mm) {
down_write(&mm->mmap_sem);
vma = proc->vma;
}
if (allocate == 0)
goto free range;
if (vma ==NULL) {
printk(KERN ERR "binder: %d: binder alloc_buf failed to "
"map pages in userspace, no vma\n", proc->pid);
goto err_ no_vma,
}
for (page addr = start; page addr < end; page addr += PAGE SIZE) {
int ret;
struct page **page array ptr;
page = &proc->pages[(page _addr - proc->buffer) / PAGE SIZE];
BUG_ON(*page);
*page = alloc_page(GFP_KERNEL | GFP_ZERO);
if (*page == NULL) {

printk(KERN ERR "binder: %d: binder alloc_buf failed "
"for page at %p\n", proc->pid, page addr);

goto err_alloc_page failed;
b
tmp_area.addr = page addr;
tmp_area.size = PAGE_SIZE + PAGE_SIZE;
page array ptr = page;
ret=map vm area(&tmp area, PAGE KERNEL, &page array ptr);
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if (ret) {
printk(KERN ERR "binder: %d: binder alloc buf failed "
"to map page at %p in kernel\n", proc->pid, page addr);
goto err_ map_kernel failed;
H
user_page addr =
(uintptr_t)page addr + proc->user buffer offset;
ret =vm_insert page(vma, user page addr, page[0]);
if (ret) {
printk(KERN ERR "binder: %d: binder alloc buf failed "
"to map page at %lx in userspace\n",
proc->pid, user_page addr);
goto err_vm_insert_page failed;
}
/* vm_insert_page VA5 HHEC/
}
if (mm) {
up_write(&mm->mmap_sem);
mmput(mm);
}
return 0;
free_range:
for (page addr =end - PAGE SIZE; page addr >= start;
page_addr -= PAGE_SIZE) {
page = &proc->pages[(page_addr - proc->buffer) / PAGE_SIZE];
if (vma)
zap page range(vma, (uintptr t)page addr +
proc->user buffer offset, PAGE SIZE, NULL);
err_vm_insert page failed:
unmap_kernel range((unsigned long)page addr, PAGE_SIZE);
err_ map_kernel failed:
__free_page(*page);
*page = NULL,;
err_alloc page failed:

s

}

err_no_vma:

if (mm) {
up_write(&mm->mmap_sem);
mmput(mm);

}
return -ENOMEM;

}
ML EIRACHSAME AT Aoy B P i, iy Hd w] DURRBE I BE 01, X n] LLE R 24
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allocate >R [X I, FEI TR SE 2 oW 38 oL i (R o 2243 Fe ) 385 0 1 1) R FOl st k2 TR e [ A
(start ~ end), PRECHTIDMN L EHEMAF T, HfHEAE M for JHIAMLTS, HARR
ETITIA

for (page addr = start; page addr < end; page addr += PAGE SIZE) {
int ret;
struct page **page array ptr;
page = &proc->pages[(page_addr - proc->buffer) / PAGE_SIZE];
BUG_ON(*page);
*page = alloc_page(GFP_KERNEL | _ GFP_ZERO);
if (*page == NULL) {
printk(KERN_ERR "binder: %d: binder_alloc_buf failed "
"for page at %p\n", proc->pid, page addr);
goto err_alloc_page failed;
}
tmp_area.addr = page addr;
tmp_area.size = PAGE SIZE + PAGE_SIZE /* guard page? */;
page array ptr = page;
ret=map vm_area(&tmp area, PAGE KERNEL, &page array ptr);
if (ret) {
printk(KERN ERR "binder: %d: binder_alloc_buf failed "
"to map page at %p in kernel\n",
proc->pid, page addr);
goto err_map_kernel failed;
}
user_page addr=
(uintptr_t)page addr + proc->user_ buffer offset;
ret=vm_insert page(vma, user page addr, page[0]);
if (ret) {
printk(KERN ERR "binder: %d: binder alloc_buf failed "
"to map page at %lx in userspace\n",
proc->pid, user_page addr);
goto err_vm_insert_page failed;
}
/* vm_insert_page ¥AA NG */
¥

IRAHS ) HAR SRR

(1) i alloc_page()73Bt— M BLICIHT, R ECR [0]—AN S5 R 44 page P PR UL [ FAFF
FRPEIX AN IR B N B UL 45K vm_struct tmp_area.

(2) J# IS PR%EL map vm_ area(PRFIXMEE DT HIE AN 2 tmp_area FHIA I A% 2= 0]

(3) it page addr + proc->user buffer offset FifFHERE R #L2= Al o

(4) L PREL v insert page()BFIX N EE UL 4E A 2 BEFE LS ) &, S50 vma FRoREE
AR HERE () k2% 8]

PR3 SCAF frameworks/base/cmds/servicemanager/service_manager.c 1 main()e&%%,
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TR T EH F %L binder become context manager()KiH %1 Binder JXzhFE T H /& Binder
ML S SO R, B 3EFE » #R4L binder_become context manager()7E S f}: frameworks/
base/cmds/servicemanager/binder.c "5 X, HARRAL AT

int binder become context manager(struct binder_state *bs){
return ioctl(bs->fd, BINDER SET CONTEXT MGR, 0);
H

FE G P doctl SCAFERAE AR %N Binder WAIALT A CREMIIERE, WA SR
BINDER_SET_CONTEXT_MGR, Jf#& A (2%, BINDER_SET CONTEXT_MGR & 34 :

#define  BINDER SET CONTEXT MGR _IOW(b), 7, int)

XFERLEEA S Binder WENFEFHIEAEL binder ioctl(), 7EIMEHIEIEN R BINDER SET
CONTEXT MGR ip4R8ia], HAARISWF .,

static long binder_ioctl(struct file *filp, unsigned int cmd, unsigned long arg)
{
int ret;
struct binder_proc *proc = filp->private data;
struct binder_thread *thread;
unsigned int size = [0C_SIZE(cmd);
void _ user *ubuf = (void _ user *)arg;
ret = wait_event interruptible(binder user error wait, binder stop on user_error < 2);
if (ret)
return ret;
mutex_lock(&binder lock);
thread = binder get thread(proc);
if (thread == NULL) {
ret = -ENOMEM;
goto err;

}
switch (cmd) {

case BINDER SET CONTEXT MGR:
if (binder_context mgr node !=NULL) {
printk(KERN ERR "binder: BINDER SET CONTEXT MGR already set\n");

ret =-EBUSY;
goto err;
}
if (binder_context mgr uid !=-1) {
if (binder_context mgr uid != current->cred->euid) {
printk(KERN_ERR "binder: BINDER SET "
"CONTEXT MGR bad uid %d != %d\n",
current->cred->euid,

binder context mgr uid);
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ret = -EPERM;
goto err;
}
} else
binder context mgr uid = current->cred->euid;
binder_context mgr node = binder new_node(proc, NULL, NULL);
if (binder_context mgr node == NULL) {
ret = -ENOMEM;
goto err;
}
binder context mgr node->local weak refs++;
binder context mgr node->local strong_refs++;
binder context mgr node->has_strong ref= 1;
binder context mgr node->has weak ref=1;
break;
default:
ret =-EINVAL;
goto err;
}
ret = 0;
err:
if (thread)
thread->looper &= ~BINDER _LOOPER _STATE NEED RETURN;
mutex_unlock(&binder lock);
wait_event interruptible(binder user error wait, binder stop on user_error < 2);
if (ret && ret != -ERESTARTSYS)
printk(KERN INFO "binder: %d:%d ioctl %x %lx returned %d\n", proc->pid, current->pid,
cmd, arg, ret);
return ret;

}

P53 HT BREL binder_ioctl()2Z 1, 7 #E5EFE W] FI U PN EEE S5 R e
QO 454k binder thread: F/n—NEFE, X HLA/EAT binder_become_context manager()
PRE ARt . BRI .

struct binder_thread {

struct binder_proc *proc;
struct tb_node rb_node;
int pid;
int looper;
struct binder_transaction *transaction_stack;
struct list_head todo;
uint32_t return_error; /* 5 ANKRIN, IR[EIET RS
uint32_t return_error2; /45 NRI, IR [AIERRS */

1* FEGEP X RIE— AN BB —AET R */
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Bs

wait_queue head t wait;

struct binder_stats stats;

1 IR R, proc o R IX AN LA T & IR o 458444 binder_proc 1/ 148 & thread
IZRIJE b root, ‘BRI LM, R TXANHEREM A LA ALUR K, g5k
binder_thread ¥/ 7148 5 rb_node #t /& HRBE N IZARLT AR 1T 55 T« looper il i A8 K IR 2k
FEPPIRZS, ol LA~ e

enum {

Bs

BINDER LOOPER STATE REGISTERED =0x01,

BINDER _LOOPER_STATE ENTERED = 0x02,
BINDER LOOPER STATE EXITED = 0x04,
BINDER LOOPER_STATE INVALID = 0x08,
BINDER LOOPER_STATE WAITING =0x10,

BINDER_LOOPER_STATE_NEED RETURN = 0x20

Ji4b, transaction_stack FINKFEIELEALIE IS, todo FKIn KAFIZLFEME 5%,
return_error fl return_error2 F R EAE 45 Bk [A115, wait F K FH ZE LR FE S5 155 AT AF 1) & A stats
FHRORAF— 2G5 o XS8R 0 A0 538 2 1) Ik 7 AT e AT TR A

Q #0454 binder node: 7~ binder 524k, BARCHLUIT .

struct binder node {

58 Em

int debug_id;
struct binder work work;
union {
struct tb_node rb_node;
struct hlist node dead node;
3
struct binder_proc *proc;
struct hlist head refs;
int internal _strong_refs;
int local weak refs;
int local_strong_refs;
void _ user *ptr;

void _ user *cookie;

unsigned has_strong_ref : 1;
unsigned pending_strong_ref': 1;
unsigned has weak ref: 1;
unsigned pending_weak ref: 1;
unsigned has_async_transaction : 1;
unsigned accept fds: 1;

int min_priority : 8;

struct list_head async_todo;
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HHIEPT WL, rb_node #1 dead_node 41 T —/NECG AR, HARKULS AU N PIFIMETE .
Q WHIXA Binder SEARIELE IR H, WER rb_node KIEAN “proc->nodes” FT& 7~
ZLERIIY A, SRR H R A 28 T IX AN ERE ) T Binder SEAA
Q WAIXA Binder SEARTJE 1 IEFE L2445, TIXAS Binder SE4A X g HoA 2 B 1 H
MJIXA™ Binder 524410 dead node ﬁA?U*AﬂAﬁ?%EPZ“ET?WO proc Jif AR LR K
TNIZXAN Binder SE & U RE BATE VI o
1 Rl 4544 binder_node ™7, TSR G A AU AT .
Q refs: A5 T 1% Binder ST Binder 5 A1 B KA L —MER
O internal_strong_refs. local weak refs fll local_strong refs: &7~IX> Binder SR KI5 H
T
Q ptr Fl cookie: 73 F7IXA™ Binder SEAALE FH P 2% 8] (1) bk LU S BRI -
FER KB 2] P51 %L binder_ioctl()M', T SEEE I filp->private_data K15 proc L&, ALY
PR%L binder mmap()/&—FEHT, R G pA%L binder get thread()3RAFLFETE B, LR EIAR
(LI

static struct binder_thread *binder get thread(struct binder proc *proc)
{

struct binder_thread *thread = NULL,;

struct rb_node *parent = NULL,;

struct tb_node **p = &proc->threads.rb_node;

while (*p) {
parent = *p;
thread = rb_entry(parent, struct binder_thread, tb_node);

if (current->pid < thread->pid)
p = &(*p)->1b_left;

else if (current->pid > thread->pid)
p = &(*p)->rb_right;

else
break;

}
if (*p == NULL) {

thread = kzalloc(sizeof(*thread), GFP_ KERNEL);
if (thread == NULL)

return NULL;
binder_stats.obj_created BINDER STAT THREAD]++
thread->proc = proc;
thread->pid = current->pid;
init waitqueue head(&thread->wait);
INIT LIST HEAD(&thread->todo);
rb_link node(&thread->rb_node, parent, p);
rb_insert_color(&thread->rb_node, &proc->threads);
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thread->looper |= BINDER_LOOPER_STATE NEED RETURN;
thread->return_error = BR_OK;
thread->return_error2 = BR_OK;

}
return thread;
}
76 _ERARRS YT FE current (1) pid 7E N BE(E, 7EHEFE proc->threads 7R I 21 SR A

HRMTE, BRATOE N YATEAE0EE T binder thread 7 8. fEX MR, BT 40T
LR IR TRIX L, LA E AR binder_thread /5 8., E “*p==NULL” 7, F
ST, AT SRR AR N B SUE A 4K binder_thread,  FFEHIAAMGAH Y ) il AR 5
1li N 2| proc->threads IT 7R IZLERM Y, T OCEAT I A] BAA proe HH3RER . V1, IXH
“thread->looper = BINDER_LOOPER_STATE_NEED RETURN”.

FiE1 30 K %L binder_ioctl), # N RSH A4 )R & binder_context_mgr_node F
binder context mgr uid, & XU,

static struct binder node *binder context mgr node;
static uid_t binder context mgr uid = -1;

H:71 binder context mgr node HI>K#E 7R Service Manager 524K, binder context mgr uid 7
7 Service Manager PRYEFEN vide 7EXNMgSECT, T YT — TR R, Py
LA binder context mgr node y NULL, binder context mgr uid *A-1, T /& #J4i1k binder context
mgr_uid 24 current->cred->euid, XA YHTEIEMLEA Binder ALHIM ORI HERE T, JF Hafid
binder new node 4 Service Manager €% Binder SZ4:

static struct binder node *
binder new node(struct binder proc *proc, void _ user *ptr, void _ user *cookie)
{
struct tb_node **p = &proc->nodes.tb_node;
struct tb_node *parent = NULL;
struct binder node *node;
while (*p) {
parent = *p;
node =rb_entry(parent, struct binder node, rb_node);
if (ptr < node->ptr)

p = &(*p)->1b_left;
else if (ptr > node->ptr)
p = &(*p)->rb_right;
else
return NULL;
}
node = kzalloc(sizeof(*node), GFP_ KERNEL);
if (node == NULL)
return NULL;
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binder_stats.obj_created BINDER STAT NODE]++;

rb_link node(&node->rb_node, parent, p);

rb_insert_color(&node->rb_node, &proc->nodes);

node->debug_id = ++binder last_id,;

node->proc = proc;

node->ptr = ptr;

node->cookie = cookie;

node->work.type = BINDER WORK NODE;

INIT_LIST _HEAD(&node->work.entry);

INIT LIST HEAD(&node->async todo);

if (binder_debug mask & BINDER DEBUG INTERNAL REFS)

printk(KERN_INFO "binder: %d:%d node %d u%p c%p created\n",

proc->pid, current->pid, node->debug_id,
node->ptr, node->cookie);

return node;

}

FEIX AL RER T ptr FI1 cookie #54 NULL. _Fids pREU4S B JEAG Y proc->nodes 21 A F H g
7 O AEAE L ptr HSEY node, WIR CAAEENRFI NULL, fEXANg 50, T 9urdis
R IKIEANRX R, LS EAEE, T2 T — ptr 4 NULL ¥ binder_node,
HATaa A A S i AL &, 4 AN 2] proc->nodes £L B 1,

24 binder_new_node i[9 £ pA %L binder ioctl()Z Jii, & H 1) binder node FEEN PRATAE
binder context mgr node H', X5 X ¥J4A1L binder context mgr node T (15| FHTHEUE . iXAf
#1417 BINDER_SET_CONTEXT_MGR #2565, k4L binder_ioctl()iR [0 {47 T 1HI )
.

if (thread)
thread->looper &= ~BINDER_LOOPER_STATE_NEED RETURN;

PR3 SCH: frameworks/base/cmds/servicemanager/service manager.c ') main()e& %%,
e N oR T EL H R 4L binder loopO#E AJEIR, %54 Client A 1%1%K. %L binder loop()E X AE
Y frameworks/base/cmds/servicemanager/binder.c

void binder loop(struct binder_state *bs, binder_handler func)
{
int res;

struct binder write read bwr;

unsigned readbuf[32];
bwr.write size = 0;
bwr.write consumed = 0;
bwr.write_buffer = 0;

readbuf[0] = BC_ENTER_LOOPER;
binder_write(bs, readbuf, sizeof(unsigned));
for (3) {
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bwr.read_size = sizeof(readbuf);
bwr.read_consumed = 0;
bwr.read buffer = (unsigned) readbuf;
res = ioctl(bs->fd, BINDER WRITE READ, &bwr);
if (res <0) {
LOGE("binder_loop: ioctl failed (%s)\n", strerror(errno));
break;
}
res = binder_parse(bs, 0, readbuf, bwr.read consumed, func);
if (res ==0) {
LOGE("binder_loop: unexpected reply?!\n");
break;
}
if (res <0) {
LOGE("binder loop: io error %d %s\n", res, strerror(errno));
break;

}

7E LIRS, 1 5Ea i  %L binder write()4047 BC_ENTER_LOOPER 4 DL /f Binder
IXBHFESY, Service Manager B B HE AMEIN . IS 75 BEELAAR A 48 S0 “/dev/binder” $4F B
# ioctl [)#4/FH5 BINDER. WRITE READ, E5GH HE -

#define BINDER WRITE READ IOWR('b!, 1, struct binder write read)
I io #AENSA — AN struct binder write read 11248, HA 1T .

struct binder write read {
signed long write_size; /* bytes to write */
signed long write consumed; /* bytes consumed by driver */
unsigned long write_buffer;
signed long read size; /* bytes to read */
signed long read consumed; /* bytes consumed by driver */

unsigned long read_buffer;

Bs

FP 22 [AIRE A1 Binder SKENRE A BN, K2 il BINDER_WRITE READ fir4 5k
L), write_bufffer Fl read_buffer i n] (5 45 #1845 & T HAREHAT 19354F, write_bufffer
F1 read buffer JIT45 ] (Y 45 #4442 binder transaction data, & SRR ARSI .

struct binder_transaction_data {
/* The first two are only used for bcTRANSACTION and brTRANSACTION,
* identifying the target and contents of the transaction.
*/
union {
size_thandle;  /* target descriptor of command transaction */
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void *ptr; /* target descriptor of return transaction */
} target;
void *cookie; /* target object cookie */
unsigned int code; /* transaction command */

/* General information about the transaction. */

unsigned int flags;

pid t sender_pid;

uid t sender euid,

size t data_size; /* number of bytes of data */
size t offsets_size; /* number of bytes of offsets */

/* If this transaction is inline, the data immediately
* follows here; otherwise, it ends with a pointer to
* the data buffer.

&
union {
struct {
/* transaction data */
const void *buffer;
/* offsets from buffer to flat binder object structs */
const void *offsets;
} ptr;
uint8 t buf]8];
} data;

Bs

B Ak, BATMIEARAL 20— 2P Hu /3T 5€ Service Manager J& 4117 8 4 Android HEFE[H]
TEAFHLE Binder BRI RS 708 PRGN AT, RELE4Y Service Manager A Android if
FEEHEAE AL Binder fR4PBERE 72

(1) #TJF/dev/binder A4

open("/dev/binder", O RDWR);

(2) 37 128KB A7

mmap(NULL, mapsize, PROT READ, MAP PRIVATE, bs->fd, 0);
(3) %1 Binder XB)FEF 2 OR A BERE

binder become context manager(bs);
(4) FENEAFRATR MK

binder_loop(bs, svemgr_handler);

AEBASR BT, 7 Binder BUANER 1S T 4 binder_proc £#fk. —* binder thread
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ZERJARFI—A™ binder_node Z5MJ4K, XFf, Service Manager Bi7E Android ZR 45 FIERE [R5 AL
il Binder HHH AR ARG EFEIIR T T .

3.1.3 Service Manager fR55

Service Manager 7t Binder ML " EEA AR BRI A €4, A" S AR 2955 Server T4,
{H2E X5 —MH Server A—Hf. XT3 1) Server K, Client WIRALEIIRAT Server [1)i
FeHz0, WZ0E I Service Manager ZEFEH: ALY getService 2 1RIRTTF, XA St —A>
i H Binder HLHIR AT HEREMEAR (L FE . 14T Service Manager iX~ Server K i3, Client
WA ZRAG Service Manager ez, HIADIE FEREREF PRI, KA Service
Manager ZCFEFE & —/NMFERH Binder 51H, &5 A —E & 0.

3R HL Service Manager i F2 £z 1111 R 21 /& defaultServiceManager() , It B8 20 AE SC A1
frameworks/base/include/binder/IServiceManager.h H B, EARLIGWIF

sp<IServiceManager> defaultServiceManager();

PR %L defaultServiceManager()7E L frameworks/base/libs/binder/IServiceManager.cpp 15K
B, B .

sp<IServiceManager> defaultServiceManager()

{
if (gDefaultServiceManager !|= NULL) return gDefaultServiceManager;
{
AutoMutex _1(gDefaultServiceManagerLock);
if (gDefaultServiceManager == NULL) {
gDefaultServiceManager = interface cast<IServiceManager>(
ProcessState::self()->getContextObject(NULL));
¥
}
return gDefaultServiceManager;
}

H: i gDefaultServiceManagerLock F1 gDefaultServiceManager A& 4= J5j 4% &, 7 C#F
frameworks/base/libs/binder/Static.cpp 11 7€ X, HARCILUI T .

Mutex gDefaultServiceManagerLock;
sp<IServiceManager> gDefaultServiceManager;

M EIR B AT LAE Y, gDefaultServiceManager A& HFI#E50, 7618 F &% defaultService
Manager()H, 41 5 CL 4 A1) 2 gDefaultServiceManager | W) B 4% 1], 75 )3 1 oA %L interface_cast
<IServiceManager>(ProcessState::self()->getContextObject(NULL)) 8 it —, H-ARAFAE S /AR &
gDefaultServiceManager .

7t Binder HLifilH, 28 BpServiceManager 4k 7k T 2% Bplnterface<IServiceManager>,
Bplnterface /& —AMEMRZE, 7601} frameworks/base/include/binder/IInterface.h 15 3, HARAY
[EYIRNS
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template<typename INTERFACE>
class BplInterface : public INTERFACE, public BpRefBase {
public:
Bplnterface(const sp<IBinder>& remote);
protected:
virtual IBinder* onAsBinder();

Bs

2K IServiceManager Z%7& T 2 IInterface, 1125 IInterface F12% BpRefBase M 734k T 2%
RefBase.
TG Service Manager 38 #2421 1) 3= HARAD :

gDefaultServiceManager = interface cast<IServiceManager>(
ProcessState::self()->getContextObject(NULL));

76 AR, SR T ProcessState MIFFA R A BREL ProcessState::self, IMpR%1 )
AEAZ IR [F]—AN 42 JRiME— 1] ProcessState SEA7148 &, HSZIX a2 A piiiat, AR & 44 4 gProcess.
WRAANZE gProcess AT B4 . 7E ProcessState 144 pR T, 1l i SCAF484E BR 2 open()
FI & & SCAF “/devibinder”, I HLIR [FIR AR 158 28 SCA I 15 PRATAE il 02 48 & mDriverFD 7,

F5 U H PR 2L gProcess->getContextObject() 3R 15— AN AJ#K{E A 0 [ Binder 5| BpBinder.
KA PREL interface cast<IServiceManager> ) ARSI, AR R 207E SCA framework/base/
include/binder/IInterface.h H15€ X, HARSZIARAL I T .

template<typename INTERFACE>
inline sp<INTERFACE> interface cast(const sp<IBinder>& obj) {
return INTERFACE::asInterface(obj);

}

76 LR fXA% H, INTERFACE #1106 (/& IServiceManager, & H [ X i H T p& £
IServiceManager::as Interface(). PRi%{ IServiceManager::asInterface()/&i#if DECLARE META
INTERFACE(Service Manager) % fE2K IServiceManager 11/ BIfF), ‘gL T A framework/base/
include/binder/IService Manager.h ', JEFF AL F o

#define DECLARE _META INTERFACE(ServiceManager)
static const android::String16 descriptor;
static android::sp<IServiceManager> asInterface(
const android::sp<android::IBinder>& obj);
virtual const android::String16& getInterfaceDescriptor() const;

IServiceManager();
virtual ~IServiceManager();

IServiceManager::asInterface ;& 11 % IMPLEMENT META_INTERFACE(ServiceManager,
"android.os.IServiceManager");& X ¥], ‘&7 731 framework/base/libs/binder/IServiceManager.
cpp ", JEIT RIS T .
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#define IMPLEMENT META INTERFACE(ServiceManager, "android.os.IServiceManager")
const android::String16 IServiceManager::descriptor("android.os.IServiceManager");
const android::String16&

IServiceManager::getInterfaceDescriptor() const {
return [ServiceManager::descriptor;
}
android::sp<IServiceManager> [ServiceManager::asInterface(

const android::sp<android::IBinder>& obj)

{
android::sp<IServiceManager> intr;
if (obj !'=NULL) {
intr = static_cast<IServiceManager*>(
obj->queryLocallnterface(
IServiceManager::descriptor).get());
if (intr == NULL) {
intr = new BpServiceManager(obj);
b
}
return intr;
}

IServiceManager::IServiceManager() { }
IServiceManager::~IServiceManager() { }

IServiceManager::asInterface [ AASZIACIS 41 F

android::sp<IServiceManager> IServiceManager::asInterface(const android::sp<android::IBinder>& obj)

{
android::sp<IServiceManager> intr;
if (obj !I=NULL) {
intr = static_cast<IServiceManager*>(
obj->queryLocallnterface(IServiceManager::descriptor).get());
if (intr == NULL) {
intr = new BpServiceManager(obj);
}
}
return intr;
}

BAMESE RS2 obj St H new B4 1) BpBinder(0), 25 BpBinder H ¥4 1 bR
4 queryLocallnterface() 4k 7k H 248 IBinder, R%{ IBinder::queryLocallnterface()fi/ T~ 3L £
framework/base/libs/binder/Binder.cpp "', HARSLIACID T .

sp<IInterface> I[Binder::queryLocallnterface(const String16& descriptor)

{
return NULL;
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Hra] 0L, 7E BB % IServiceManager::asInterface() P2 1 F T I Y 1EA) -

intr = new BpServiceManager(obj);
B
intr = new BpServiceManager(new BpBinder(0));

B 1) Service Manager JEFEHE AT & —> BpServiceManager, L5 7 —/MJ{E N
0 ) Binder 5|

32 EBERHERGFTRAEFE

Android ZF AL T MRF 1B 44 352 N fF (Anonymous Shared Memory, Ashmem) J
ARG, EUAIRSIE P B A N AZ A s, Ashmem A3 U1 R PN £

Q REOS R N AFE SR GERAT 0 AN TR 1) AP

Q i Binder FEFE 8 A LR SEIERE [A] ) A A7 L 2

X} T Android RZE(1) Ashmem F RGKUL,  H AL DLIKSIFE 7 (17 270 N A% 25 1] S
(1), [FI, 2 RGUISATIN B RN R PP A R it T Uyl e o b 7 RGEBAT I J2 4
T C/CH R, MR N R PAE SR 23R4 T Java TR o AECIRAT LK 8 Y
FEJPHESRZHEAL ) Java Vi HFE R UL Ashmem T RS 7k, HE5e3RAT4E Android FF
RIVFEFE, EEET Java B 5. HAST Android R4EH Y P HESL ZE 1) Java 1
FLERUE, SR INT Dk RGUEATIN 2 C/ICHIRMHE T, 5a fa B NS N A%
75 [E] ) Ashmem BB FEF 1 25

Android 24 1) Ashmem JX#)FE)T, FIH Linux (WHEZNAF 7RSS H 8 RSEHLH
CMBE. 7F Android &4t Ashmem R4, HAZLUIREZ AN (open). WLl (mmap).
B (read/write) LA SCBTE AR (pin/unpin) o 7EARTT N AT, K E4 % Android Ashmem
T RGEMFEARLNH .

3.2.1 ERNEUELSH

7t Ashmem UXZ)FETH 7 EEH B = AN 25H04K, 435/ ashmem_area. ashmem_range Al
ashmem_fops. J:ATHTNAN G RJARTE L kernel/goldfish/mm/ashmem.c 715 X, HARSZIIARHS
LU

struct ashmem _area {

char name[ASHMEM FULL NAME LEN]; /* Ashmem [FJ&FK */

struct list_head unpinned_list; /* SR NAESIR */

struct file *file; /x FRIA I ST RS tmpfs F—AN3CF #/
size t size; /% SR

unsigned long prot_mask; /* Ashmem KI5 [ fRIAL */

Bs

struct ashmem_range {
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struct list_head lru; /* Eeil s /DA ISR */

struct list_head unpinned; /* entry in its area's unpinned list */
struct ashmem_area *asma; /* associated area */

size_t pgstart; /% A THRBUIRES WA R I R bk */
size_t pgend; PRRETARBCIRES A A 1R 2 et/
unsigned int purged; /* FRBN AT PR */

Bs

ZERAAR ashmem area F T8 78—t Ashmem H#.7T, 58444 ashmem range F TR RAb T-i#
BRI AT

ghiRk ashmem range FH TR/~ SR BT IIN A7, 7ESCHF kernel/goldfish/include/
linux/ashmem.h W58 X, FARSZIUACHG IR o

struct ashmem_pin {
32 offset; /% XN AE R AR/
32 len; 1 IXPNAERIR N */
b5

ZEf 4k ashmem fops 32 T “dev/ashmem” HIHEAFE I vEAIE, HARSZIACS a1 T .

static struct file operations ashmem_fops = {
.owner = THIS MODULE,
.open = ashmem_open,
.release = ashmem _release,
.mmap = ashmem mmap,
.unlocked ioctl = ashmem ioctl,
.compat_ioctl = ashmem ioctl,

3.2.2 Ak akiE

i Ashmem IXBNHILAA R EL, W] LASRICUT T PR R A5 5

Q Ashmem 25 H P8 [A) Bk g T AH 44 H, BIEIEE T AFER)ses SOt

Q Ashmem $2 8t T A4 R ECKIRAEIX ARSI

Ashmem JX #2775 AT kernel/common/mm/ashmem.c H1SEHE, Hirb pR % ashmem _init F
TR i A A 3, SRS W R .

static struct miscdevice ashmem misc = {
.minor = MISC DYNAMIC MINOR,

.name = "ashmem",
fops = &ashmem_fops,
e
static int __init ashmem_init(void)

{

int ret;
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ret = misc_register(&ashmem_misc);
if (unlikely(ret)) {
printk(KERN ERR "ashmem: failed to register misc device!\n");

return ret;

}

7 A, 7En#k Ahshmem JRBFEF I 2 A — M4 SCHF “/dev/ashmem”, X2
—/™ misc B & WL PAEL misc register Ky misc W&, XN REUESTE “/dev”
Hx TR ashmem B80T AEBAE SO — L4245 T open. mmap. release F1 ioctl
VUMA R 2, AR TTVE A read 1 write #RAERREL, B RS 525 = N AE I T2 8 N A7 ik
S HHERIEAT ), i mmap RGETRHTIG XA SO B R R () . 5 G A
HIEX NAFRAT T 584k, PrUATE 258 read A1 write J7 EATSCAHRAE .

Ashmem FIEIZETNRE &L X frameworks/base/core/java/android/os/MemoryFile java H15K
LR, SRR T 28 MemoryFile (A% M40, MemoryFile [FA4%5 sACRH T INT R4
native_open, IXFEAHEEIEE T Ashmem ({4, JNI /7% native open £ ff frameworks/base/
core/jni/adroid_os MemoryFile.cpp H5EH, HAMAARIGWTT

static jobject android os_MemoryFile open(JNIEnv* env, jobject clazz, jstring name, jint length)
{
const char* namestr = (name ? env->GetStringUTFChars(name, NULL) : NULL);
int result = ashmem _create region(namestr, length);
if (name)
env->ReleaseStringUTFChars(name, namestr);
if (result < 0) {
jniThrowException(env, "java/io/IOException", "ashmem create region failed");
return NULL;
}

return jniCreateFileDescriptor(env, result);

}

PR %Y native_open JH I IZAT I FEFEALI4 1 ashmem_create region fill7 Ashmem, XM
A SCLF system/core/libeutils/ashmem-dev.c 1SZHL, HARCR 40 F .

int ashmem_create region(const char *name, size t size)
{
int fd, ret;
fd = open(ASHMEM_ DEVICE, O RDWR);
if (fd < 0)
return fd;
if (name) {
char buff ASHMEM NAME LEN];
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error:

}

strlepy(buf, name, sizeof(buf));
ret = ioctl(fd, ASHMEM_SET NAME, buf);
if (ret < 0)

goto error;

}

ret = ioctl(fd, ASHMEM_SET SIZE, size);

if (ret < 0)
goto error;

return fd;

close(fd);

return ret;

12 FRARRS Y, Tl BAT A SO E R 7 3R Ashmem SR8 8 P AT AC L.
83T open FEAFEFT I 46 0 ASHMEM. DEVICE, i it ioct] #E4F ¥ & Ashmem 4 BRI/

323 THAEREZAEFRENH

) open HEAWIZSG, 2 R%L ashmem_open 17 Ashmem &4 S0, ILERELRERS A
PG —> ashmem_area 58914, HARSCHACE W .

static int ashmem_open(struct inode *inode, struct file *file)

{

}

struct ashmem_area *asma;
int ret;
ret = nonseekable open(inode, file);
if (unlikely(ret))
return ret;
asma = kmem_cache zalloc(ashmem area cachep, GFP_KERNEL);

if (unlikely(!asma))
return -ENOMEM;
INIT_LIST HEAD(&asma->unpinned_list);
memcpy(asma->name, ASHMEM_NAME PREFIX, ASHMEM NAME PREFIX LEN);
asma->prot_mask = PROT MASK;
file->private data = asma;

return 0;

RS AT R
O T PR 2L nonseekable open ¥ E XA SCAFEATT LAHAT @ (45 4E, BIASATHAT seek SCAF:

ks
Q it

PR3 kmem_cache zalloc 7ENIGIEE 1] slab 224#'[X. ashmem area cachep H @il —>

ashmem area Z5444, FERAIE 15 R CRAAAE A AR & asma H o
Q YA & asma (I HARSR, Hohi name #)450% ASHMEM NAME PREFIX, %
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ASHMEM NAME PREFIX {5 XACHD Ay«

#define ASHMEM_NAME _PREFIX "dev/ashmem/"
#define ASHMEM NAME PREFIX LEN (sizeoff ASHMEM NAME PREFIX) - 1)

Q K4k ashmem_area LRAFAEST ITSCAFE KA private data 3, I 3 A ]

Ashmem JX#IFET, A AAEHABABIHIE i privatedata 38R FIX A~ ashmem_area 4544

ZE PR % ashmem create_region A T I ioctl SCAFERAE, THRERE W & B Ashmem ]

HF RN LE XA kernel/comon/mm/include/ashmem.h 1, ASHMEM _SET NAME i
ASHMEM_SET_SIZE 73 25 f i WAF I A4 7R, BAAsE ARSI .

#define ASHMEM NAME LEN 256

#define  ASHMEMIOC 0x77

#define ASHMEM_SET NAME _IOW(_ ASHMEMIOG, 1, chafASHMEM_NAME _LEN])
#define ASHMEM_SET SIZE _IOW(__ASHMEMIOQ, 3, size_t)

Hrp ASHMEM_SET NAME [#] ioctl i &2 A 21 Ashmem JRX3)F2)7 K%L ashmem _ioctl
W, R ERE S K I R A AL R 1) Ashmem ()R /IMELDRAFAEXS M K] asma->size 3. bR
4 ashmem_ioctl FISEIACHS T o

static long ashmem_ioctl(struct file *file, unsigned int cmd, unsigned long arg)
{
struct ashmem _area *asma = file->private data;
long ret = -ENOTTY;
switch (emd) {
case ASHMEM SET NAME:
ret = set name(asma, (void _ user *) arg);
break;
case ASHMEM_GET NAME:
ret = get name(asma, (void _ user *) arg);
break;
case ASHMEM SET SIZE:
ret =-EINVAL,;
if (lasma->file) {
ret = 0;
asma->size = (size_t) arg;

break;

case ASHMEM GET SIZE:
ret = asma->size;
break;

case ASHMEM SET PROT MASK:
ret = set_prot_mask(asma, arg);
break;

case ASHMEM GET PROT MASK:

ret = asma->prot_mask;
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break;
case ASHMEM PIN:
case ASHMEM UNPIN:
case ASHMEM_GET _PIN_STATUS:
ret = ashmem pin_unpin(asma, cmd, (void __ user *) arg);
break;
case ASHMEM PURGE ALL CACHES:
ret = -EPERM;
if (capable(CAP_SYS ADMIN)) {
ret = ashmem_shrink(0, GFP_KERNEL);
ashmem_shrink(ret, GFP_ KERNEL);

}
break;
}
return ret;

}
EIRACHH SR RN AN D RE

O “struct ashmem_area *asma = file->private_data”: FRHUFHIARFE M4 1) Ashmem asma.

QO “ret=set name(asma, (void _ user *) arg)”: i PREL set_name 15154 Ashmem K445

PR % set_name W4 7E A kernel/goldfish/mm/ashmem.c " SZHLIKT, ThRE A 25 1]
fEIER ) Ashmem 144 7 % & 21| asma->name 34, PA%L set_name [ HARSZHACIS W T,

static int set name(struct ashmem area *asma, void __ user *name)
{
int ret = 0;
mutex lock(&ashmem mutex);
P TCEE SO WA A RR */
if (unlikely(asma->file)) {
ret = -EINVAL,;
goto out;
}
if (unlikely(copy from user(asma->name + ASHMEM NAME PREFIX LEN,
name, ASHMEM NAME LEN)))
ret =-EFAULT;
asma->name[ASHMEM FULL NAME LEN-1]="0";
out:
mutex_unlock(&ashmem mutex);

return ret;

}
Ak, B Ashmem HEFERE SN HEE T,
3.2.4 [N7FMET

Ashmem WX ZNFE 7 I AT SCAE I read EEAE A write B4E, W R SEFE T XA FHLZE NI,
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W DAZHORE XA B £ SCAF ISR 21 CRERE S8, ARG A BeA T A7V Al o 7528 MemoryFlle
FIFIE BB, B Ashmem )5 75 24T Ashmem & SCPFMLR BIBEREAS 0] . Wi} ) RE A& 1
WA INI J77% native mmap SCHU, 6 INT J5EAE XA frameworks/base/core/ Jm/adr01d_os_
MemoryFile.cpp #1528, AR @I .

static jint android os MemoryFile mmap(JNIEnv* env, jobject clazz, jobject fileDescriptor,
jint length, jint prot)

{
int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
jint result = (jint)mmap(NULL, length, prot, MAP SHARED, fd, 0);
if (result)
jniThrowException(env, "java/io/IOException", "mmap failed");
return result;
H

FE LIRS, FT RS 42 % 4% S/ deviashmem $RA5 SCLFREIRTF fdo B ANIXA SCHGR R
Jo, BURT LA HGE S B mmap PUAT NAFURRAE T o 4T FpRE mmap T RO B HERRE
bk (Al 25 BIHAT Ashmem 1 1¥) %0 ashmem mmap. PR%{ ashmem mmap [IhfE /S,
YH Linux W3 shmem_file setup 7EIGIN SO R SE tmpfs H A EE— AN S0, XA
I B SC /15 Ashmem X 2 2 77 6 ## ) Ashmem X V. . 28 %0 ashmem mmap 7E 3C 1}
kernel/goldfish/mm/ashmem.c *5& X, HAKSZHARL 41 R .

static int ashmem_mmap(struct file *file, struct vin_area_struct *vma)

{

struct ashmem_area *asma = file->private data;
int ret = 0;
mutex_lock(&ashmem mutex);

/% {EMRT TR 2EH SET_SIZE */
if (unlikely('asma->size)) {

ret = -EINVAL;
goto out;
b
if (unlikely((vma->vm_flags & ~asma->prot_mask) & PROT_MASK)) {
ret = -EPERM;
goto out;
}

if (lasma->file) {

char *name = ASHMEM NAME DEF;

struct file *vmfile;

if (asma->name[ASHMEM NAME PREFIX LEN] !="0")
name = asma->name;

vmfile = shmem file setup(name, asma->size, vma->vm_flags);

if (unlikely(IS_ERR(vmfile))) {
ret = PTR_ERR(vmfile);

goto out;
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}

asma->file = vmfile;

}

get_file(asma->file);

if (vma->vm_flags & VM_SHARED)
shmem_set_file(vma, asma->file);

else {
if (vma->vm _file)

fput(vma->vm_file);

vma->vm_file = asma->file;

H

vma->vm_flags |= VM_CAN_NONLINEAR;

out:
mutex_unlock(&ashmem mutex);

return ret;

}

fE EIRAH T, Rt T EIANAY vma 25 SRVFEANRIEREZ [a) S BIAE . 2R se v Ui

FH pR1 %l shmem_set_file SR UEEL & ISR SO AT N AF38AE TR
325 EERME
MZE MemoryFile H ] LLIRAF R S AR RE, 6 B (1 SEBACAS .

private static native int native read(FileDescriptor fd, int address, byte[] buffer,
int srcOffset, int destOffset, int count, boolean isUnpinned) throws IOException;
private static native void native write(FileDescriptor fd, int address, byte[] buffer,

int srcOffset, int destOffset, int count, boolean isUnpinned) throws IOException;

private FileDescriptor mFD; // ashmem file SCA-RGIART
private int mAddress; // ashmem P77
private int mLength; // ashmem [X [R]EHKSE

private boolean mAllowPurging = false; // true if our ashmem region is unpinned
public int readBytes(byte[] buffer, int srcOffset, int destOffset, int count)
throws IOException {
if (isDeactivated()) {
throw new IOException("Can't read from deactivated memory file.");
}
if (destOffset < 0 || destOffset > buffer.length || count < 0
|| count > buffer.length - destOffset
|| stcOftset < 0 || srcOffset > mLength
|| count > mLength - srcOffset) {
throw new IndexOutOfBoundsException();

}

return native_read(mFD, mAddress, buffer, srcOffset, destOffset, count, mAllowPurging);

}

public void writeBytes(byte[] buffer, int srcOffset, int destOffset, int count)
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throws IOException {
if (isDeactivated()) {
throw new IOException("Can't write to deactivated memory file.");
}
if (srcOffset < 0 || srcOffset > buffer.length || count < 0
|| count > buffer.length - srcOffset
|| destOftset < 0 || destOffset > mLength
|| count > mLength - destOffset) {
throw new IndexOutOfBoundsException();

}
native_write(mFD, mAddress, buffer, srcOffset, destOffset, count, mAllowPurging);

}

Tt IR R AT Rr g, i A INT 7RSS Ashmem $RIEDIRE. 30454
] JNI J7ykJ 2 native read, H#:AEM NI J5ik & native write, X AN J7 75 #5 7E SCAF
frameworks/base/core/jni/adroid_os MemoryFile.cpp & X, HARSZHARIS W,

static jint android os MemoryFile read(JNIEnv* env, jobject clazz,
jobject fileDescriptor, jint address, jbyteArray buffer, jint srcOffset, jint destOffset,
jint count, jboolean unpinned)

int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
if (unpinned && ashmem pin_region(fd, 0, 0) == ASHMEM WAS PURGED) {
ashmem unpin_region(fd, 0, 0);

jniThrowException(env, "java/io/IOException", "ashmem region was purged");
return -1;

env->SetByteArrayRegion(buffer, destOffset, count, (const jbyte *)address + srcOffset);

if (unpinned) {
ashmem unpin_region(fd, 0, 0);
b

return count;

static jint android os MemoryFile write(JNIEnv* env, jobject clazz,
jobject fileDescriptor, jint address, jbyteArray buffer, jint srcOffset, jint destOffset,
jint count, jboolean unpinned)

int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
if (unpinned && ashmem pin_region(fd, 0, 0) == ASHMEM WAS PURGED) {
ashmem unpin_region(fd, 0, 0);

jniThrowException(env, "java/io/IOException", "ashmem region was purged");
return -1;
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env->GetByteArrayRegion(buffer, srcOffset, count, (jbyte *)address + destOffset);
if (unpinned) {
ashmem unpin_region(fd, 0, 0);

}

return count;

}

7E EIRAAS T, il ashmem_pin_region Fl &% ashmem_unpin_region H Tk REZAT I
SR L, ThRE 2 AT Ashmem FBIUE FRBERAE . IXFEEREAZIE AN Ashmem JRB)HE I
YN LE PR IEAEAE TG, WIREE TR e, WRLE AN AT, WIS ] DU IX SRR AR S
1 system/core/libcutils/ashmem-dev.c H15E X, HEAARSCIACHS41F

int ashmem pin_region(int fd, size t offset, size t len)

{
struct ashmem_pin pin = { offset, len };
return ioctl(fd, ASHMEM PIN, &pin);
}
int ashmem unpin region(int fd, size t offset, size t len)
{
struct ashmem_pin pin = { offset, len };
return ioctl(fd, ASHMEM UNPIN, &pin);
H

et B2 )5, Ashmem UKENFEFHUAT DAEREAN WAFE BER SR BLNAE T .

3.2.6  $HEFNRES

7£ Android R4, WILW N A ioctl #RESZIN Ashmem [ 8 & AR TR o

U ASHMEM PIN

U ASHMEM UNPIN

ASHMEM_PIN Fl ASHMEM_UNPIN 7£ 34} kernel/common/include/linux/ashmem.h H15&
X XA .

#define  ASHMEMIOC 0x77
#define ASHMEM PIN _IOW(__ASHMEMIOC, 7, struct ashmem_pin)
#define ASHMEM UNPIN _IOW(__ASHMEMIOC, 8, struct ashmem_pin)

struct ashmem_pin {
_u32offset; /* Wi, bytes KA. ¥/
_u32len; /* M EAKCE, bytes N EHAL */
1

T B0 8 ashmenm _ioctl, 75 H:S2BUARAT 11 R ASHMEM_PIN I ASHMEM_UNPIN JX %}~
BAERSCHIAAS AT

static long ashmem_ioctl(struct file *file, unsigned int cmd, unsigned long arg)

{

struct ashmem_area *asma = file->private data;
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long ret = -ENOTTY;
switch (cmd) {

case ASHMEM PIN:

case ASHMEM_UNPIN:
ret = ashmem pin_unpin(asma, cmd, (void __ user *) arg);
break;

return ret;

}

£ R A A, I8 A R %L ashmem pin_unpin Ab # # fill it & ASHMEM_PIN FiI
ASHMEM_UNPIN. B %{ ashmem_pin_unpin [{ISCELRFEU T

Q FREUAL S H 7 2SR S5 I8 SRBUE PR AF AR A R AR 5 pin 103X & > ashmem_pin
R LE RIS, E LT ALHE T 22 pin/unpin 1) A AE BRI 45 L HERTR /N

Q BREARAEHBIEA N B #2715, Py DA a4, AR DAUTTH O 46, IFORAF
FEAHAR B pgstart Al pgend 7.

Q MEXNSHEAT R A, JF HAOR LE N 7 S L R R A B KR/ IMER 0,
LA K & 2 pin/unpin 229~ Ashmem.

Q JWS T ERATERAE 255, 3 ASHMEM PIN #:4E#1 ASHMEM UNPIN #:4E4)
HHAT ashmem_pin Fl1 ashmem_unpin.

Q 460 Ashmem I, FraEGARNAFHRZ pinned RAH), AT #5F Ashmem 3X
SNFEFEE unpin JE— BN AER, Ashmem XBIFEFF A4 SAEIX B N 77 unpin.

Q 5% Ashmem SREFET FOH pin H—RFTHIHE unpin N B, XFERERS K 1L N
17\ unpinned (BRI RS UL pinned (B7485E) IRZE.

PR %L ashmem_pin_unpin 7E 3 kernel/goldfish/ashmem.c H ¢ X, EARMSZIARHS W1 R .

static int ashmem_pin_unpin(struct ashmem_area *asma, unsigned long cmd,
void _ user *p)
{
struct ashmem_pin pin;
size t pgstart, pgend;
int ret = -EINVAL;

if (unlikely(!asma->file))
return -EINVAL;
if (unlikely(copy_from user(&pin, p, sizeof(pin))))
return -EFAULT;
if (!pin.len)
pin.len = PAGE ALIGN(asma->size) - pin.offset;
if (unlikely((pin.offset | pin.len) & ~PAGE MASK))
return -EINVAL;
if (unlikely(((__u32) -1) - pin.offset < pin.len))
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return -EINVAL;

if (unlikely(PAGE ALIGN(asma->size) < pin.offset + pin.len))
return -EINVAL;

pgstart = pin.offset / PAGE _SIZE;

pgend = pgstart + (pin.len / PAGE_SIZE) - 1;

mutex_lock(&ashmem mutex);

switch (cmd) {

case ASHMEM PIN:
ret = ashmem_pin(asma, pgstart, pgend);
break;

case ASHMEM_UNPIN:
ret = ashmem_unpin(asma, pgstart, pgend);
break;

case ASHMEM GET PIN STATUS:

ret = ashmem get pin_status(asma, pgstart, pgend);
break;

}
mutex_unlock(&ashmem mutex);
return ret;

}

H AT WL, 04T ASHMEM_PIN #:4E (1) H Ax % G 2b 2 —He b T Ashmem R
fEa.

PR % ashmem_unpin [ ZhHE XS B — 3 Ashmem #E4T unpin #:4F, HAKCFRFELF .

Q &)} asma->unpinned list #1J5& K, 4[4 T unpinned MRS N AEHE A 5002
unpin [¥] N /£ E [pgstart, pgend & TR AHAZ,  WIHRARAZ WE L AT & H-EEAE A HE pgstart F1
pgend 117N

Q i 2L range del MIER K 1) L4 8 unpinned 13 1 A7 HR

Q i %% range alloc T HT unpinned 1325 J5 1 N A7 H [pgstart, pgend], BEHHI A N AT
H[pgstart, pgend] V&L 75 T WA T A # At 4514 unpinned AR K N A7

Q WRRBAHZ N AEE, I HIHSE T pestart Al pgend MIAN/NZ )G, T B EHHH
asma->unpinned_list 41 5% . J5U K] /2 37 (1) N 17 B [pgstart, pgend] 7] & 5 1 5 (1) 4b T
unpinned R KN AR AEAHAS

PR %L ashmem unpin 7E 344 kernel/goldfish/ashmem.c F15E X, HARFISZIACIS a1 R .

static int ashmem_unpin(struct ashmem_area *asma, size t pgstart, size t pgend)

{

struct ashmem_range *range, *next;
unsigned int purged = ASHMEM_NOT PURGED;

restart:
list for each entry safe(range, next, &asma->unpinned list, unpinned) {
if (range before page(range, pgstart))
break;
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if (page_range subsumed by range(range, pgstart, pgend))
return 0;

if (page range in range(range, pgstart, pgend)) {
pgstart = min_t(size t, range->pgstart, pgstart),
pgend = max_t(size_t, range->pgend, pgend);
purged |= range->purged;
range del(range);
goto restart;

}

}

return range_alloc(asma, range, purged, pgstart, pgend);

}
range_before_page FI#RAF & — AR E X, TIREZFIWT range Fiik i) A /- BIE A5 1E page IT
T2 1, W& R R 2 AR . asma->unpinned_list 513 2 34 HE GUTH 5 K20/ NEATHE
IR, I HAE—Hl unpin [ N AEHEAAHACNT . range_before pag 15 SRR,
#define range before page(range, page) \
((range)->pgend < (page))
page_range_subsumed_by_range [#RAEZ—AN%0E X, DiRe&HIM N Arde A T
[start, end]IX N P AFER, A0 A5 D30 BH X B 22 unpin (RN AEER 4 4L T unpinned R4, Wi2R
fHABAS BRI B B3R 0], page range subsumed by range 15 XAHG IR,
#define page range subsumed by range(range, start, end) \
(((range)->pgstart <= (start)) && ((range)->pgend >= (end)))
page _range_in_range FUHRAEL & —N 7w X, Dhfg 2 AW N AEE [start, end] & 75 HAHELEL
FHIAZ . page range in range € SURAL AT,
#define page range in range(range, start, end) \
(page_in_range(range, start) || page in_range(range, end) || \
page range subsumes range(range, start, end))
page_range_subsumed_by_range H#AEW AL —D20E X, Dhfg 2 HIMr A A7 range 2754
T NAFEL [start, end]. page range subsumed by range ) AL AN T o
#define page range subsumed by range(range, start, end) \
(((range)->pgstart <= (start)) && ((range)->pgend >= (end)))
range in_range MHRAEMLE— A€ X, DIREE RN ) AFEuthlil page B OSEN AL
range "'. range in_range )5 SARALUI T,

#define page in range(range, page) \
((range)->pgstart <= (page)) && ((range)->pgend >= (page))

FFE L range del, TJAEAEM asma->unpinned list HH# N AFER, FEAIWTE LB Iru
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G, PR range del [ HARSZIARAL W,

static void range del(struct ashmem range *range)
{
list_del(&range->unpinned);
if (range on_lru(range))
Iru_del(range);
kmem cache free(ashmem range cachep, range);

}

PR Iru_del, WAFHFPIRZ purged {5 ASHMEM NOT PURGED, F/RBUERA
WA R R BR UL TR, T84 WAFHAL T Tra Z12 T, UMS ] R0 Tru_del MHIBRIXAN A7 B,
PRIEL Iru_del ) BARSEIUARAS 41 R .

static inline void Iru_del(struct ashmem range *range)
{

list_del(&range->Iru);

Iru_count -=range_size(range);

}

FJ % 7F PR 20 ashmem unpin 7118 I ) range alloc PR %, FLIhREE M slab ZZ 3P X
ashmem range cachep H1/3Ht—A" ashmem range, FHRHATHIN FHILAIALTE . SR G TBCLERT Y
[1)41]% ashmem_area->unpinned_list "', J£J|WriX /> range (1) purged £ 174t T ASHMEM_NOT _
PURGED RZ&, W52 W ZEHEIHA u FIE T . K%L range alloc 7F S AF kernel/
goldfish/ashmem.c 1 SEHL, FARMK SIS QT

static int range alloc(struct ashmem_area *asma,
struct ashmem_range *prev_range, unsigned int purged,
size t start, size t end)

struct ashmem_range *range;
range = kmem_cache zalloc(ashmem range cachep, GFP_KERNEL);
if (unlikely(!range))
return -ENOMEM;
range->asma = asma,
range->pgstart = start;
range->pgend = end;
range->purged = purged;
list_add_tail(&range->unpinned, &prev_range->unpinned);
if (range on_lru(range))
Iru_add(range);
return 0;

}
& RE Iru_add, THEEEE AWK unpinned P AEERZR NS4 R4 ashmem Iru_list
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H. PR Iru_add 7E 301 kernel/goldfish/ashmem.c 1 SEHE,  HARRSZBIACHS 41 R .

static inline void lru_add(struct ashmem range *range)
{
list_add_tail(&range->Iru, &ashmem Iru_list);
Iru_count +=range_size(range);

}

THE A% ashmem pin, IJAESE pin —ER Ashmem XIH. #% pin B NAFERE EHARAALE
unpinned_list #IZEMH, WIHALEMST A A . ZLALAIWT/E unpinned_list 4R 2 A7E(E
pin FUNAELR, T EUEIE)) asma->unpinned list #1177 Rk 5 2 AN AEER . BRI
ashmem_pin £ 3CfF kernel/goldfish/ashmem.c 528, HARFSCIACHS W R,

static int ashmem_pin(struct ashmem_area *asma, size t pgstart, size t pgend)
{
struct ashmem_range *range, *next;
int ret = ASHMEM_NOT PURGED;
list_for_each_entry safe(range, next, &asma->unpinned_list, unpinned) {
if (range before page(range, pgstart))
break;
if (page range in range(range, pgstart, pgend)) {
ret |= range->purged;
if (page range subsumes_range(range, pgstart, pgend)) {
range del(range);
continue;
}
if (range->pgstart >= pgstart) {
range_shrink(range, pgend + 1, range->pgend);
continue;
}
if (range->pgend <= pgend) {
range_shrink(range, range->pgstart, pgstart-1);
continue;
}
range_alloc(asma, range, range->purged,
pgend + 1, range->pgend);
range shrink(range, range->pgstart, pgstart - 1);
break;

}

return ret;

}

5 FRARRS b0 SR B A DR SEBL T I, i T A AREE T W R PR T .
Q fi7 e BUE I N A7 start, end] 62 T ARSI I N A7 range,  EB HUZDE ARBIIRAS

()N A7-HR range MIHAE 32 Ashmem A4 A A7 64136 unpinned_list IR EI AT
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Q A E80e WA pgstart,pgend] i 37 73 FUEBUIR AW AF B range HIRTF-34,  BERS
BRBUIRAS INAFER range [T 4R Mk 128 4 B0 e W AE B oR R HHE 9~ — N DU
ik .
Q A I EBUE WAFE pgstart,pgend i 5 7 AR BUIRA W AFEL range BIJE 15055, DL
BRBUIRAS N AFER range 1R R MUk 158 4 B0 e W AE BRI T 4 ik i — N T
Hudilk .
Q B EHUE N AEH [ pgstart, pgend | 115 ZE MR A N 775 range H o
P PR 4 range_shrink, LIRSS E range Fd (1) A AF BRI 46 DU, W RIBAFAE T Iru
G, MIFEEPFELE o HIR PR IUIECR /N . BREL rangeshrink 73X kernel/goldfish/
ashmem.c "€ X, HARRSZEIACASUIT

static inline void range shrink(struct ashmem range *range,
size t start, size t end)

{
size t pre =range_size(range);
range->pgstart = start;
range->pgend = end;
if (range on_lru(range))
Iru_count -= pre - range_size(range);
H

327 [ERAER

¥ PRI ERSE 2 A Ashmem. FRXBIZ|ATTHA A AVIGEA D, S5 Ashmem
IR UG K 5L ashmeminit, M eR 505 IR H R 4L register shrinker [H] A7 R G0 M— A
fEmCRE R, BRI IR .

static struct shrinker ashmem_shrinker = {
.shrink = ashmem_shrink,
.seeks = DEFAULT_SEEKS * 4,

1

static int __init ashmem_init(void)

{
register_shrinker(&ashmem_shrinker);
printk(KERN_INFO "ashmem: initialized\n");
return 0;

}

HSAE Linux WEFEFT, URENAEAE N, WNAAE RGeS 7 A2 R
SR 7 AR i A I T A7, KX 8 ]y A2 B A7 B, SR DA 4 3t
WA 2S5 . JTLAE Android RS TIXMALE], 4 A AEE BRGNS 25 1
PR % ashmem_shrink CAPRAT N A7 [FIC5AF - PR % ashmem . shrink 7£ S ff: kernel/goldfish/ashmem.c
HSEEE,  BARISEEARRS A
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static int ashmem_shrink(struct shrinker *s, struct shrink_control *sc)

{

struct ashmem_range *range, *next;
if (sc-=>nr_to scan && !(sc->gfp mask & GFP_FS))
return -1;
if (!sc->nr_to_scan)
return Iru_count;
mutex_lock(&ashmem mutex);
list for each entry safe(range, next, &ashmem lru list, lru) {
loff t start = range->pgstart * PAGE SIZE;
loff t end = (range->pgend + 1) * PAGE_SIZE;
do_fallocate(range->asma->file,
FALLOC FL PUNCH _HOLE | FALLOC FL KEEP SIZE,
start, end - start);
range->purged = ASHMEM WAS PURGED;
Iru_del(range);
sc->nr_to_scan -= range_size(range);
if (sc->nr_to_scan <= 0)
break;
}

mutex unlock(&ashmem mutex);
return Iru_count;

3.3 C++HhRlEOFEIF#

W RARALE Android HEFE 2 (A 3L —AN5E 8 Ashmem B, w] DUl b 8 FH #: 0
MemoryHeapBase K SEHL . Wi HORAEEFE 2 (0] 3 52 Ashmem b () —3 20 ), wI LA
JE kP A 1 MemoryBase SKSEHL . FEARTT N AT, R TR PHE CHHU7 i) 82 12 R 2
AR AR

3.3.1 30 MemoryHeapBase

$21 MemoryBase DA 11 MemoryHeapBase A 3&fit, X P52 AR LAVE A —A> Binder
W GAERERE 2 (R AT A4 . KoM 211 MemoryHeapBase J&—7™ Binder X%, FrLIIH4 Server
X % CAZISERL—/™ Bnlnterface #% 11) A1 Client ¥t 5 | | CAZRESZEL—A™ Bplnterface #% 1)
FRIME - o

1. 7£ Server i<

7 Server Ui [FISEHLEEFEAH, #2111 MemoryHeapBase 1] LKL FTA ¥ K B0 W R i =
TR,

Q MPSSAHIEE: B Ashmem #:4FEAH K )2K, 45 MemoryHeapBase. BnMemory Heap.

IMemoryHeap .
Q Binder BFFEEEZE: WIFI Binder HEFEE S HLHIAH SIS, 55 Iinterface. Bnlnterface.
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IBinder. BBinder. ProcessState Al IPCThreadState.
PIHeTEEr2E: RefBase.
e FIR =Fp2RArp, Binder #EFEM(E AR GEAREH SR A 5 T 745 TP AT U
7E4: 1 IMemoryBase 1 X T #:4E Ashmem [ JLANJ57%, B 7E X frameworks\
native\include\binder\IMemory.h H5& X, HARSZHACKL 41 F .

class IMemoryHeap : public IInterface
{
public:
DECLARE_META_INTERFACE(MemoryHeap);
enum {
READ ONLY = 0x00000001
|5
virtual int getHeapID() const = 0;
virtual void* getBase() const = 0;
virtual size_t getSize() const = 0;
virtual uint32 t getFlags() const = 0;
virtual uint32 t getOffset() const = 0;
int32_t heapID() const {
return getHeapID();
}
void*  base() const {
return getBase();
§
size t virtualSize() const {
return getSize();

Bs

7 baksE ARG, F S AN EEE R R R A

Q getHeapID: jfigs23k1F Ashmem HifH) ?Tﬁiﬁ"# BFF

QO getBase: DIRE/EIRTTF Ashmem BLff) &bl I8 kI AN bl ] DLZERE e B T B U 1) 1X

UL fr.

Q getSize: LJREEFAF Ashmem B AK/h

7% BnMemoryHeap J& —/NAHIN 528, 4 Client %i 5| i K Server ¥t AT T 21,
Binder # 4t it 23 ¥ F 2§ BnMemoryHeap 1) Ji 71 PR 21 onTransact #0147 B AR ¥ iy 2 . BRI 2L
onTransact 7E 3 {4} frameworks\native\libs\binder\IMemory.cpp "'3€ 3, HAKSZIARAL G T .

status t BnMemory::onTransact(
uint32_t code, const Parcel& data, Parcel* reply, uint32 t flags)
{
switch(code) {
case GET MEMORY: {
CHECK INTERFACE(IMemory, data, reply);
ssize t offset;
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size t size;

reply->writeStrongBinder( getMemory(&offset, &size)->asBinder() );

reply->writeInt32(offset);
reply->writeInt32(size);
return NO_ERROR;
} break;
default:
return BBinder::onTransact(code, data, reply, flags);

}

2% MemoryHeapBase k& T2 BnMemoryHeap, 1F% Binder HLiI (1) Server {0 7 B 5K
I IMemoryBase #11, FZEIHELSLIE IMemoryBase T4 H IR UL bR £, I8 T — 2R
Ashmem %% . JS7E A frameworks\native\include\binder\MemoryHeapBase.h H15€ X, HARSL

BACHS IR

class MemoryHeapBase : public virtual BnMemoryHeap
{
public:
enum {
READ ONLY = IMemoryHeap::READ ONLY,
DONT MAP LOCALLY = 0x00000100,
NO_CACHING = 0x00000200
}
MemoryHeapBase(int fd, size t size, uint32 t flags = 0, uint32 t offset = 0);
MemoryHeapBase(const char* device, size t size =0, uint32_t flags = 0);
MemoryHeapBase(size t size, uint32 t flags = 0, char const* name = NULL);
virtual ~MemoryHeapBase();
virtual int getHeapID() const;
virtual void* getBase() const;
virtual size t getSize() const;
virtual uint32 t getFlags() const;
virtual uint32_t getOffset() const;
const char* getDevice() const;
void dispose();
status_t setDevice(const char* device) {
if (mDevice == 0)
mDevice = device;
return mDevice ? NO_ERROR : ALREADY EXISTS;
}
protected:
MemoryHeapBase();
// init() takes ownership of fd
status_t init(int fd, void *base, int size,
int flags = 0, const char* device = NULL);

private:
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status_t mapfd(int fd, size t size, uint32_t offset = 0);

int mFD; 17— SRR, JEAEF] FF i es S/ dev/ashmem JE 1321, REEHiR—
N ILE A AR

size t mSize; HTNAFERIR

void* mBase; J1 AT HRE T i bt

uint32_t mFlags; A 1) OR3P L

const char* mDevice;
bool mNeedUnmap;
uint32_t mOffset;

fe

& MemoryHeapBase 7£ 31} frameworks\native\libs\binder\MemoryHeapBase.cpp H 5531,
OIS T —H Ashmem. HARSCHARIS 41N

MemoryHeapBase::MemoryHeapBase(size t size, uint32_t flags, char const * name)
: mFD(-1), mSize(0), mBase(MAP_FAILED), mFlags(flags),
mDevice(0), mNeedUnmap(false), mOffset(0)

const size_t pagesize = getpagesize();
size = ((size + pagesize-1) & ~(pagesize-1));
int fd = ashmem create region(name == NULL ? "MemoryHeapBase" : name, size);
ALOGE IF(fd<0, "error creating ashmem region: %s", strerror(errno));
if (fd>=0) {
if (mapfd(fd, size) == NO_ERROR) {
if (flags & READ_ONLY) {
ashmem_set prot_region(fd, PROT_READ);

}

1 AR, AN SE B AR R .

Q size: L/REOIEN] Ashmem KD,

Q flags: WHEIXH Ashmem g, Flanmlis . s,

Q name: MSEURAER G B, HTH5H Ashmem )47, W LL@7H.

$ F k% MemoryHeapBase [ b Fi%Y mapfd, HIJREEKG 2] Ashmem 1) LFHid
WL 2 FERE bk (8] o BR 2L mapfd 15 A frameworks\native\libs\binder\Memory HeapBase.cpp
e S, BARSEEIARR W R

status_t MemoryHeapBase::mapfd(int fd, size t size, uint32 _t offset)
{
if (size ==0) {

#ifdef HAVE ANDROID OS
pmem_region reg;
int err = ioctl(fd, PMEM_GET _TOTAL_SIZE, &reg);
if (err == 0)
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size =reg.len;

PIRAFEE

#endif
if (size==0) {
if (fstat(fd, &sb) == 0)
size = sb.st_size;
}
}
if (mFlags & DONT _MAP_LOCALLY) == 0) {/4{}A true 44T R LA H] mmap KHAT
AR TR
void* base = (uint8_t*)mmap(
0, /1 7t IR R E 1A 44 365 A7 ST E AR = ) PR S 46 7
size, /" TR B AR FE 44 3L ST R/
PROT READ|PROT WRITE, /] RIRIEAE A ICE N AR EEE 1)
MAP_SHARED,
fd, 1746 RETERE 1) e 44 AL 52 A IR SO IR A
offset 1137 NIZAS S (R WRA i A% o7 B TSR SRS
);
if (base == MAP_FAILED) {
ALOGE("mmap(fd=%d, size=%u) failed (%s)",
fd, uint32_t(size), strerror(errno));
close(fd);
return -errno;
}
mBase = base;
mNeedUnmap = true;
belse {
mBase = 0; / not MAP_FAILED
mNeedUnmap = false;
}
mFD = fd;
mSize = size;
mOffset = offset;
return NO_ERROR;
b

XFELER AR mapfd Jm, SREABIARZZEIN Ashmem SXBIREFARb Hh P4 T pR 4L

ashmem_map.

I A A A RN getHeapID.  getBase I getSize [ H ARSI, HARSZIARIS W T,

int MemoryHeapBase::getHeapID() const {

return mFD;

}

void* MemoryHeapBase::getBase() const {

return mBase;

mE 87



Android ZEMLANEHEBR

size_t MemoryHeapBase::getSize() const {

return mSize;

}

2. Client i 3R E]

7E Client ¥y SEILL R, $21 MemoryHeapBase RJ LUK FT-A I K B4 R =
TR,

Q AR RIEREE A E N AA R EAH OGS, fU4E BpMemoryHeap. IMemoryHeap.

Q Binder HF£1E/52E: BIF1 Binder FEFEEAEHLHIAHOCHIZE, 145 Interface. Bplnterface.

IBinder. BpBinder. ProcessState. BpRefBase 1 IPCThreadState.

Q #HE4REHSS: RefBase.

e FIR =R, Binder #EREE(E MR BEAREH SR AEAN 5 I 545 TP AT U,
TEA TR T A4 25 AH DK

7% BpMemoryHeap #&2% MemoryHeapBase 7t Client Jij JE #2452 118, 4 Client i i
FE M Service Manager 3153 T —~ MemoryHeapBase X %151 5, STEARMAH—A4
BpMemoryHeap X} % k£ RXAN5IH . 25 BpMemoryHeap /& M RefBase J34k 7K ok, WH#H
SEIL IMemoryHeap #2111, 1 AR REFR £l 45 & KA H .

2k BpMemoryHeap 7E {4 frameworks\native\libs\binder\IMemory.cpp "5 X, HARSZIIAR
I

class BpMemoryHeap : public Bplnterface<IMemoryHeap>
{
public:
BpMemoryHeap(const sp<IBinder>& impl);
virtual ~BpMemoryHeap();
virtual int getHeapID() const;
virtual void* getBase() const;
virtual size_t getSize() const;
virtual uint32_t getFlags() const;
virtual uint32_t getOffset() const;
private:
friend class IMemory;
friend class HeapCache;
static inline sp<IMemoryHeap> find_heap(const sp<IBinder>& binder) {
return gHeapCache->find_heap(binder);
}
static inline void free heap(const sp<IBinder>& binder) {
gHeapCache->free heap(binder);
¥
static inline sp<IMemoryHeap> get heap(const sp<IBinder>& binder) {
return gHeapCache->get heap(binder);
}

static inline void dump_heaps() {

88 mm



F3IF DUHNEEE

gHeapCache->dump_heaps();
}
void assertMapped() const;
void assertReallyMapped() const;
mutable volatile int32_t mHeapld;
mutable void* mBase;
mutable size t mSize;
mutable uint32 t mFlags;
mutable uint32 t mOffset;
mutable bool mRealHeap;
mutable Mutex mLock;

e
2Kk BpMemoryHeap %} WV [/ 1) 1% p& 50 & BpMemoryHeap, HARSZIARAL 41T,

BpMemoryHeap::BpMemoryHeap(const sp<IBinder>& impl)
: Bplnterface<IMemoryHeap>(impl),
mHeapld(-1), mBase(MAP_FAILED), mSize(0), mFlags(0), mRealHeap(false)

{
¥
B 7 R 2 getHeapID. getBase Al getSize [1SEIUACHS U .

int BpMemoryHeap::getHeapID() const {

assertMapped();
return mHeapld;

}

void* BpMemoryHeap::getBase() const {
assertMapped();
return mBase;

¥

size_t BpMemoryHeap::getSize() const {
assertMapped();
return mSize;

}

FEAE ] L Bl 02 e £l 1, Ik U pR 4R assertMapped SKAfi RAE Client %y LU T
Ashmem. PR%{ assertMapped £ 3CF frameworks\native\libs\binder\IMemory.cpp 7€ X, HAk
SEIARAS U R

void BpMemoryHeap::assertMapped() const
{
if (mHeapld ==-1) {
sp<IBinder> binder(const cast<BpMemoryHeap*>(this)->asBinder());
sp<BpMemoryHeap> heap(static_cast<BpMemoryHeap*>(find heap(binder).get()));
heap->assertReallyMapped();
if (heap->mBase !|= MAP_FAILED) {
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}

Mutex::Autolock I(mLock);
if (mHeapld == -1) {

mBase = heap->mBase;
mSize = heap->mSize;
android atomic_write( dup( heap->mHeapld ), &mHeapld );
}
}else {

free_heap(binder);
}

2K HeapCache 7 3} frameworks\native\libs\binder\IMemory.cpp 52 X, BARSZHARAL U o

class HeapCache : public IBinder::DeathRecipient

{

public:

HeapCache();

virtual ~HeapCache();

virtual void binderDied(const wp<IBinder>& who);
sp<IMemoryHeap> find heap(const sp<IBinder>& binder);
void free heap(const sp<IBinder>& binder);
sp<IMemoryHeap> get heap(const sp<IBinder>& binder);
void dump_heaps();

private:

Bs

// For IMemory.cpp
struct heap info t {
sp<IMemoryHeap> heap;
int32_t count;
15
void free_heap(const wp<IBinder>& binder);
Mutex mHeapCacheLock;
KeyedVector< wp<IBinder>, heap info t > mHeapCache;

7 A RS b T A i A8 5 mHeapCache, IJfg e 4Ed UERE N FIFTH BpMemoryHeap
X%, FANCEEME T B4 find heap FEREL get heap KAk N BT 4Ed ) BpMemoryHeap X}
%, XA R E HAR UL R

Q 8% find heap: WIRTE mHeapCache #k ANFAIN ) BpMemoryHeap X%, NJHE

BpMemoryHeap %1 % Il A | mHeapCache .

Q PREL get heap: A2 HEN3E BpMemoryHeap X % A 2] mHeapCache .

B N ORAEPREL find heap, 156 LAEIER IS4 binder 15 4 58 74 mHeapCache ' 74k,
P IS T AFAEXT N F heap_info X4 info.

Q wHA: 85 HHEL info.count [F{H, R ~It BpBinder X %2 T — Ml & .

Q WHREH: G4l F] mHeapCache H 1] heap_info X% info.
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PR%Y find_heap 7301 frameworks\native\libs\binder\IMemory.cpp "15E X, FARSZHARIS I,

sp<IMemoryHeap> HeapCache::find heap(const sp<IBinder>& binder)
{
Mutex::Autolock _l(mHeapCacheLock);
ssize_t i = mHeapCache.indexOfKey(binder);
if (>=0) {
heap info t& info = mHeapCache.editValueAt(i);
ALOGD_IF(VERBOSE,
"found binder=%p, heap=%p, size=%d, fd=%d, count=%d",
binder.get(), info.heap.get(),
static_cast<BpMemoryHeap*>(info.heap.get())->mSize,
static_cast<BpMemoryHeap*>(info.heap.get())->mHeapld,
info.count);
android atomic_inc(&info.count);
return info.heap;
} else {
heap_info_t info;
info.heap = interface cast<IMemoryHeap>(binder);
info.count = 1;
mHeapCache.add(binder, info);
return info.heap;

}

IR SEEIARAS v 4, pR%L find heap s& BpMemoryHeap G2 BREL, BEWS IR T 42 )R
A7 f gHeapCache AT AR AIHAFE . XN SELARES 4 F o

class BpMemoryHeap : public BpInterface<IMemoryHeap>

private:
static inline sp<IMemoryHeap> find heap(const sp<IBinder>& binder) {
return gHeapCache->find heap(binder);

}

I FH B find_heap 751 BpMemoryHeap %1% 71 /1 p4 %5 assertReallyMapped, XA¥HA]
LA E NS Ashmem & 15 T4 Wi 2 JERE 2 [F] . PR 2L assertReallyMapped 71 3C 4
frameworks\native\libs\binder\IMemory.cpp H' & X, HARSZHARIL W,

void BpMemoryHeap::assertReallyMapped() const
{
if (mHeapld == -1) {
Parcel data, reply;
data.writelnterfaceToken(IMemoryHeap::getInterfaceDescriptor());
status_t err = remote()->transact(HEAP_ID, data, &reply);
int parcel _fd = reply.readFileDescriptor();

EE 91



Android ZEMLANEHEBR

ssize_t size = reply.readInt32();
uint32_t flags = reply.readInt32();
uint32_t offset = reply.readInt32();
ALOGE IF(err, "binder=%p transaction failed fd=%d, size=%ld, err=%d (%s)",
asBinder().get(), parcel fd, size, err, strerror(-err));
int fd = dup( parcel fd);
ALOGE_IF(fd==-1, "cannot dup fd=%d, size=%]d, err=%d (%s)",
parcel fd, size, err, strerror(errno));
int access = PROT READ;
if (!(flags & READ _ONLY)) {
access = PROT_WRITE;
}
Mutex::Autolock 1(mLock);
if (mHeapld == -1) {
mRealHeap = true;
mBase = mmap(0, size, access, MAP_SHARED, fd, offset);
if (mBase == MAP_FAILED) {
ALOGE("cannot map BpMemoryHeap (binder=%p), size=%ld, fd=%d (%s)",
asBinder().get(), size, fd, strerror(errno));
close(fd);
} else {
mSize = size;
mFlags = flags;
mOffset = offset;
android_atomic_write(fd, &mHeapld);

3.3.2 #%[0 MemoryBase

20 MemoryBase &/ {EF: 10 MemoryHeapBase FFEAl A, WYEHS W] LLVE Ny —A>
Binder X} G AEJERE 2 A S AR 3L ==

1. 7£ Server imHAISEE]

B HT2% MemoryBase {E Server %t 5EEl, MemoryBase 7E Server ¥ b g ] H b 32
7 MemoryHeapBase ) 5£H . 2 MemoryBase 7E Server ¥iij ] S35 25 MemoryHeapBase 7E Server
Ui R SEIRRAL, AN SRR by rh S BLAn R 4R wT

Q H13€ IMemory #j%2% IMemoryHeap.

Q 3% BnMemory #/#% BnMemoryHeap.

Q #2128 MemoryBase 12 MemoryHeapBase.

2K IMemory 7Ef} frameworks\native\include\binder\IMemory.h 1528, Zhig e X3k
MemoryBase it 21 SEHFE . 28 IMemory HSEIRARS U

class IMemory : public IInterface
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{
public:
DECLARE_META_INTERFACE(Memory);
virtual sp<IMemoryHeap> getMemory(ssize t* offset=0, size t* size=0) const = 0;
void* fastPointer(const sp<IBinder>& heap, ssize t offset) const;
void* pointer() const;
size_t size() const;
ssize t offset() const;

Bs

7198 IMemory H15E ST U1 IR0 R A

Q getMemory: IhHEESRE AT MemoryHeapBase %14 (1) IMemoryHeap 4% 1

Q pointer(): Dfig & SRHAN F 4L (11 44 2L 22 AR IR S bl o

Q size(): THREAEIRIA TR TLEY THEE 2 L= N AE KD

Q offset(): LhAEEIRIAN T UEY (11 44 I 2 AR AR 3N 2 AL A IR A 2

2% IMemory 7EA G52 SGEFEHSEHL T =/ N % A B #: pointer size Al offset, 12
MemoryBase H 75 S 51 #Ri £ getMemory B A] . 28 IMemory M EARSEILAE U frameworks)
native\libs\binder\IMemory.cpp "5 X, HARSZHACILWIT .

void* IMemory::pointer() const {
ssize_t offset;
sp<IMemoryHeap> heap = getMemory(&offset);
void* const base = heap!=0 ? heap->base() : MAP_FAILED;
if (base == MAP_FAILED)
return 0;
return static_cast<char*>(base) + offset;

}

size t IMemory::size() const {
size t size;
getMemory(NULL, &size);
return size;

}

ssize_t IMemory::offset() const {
ssize_t offset;
getMemory(&offset);
return offset;

}

2% MemoryBase s& —MAHL Binder X%, 73| frameworks\native\include\binder\
MemoryBase.h H' A ], HARSCIACS QT

class MemoryBase : public BhMemory
{
public:
MemoryBase(const sp<IMemoryHeap>& heap, ssize t offset, size t size);
virtual ~MemoryBase();
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virtual sp<IMemoryHeap> getMemory(ssize t* offset, size t* size) const;
protected:
size t getSize() const {
return mSize;

}

ssize _t getOffset() const {
return mOffset;

}

const sp<IMemoryHeap>& getHeap() const {

return mHeap;

H

private:
size t mSize;
ssize t mOffset;

sp<IMemoryHeap> mHeap;
}5
& MemoryBase [f] HARSZHUAE SCAF frameworks\native\libs\binder\MemoryBase.cpp 7 X,
HARSCHARS T

MemoryBase::MemoryBase(const
sp<IMemoryHeap>& heap, /45 [ []> MemoryHeapBase %J %, ELIF M4 L= a2 Hesk

IHES )
ssize_toffset, //ZINIX/> MemoryBase X% FTE4ES IRIX i o e 44 Mt N AR AR AN S A4 A2
1B P R AR AL B
size_t size; IR TNIEZA™ MemoryBase X G T ALY [RIX 543 E 44 2L I AE IR/
)
: mSize(size), mOffset(offset), mHeap(heap)
{
}

HENfE IR BN B MemoryHeapBase X% ] IMemoryHeap 2 -1

AN RAE R )50 offset Fl size /24 NULL

HASHEIL LD R o) BE A L A7, (RN 2 L A e I A A A
HCA B3 s 43 B 24 L2 A IR R /N [E1 25 R F 2

sp<IMemoryHeap> MemoryBase::getMemory(ssize t* offset, size t* size) const

{
if (offset) *offset = mOffset;
if (size)  *size = mSize;
return mHeap;

H

2. MemoryBase Z£7E Client i A SZE]

P KE MemoryBase J57E Client i 5, 25 MemoryBase fE Client Uiy 1) SEH 5528
MemoryHeapBase 7 Client i [f) 5 Bl 28 L, 55 22 24T a0 N 19 28 % 4 B0 w] Jle
MemoryHeapBase 7E Client ¥iij 1] 5Z 51 .
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Q H13€ IMemory #j% 2K IMemoryHeap.
Q #13% BpMemory #/8%% BpMemoryHeap.
2 BpMemory H T-#1182 MemoryBase IR 55 IAREEX 5, 7230430 frameworks\native\
libs\binder\IMemory.cpp & 3, HARSIHUCRS QI F

class BpMemory : public BpInterface<IMemory>

{
public:
BpMemory(const sp<IBinder>& impl);
virtual ~BpMemory();
virtual sp<IMemoryHeap> getMemory(ssize t* offset=0, size t* size=0) const;
private:
mutable sp<IMemoryHeap> mHeap; // 287! IMemoryHeap, ‘&5 [ ) 5& —> BpMemoryHeap
oE 3
mutable ssize_t mOffset; /] 27~ BpMemory X} % BT B4 [1] B 44 5 52 N A7 A0 3 s 44 3
1N SRR R SR 7
mutable size t mSize; /] FRIRIXA~ BpMemory % ST EAEA 111 5B 7 B 44 L N A1
1R
1

2% BpMemory 1)l 51 BRI B getMemory E 3C A SC A frameworks\native\libs\binder\
IMemory.cpp & X, HARSZIARLGUIT

sp<IMemoryHeap> BpMemory::getMemory(ssize t* offset, size t* size) const
{
if (mHeap == 0) {
Parcel data, reply;
data.writelnterfaceToken(IMemory::getInterfaceDescriptor());
if (remote()->transact(GET _MEMORY, data, &reply) == NO_ERROR) {
sp<IBinder> heap = reply.readStrongBinder();
ssize t o = reply.readInt32();
size t s = reply.readInt32();
if (heap !=0) {
mHeap = interface _cast<IMemoryHeap>(heap);
if (mHeap !=0) {
mOffset = o;

mSize =s;

}
if (offset) *offset = mOffset;

if (size) *size = mSize;

return mHeap;
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Rk 2 A% B mHeap [F{E A NULL, #X7R1 BpMemory % Gib %A & 37 Ashmem, LI
XA —A Binder #EFEZ Server HiiFK Ashmem {5 5. k5] HAE B H Server i (1)
MemoryHeapBase *§ % )5 H heap, W] LA7E Client ¥t f2 P 614 — BpMemoryHeap ZEFEH%
M, 54X~ BpMemoryHeap A4 F AR A7/ R 51 28 5 mHeap ', R A Server Zi 3R 15
F B AT Ashmem 78RN s 44 SL2 A (R A 467 B LA SR/

3.4 JavaiplalEOE#42

BT 2387 T Ashmem [¥) C-++15 ) B2 123, FEASTT TG 73 M L Java D7 1) 48 H 2 ) SE B R o
7E Android N HREFAELLZ i, JE L # F 321 MemoryFile SRedsh 3 42 3o Iy A7 S B L FN
i . #2111 MemoryFile 7£ 3 frameworks/base/core/java/android/os/MemoryFile java H & X,
HARSEIAAS 4R .

public class MemoryFile
{
private static String TAG = "MemoryFile";
private static final int PROT_READ = 0x1;
private static final int PROT WRITE = 0x2;
private static native FileDescriptor native open(String name, int length) throws IOException;
private static native int native_mmap(FileDescriptor fd, int length, int mode)
throws IOException;
private static native void native munmap(int addr, int length) throws IOException;
private static native void native close(FileDescriptor fd);
private static native int native read(FileDescriptor fd, int address, byte[] buffer,
int srcOffset, int destOffset, int count, boolean isUnpinned) throws IOException;
private static native void native write(FileDescriptor fd, int address, byte[] buffer,
int srcOffset, int destOffset, int count, boolean isUnpinned) throws IOException;
private static native void native pin(FileDescriptor fd, boolean pin) throws IOException;
private static native int native get size(FileDescriptor fd) throws IOException;

private FileDescriptor mFD;
private int mAddress;
private int mLength;
private boolean mAllowPurging = false;
public MemoryFile(String name, int length) throws IOException {
mLength = length;
mFD = native_open(name, length);
if (length > 0) {
mAddress = native_ mmap(mFD, length, PROT READ | PROT WRITE);
} else {
mAddress = 0;
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7 FRAAS Y, Rt 771 MemoryFile PR ()F 47 H M H T NI 7772 native_open, H I
Je AL Ashmem S, IXFER] LAAG BN SCAHIATT o AR5 Al TN SR 7 4 25
W INI 7772 natvie_mmap, JF41 Ashmem SCAFBUG BIHERE AR rpr,  SXAEA AT DA I il S 73
Sk 1a) 77 VT ) N AR -

FF NI B3 android os MemoryFile get size, I pR%7E A frameworks\base\core\jni\
android_os_MemoryFile.cpp " 5E X, HARSLZIACHLUI T,

static jint android os MemoryFile get size(JNIEnv* env, jobject clazz,
jobject fileDescriptor) {
int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
int result = ashmem _get size region(fd);
if (result < 0) {
if (errno == ENOTTY) {
return (jint) -1;
}
jniThrowIOException(env, errno);
return (jint) -1;
}
return (jint) result;

}

FiE INI % android os MemoryFile open, It e %U{E U frameworks\base\core\jni\
android_os_MemoryFile.cpp 1€ X, HARSLHAIS M.

static jobject android os MemoryFile open(JNIEnv* env, jobject clazz, jstring name, jint length)
{
const char* namestr = (name ? env->GetStringUTFChars(name, NULL) : NULL);
int result = ashmem _create region(namestr, length);
if (name)
env->ReleaseStringUTFChars(name, namestr);
if (result < 0) {
jniThrowException(env, "java/io/IOException", "ashmem_create region failed");
return NULL;
§

return jniCreateFileDescriptor(env, result);

}

& INI B3 android os MemoryFile mmap, I p&%fE SCF frameworks\base\core\jni\
android_os_MemoryFile.cpp 117& X, HARLHACH T .

static jint android os MemoryFile mmap(JNIEnv* env, jobject clazz, jobject fileDescriptor,
jint length, jint prot)

int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
jint result = (jint)mmap(NULL, length, prot, MAP_SHARED, fd, 0);
if (!result)
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jniThrowException(env, "java/io/IOException", "mmap failed");
return result;

}

7E 3P frameworks/base/core/java/android/os/MemoryFile.java H, T2 MemoryFile [,
DB EY readBytes, DRI — 3t Ashmem N 2E . BARSEHARISUIT

public int readBytes(byte[] buffer, int srcOffset, int destOffset, int count)
throws IOException {
if (isDeactivated()) {
throw new IOException("Can't read from deactivated memory file.");
}
if (destOffset < 0 || destOffset > buffer.length || count < 0
|| count > buffer.length - destOffset
|| srcOffset < 0 || srcOffset > mLength
|| count > mLength - srcOffset) {
throw new IndexOutOfBoundsException();

}
return native_read(mFD, mAddress, buffer, srcOffset, destOffset, count, mAllowPurging);

}

7E 1 frameworks/base/core/java/android/os/MemoryFile.java "', %528 MemoryFile /%
U1 PR AL writeBytes, IhRERZE ARt Ashmem I . HARSZHIARES 1R,

public void writeBytes(byte[] buffer, int srcOffset, int destOffset, int count)
throws IOException {
if (isDeactivated()) {
throw new IOException("Can't write to deactivated memory file.");
}
if (srcOffset < 0 || srcOffset > buffer.length || count < 0
|| count > buffer.length - srcOffset
|| destOffset < 0 || destOffset > mLength
|| count > mLength - destOffset) {
throw new IndexOutOfBoundsException();

}
native_write(mFD, mAddress, buffer, srcOffset, destOffset, count, mAllowPurging);

}

7E A frameworks/base/core/java/android/os/MemoryFile java H1, 755 MemoryFile ]/
PR isDeactivated, IJREESELRIE Ashmem U\ 28l LS S HERE (R bk 235 (o) o o EARSZELAR S
wrr.

void deactivate() {
if (lisDeactivated()) {

try {
native_munmap(mAddress, mLength);

mAddress = 0;
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} catch (IOException ex) {
Log.e(TAG, ex.toString());

}
}

private boolean isDeactivated() {
return mAddress == 0;

}

JNI B% % native_read Fl native_write 73l A T~ C++J2 ¥ B % android_os MemoryFile read
F1 android_os MemoryFile write SZHL, X PN C++ 1 & BUAE SCHF frameworks\base\core\

jni\android_os_MemoryFile.cpp H7E X, HASIARL U,

static jint android os MemoryFile read(JNIEnv* env, jobject clazz,
jobject fileDescriptor, jint address, jbyteArray buffer, jint srcOffset, jint destOffset,

jint count, jboolean unpinned)

int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);
if (unpinned && ashmem pin_region(fd, 0, 0) == ASHMEM WAS PURGED) {
ashmem_unpin_region(fd, 0, 0);
jniThrowException(env, "java/io/IOException", "ashmem region was purged");
return -1;
}
env->SetByteArrayRegion(buffer, destOffset, count, (const jbyte *)address + srcOffset);
if (unpinned) {
ashmem_unpin_region(fd, 0, 0);
}
return count;
}
static jint android os MemoryFile write(JNIEnv* env, jobject clazz,
jobject fileDescriptor, jint address, jbyteArray buffer, jint srcOffset, jint destOffset,
jint count, jboolean unpinned)

int fd = jniGetFDFromFileDescriptor(env, fileDescriptor);

if (unpinned && ashmem pin_region(fd, 0, 0) == ASHMEM WAS PURGED) {
ashmem_unpin_region(fd, 0, 0);
jniThrowException(env, "java/io/IOException", "ashmem region was purged");
return -1;

}

env->GetByteArrayRegion(buffer, srcOffset, count, (jbyte *)address + destOffset);

if (unpinned) {
ashmem_unpin_region(fd, 0, 0);

}

return count;
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WL H 3 ENARY, JATT# Android REWAFHLEIRIS R HAI A FE . 3X 4
WA, AARER ZIHFR) Android WAFPEALMS T4l 20 AR T AL ISR N
B BT R TR A I T R

41 Android REACILEER

TALI MR Android WAEDLALIRIE T, 752 N ILAS 5 (W47 A5 J7 SRR R e () g R 140
Android N Java A RIE T, AAPT L HIG 51 Java ACRDIE [A) At N FH R
7 B AR RV R SCA, — 24T E]—A Android B, IXANSCAAT A “Lapk” A% A
KRS, EIR s RN R I e IR B e & B, P R ROt S 2]
I E . i “apk” ST B PAA AR B A 2 — N AR T
KA N Y, WIMRE AL KIS WARIUAAA Sk 2z ik . I H A
RZITHKS, B> Android N IR PHAA/E T8 H QAR 2
Q BN N, AR TE B AR Linux 820, 4N R e
FASFFLAPATIN,  Android JE3)—NEERE, 1109 AN FFf7 ZEbgE R i HAth Y FH AR P A5
BRGNS, IR XA R o

Q HNUEREEIZIT T H S Java ERIML (Java Virtual Machine, JVM) 1. TP 7%
FPARIS S PR b5 AN R PP (R A B 4 (1)

Q EBMEOLT, BN R PP T —ANE—1 Linux H7 1D, Fm AR,
A5 N R B SCAFAOR IZAN L o XA R T e 248K, Ay o i 77 4845
TX LA [RRE e A 0l 1R S TR PP B U7 )

HARAS Android N HFEFHAAAE T2 A Sz v, (HZ SR 2 5 S AT Java
WE, Java AHLARSEN) C/CHAEGmARTE 5 AN AL U2 A e T W AE s IR 1) 3X A
I, PNAARAERAHER] T RIS .

Java /P A7 43 TE 5 [RDRCES A2 B Java 1217 9435% (Java Runtine Environment, JRE) 7E 5
G HZATI . JRE 23 5057 RSO LA TR IR A A7, 030 42 DK ST it (1) P9 A7 R WSO L il
(Garbage Collection, GC).

Java [HEN A7 & —/MEATH (Runtime) (51X, FLAMRAEXS 5, Java MEFUAL (Java Virtual
Machine, JVM) HENAEH AR IEAEAT N R P P @2 i AR 5, IR0 RN EERE
JPaE AR B RS SR [RIOR — MRS AR B, & AR BOA FARE  5 LH
ARG, i FRARE i ()3 3 [ SR SIS B N A7 B U I 1 B Rl D



%4F Android BWTFMHIE

4.2 &EF Android RTEAD CPU {EHER

TEATTH, K RN 2EE Android REEAANBERE N AR CPU AEHITS BLI 7. H
MARBAT VIR L, AEARTRE—— KK 4.

421 %) Android API (R EEFE R TF
FIH ActivityManager 7] LAY & R A, W1 R THIPARAS s

ActivityManager.MemoryInfo outlnfo = new ActivityManager.Memory Info();
am.getMemoryInfo(outInfo);

1E_ iR, getmemorylnfo CoutInfo) 7] A 175 H N A7
4N, AL Android.os.Debug K75 PSS, VSS Fil USS %5 FLANHERE I N A7A A5 R

4N AR

MemorylInfo[] memoryInfoArray = am.getProcessMemoryInfo(pids);
MemorylInfo pidMemoryInfo=memoryInfoArray[0];
pidMemorylInfo.getTotalPrivateDirty();

getTotalPrivateDirty();

/3R[9 USS WAFE, Hifir KB

getTotalPss();

/I PSS WAFH, HA7 KB

getTotalSharedDirty();

/HRIFI RSS WAFAE, H7 KB

PAFFER 73 F VSS. RSS. PSS 5k USS k&R, HARULHAW T is:

Q VSS: & Virtual Set Size 45, L EAMEH KN CBEILZES HIRNAR ;
Q RSS: 52 Resident Set Size 1455 , F 7~ 5L Br Al I ELK N A7 CRLES L5 A I N AR D
Q PSS: & Proportional Set Size [M4i5, FonSEPrflHKIPEL N A7 CELB 7 BodL s e

FIINAT 5
QO USS: s& Unique Set Size 45, M A SHPYBENFE NS =R ST
WAED o

422 EiEx Android ST TREATES I8

Android #&— Linux FIfiTA RS, Google ¥4 7E Linux WAZH N T —24 TN A75)
BLBRAN, BrLL Android J¢ T — M AR I AR AR LIS /&R H Linux WfE 47575, w LUl
i Linux ff)/proc LA RS meminfo SCAFK 3 HTIX AN RGN AAAE - DL

T X P71 LG T BB dalvik SCERMLE], CARGEMZ R M. HARKkS, 16
/proc/cpuinfo SLAFHRAE T CPU BIZFIME R, TifE/proc/meminfo SCAFHIRAFE T RGN A7 (1A
HfE R

%1 4 7E /proc/meminfo SCAFHHAFAEU N5 B
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MemTotal: 16344972 kB
MemFree: 13634064 kB
Buffers: 3656 kB
Cached: 1195708 kB

BATEENRNAAN, 2RI MemFree FIMEAR Mo IXEZRERA, 7F Linux PHXA—
FEAE, B R REH TS5 (Ul Cache. Buffers), A7 NAFRT . {Hspr Fixit
WAF S AT DL Z) SR 1. BT LA

2% K N fE=free+buffers+cached=total-used

T B proc/meminfo  FIF BRI AF S . 18IS ActivityManager. getMemoryInfo
(ActivityManager.MemoryInfo)ef £ ] AR 24 5 i)l FH N A7 = .

4.2.3 &id Runtime 23]

it Android R ZEFEMEKT Runtime 28, AR5 H0AT adb 14 (Ul top. procrank. ps &%)
R AT s LA DI RE . D PAAT 45 R A brAERE il & AT, KKIY T Android
WIfE. BN R

final Process m_process = Runtime.getRuntime().exec("/system/bin/ top -n 1");

final StringBuilder sbread = new StringBuilder();

BufferedReader bufferedReader = new BufferedReader(new Input StreamReader(m_process.getlnput
Stream()), 8192);

# procrank

Runtime.getRuntime().exec("/system/xbin/procrank");

ORI, NAE AT R
VSS >= RSS >= PSS >= USS

TN E R Android & N AF R (USS. PSS A RSS) I /4R A

final ActivityManager am = (ActivityManager) getSystemService (ACTIVITY_ SERVICE);
Android.os.Debug.MemorylInfo[] memorylnfoArray = am.getProcessMemory Info(new int[]{android.
os.Process.myPid()});

Hrh2E MemoryInfo #2141t 7 APL £ A W FAT IR N AA AR, SRS Fh s (1) 06 1. pf £
R

Q PRI getTotalPrivateDirty(): #KH{ USS %4k .

Q PR getTotalSharedDirty(): 3KHX RSS %4k .

Q PR getTotalPss(): 3KHL PSS %

4.2.4 {£F DDMS T E3REX

HIRZ B AEE T Android B LU, MTRESIAAE L Google #R L i) T HARIRIF R L1
WAL F SOt Google $&4t T —A~ T H 1Y DDMS, il it T H AT LLIREL A7 (14 AR DL o
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DDMS HJ4=F5 & Dalvik Debug Monitor Service, & Android F /& P55 1) Dalvik MEFIAL
PRI IS . ERAA NN &S BN R E IR AR IEAE T SRR LLHESS S
Logeat. | fRIRAEE . BAUALEIFY, Hal SMS. MBI AR BRAE IR S5 -

1. W{A/231 DDMS

DDMS T HAFHAE “SDK - tools/” #42 T, Ji3h DDMS KI5k FHR.

(1) H¥EATT ddms.bat 1817

(2) 7E Eclipes HAF2 71 FEH )53 5 DDMS, 7E Eclipes H IS a0 & 4-1 Pros. K5
e “Other” el WKl 4-2 iR,

& Open Perspective |Z,@®

[£CVE Repasitory Exploring!
A R
F5 Debug

& Tava (default)

{0 Tava Browsing

T2d Tava Type Mierarchy
frFlug-in Development
Lﬁﬁesource

ETeam Synchronizing

12} g.l Java Browsing | i
ﬁﬂebug = @
gy Java

LD Resource

Other. .. Cancel

K 4-1 Eclipes * Y St K 4-2 &P “Other” G FIM

BRI LT 4-2 1) “DDMS” $Z 8T LR 30 7. DDMS X HHU4S (Emulator) Al4h
AN F S . R RERW B EI(VM) FIRIEAT, 4 DDMS ¥ BRlTR 1
Emulator. UL EIH S 3G A EA LeA—FE, J 2l T

2. DDMS W T{E[RIE

DDMS K ## IDE 5K 2%, (Emulator 5% Connected Device) W18, ©AIINH
B FMOT I o R VT AR 145 S, DDMS. 0] DS I -5 i 2 v IR B Ol e 48T
MRRZ%E Rz, DDMS EHli#L 21201 ID (RPISATHERD), Wil 4-3 Fios. I adb iy
LR PARS, T SEI AL SR A B 2 1) H 1

DDMS W7 55— AR 2 st FE 11 114 8600, ~—NA 8601, UIdA B £ Zumiltfe,
D42 FEOX AN PR R . DDMS ik 8700 S AT A IR 2 i O 45 2

B tevices 5 # %8 0 M -0
Hene ~
system_process sT2 5800
android process. acore B17 8801 /
com, android phons 619 8602
android process. media 863 8811
com. android alarmelock E36 8613
m. example android snake  T40 8816
com. android inputmethod lat 902 8603 3

K 4-3  fiFe )20 1D
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{EK 4-3 TPl LU BT 55 DDMS BRI 20 TR0 (5 B, BLACREAN 283 1E AR AT Ik
FE44, B NHERE A T AR Y A A e i 1 . IRl Android /23T Linux W AZ T & FO#AE 1
&, AR T Linux PRAA MR 1D, EA T4 M 52 A, 2R 4-3 h, 7
WA A —HR B e s AT 153 1) )2 Debug the selected process. Update Threads. Update
Heap. Stop Process #1 ScreenShot.

3. Emulator Control

Hid “Emulator Control” [HIFR b1 —2L DR E ] AR 25 2y (A a2 v A 4D L ST
BUT R A& () — LA B I fe, G, W Ath AR IR IS0 & A AN [7] 1 28 A5 400 . AALI %2 SMIS
TH BAAE RE AU AR AR F I GPS Zhagss. Wik 4-4 .

B Enlator Control 22 .
Telephony Status AN
. W Speed:  [Full ||
Data :iu.ame “ Latency: ;ﬁ.one v.i

Telephony Actions

Incoming munber

Location Controls
Manual [Grx | 0L
(@) Decinal
() Sexagesimal
Lexigobadas] 122004095
Latitude |37, 422008

%] 4-4 Emulator Control [t

4=5 AR IR R AR B R R
(1) Telephony Status: 18 e 6 I EARALLE & o i DL AR 5 i i

% Threads Heap Q File Explorer

Heap updates are NOT ENAELED for th
ID Hesp Size Allocated Free| % Used  # Dbjects

Display

Type Count | Total Size  Snallest Largest Median hverage

Allocation count per size

Size

B 4-5 Heap A
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(2) Telephony Actions: HfbLHL TN A 1% SMS IR 285t o
(3) Location Control: AADLH I ARFR Bl A5T4U BN A8 1K 2% G AL BRI S UL 1) b BEAR
P, ATRAEE PR 3 A
® Manual: F-3))4 i ik — YL 2h AR
® GPX: iliid GPX 3 N T AR B AR KR, MTTAAUAT HEH (1) GPS 241K
.
® KML: i KML SCA- S AMURR IR BEFR IR, RS A0 i AR LB & TE A 7R
PE DR 2 it o
4. Threads. Heap. File Exporler
Threads. Heap. File Exporler J& T-[F]—[fifi, 141 “Heap” FtifIaEl 4-5 Fizm.
W1t File Exporler [fi#i 7] LA # Android Bt s i SCPF, A7 MR ITE I SN/ 3.
5. Locate. Console
Locate [HI#H T it 73845 &, Console THIHR T 7~ Android AfUl g4 K nZ&Fe y
. I 4-6 Pros.

€1 Loglat | B Comzole 52

kel Application already exXists., Attempting to re-install instead...

ke] Success!

] Starting activity com.example.android.snake.Snake on device

] ActivityManager: Starting: Intent { comp={com.example.android.snake/com.exanmple
1lator] emulator: emulator window was out of view and was recentred

ke] adb is normally.
example.android. znake.Snake activity launch

] Automatic Target Mode: 1 new emulator with compatible AVD "moandroid'

] Launching a new emulator with Virtuwal Device 'moandroid!

&l 4-6 Locate A1 Console THIHR

6. {¥F DDMS JREX N7 E1E

1E DDMS 1 —AMEAE I AA I T H Heap, f#F Heap nJ LW I N B 2ERE A H P9 A7
THOL, HARERAEDIRATT

(1) JH3) Eclipse J&, V42| DDMS ZEWL K, FFiiik Devices #LIEl . Heap L #
17T

(20 ¥ FHU I R 4 f i, JEREIT FF LA THLZ AL T-“USB X 71X, A2 “Mass
Storage .

(3) HHHI G, (& DDMS ] Devices #LE o BonFHL A FS) 5, LR T
IEAEIEAT R o3 RS R

(4) e AR IR RS, LEan “system process” HERE.

(5) g Devices #LE S T f5 FJ7—HEEFR T ) “Update Heap” $4H.

(6) Hiii Heap #LEH¥) “Cause GC” %4

(7) BEIAE Heap PRI LaFH 2 U AT E P AR WA B TEAEOL, Wik 4-7
PR o
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e
B, Threads [ [§ Hesp 53 KlLocation Tracker |11 Fils Explorer | =g

Heap updates will happen after svery G0 for this clisnt
Cause GO

aaaaaaa acate. Free £
1 S.633MB 4.480 MB 4. 143 MB 52, 00%

Display: |Stats ¥

Objects
&4, T4

Type | Count | Total Size| Smallest| Largest| Median | Average |
Free 7,433 4173 B 16 B 608.047 1B 160 B 577 B
] 55,543 1.939 B 16 B 624 B 32 B ]
2530 781953 KB 168 B 26836 1B 165 B 278 B

ytell “booleanll) 1,623 24 B

hort[], char[]) 13,878 941.062 K® 24 B 25.023 1B 56 B 69 B

4-byte array (objectl], intl], float[]) 7,455 560.003 IB 24 B 16.025 ¥B 2 B T B
&-byte array (ongl], double[]) 253 11.594 1B 2B 1.000 ¥B 2B B
non-Java object 94 14.758 1B 168 5023 KB B 160 B

Allocation count per size

T it T e A ey e e oy
R et S S S oD e o v o o U e S, = T ye

K 4-7 ARSI

EE 4-8 A T ARG Lt FE R G Ol . b R GEbE I mT LU B9 9 TN 4752 Free Al
Buffers, KIhZmd BE RGN 128M WNAE, LA HNAAE EXECLIRD T . didfe
I R GG BAT AR & N AT, TR R IMAAEA R . ST XAN R, A
NI — AL .

FEPRBATHAT S 6.2.2 /N ITERHATIRION A O, /proc/meminfo SCAF N 25 14
K, i 4-8 B,

ricky@ricky-laptop:~$ adb shell

* daemon not running. starting it now on port 5837 *
* daemon started successfully *

# cat /proc/meminfo

MemTotal: 107756 kB
MemFree: 1984 kB
Buffers: 2464 kB
Cached: 51988 kB
SwapCached : 8 kB
Active: 43476 kB
Inactive: 49976 kB
Active(anon): 34096 kB
Inactive(anon): 5080 kB
Active(file): 9380 kB
Inactive(file): 44896 kB
SwapTotal: 8 kB
SwapFree: 8 kB
Dirty: 0 kB
Writeback: e kB
AnonPages: 39012 kB
Mapped: 26772 kB
Slab: 5164 kB
SReclaimable: 2424 kB
Sunreclaim: 2740 kB
PageTables: 3536 kB
NFS Unstable: e kB
Bounce: 0 kB
WritebackTmp: 0 kB
CommitLimit: 53876 kB
Committed AS: 1869292 kB
vmallocTotal: 385024 kB
VmallocUsed: 33996 kB
VmallocChunk: 344068 kB
#

4-8 /proc/meminfo SCAF Py A A
7EP 4-8 BRI, 4T Linux REORUEL, AT LA R 6 A 170 -
MemFree+Buffers+Cache=556436KB
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ARG ST I NAEA -
MemTotal = 107756KB

BT ERA T ORI RS H iTIE A 52%(1 W AR T2 RARAS, 531N DDMS 115 2]
PIER R 2 . S URE “R” T WNAT.

HUE R UL, Android RGEA T INR REHNSATHESAERE ARV T, KERAHN
TEAE N RPN RAT o« T A RSB NAFRIRII R, S8R AT P INAE, X iETk
WIHREIZAT iy A7 BRI I L ] . e DAS S50, W ABA3 BI5E4 Android 3 RS
JF WAL, wT LU H DDMS K15 2. a0 SAR I R 40 9 A7 58 VR 145 5L, v LA Linux
1 proc/meminfo $KHL .

425 HIE

R TASTYETIOA AHDU R OVESE, 3T RIS A UM AR & B N A7 T 1%

1. Running Services 773\

BATAT L S FHL L Running Services [ Activity £rF N A7, MK LT Setting ”—“ Applica-
tions” — “Running Services” K3,

2. getMemorylInfo /7=

i F ActivityManager ] getMemoryInfo(ActivityManager.MemoryInfo outInfo)p&%%, nJ LA
PFEVAETRGFRNAE, DA S TARNAFIZAT . B 1 s AR -

private void displayBriefMemory() {

final ActivityManager activityManager = (ActivityManager) getSystemService(ACTIVITY
SERVICE);

ActivityManager.MemoryInfo info = new ActivityManager.MemoryInfo();
ActivityManager.getMemoryInfo(info);
Log.i(tag," RS F 43 W 17:"+(info.availMem >> 10)+"k");
Log.i(tag," RA &AL TAKAFFI84T: "+info.lowMemory);
Log.i(tag," 24 R 4l 45 W A7 T-"+info.threshold+" i 5t B JAR N AFIZ A T");

}

PR %Y activityManager.getMemoryInfo() & H ActivityManager.MemorylInfo i [1]45 5, 1A &
Debug.MemoryInfo.

ActivityManager.MemoryInfo H A U1 F =B

(1) availMem: F/NARGFIR N

(2) lowMemory: #& boolean {H, */rxRFi a1 ETIRNAFIZIT;

(3) hreshold: "B&/RHRGPR WAL T U 2 WE AR N AFEAT.

3. getMemorylnfo 3 Activity Manager 773\

AN R LR Debug H#) getMemoryInfo(Debug.Memorylnfo memoryInfo) b (5,
Activity Manager [) MemoryInfo[] getProcessMemoryInfo(int[] pids)e& ¥, IXFERENS 152 LA
Yl Hb e I MemoryInfo iR i P AAAHE FH IGO0, £0ds 547 2 KBo Android F1 Linux —FEA K&
WAEFEERE 2 T AR BARAE FH 2 /0 W A7 S e AR AESE T

K447 Paging out to Disk (450D (RIAFAE, FT LA RAU A7 W BIHERE R A AR, &)
e KT WAFIISEBRPIEE /N o 6772 MemorylInfo 1) Field BP0
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Q dalvik: /245 dalvik GERIWL B r A 47,

O native: Y7 Native CAHD HERAIKIAAF, WAZFRAH] O\CHEHE EIMRCHI AT -

Q other: 245Kk dalvik Al native f# N A7, BDOHELE OCHIITERARENTE, Hoin
SrBCAERe BN AE .

Q private: AFEFAA N, JEILZER,

Q share: ZFFILEINAES

Q PSS: SEprfiH M NAE CLufl o io = S WA .

Q Pss: B IUILE N AR & L o 2 3L S A AN E R R U ST A SRR A
WAE. P B Le ] 2 B2 e T I AR, B4 8 T X L e 1 FOR R R 3
=, LRANER.

Q PrivateDirty: ‘TEiRIEILEER), XARERL T L N AERIR/N e BEA Linux 2 7425
SBC AR BE T2 /N S, BRSO, i ARSI, e U X
[ 3 22 phrpim e

Q SharedDirty: e Lz, NAREHRITH 2N AFRR/N . Thln Linux 24 T #2540 1
WAEIR LM i )/ S, RIS L R RS o, Nt A SR, B R
e X B Zpphimc.

MemoryInfo FTfid (1) P9 A7 48 A5 Sl # v] LUl ik /74 “adb shell "dumpsys meminfo %cur
ProcessName%"” 1331 o 41 L ARLEACHE [ I 453 31) 22 AN JE RS (4 N A48 FH s ACTERR 1) A A7 H
TG 18 ActivityManager ) MemorylInfo[] getProcessMemoryInfo(int[] pids), ¢# Debug ]
getMemoryInfo(Debug.MemoryInfo memoryInfo).

AT LLIE i ActivityManager [1] List<ActivityManager.RunningAppProcessInfo> get
RunningAppProcesses() {33 4 i T 1247 R (5 B« ActivityManager.RunningAppProcessInfo
A RN id, 4T PLAGK IR OSSR T apk A4 SRS

4. {FF Debug BY775%

X HL[1) Debug 1) 512245 getNativeHeapSize(). getNativeHeapAllocatedSize(). getNative
HeapFreeSize() =N /1%, %7 AL REST 2 native ME W AE KMRIE 00, BLds S0 0 715 .

O static long getNativeHeapAllocatedSize(): & [F] 1) /2& 412 navtive M CAF I A A7

K.
Q static long getNativeHeapFreeSize(): i [HI¥) 2 X A iEF%E navtive HErh T TR 1K N A7
KN

Q static long getNativeHeapSize(): 1R [H][1) 52 4 AT ZERE navtive HES A AR/
040 T A7 AR -
Log.i(tag,"NativeHeapSizeTotal:"+(Debug.getNativeHeapSize()>>10));

Log.i(tag,"NativeAllocatedHeapSize:"+(Debug.getNativeHeapAllocatedSize()>>10));
Log.i(tag,"NativeAllocatedFree:"+(Debug.getNativeHeapFreeSize()>>10));

5. {£F dumpsys meminfo #y %

ATLALE adb shell H1Z4T dumpsys meminfo -4 KRAF B P12 EL 1012y & 10T 22
I bR A2, DARE AN IERE . LElndr 4 “adb shell dumpsys meminfo com.teleca.robin.test”
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227431 com.teleca.robin.test FEFEH N AERIME S, IR

Applications Memory Usage (kB):
Uptime: 12101826 Realtime: 270857936
** MEMINFO in pid 3407 [com.teleca.robin.test] **

native  dalvik other total
size: 3456 3139 N/A 6595
allocated: 3432 2823 N/A 6255
free: 23 316 N/A 339
(Pss): 724 1101 1070 2895
(shared dirty): 1584 4540 1668 7792
(priv dirty): 644 608 688 1940
Objects
Views: 0 ViewRoots: 0
AppContexts: 0 Activities:
Assets: 3 AssetManagers: 3
Local Binders: 5 Proxy Binders: 11
Death Recipients: 0
OpenSSL Sockets: 0
SQL
heap: 0 memoryUsed: 0
pageCacheOverflo: 0 largestMemAlloc: 0

Asset Allocations

zip:/data/app/com.teleca.robin.test-1.apk:/resources.arsc: 1K

7 LIRME R, “size” KRNI NAE KN, “allocated” KxFse CAFH T IR A KA,
“free” FRMIERIRIINAER Do

6. {£F “adb shell procrank” #%

B E HTA RN AEAE IS L, T LAE ] “adb shell procrank” fiv4>. s 423 IR [FLKE Gt
MEE:

PID Vss Rss Pss Uss cmdline
188  75832K  51628K  24824K  19028K system server
308 50676K  26476K 9839K 6844K system server
2834  35896K  31892K 9201K 6740K com.sec.android.app.twlauncher
265 28536K  28532K 7985K 5824K  com.android.phone
100 29052K  29048K 7299K 4984K  zygote
258  27128K  27124K 7067K 5248K  com.swype.android.inputmethod
270  25820K  25816K 6752K 5420K  com.android.kineto
1253  27004K  27000K 6489K 4880K com.google.android.voicesearch
2898  26620K  26616K 6204K 3408K com.google.android.apps.maps:FriendService
297  26180K  26176K 5886K 4548K com.google.process.gapps
3157 24140K  24136K 5191K 4272K android.process.acore
2854  23304K  23300K 4067K 2788K com.android.vending
3604  22844K  22840K 4036K 3060K com.wssyncmldm
592 23372K  23368K 3987K 2812K  com.google.android.googlequicksearchbox
3000 22768K  22764K 3844K 2724K  com.tmobile.selthelp
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101 8128K 8124K 3649K 2996K /system/bin/mediaserver
3473 21792K  21784K 3103K 2164K com.android.providers.calendar
3407  22092K  22088K 2982K 1980K  com.teleca.robin.test
2840 21380K  21376K 2953K 1996K com.sec.android.app.controlpanel

HSZIX BT Pss F1J70 5 A Pss 1) total HA—2, IXJEHA procrank iy Fl meminfo iy
AN RZBLRIASK —FE, TG SR A7 dniz= .
7. {£F “adb shell cat/proc/meminfo” 7%

25 AR RGN WA I O, 9 T PR X

MemTotal: 395144 kB
MemFree: 184936 kB
Buffers: 880 kB
Cached: 84104 kB
SwapCached: 0kB

A A b i H ARG R

Q MemTotal: W RGEMH AT PR MRS, EHSERRRP BN AF LN, BEYEA
ey £ T radio. DMA buffers 25,

O MemFree: FIRMAHNARD XHEIZEEKR, S5 E—/ Android REEMI%ME
AR, B RG SR R LR ORFHEAT, P e KR R A7

Q Cached: & RGH TS ER AT, W RS E 20MB K/ BLEE G 3 PRI AS
U HNIFEIKAT, Android f) Memory Killer 2358848 J5 G #bRE,  LUBE G fb A 155 kE
2 AT

4.3 Android RFABVARSMEE

HAR Dalvik FAUNLSCFFRIREE, (HEXAIFEWRE T DAL WA B, LS 3AT]
NAZARANE A B & A AEAE T, SRS LA S AR 32 BRI . AESERRN T, — 28
WA DU AR E Y, B e RO e et (R I S SR N R A N At R, R
AT AT e A OutOfMemoryBrror, fe24x PEFL/F It 7oh 2L A7t E AR LD, B
VERUZFEARA IR P AN A R G IOPERE. CHm AR I (]2 A T B RS I O« AEA
TN, KR4 IHE Android RGN A7 R In) .

431 HARAFHR

WAFIHR 248 TR A R, 3 R PR BERE I D AN A I A IO DL At
WIFAAR WAFAED B BT, e N R  BOE BEA A A, i iR, BRI
GBINAEZITAUR 25 TR BOA AR RO, AT T AR B o A7t 2 DA A k2D m]
P BB T AR T SEHLIO PR RE . SR AR ARG DU N, 1 2 ) F A A7 20 P 3
S PRI R e A5 I A, B Y R 35

AR P REAN ™, SR B RN T BoR I H R . AEBURIER S0, — N
FEFFAE I R H LA A AERE P 28 BN ORI, IX 3R — AN RS AT I N TR (K A AR AN
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SFETEER.

TELLU TS, A T 8™ E ) )5 R .

(1) FEFEITEE AR, I H B IR R T RO 2 (N A7 Eeinikgs 45 B
Ja B E%, NHEMAXRE TN G G5, XEATE 0 Rt Z 40 E 2 ANHL.

(2) B NAF A A BE, Ll > 358 e i kI 25 250y o A0 0 T

(3) FRIFREBIE KA RN AE, BIWNILZE A, LR AR 2 R I i

(4) WA EEAE RE N R

(5) WAAIHRTE RS CEE R sl R A

(6) WAFIERAR, ek NN R AT &

(7 MIsAT T — AN WA IEA BE R E RS (LLU AmigaOS) < b, T H—
HER A il =8 77 20k R
432 IHHosxERNEFERE

JVM 24345 generation (fR) SRiIHATHIRIAI (Garbage Collection, GC), AR#E FEl 4-9 A

7~y 3534 young generation (FEEEAY). tenured generation (ZZ4FAY). permanent generation
GKAAR, perm gen), perm gen (BGFK Non-Heap AEME) S22, &, heap ¥ HAVEAE perm gen.

Tenured
Eden
5 — — =
> w S
ale > >
Young Perm

K] 4-9 TVM HRH generation({0)KiAT GC

4K 2 A0 A young generation M1 43 iL, tH7E young generation 1A% [F] . 4 young
generation [75 [ HF I, GC 2 8E4T minor collection C/RXIRIKD, IRIBIKANE K 21 heap
[ Ath generation. minor collection 23 H 4 weak generational hypothesis (J54FEARAREE) KA 15
young generation " RIKE [N ST IR FFZE MW, minor collection M FELIEH TR, 7
young generation 1, AKX G4 445 3] tenured generation, #X 1M tenured generation
WP, HA K major collection (E[FID), IXIKIAISE KT HEA heap, T8 K& FIK&E

%1%, BTLLEL minor collection 18152 .
T 2FERIN G GC A2 mlWe? 488 J& GC KM L AT reference chain (5|HEE) #R
VLT A HEAN O G RIS , 12006 S B4 (A1 . 44 17] GC Roots 1F A& AT IX — I R IR £, 1 40 JVM
H O R TR 2AYE OI84 JVM & GC Roots), T EL GC Roots Bt A2 IXAEAE N A7 H R
FERTZ AT 2R RN, —HART R, RIgE. 1% GC Roots /& —ME current thread (471
R 1 call stack CFAIAR) BRI (FIWTESERRHAR G, B B2 1 S e &
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system class loader (RZFRMEA) MEAIZELLLK native code (AHIAAS) LR EE FIIEBIX 5 .
JITEA GC Roots J& 73 M0t GOAATIEAE 1 T W AF T IO A 2 o

MR IS5, AREIGIH CArREEE) Zom R 7 % A v i 3 o

Q Strong Ref GG : il 95 FIFCHSHARIE Strong Ref, XN HEsmnlkdE, HA 2%
PR AIE, XA R

Q Soft Ref (F5IH) « XfNEHAENE, HEHLWHRNAE, M HRENS, HIK
AN A7 % H % A Strong Ref I A RIS 5o — e ml FHoR SEIL G2 47, il ik
java.lang.ref.SoftReference ZS5LHH .

Q Weak Ref (5551 : L Soft Ref 5155, 4KIALELE Strong Ref I, 7.Z1 x5
A e 55 B N A7z K0 . a3 javalang.ref.WeakReference F1 java.util.
WeakHashMap 2523

Q Phantom Ref CHE5IHD «+ MAANSENAAPIREHMERIN S, BT Phantom Ref 4<%
— M TAEREA finalize() /7 G B TR A TG B RS, 33 java.lang.ref. PhantomReference
SKH

4.3.3 shallow size #n retained size

shallow size /ZFERTZALG (5 WAERRADN, A ERT AR S5, g %k
AR R (AR AR R D R, 7 32 MRS L, W5k 8 5, int KA 4
W, ANEROIERE NREELD RS T AR R REA null, BIARZ% Y 4 T
W, X String XFR BRI, TAH =AY int B (“3%4=12" FA5). A char[ Bk
(“1%4=4” 7)) LM% (8 745), ML “3%4 +1%4+48=24" “FA%. MR — I,
Xf String a= “rosen jiang” Kt, SEH a [f) shallow size /& 24 15,

retained size JEFFIZAT S H O shallow size, 1M IZXS 5 AE B W37 7] 21 % 411
shallow size Z fil. #t)i%iii, retained size %X G GC Z G FrReRI B NAF B T
AP EE# retained size, ANYIHE T .

FENAF IR G K] 4-10 TR A, HHX SR R 2 M HAHG | o X B — MRk
177 55 GC Roots, X/ reference chain [T 1

obj2

Kl 4-10 5 s K
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FIH Strong Ref 77 KB4, H 2 heap #%E3#, FJH interned strings ({34 class loader
IR ERIZE) #E perm gen 3. 7E LK 4-11 1, M objl AT, AT SRR FIE
It objl A e E ALY M X 5. B AT LU S GC Roots Vi), B LAZE I obj3 AJEIR
O R TR IR, POAE DA 5 1E retained 225 W o BRI T- 4-11 hi) e
KK it, objl ¥ retained size J& objl. obj2. obj4 [ shallow size W Al; 1147 I retained size
J& objl. obj2. obj3. obj4 ff] shallow size &A1, obj2 ff] retained size nJ LA i AH A () 7 it 54

434 =TFE Android A7EHEM T H

e RN R, T DM S TR AR WA EE L. 141 DDMS Al MAT. £
2% DDMS MAIAFEAR I AT O T, 728 PRI MAT T REMEEAHR.

MAT /& Memory Analyzer Tool [f14i5E, f&— Eclipse ffif, [FIRA #M¥) RPC & F
Uigo Y A F IR & MAT [¥) Eclipse ffifl, ¥ 422 LL RCP RSO L8, FEUS I H %45
i 4-11 s,

Jhd i1

P2

artifacts. xml

iE
ML A
'S

g

] epl-+10. htnl
) | Firefox HTML Doc
1T KB

- notice. html S ParseHeaplump. bat
| Firsfox HIML Doc.. % M3-D03 Eiil:ﬁl‘tﬁt
10 KB 1 ¥

4-11 MAT 3crF %

Memoryhnalyzer. exe

O\ T

it B 4-12 F1¥) MemoryAnalyzer.exe 7] AFT 7 MAT, FJFF /G AW 4-12 Fios.

(=] ]
File Edit Yindow Help
[} Inspector 23] G:(\/ = [m =5
Statics | Attributes | %2 »
Type | Name [ Value
[F Notes 32 l L7 Wavigation History = |m
=l
-
< | 3 | I »

[ 17 oo 2om [ |
4-12  {TFF MAT J5 ¥ 5t

KPR IS K] 4-13 ) “File” S 50n] LT T H DDMS A& ). hprof SCAF, BARA: i hprof
ST AR E S AT SIS 4.3.5 /NSNS B, $79F AN hprof SCIF R ) S I
Wk 4-14 Fios.
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2 jave_pid4896, 0001, hpxof 2@]
e N = R R @

i Overview 32 | default report org. eclipss.nat. spiisuspects| Il Histogran| %o doninator_tres

- fetaiis

Size: 7.8 MB Classes: 5.1k Objects: 161. 4k Class Loader: 55 Unreachshle Objects Histogran

»

Total: 7.8 MB

~ Biggest Objects by Betained Size

Remainder

~ Aetions ~ Reports ~ Step By Step

Il Histogrsn: Lists numbar of instsnces psr class

e Doninator Tree: List the biggest objects and
what they keep alive

Leak Suspects: includes lesk suspects and

Conponent Eeport: hnalyze objects which belong
& system overwview

to o common rost package or class loader.

Top Compenents: list rsports for
components bigger than 1 percent of the

Top Censuners: Print the most expensive total heap

sbjects grouped by class and by package
Implicats Classes: Datsct clazses Loaded by
nultiple class loaders

4-13  SyHr i

ME 4-13 Ha] LUF 2] MAT BRI Dhae, BARU I T .

(1> Histogram: A LAZIHNAEP RS, X RN LR N

(2) Dominator Tree: 1] AFIHABANEERE, DLSCEAR R I AR LExt 5 by FH 1) 1)
(3) Top consumers: i EJES H 5 K1) object.

(4) Leak Suspects: i MA 11345 Hritt s 1) )i
HLil; “Histogram” LI 15 Wi Kl 4-14 Fros.

(2 java_pidd898. 0001 hprof 53 ‘

T = e N R = IR I B

i Dverview|Eb default report org edlipse nat pi:suspects | Il Histogran 33 | s dominator_tree|

Class Hame Objects| Shallow Heap ~ | Retained Heap |
T Reger> omeri > Hamerie> Tmeres §
@ char[] 33, 485 3,035,820 »= 3,035,920
@ byte[] 1,348 1,293,788  >= 1,293,788
@ java lang String 34,589 830,136 | = 3,395,488
© jeve util. Kashisp$Entry 11,289 2TL1TE 3= 1,348, 42¢
© jeve util. HashiapSEntry[] 2,857 204,976 3= 1,522,752
@ java lang Object[] 4,655 204,800 >= 1,557,416
@ java lang Stringl] 3,569 124, 656 = 716,536
@ intl] 1,833 117,098 >= 117,098
@ jara util Hasklap 2,807 104,280 3= 1,552,086
@ orz. sclipse. core. internal. registry. ReferencellapfSoftRef 2,413 95, 520 = @6, 520
@ org. sclipse. cove. internel. regisiry. ConfigurationELenent 1,919 9z, 112 = 482, 248
(@ orz. eclipse. osgi. internal. resolver. ExportPackegelescriptionInpl 1,183 76, 352 »= 168, 752
@ java lang Class 5,085 2,816 b= 2,330,400
@ jave util Arraylist 2,711 65, 064 >= 223,738
© java util. Kashtshle$Entry 2,537 60, 865 = 309,320
@ or. osgi. Eranework Versien 1,775 56, 800 = 63,104
@ jeve util. TreshspSintry 1,586 45,832 »= 56, 836
{3 orz. eclipse. osgi. internal. resolver. Inpor tPackageSpeci ficationInpl 953 45, 744 = 183,376
@ jave util. Hashtsble$Entry[] 255 3z, 660 = 550,660
@ java util. LinksdHashilsp$Entry 1,007 32,224 = 107,904
@ orz eclipse. osgi. internal. module. ResolverInport 953 30, 496 = 60,540
@ or. =clipse. osgi. service. resolver. Statellire 1,245 29, 860 »= 29,830
@ org. sclipse. osgi. internal. module. ResolverExport 1,185 23, 440 »= 47,400
(@ jave lang Object 3,231 25,848 b= 75,848
@ ore eclipse. oszi. franework. util. KeyedElement [] 231 25, 120 = 27,178
T, Total: 25 of 5,076 entries: 5,051 mers 161, 421 8, 136, 960

4-14 Histogram FtIH]

4=15 TR E BRI B AR s
Q Objects: KM 414 = .
114 El




% 4%  Android ATFEHE

O Shallow size: e ZAG FH AL, AEER AN Z 51 H, a5
SRR AT CAS R AR AR R D B A .

O Retained size: %At A I shallow size, N_EMIZXT5 G H Bk A1) ) 2% %
) shallow size Z fil. #)i%it, retained size IXNZYE GC Z )5 PraeRIWC 2] A7
JEV IR

Ml “Dominator Tree” JEING FIF W 4-15 Fis.

om0 -8B -l @

i Overview B} defsult report org sclipse.mat. spi: suspects | Il Histomran | Te dominstor_tree 53 |

Class Hame | Shellow Heap [ Retained ~ | Percentage|
:=:(> <Regex? Famericr <Humeric? Fumericr

Ig] class javs lang.ref Finalizer @ 0x18032900 System Class 15 1, 088, 984 13.36%
[] org eclipse. core. internsl. registry. RegistrylbjectManager @ Ox183082cH 84 758, 232 9.32%
[] sun. net. wuw. protecol. jar. UELTarFile @ Ox16034550 i 415,544 5. 11%
[] org eclipse. osgi. internal. loader. BundleLoaderProxy @ 0x18443068 E3 407, 855 5.01%
[] java util. jar JarFile B Dx18034080 56 407, 080 5.00%
[] ore eclipse. osgi. internal resolver. SystenState @ 0x1812dc00 6 274, 376 3,378
[0 ore eclipse. osgi. internal baseadaptor. DefaultClassLoader B (18433260 org e i3 156, 408 1.92%
[) sun util resowrces. TimeZoneHames @ DxlB5£aTE0 40 102, 880 1. 78%
[0) ore eclipse. osgi. internal baseadaptor. DefaultClassLoader @ (x3350888 org ec i3 82, 040 1.01%
[) sun. nio. cs. ext. ExtendedCharsets @ Ox18077830 32 68, 224 0.54%
6] clazz com. sun. org. spache. xerces. internal wtil. MLChar @ Ox18309c50 System C 40 65, 592 0.51%
(] char[28672] @ Ox18034£68 \ufffd\ufffd\ufEFd\ufEEd\nEEEd\nEEEd\nFEEd\nEEEd\n 57, 380 ST, 360 0.70%
Ig) class sunmie. cs. ext. GBK @ 0x1802faa8 System Class 32 55, 048 0684
[8] ore. eclipse. osgi. internsl. baseadaptor. DefanltClassloader @ Ox1ESB£9T0 org. e i 54, 664 0.67T%
[d] char [2561[1 @ 0x180343a8 1,040 51, 440 0538
[0) org eclipse. equinex. launcher. MainfStartupClassLoader @ Ox1B00e518 Equinox 5 a0 45, 400 0568
[] ore eclipse. osgi. framework. internal. core Bundlelost @ Dx181cb8cD 48 44, 895 0.55%
[] ore eclipse. osgi. framework. internal. core Bundlelost @ Dx182738a8 48 40, 488 0.50%
[6) ore eclipse. osgi. internal baseadaptor. Defaul tClassLoader B (k18556090 org e (3 7, 936 0478
[) ore eclipse. osgi. framework. internal core BundleHost B Dx18Zadcll 48 34, 416 0428
5] clasz jave lung Systen @ Ox1801ced0 Sysiem Class 32 33, 336 0.41%
6] clazs java. lang ChavacterDatall @ Ox18014210 System Class 32 10, 992 0.38%
[ javse lang Thread @ 0x18002c58 main Thread 104 10, 720 0.38%
[6) org. sclipse. osgi. internal. bazeadsptor. DefanltClassLosder @ (x18433548 org. e T2 28, 088 0.35%
L) erg. eclipse. mat. hprof, scquire. LocalTavaProceszesUtilsfStraanCollector @ Ox2E 112 26, 008 0.32%
%, Total: 25 of IT,255 entries: 1T,230 more

K 4-15 Dominator Tree 1l

Mty “Overview” RIS an &l 4-16 Fios.

ioml el 0B B | Q

i Overview 5 ]%aefaulgepm org eclipse. mat. api:suspects

H)s(ugrsml Fs doninator_tree

- fletaris

Size. T.8 MB Clazzez. 5.1k Objects. 161.4k Clazs Loader: 59 Unreschable Objects Histogram

T

Total: 7.8 ¥B

~ Biggest Objects by Eetained Size

Remainder

w Actions

Il Hiztogram: Listz number of instances per class
P Doninstor Tree: List the biggest objects and
what they keep alive.
Top Conswmers: Frint the most expensive
objects grouped by class and by package

Duplicate Classes: Detect classes loaded by
multiple class leaders

= Reports

Lesk Suspects: includes leak suspects and
a system overview

Top Conponents: list reports for
compoments bigzer than 1 percent of the
total heap

~ Step By Step

Conponent Report: Analyze sbjects which belong
to 2 common root package or class Loader

4-16 Overview Ft1H
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i 4-16 FJTHI “Leak Suspects” Hi4% )5, W UAERIFMMANAIRE. WE 4-17
FT7R o

System Overview
~ Leaks

v Overview

~ @ Problem Suspect 1

. The rlacs "iava lana ref Finalizar" |naded hv "< cvetam rlacc lnaders™ ncrunies I },j
4-17 Leak Suspects £X & FE4N 1P AA K

4.3.5 TFE Android R7EtELY AL

7EHF N, EHEA W =R Android WAFHEER 17775

1. 4 p}.hprof 3044

A i hprof SCHFII T 1EA IR %, 11 H. Android AN R]FiAS H A2 il hprof (1) 5 X A FH A 22 531,
FAIAS A il prof ST 72 E S5 W R B 7 Pk

http://android.git.kernel.org/?p=platform/dalvik.git;a=blob_plain;f=docs/heapprofiling.html;hb=HEAD

TRTEA 2.1 JcA ], HARA AR A R R

(1> 47T Eclipse, V43| DDMS iEHLE], [FINHINCLSTIT T Devices. Heap 1 logeat
L
(2) BT i, JEORAEA “USB i 0% He:, At “Mass Storage”
B

(3) HHERIG, 15 Devices #LE Tt E BB A& P55, FIBCE P IELEIZAT I 4>
.

(4) F ik TP AR M N FH FIERE , 7E Devices FLE _F 07 B—AT bR 424D, RIS v
“Update Heap” F “Dump HPROF file” PAN%4]

(5) X DDMS T H¥42s B8l i hgb R i) hprof SCAF,  JERIG LT e 4 JE A7
7t sdcard 41, WIHR C2 223 T MAT #ifh, B4 MAT $2 Bahgis H, H - a5 hprof
SCAFREAT 73T o

e FRGFAE T, 5 4 SDRISE 5 DR8I AT AT & A sdeard, JF H 4 RTHEREAT 1) sdeard
TG NIALR (WRITE_EXTERNAL STORAGE), 15 MIARZ i hprof . 1E logeat H14s

AR NI NTEEEDSY
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ERROR/dalvikvm(8574): hprof: can't open /sdcard/com.xxx.hprof- hpt- emp: Permission denied

WREA sdeard, B METIEFEARA 7] sdecard S AMIALR (Wl system process), HEAJ LA
BTN 5 6 20484

(6) 7E A2, #IWI{E Framework (HEZL) Bt defCadrp, v L android.os.
Debug QT J7VE T8 145 € hprof ST A il

public static void dumpHprofData(String fileName) throws IOException

it :

xxxButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View view)

{
android.os.Debug.dumpHprofData("/data/temp/myapp.hprof");
...... }

}

IR Th e, AR RN G I TR ITI N AR, IR ORISR
JEMALE : /data/temp/myapp.hprof, IXFEHLAABPRIIBRE] T, W HAR I sdeard. {HZ&IX
FERSA AT 2 R UE/data/temp H SAEAFAE R XMW BA B S X, MR 0T PLS Y sdeard
G e AT

2. £/ MAT S \.hprof 3Xff

W2 Eclipse  H )4 R hprof SCAF, WIWTLAETH MAT 4 (705 R DR X A4
HHEATIH (AJREZ LT ADT A K. Wi Eclipse H 34 ). hprof SCAFANGERE MAT
BHAEATIF, 8 2 1F H android.os.Debug.dumpHprofData() /7 7% T8 42 % # hprof SCA4F, W75 %E
¥ hprof SCAFEATIEA . 4 T MR BAR AT, a2 — Mo, Bk hprof SCAHE
%] PC £/ “/ANDROID_SDK/tools” H3x T, FHHiA#r4 “hprofconv xxx.hprof yyy.hprof”,
Horr xxx.hprof 7R JGUUG ST, yyy.hprof by e it 5 i SCAF . et 5 1 SO B 3his e
“/ANDROID SDK/tools” Hz¢ F. Ft A1k, hprof SCAFACPESEEE, BRIk al LU R0 A
e RIS DL T .

1E Eclipse H K L5 “ Windows ” — “ Open Perspective ”—“ Other ” — “Memory Analyzer”,
8 # %] Memory Analyzer Tool [f] RPC. 7& MAT H#iil; “File” — “Open File”, %I AN
W 485 17145 21 /) .hprof SUA:

3. £/ MAT MIEI TESHhAEF

F A .hprof SCAFLAJE, MAT <3 BT JF A pidi s, #iii “Dominator Tree”, 44
Package 732, W H O W Package AR5 PRt B, 7R3 tH RS sl i £ “List
objects” — “With incoming references”. IXHJ 24 HPTH S, A —0, JHFKIKIER
“Path to GC Roots” — “exclude weak/soft references”, 2x#t— LItk HERFE AT A H AN
fRltEg 2. Hnitl, T LB ER SRR i 23— AN AR ER 2K

FARI AT I EAESEAM I T, DR AE MAT BB 7 W93t F1 25 7 st PR35 B6 SRS o143
TERMA A, T MAT P& MEIREHRESZ, a2 www.eclipse.org/mat/about/
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screenshots.php H1H/ 21,

KBS MAT 4341 A A7 25 4 N A7 I TR AR A JELE S gl 2 R 2R AS S () 6 % 11 51 T
HYRETI, BB A R SR DR, gt v] DUAR 25 5 e A A RS v (1) IR £ 5 B ) 38 3 A i)
BT,

FEHMEMRRERE T, BT LT E AR NN H S E NS, RN
BRAE P AMIBOZ R = A /1) hprof SCF, A MAT T HIEAT /0 01. HRETER WAL, T A7
I LT LR 7%,

(1) fi M top 2 BB FANHEFERINAE . BN GIE—MEA S music.sh, 1Z3CAF A2
ST FE PR — AP B AN AR R N AEAE SO, AR BAR ST

#1/bin/bash
while true; do

adb shell procrank | grep "com.android.music"
sleep 1
done

- HAC A H procank T H, 7] LAAE music SEFERF—F 80N AAA 1S L.
(2) 535MiH top fr 2 AT AR NAE, HARN:

adb shell top -m 10/&F 4 H # i m 2 11 10 DR
adb shell top|grep com.android.music//2x % music FEFE ] A 17

(3) free iy

free iy MR Sn WAF RIS 00, AERIALRRZ PR T Mot

free [—b|—k|—m] [—o] [—s delay] [—t] [—V]

Q 2 —b/—k/—m: FRNMLLTHT (KB MB) BT s A RS 0L -
Q S —sdelay: WorTEkEZ DR LR — RN RGO
Q 48—t WoRNAFERS.

Q 24 —o: NEREMXIF.

4.3.6 Android (Java) #mAEATHYEEEIN

Android R4t FE N HAERA B T, MR T L850 AR, T8 5 AN
AR EHCE, R N A2 LA BRI . WS rARS i R 2 e AR A Y
T, SR BT RNE, L. A T RRAE TS Android [V FHFE 724 HARIE
3217, Android FIEEN RS — LA Dalvik BERNLSEBIKIETT, EiEH
Zygote NRGSUEREA B, AR BB Y FHRE P AR 2 78 T 3 O Dalvik fEHULERE iz
AT —J710, WA AT R B T A 1 i) 8, AN (075 1 R R
5, MAS W HALIERE (S )& system process 55 R UEREH R @ E, WSS RS HE
J8). 5771 Android A RIZERL I ERE 3 L T AR A AEAE A BB, dn 8 A R R
FINAERE S TIXA BRR, WSt R NAEMs, AI# AR5 Android i N HEEFE 43 ic

HI N AF L IR AFAE “ ANDROID SOURCE/system/core/rootdir/init.re” A, 5] 40 R T8 i35
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53 BIAAR AT

# 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 0
setprop ro.VISIBLE APP_ADIJ 1
setprop ro.SECONDARY SERVER ADJ 2
setprop r0.BACKUP_APP_ADJ 2
setprop ro. HOME APP ADIJ 4
setprop ro.HIDDEN_APP_MIN_ADJ 7
setprop ro.CONTENT PROVIDER ADJ 14
setprop ro.EMPTY_APP_ADJ 15
# Define the memory thresholds at which the above process classes will
# be killed. These numbers are in pages (4k).
setprop ro.FOREGROUND APP MEM 1536
setprop ro.VISIBLE_ APP_MEM 2048
setprop ro.SECONDARY SERVER MEM 4096
setprop ro.BACKUP_APP_MEM 4096
setprop ro. HOME APP MEM 4096
setprop 0. HIDDEN APP_MEM 5120
setprop ro.CONTENT PROVIDER MEM 5632
setprop ro.EMPTY APP_MEM 6144
# Write value must be consistent with the above properties.
# Note that the driver only supports 6 slots, so we have HOME APP at the
# same memory level as services.
write /sys/module/lowmemorykiller/parameters/ad;j 0,1,2,7,14,15
write /proc/sys/vm/overcommit_memory 1
write /proc/sys/vim/min_free order shift 4
write /sys/module/lowmemorykiller/parameters/minfree 1536,2048, 4096,5120,5632,6144
# Set init its forked children's oom _ad;.
write /proc/1/oom_adj -16

TEDRUA BA T L PR Py BES A I A A7 AT B BT DAL 20 55 AR PR IR 5 R 1 N A
R DL, B2 W N AE A 2 T DL

4.4 ZASIEAFEHEIRS
AN, R UHRE TR Android T H i, [EARLIT 51 £ 08 =] T iy 77
R () J LRI T o

44.1 ERHIREERTTICKAFR
Ry P 280 e BEAT BRI e (R A, (HOR 22 S A T 58 B Cursor Jim AT S HT (A1
Ule WERT W GURAR LRV, XA FEART S ORI, I AR I 1K B R R 1
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__ Android ZEMALANEIE B
BT A B INAFE R, IR 25 LS AR I X ) R HE Ay A DR R R XURS: o 4510 4 T )

Cursor cursor = getContentResolver().query(uri ...);
if (cursor.moveToNext()) {

PIRACH AR AW R N BT G b, AR U ROARRS G F

Cursor cursor = null;

try {
cursor = getContentResolver().query(uri ...);
if (cursor != null && cursor.moveToNext()) {

} finally {
if (cursor !=null) {

try {
cursor.close();
} catch (Exception e) {
/lignore this

}

4.4.2 #iE Adapler B 3] 15 (% 42 77 RY convertView
XA R ZHA -5 50 AR i), LARAIE ListView 1] BaseAdapter 191, 71 Base Adapter
H R R 75k 0A] ListView $&4ERE—A item s 2201 view X4

public View getView(int position, View convertView, ViewGroup parent)

WIUHIS, ListView 23 A\ BaseAdapter VAR 4 Fi (1) i 7= A Jo L9140 — € B view X4,
[ ListView £3441X 28 view S REAFEE K. 4 m) FIRSN ListView B, JRSeA T8 BRI list
item 1) view XJ G2t AW, AR5 HE PR AGIE B R B BT list item. IXAMAIE IS A2
H getView() 7 VE5E T, getView(O) I EE —ANES convertView S /& #E 2 /AAL K1 list item [T
view X% (VIR A7 % view X4, convertView & null).

FHIE AT LA, i RAMEH convertView, 112 RHAHRLE getView()H TSI —A™ View
PG, AR TR, 1 HARIR 2], (A3 A7 ATBCRBOR . ListView [HII List
item (1] view X[ FE ] LA android.widget. AbsListView.java—void addScrapView(View
scrap) /i 1.

4N 1 ) R A R B AR 1)
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public View getView(int position, View convertView, ViewGroup parent){

View view = new Xxx(...);

return view;

}
AL A U B

public View getView(int position, View convertView, ViewGroup parent){
View view = null;
if (convertView !=null) {
view = convertView;

populate(view, getltem(position));

} else {

view = new Xxx(...);

}

return view;

443 LERFBERRIISIA
IXFG GUR IR A LEAS R, A T U6 ], 25 P AN R e T 0P .
(1) J#R—
B U N R

public class DemoActivity extends Activity {

private Handler mHandler = ...
private Object obj;
public void operation() {
obj = initObj();
[Mark]
mHandler.post(new Runnable() {
public void run() {
useObj(obj);
}
s

}

L6 FIRRAL A — AN A8 obj, fE operation() T FATT A B RERL KT AL EE obj S I ERAE
post F|HEALLFE MessageQueue 1. 7E_EdACHSH, B mHandler T 7E M ZFEAT FH5E T obj

Pl -5, ARIXAS RAIRA S sl [Fliicd, [H7) DemoActivity.obj i RATIX XTI
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31, T BLUIAAE DemoActivity TR FHEIXAAIL T, wBLAE “[Mark]” R RO 4
I, AR BUEEOY

public void operation() {
obj = initObj();

final Object o = obj;
obj = null;
mHandler.post(new Runnable() {
public void run() {
useObj(0);
}

}

(2) R

TR IRATIAS AL D AL (LockSereen) 1, MiWT R 40 (1 FELTE IR 25 LASRI — 2845 5
E ), AT LLEE LockScreen H13E S~ PhoneStateListener f%§ 4, [R]HPR: &y i 21
TelephonyManager Jx55H". % LockScreen X4, 5% onat bt LRI I At s Al e — A
LockScreen XJ %, 1 2445 5 S I 2K K15 LockScreen % G it s 4R i o

(RO U SRAERE T LockSereen X4, X HUH Z HIVE M) PhoneStateListener Xf %, Wj<s
F30 LockScreen JoikEME RIS  an SEAS W ()4 8 B S i SRR ANV 2R, MR 2o TR R
LockScreen § %% 7pZ4% BT 5 S OutOfMemory (NAFANAE ), {15 system process HEFE
e,

ARy L, AN RN 5 A, BN A K N 4 B GRS T
THOLR, 76 A B4 RUHES R, B RIAE B g R A 5 H.

444 A7E(EF Bitmap X35 E5EH recycleQEm A 77

A FATE T LH3AE Bitmap X5, WA Bitmap XS LLE T HINAE, S EATER
I, wT LA s Bitmap.recycle() RIS GG R T b TN A7 . (HIXFPGE I
AT, 5 BEALEAR RO -

EE: BT LR wdtw LRI, Android RAZ A R AE 69 F B BT R
TR Activity 8944 B #1F, 7£ onPause(). onStop(). onDestroy()7 i% ¥ % 2i& & a9 4%
BRI, TR OUR I sk, AR Emitel, BT AR A E 7 A Activity A 4B H
N23, VAR BT B R B AR R

45 BHRIAAGIHE

Java GiFe W W AR, ABA G A4 E R A ) R S P AR ) i)
Android W EEAFH Java B S5, KILIXAS RSB EFESE Android TT AT H L. A
AR Java G i) BRI, TR0 T Android T, RIS N H I A T R K ) AT
S
122 Em
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451 {3 MAT /R#E heap dump 4> #f Java {XA3 A Fit R AR IR

T NRIMN AT, ¥4 MAT WHTARHE heap dump 73 HTillJsids. DMK 240
Android NP2 H] Java 6 F 9 S, JTEAA/NTSEH] — B Java ARSI A Al e . 3X
B AR R, ARA S A, A i a2 — =

—IFUEAIFAN UL ClassLoader, A b, ‘&1 LAE st 2 O RERE L IK2RSC e N N A
SRIGIAH java.lang.ClassLoader.defineClass /5175 s 22 S8 W A7 B A5 AL B A2 0 1 i o
Java $24it THI% K ClassLoader, JrA7Hl " A g BB L5146 H ClassLoader (1135,
system class loader {EAATHRERAIR IO FERARE M 28, 7 Sun Java 1.5 "PHICA sun.misc.
Launcher$ AppClassLoader.

(1) #E£ heap dump

WA NI Pilot 28RS :

package org.rosenjiang.bo;
public class Pilot{
String name;
int age;
public Pilot(String a, int b){
name = a;
age=b;

¥
SR J5E TG 25 OOMHeapTest & WA S heap dump 1],

package org.rosenjiang.test;
import java.util. Date;
import java.util. HashMap;
import java.util. Map;
import org.rosenjiang.bo.Pilot;
public class OOMHeapTest {
public static void main(String[] args){
oom();

}

private static void oom(){
Map<String, Pilot> map = new HashMap<String, Pilot>();
Object[] array = new Object[1000000];
for(int i=0; i<1000000; i++){
String d = new Date().toString();
Pilot p = new Pilot(d, i);
map.put(i+"rosen jiang", p);
array[i]=p;

}

FE LA, Hid TARZ 1 Pilot SESB, AR5 [ BALAT map A7, 17772 Strong Ref,
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GC HARNMMEXLENS S, BTl AL heap " HENEH . MIR(EISATHT, SE%AE Eclipse

fid'E VM 24 “-XX:+HeapDumpOnOutOfMemoryError”. fHHA1Z 5, WAFREH, =G FTHan
_F{%A%\ o

java.lang.OutOfMemoryError: Java heap space

Dumping heap to java pid3600.hprof

Heap dump file created [78233961 bytes in 1.995 secs]

Exception in thread "main" java.lang.OutOfMemoryError: Java heap space

At java pid3600.hprof e Al 175 B heap dump, 23 7] LA#E OOMHeapTest 25 FT{E ]
TR R T

(2) i MAT

i ] MAT fi##7 . hprof SCF, ESH 17 35 HEE R “Finish” #2415 & 2 WKl 4-18 By
ENIOE NI

OOMHeapTest. java [J) Pilot. java Q Jjava_pi d3600. hprof §3
im%a EH-&Q

i Overview |EQ default_report org. eclipse.mat.spi:suspects 53
Leak Suspects

Leak Suspects

System Overview

~ Leaks

¥ Overview

() 634 M8

() 3248KB [l (a) Problem Suspect 1
] (&) Remainger

v © Problem Suspect 1 Total: 63.7 MB

The thread java.lang.Thread @ 0x232d9000 main keeps local variables with total size 66,460,016 (99.50%)
i bytes.
H

The memory is accumulated in one instance of "java.lang.Thread" loaded by "<system class loader>".Keywords

i java.lang.Thread

. Details »
i

K 4-18  MAT filh 7t i
FHUE AT I, A MAT T H 587 heap dump 2 Ji5, SAESH EAER EMM R T —A
“OREL, RO DI BT N AR . FRATAT EUKBIEEAS heap 4 64AM NAF, IR (AIX I
AT T 99.5%. Nk —AMRTIHE, 5 IFRAT main0ZAE G H T RENAE, IFH IR
i system class loader JNZLM) “java.lang. Thread” SEfIf W AFREE, I LB “java.
lang. Thread” #FATAI AT . MAT JH L) PR P CUG Rt Ui B T ) @R AE, S0l FH 38 BeA T4 Ab B
AT I R 2R 36 T R 20 ) T e . 18] 4-19 (R J5H —N"Details"#i 4%, 14T 2 i AD%

JE AN T RSB IR ERAE N AE T, TR GC? 25582 AN Strong Ref, 1] 4-19
PR
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i Overview B} default report org sclipse.mat. spi:suspects 50
{ The memory is accumulated in one instance of "java.lang.Thread" loaded by "<system class loader>".Keywords
i java.lang.Thread

~ Shortest Paths To the Accumulation Point

Class Name Shallow Heap  Retained Heap

A java.lana.Thread @ 0x23249000 main m 66,460,016

~ Accumulated Objects

Class Name Shallow Heap  Retained Heap Percentage
@ java.lang.Thread @ 0x232d3000 main 104 66,460,016 99.50%
[} iava.util.HashMap @ 0x232d8f20 40 29,951,768 44.84%

- [} iava.lang.Object[1000000] @ 0x22ec0000 4,000,016 4,000,016 5.99%
ava.lang.Threadlocal$ThreadlocalMap @ o
D'uxzazdedau 24 232 0.00%

. ava.lang.Threadlocal$ThreadlocalMap @ -
D'Ux232dedba 24 136 0.00%

[} era.roseniiang.bo.Pilot @ 0x229e00c0 16 112 0.00%

- [} ara.roseniiang.bo.Pilot @ 0x22920190 16 112 0.00%
[} ora.roseniiana.bo.Pilot @ 0x22920260 15 112 0.00%

& 4-19 “Details” Ftii

HHUCAT WL, 4TIF “Details” #4522 5, B T 1EKl 4-20 T 2 4841, 1647 Shortest Paths
To the Accumulation Point F1 Accumulated Objects #43, X i T M GC Root ZIZEEE i 155
TR, LA SEHE reference chaine M%¢ Accumulated Objects #5747, java.util. HashMap Fll
java.lang.Object[ 1000000]3£ %1 ] retained heap(size)fiz K, FATIKNIE retained heap 188 MiZ5E
B¥ 4 reference chain 1= AT REWCEE 21 ) Ho Al 2R 52511 shallow heap(size) & Fl1, T ARH 2285
I #B R EELE HashMap Al Object 0207 7o XBEIRATEI— MBS, BE Object Z4LH
shallow heap F/l retained heap —#%, %UZL[ shallow heap Fl—fXf % (AEEAD) AN, KT
BRI R BRI e R 2R, XK shallow heap, WS sREAEES N ITA XS H
shallow heap 2 Fll. #% FKFFKF org.rosenjiang.bo.Pilot X % SL4[¥] shallow heap A frf /& 16,
A O 5K A2 8 15, A8 & int /& 4 7479, String 52 4 54797, PrLladt 16 5475,

¥ FKFIKFHE Accumulated Objects by Class X3k, 41/ 4-20 fros.

= Accumulated Objects by Class

Label Number Of Objects Used Heap Size Retained Heap Size
org.rosenjiang.bo.Pilot 290,235 4,643,760 32,506,320
dg) 1ava.util.HashMap 1 40 29,951,768
ava.lang.Object| 1 4,000,016 4,000,016
ava.lang.String 38 1,200 1,200
€] 1ava.lang.Threadlocal$ThreadLocalMap 2 43 368
@ sun.util.calendar.Gregorian$Date 1 96 96
dg] 1ava.lang.StringBuilder 1 16 88
Jg| java.security. AccessControlContext 1 24 24
char[] 1 24 24
€] 1ava.lang.Obiect 1 ] 8
dc] 1ava.lang.Class 1 o 0
3 Total: 11 entries 290,283 8,645,232 66,459,912

| 4-20  Accumulated Objects by Class [X 15

Jiss S, fE Accumulated Objects by Class X3 BEFk 2 R ERINT G SLHI 112644 . BEARK)
2K org.rosenjiang.bo.Pilot s&:3k 4%, #ESLHBI4L T 290325 X, FHR[FILERET, &g Ho=m
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NZo AR A F RS W] R A ), HU AR SO )R, i DA AN b
(3) perm gen
perm gen &R, fEHIMAEE TRATEEIR (55 class loader %) LA interned
strings CFAFERIERD . 7E heap dump " HL 5K Z M) perm gen {5 5o A ATRATE A X L6 /D
I SR AR 5, FIH] interned strings 4% perm gen JEil 4 R I AL BT 2

package org.rosenjiang.test;
public class OOMPermTest {
public static void main(String[] args){
oom();

}

private static void oom(){
Object[] array = new Object[10000000];
for(int i=0; i<10000000; i++){
String d = String.valueOf(i).intern();
array[i]=d;

}

PE G 2T EN I R 045 S, 2854 java_pid1824.hprof SC1FF AN F] MAT. H5U7E MAT H,
F R PRGN ZAT “ OutOfMemoryError: Java heap space” A%, [Ah heap dump F-¥45 10
5 interned strings J7 [ AT o FURFEIX R FEIME, [ intern() /712N 1Z 2 N
java.lang.OutOfMemoryError: PermGen space
Dumping heap to java_pid1824.hprof

Heap dump file created [121273334 bytes in 2.845 secs]
Exception in thread "main" java.lang.OutOfMemoryError: PermGen space

FFUG 2 Ana[ 4t class loader 3, £t 22 & K IUEH ASM (JavaScript [1)—ANHr4030)
KANAEWEAFEIEE] H . ASM (http://asm.objectweb.org) 1] =E B4 H] & AL BE 24 12228
(compiled class), AEX CUmIERIEAT AR, H4e, 70br (Dhfgz s SAED, mH e
IBATRE RS IIPRANTG, SO AT . ASM #2415 T core API #l tree API, i &3k 11t
77, FERIETXZM T, BT XML ) SAX. DOM fi##ir, {H2fEH] tree API i
SR BhIE, RATC PR LA
Q BT (Ul publicy private) v 2844, KA. FE I annotation #5757
Q Kl s s, AR REMRF . 45 2804 annotation.
Q JEFE ks, AREAT. AT REIFEASEEEE, L& annotation.
IR AL FE X LT VA A 38 bR U HLAK Java F15 R

Q &b (constant pool) 84>, constant pool & — M RPF BT FRH. K
T B A

O AN SR SRR X AE T, iR SRR, WAL @ISt
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I, TR AR A O : H, OmiERh AR, =, OHmiERifa
package Al import {7 . U PERNT Java SRR : X TGRS KRS A RER IR, Z
{3 boolean. C f8¥ char. B A3 byte. St short. 1483 int. F X3 float. J 183 long.
D {8 double; TR RBP4 (internal name) #MINHETSE L A1) 11 1) 435 3 [F]
KFEow, Pl BRI Rk, B0 String ¥ N #4442 java/lang/String; %1
BARA, AT SN B G R R A Ty A s e TOTE R IS 5ok
s, WERIRIENE void I V s, HAAZ AN 4-21 Pios.

| Java type | Type descriptor |

boolean Z

char C

byte B

short S

int I

float F

long J

double D

Object Ljava/lang/Object;
int[] [T
Object[] [] [[Ljava/lang/Object;

4-21 Java REIHGER

MAE N HE AR h {8 ASM core API, 7B FFE =1 ClassVisitor 2L,
FieldVisitor. MethodVisitor #B &4 B3 1. ClassVisitor W %34 FIXAFE 177 20k «

visit visitSource? visitOuterClass? ( visitAnnotation | visitAttribute )*( visitlnnerClass | visitField |
visitMethod )* visitEnd.

WA YTk visit WAE A, B Z K1 visitSource, IR Z KT
visitOuterClass J7v%, & F R Z X visitAnnotation Al visitAttribute J7v%, H/h &2 KM
JH visitInnerClass. visitField 1 visitMethod J772%. T 585 F 1 visitEnd J7iEAE N4 R .

FANE T ClassWriter 28, ZSLHL T ClassVisitor #2111, 1l toByteArray 575
DA g R i i — e i T IRAVES SN2, LU LA XS ClassWriter
R E LRI

package org.rosenjiang.test;
public abstract class MyAbsClass {
int LESS =-1;
int EQUAL = 0;
int GREATER = 1;
abstract int absTo(Object 0);
H

HUOE B e Ehn#iss, K4 ClassLoader ) defineClass J7 224 /& 2 R 1), BT LAELAEIN
WA AIE AR, WAEEgkA B ORI,
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package org.rosenjiang.test;
public class MyClassLoader extends ClassLoader {
public Class defineClass(String name, byte[] b) {
return defineClass(name, b, 0, b.length);

}
e A MRS 7 A A -

package org.rosenjiang.test;

import java.util. ArrayList;

import java.util.List;

import org.objectweb.asm.ClassWriter;
import org.objectweb.asm.Opcodes;

public class OOMPermTest {
public static void main(String[] args) {
OOMPermTest o = new OOMPermTest();

0.0om();

}

private void oom() {
try {

ClassWriter cw = new ClassWriter(0);
cw.visit(Opcodes.V1_5, Opcodes. ACC_PUBLIC + Opcodes. ACC_ ABSTRACT,
"org/rosenjiang/test/MyAbsClass", null, "java/lang/Object",

new String[] {});

cw.visitField(Opcodes. ACC_PUBLIC + Opcodes. ACC_FINAL + Opcodes. ACC_STATIC,
"LESS", "T",

null, new Integer(-1)).visitEnd();

cw.visitField(Opcodes.ACC_PUBLIC + Opcodes.ACC FINAL + Opcodes.ACC_STATIC,
"EQUAL", "T",

null, new Integer(0)).visitEnd();
cw.visitField(Opcodes. ACC_PUBLIC + Opcodes. ACC_FINAL + Opcodes. ACC_STATIC,
"GREATER", "I",

null, new Integer(1)).visitEnd();

cw.visitMethod(Opcodes. ACC_PUBLIC + Opcodes. ACC_ABSTRACT, "absTo",
"(Ljava/lang/Object;)I", null, null).visitEnd();

cw.visitEnd();

byte[] b = cw.toByteArray();

List<ClassLoader> classLoaders = new ArrayList<Class Loader>();
while (true) {
MyClassLoader classLoader = new MyClassLoader();
classLoader.defineClass("org.rosenjiang.test. My Abs Class", b);
classLoaders.add(classLoader);

}

} catch (Exception e) {
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e.printStackTrace();

SR,

java.lang.OutOfMemoryError: PermGen space

Dumping heap to java_pid3023.hprof
Heap dump file created [92593641 bytes in 2.405 secs]
Exception in thread "main" java.lang.OutOfMemoryError: PermGen space

FI I A java_pid3023.hprof, W1E] 4-22 fiizn. FA 136 HA 11 Classes: 88.1k Fil Class

Loader: 87.7k #5473,

& H class loader ZK T K&,

[3] Pilot. java [J] DOMPermTest. java x| web xeml [J] MyClassloader. java [3] MyAbsClass. java

in ke e o

i Overview £7 E} default report org eclipse.mat.api:suspacts

- Petails

Size! 63.5 WB Classes: 88 1k Objects: 1.8m Class Loader: 87. Tk Unreachable Ohijects Histogmram

kel iy

4-22  FTH A java pid3023.hprof

T A 4-22 A &
Explorer” Dy fig. 17715 ReG 2 4-23 Prori 5, H—

SR Ak “Java Basics”
%13 class loader 475 f

— “(Class Loader

ZH class

loader 05 X 2% (defined classes) fANEL, X HLZ— 1 2 YR EN#2E (loaded classes)

T, YFFENECR R g, AHN class loader
class loader N4 R ,

ISR SEBIEH o

iR -8B Q| E- s al

i Overview [ default report org eclipse.mat. api suspects | [d] classloaderexplorerquery 52
Class Fame Defined Cla... Fo. of Instances
Humeric? Fumerie?
@ [0 <system class loader> 444 1,670, 445
@ [f] sun. mise. LauncherfAppClassLoader B 0x22e£e608 11 87, 657
= [g) ore rosenjisng. test. MyTlazsLoader B O0x220e0145 1 0
# [0} parent sun mise Launcher$AppClassLoader @ DxZZefefi0B 11 87, 857
{3 org rozenjiang test.MyabsClass il

[g ore rosenjiang. test.MyClassLoader @ Ox220e2BaB
[f) ore rosenjiang. test. MyClassLeader B 0x229:2908
[g ore. rosenjiang, test.MyClazsloader @ Ox220e2¢68
£y org rosenjiang. test.MyClassLoader B Dx229e2£43
[d) ove rosenjisns. test. MyClasslosder @ 0x220:3223
[} org rosenjiang. test. MyClassLoader @ Dx2283508
[6) ore rosenjiang. test. MyClassLoader @ 0x229e37e3
| [g) ore rosenjiang. test.MyClassLoader @ Ox228e3ach
[B) org rosenjiang. test. MyClassloader @ Dx229e3de8
%, Total: 24 of 87,659 entries 88, 11

I DD BN EEDEREOEEEE®

¥ Total: 2 entries
1 [d, ore. rosenjiang. test.MyClassLoader @ OxZ2Se0428 1
| [} ore rosenjiang. test. MyClassLoader B 0x22360705 1
[0} ore. rosenjiang. test. MyClassloader @ Dx228e088 1
[} ore rosenjianz. test.MyClassLoader @ Ox22Gelccd 1
6 ore. rosenjiang. test. MyClassloader @ Dx228e0fe8 1
[£) ore rosenjianz. test.MyClassLoader B Dx220.1283 1
7 org. rosenjiang. test. MyClassLoader @ Dx229:1568 it
) [0} ore ressenjisng. test. MyClazsLosder B 0x220:1845 1
[g) org rosenjiang. test.MyClassLoader @ Dx228e1b28 1
[0} ore. rosenjiang. test. MyClassLoader @ Ox223sla08 1
[g) org rosenjiang. test. MyClassLoader @ 0x220e20e8 1
[6 ors. rosenjiang. test. MyClassloader @ Dx229s23c8 it
il
1
1
1
i
1
1
il
1
[}

0
0
o
1)
o
0
)
0
0
0
0
)
0
o
0
o
0
0
0
1)
)
2

1,758, 10

4-23  Class Loader Explorer B

SNEAAERZRE AL class loader,
% class loader A'2x H L€ X FFINEESE; 2 =412 class loader I IN#k

AT H

EE 129
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{E Class Loader Explorer [HI# 2> KN class loader /& 15 %, T 1L £ 25, 55 4h, I54 Duplicate

Classes DR, WREVM I AT EE IR . FEME ] LLE E A&, MyAbsClass #% 5582 N4k 711
E2V &

FE: HEMAT TRCZEFERKRT, KAN169 LEEFRAM RE| MAT 49 45472
fb. EERETF, 3T OOM R7 AT WAt h4dix, L EEH S Eisdiz, (25 F perm
gen Kit, 4R FAKRITE FFATE, EBUEA JTVM #-verbose 4k, ZAMAEESITH
dBE, TARREETR class loader T H LK, 442, “[Loaded org.rosenjiang.test. My
AbsClass from org.rosenjiang.test. MyClassLoader]” .

4.5.2 E%Z Android = A 77t FE AR 10 B Al
FERE R R 28, ORI A Android MR H Py A7t EE K FE . IR W T .

S 1

WA YAt \daima\6\MAT Test
Uit 52k Android H AR ER AR DL AL A

(1) fg T
it Android T % “com.devdiv.testmat_test”, 4a’5 Ul NSRS, RIGIE1T1% TR

package com.devdiv.test.mat_test;
import java.util. ArrayList;
import java.util. List;
import android.app.Activity;
import android.os.Bundle;
public class MainActivity extends Activity {
List<String> list = new ArrayList<String>();
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.activity main);

new Thread () {
@Override
public void run() {
while (true){
MainActivity.this.list.add("OutOfMemoryError soon");
H

}.start();

}

(2) HTAE
TEIL T E3R A hprof WAFEIG SCAF, BAI T IFEREFRE AT IS R U1 2] DDMS 1132 10L&

U, ARJGIETPEER NAAEG PR, JEd “Dump HPROF file” Biv]. Wil 4-24 Fiw.
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Oy

Poevics n H| @@ 0| B 2@ @ T O [ MainActivityjava 53 | 0 MAT Test Manifest =g
Name 11 List<String> list = new Arraylist i
4 B Android-2.1 [emulator-5554] Online Andr 12 // private PersonInfo person = new

android.process.acore 102 260C 13

com.android.phone 98 8601 14= @0verride

system_process. 52 8602  ~15 public void onCreate(Bundle saved—

com.android.settings 92 8603 16 super.onCreate(savedInstanceS

com.android.inputmethod.pinyin = 95 8604 17 setContentView(R.layout.activ

com.android.alarmclock 140 860€ 18

android.process.media 154 860¢ 19 new Thread () {

@0verride
void run() {
while (true){

com.android.mms 187 2611
com.android.email 214 8614
com.svox.pico 223 861%
com.devdiv.test.mat_test 644 8613

< m ] 3

K 4-24  NEBHE S B

Getting Started

Choose one of the comman reports below, Press Escape to close this dialog.

Leak Sus

Automatically check the heap dump for leak suspacts. Report what objects
are kept alive and why they are not garbage collected.

(©) Component Report

Analyze a set of objects for d memary issues: duplicate strings,

empty collections, finalizer, weak references, etc.

(©) Re-open previously run reports

Existing reports are stored in ZIP files next to the heap dump.

Show this dialog when opening a heap dump.

@ <gack | New- |[ Fmsh ][ Comcel ]
4-25  JH MAT #1 T A7 15 St

MainActivity.java '@ MAT_Test Manifest g andreid8211392222552988314 .hprof 52 =
inwE& QA
i Overview | default_report org.eclipse.mat.api: =2

Leak Suspects

Leak Suspects

System Overview

~ Leaks

v Overview (@ 77MB

B () Problem Suspect 1
[ ) Remainder

~—wm17m8

K 4-26 A ER D

A B hprof U ERINAEH MAT T, £+ “Leak Suspects Report” HLiEIZH f5,
i “Finish” %4, Wl 4-25 Fion.

e BN RIn s, BLRES EDWME 210 T N AF it ER 1Bk, i 4-26 o
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SRJE AT LA AN AR RS DL, Wl 4-27 B

[1] MainActivity.java 3] MAT _Test Manifest 8 andreid8211392222552988314.hprof £1
iom %o E-&-|Q

i Overview | B default_repart org.eclipsematapisuspects 12

Leak Suspects *» Leaks » Problem Suspect 1

+ Description

One instance of "com.devdiv.test.mat_test.MainActivity" loaded by
"dalvik.system.PathClassLoader @ 0x44dab968" occupies 8,088,512 (82.21%)
bytes. The memory is accumulated in one instance of "java.lang.Object[]1" loaded by
"<system class loader>".

Keywords
com.devdiv.test.mat_test.MainActivity
java.lang.Cbject[]
dalvik.system.PathClassLoader @ Ox44dabges

+ Shortest Paths To the Accumulation Point

Class Name Shallow Heap Retained Heap
[G]iava.lang. Object[2021976] @ Dx44dfb338 8,087,920 8,087,520
: 'Darrawa .util. ArrayList @ Ox44daf6fs 24 8,087,944
Dllst com.devdiv.test. mat_test.MainActivity @ Ox44daf5a0 8,088,512

M this$0 com.devdiv.test.mat_test.Mai 1 @ 0x44db3e38 Thread-8 Thread m_

DmCﬂntext com.android.internal. palicy.impl.PhoneWindow$DecorView @ Ox44db05d6 =

'Daclnﬂty android.app.ActivityThread$ActivityRecord @ 0x44dab360 = 88 38

--- ¥ Total: 3 entries

K 4-27 AWAEIEEE A

SAE T I S 7l T LA 2 P A R AL, AR R BT AR A B T A A T R REAT —
—ftt.

4.6 Android BFBEYARGEK

7t Android T, UXHE ARG HATERAERS, NAZSEAZAEH setimageBitmap
setlmageResource . BitmapFactory.decodeResource >k ¥ B — 3K A&l , K A 1% 287 VA 7F 58 i
Decode Jifigf5, AHS T Java 21 createBitmap() /775K 5E T, IXTHFEIHFEE £ N A7
R, NiZ 4G it BitmapFactory.decodeStream J7 74 A1 HL—A™ bitmap, 2R J5 FFK5 L5 4 Image
View ] source.decodeStream 5 K I 15 A& H A H INI>>nativeDecodeAsset() 2K 5¢ i decode,
M7 P Java 211 createBitmap, MM 1748 T Java JZ1075 0] W RAE SR 0 _E & R i
Config Z4, 1] LA M s> gy A7, AT S A R B 9t o A7 5 oS3 4%,
decodeStream() FL 4% H 8] 7 SR B2 U7 45650, AN 5 R HE Rk B ahid . ST T
decodeStream()Ji, T 2E7E hdpi F1 mdpi "HECEAH N B R TR, R ITEAS R 2> HE L AR
FEFFER/DN (B2 ), Bt RIIRANIART T .

TEEEH AN I A A

InputStream is = this.getResources().openRawResource(R.drawable. picl);

BitmapFactory.Options options=new BitmapFactory.Options();
132 Bl
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options.inJustDecodeBounds = false;
options.inSampleSize = 10;  //width, hight ¥ 4 JF R K+ 55—
Bitmap btp =BitmapFactory.decodeStream(is,null,options);

if(!bmp.isRecycle() ){
bmp.recycle() /RIS R BT AT
system.gc() G AN EL e

}

/**

* DL AR IR 7 S CA i R ) 1 R
* (@param context

* @param resld

* @return

&

Public static Bitmap readBitMap(Context context, int resId){
BitmapFactory.Options opt = new BitmapFactory.Options();
opt.inPreferredConfig = Bitmap.Config.RGB_565;
opt.inPurgeable = true;
opt.inlnputShareable = true;

13RI B

InputStream is = context.getResources().openRawResource (resld);
return BitmapFactory.decodeStream(is,null,opt);

}

1E FRARRE T, option " RMEFR )2 0] B R HEAT IO ELA9],  SDK Hh ad i HHE 72 2 3R
BAE, RO, B 3 EUE A ANE M.

AT E AL Dalvik BIBLIIHENAEDBL. 4T Android ¥4 0408, HATE 26T K2
Dalvik Java JEUML, M HATHIRIKRE LA IR 2 177 v] DAOCAARFE, e Tne Ik — 24K A
AR ECFEZE YR AN T e % R T3 T GC AbBE, #FH2% dalvik.system. VMRuntime $24}
(17772 setTargetHeapUtilization W] AN 9 Fs 7o HE A A7 I AC B AL . AT G 7 VAR

private final static float TARGET HEAP UTILIZATION = 0.75f;
VMRuntime.getRuntime().setTargetHeapUtilization(TARGET HEAP UTILIZATION);
WM TT LA R 78 SCHEA AR/, XAt sl 1 L g
private final static int CWJ_HEAP_SIZE = 6* 1024* 1024 ;
VMRuntime.getRuntime().setMinimumHeapSize(CWJ_HEAP_SIZE);

/1BEE /)N heap AT A 6MB K/N

EE 133
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P 34H (User Interface, UD, XFF Android N HFEFRUL, B T am KT RER ] 4
PEZ AL, G S s SR R P R B TR 2 —. B PRI S RS0, 2
RE S5 KA = o AEBEVHLSEIY Android FHIZ |, — @ 225ex braridt AT A /. (e )R
I, 72 BRI R . AEATRNAET, EIEA4H/E Android R4
HSEEL U A JRARA IR EAR AR, e 8 R4 7 I TR RN R IR 2 2 4T A5l

51 FfEBxav4EH

fE Android NIFERFH, BEFI IR BIMTA ROE A S HREKIUR . X R A
BARAE TR 1, AR THLUR R+ A IR, FO BRI CE RSS2 UL A s B 7 5¢
MIAE55 o FER AR A THLF R, AN RERE AL A B SO C R RS, 2 U 4l
PERSEDLT A S o

5.1.1 View 1% B 4H%4

£ Android R, I View & MRIEAN UL, JLFHHA 1 UL 44k K View
HKIMSEI . 2K View 19 EZIBEM T,

(1) AR 1 hRSERE R X S A7 A1 SR R0 A 25

(2) RHERSFRUGER il MR, BHhE. 28, T84

(3) widget 1133,

K View HiBEMAWTF .

Android.view.View

1F Android ' HH H B View F2RU1E 5-1 Fior.

F51 ViewZ

A TextView 4 NHE EditText
V% InputMethod 12712 MovementMethod
SLIEHE Checkbox BN ScrollView
%41 Button 3% 4541 RadioButton

5.1.2 ViewGroup =z3
ViewGroup i ffl & —/NAE% R S AT ] LA E LT View HEAT A R b B . 18]




®£5% UHEBHL |
ViewGroup HIHEZA6 A UTT o
android.view.ViewGroup

ViewGroup RERSE S IEE B N R AU Views FIHAD ViewGroup, &/ Mii FIFFEE,
ViewGroup i18—"> View &4y, FIT RN View HATA R #E . E—A> ViewGroup
HE] LU WL 55— ViewGroup TN ZE . %54~ ViewGroup ZEZ [A] ¢ R WA 5-1 iR,

[ ViewGroup ] View View

I |

View View View

5-1 BRMBARR

5.2 Android PRV RfMHEHT

£ ViewGroup HLfI W] LAE MR Z 10, UL AR FE RIS RIZ L A F3EA T HES . SRR
IS RICR o AE A JR BT 3 T A P AR A g, 3R T RASIEELS I 22 A DU vt (1 R
Wtk. A R 2L Layout VAR U1 F

<LinearLayout xmlns:Android="http://schemas.Android.com/apk/res/Android"
Android:orientation="vertical"
Android:layout width="fill parent"
Android:layout_height="fill parent"

>

FE— M A2 A LS BB E M R A 2%, 78 Android 4T 5 Fh SR R &,
S AEMESAR JR) (FrameLayout), Zt:Aii ) (LinearLayout), ZiXi4fiJs (AbsoluteLayout), #fl
XiAfJa (RelativeLayout), FA%AfiJ (TableLayout). FEATTHINZEH, KE1ELN R TR AT
JEIRT G S AR R RS FH 5%

521 %7 5 LinearLayout

LinearLayout & 1:A7 J5), AEME ARG 4 e 5 B 10 3 B a8k T @ MR HEF T 107 oc & . it
HHF &M e A e R 2 5, Bk— AN EFES RN T ST A0t %, mAE
CEATEZ 5%, m—MKPAIRES A —Mrm GRS T Io g 0 s b e = B
LinearLayout {545 176 2% 2 W) (1) 15) b LA S HAHXS 55 AN Ie & A 55 T 55 e
X550

LinearLayout it 37 5 4 Bl () 170 596 5 weight, IXFE I AE 2 fo iR 170 2 ) AE 76 B 5%

HE 135



124 Android ZGRLMAN D E)HE B

R R R R TR AN KB, BN R B RSO, W LAV EAT]

UK, HATH. FIusfEE— weight {H, TR S TX L0 5= 45 € 1) weight L

B BCLIX LTI E . BRI weight {8 00 R = ANSCARE, HrhW NEe T weight {5

H 1, W, KA SCARRER S LLFIHBOR, IR AR 28], 5 = AN SCAMEA SRR
1id LinearLayout ZethAfm, W LAE—ANJ7n) b (FEHBUKE) WF A FIoE. E48

[EE AT LUK P oo R DM, nT LU — AN H AR, BT A A —ArooE Coie

EATEZ5%), WK 5-2 fim. RBAMEnT UG —AKEFIE, Wil 5-3 Fir.

al & tF1:a7 all @ LF1:50
DroidDraw DreidDraw

|AutoComplete
|AutoComplete

K52 dEE AR Kl 5-3 KR

5.2.2 #EZ3n /5 FrameLayout

FrameLayout HE42 4 J7) & Android H s il 500 — NG JRxd 4, B ae 64 b4 B —
M EAH R, 25 AR R RE R — AN %, #ilin—5K 18 o FrameLayout BRA
BT oo R e e A b, BATIANRE R & FrameLayout 11— A1 L R AL E
N T IREBSHEEN AN TR LT E G EAR, el saeissit. &
T B A

<?xml version="1.0" encoding="utf-8"?>
<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout width="fill parent"

android:layout height="fill parent"

>
<l-- TATEX N T4 Button 24 -->
<Button

android:text="button"

android:layout width="fill _parent"

android:layout height="wrap content"
/>
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<TextView
android:text="textview"
android:textColor="#0000ff"
android:layout width="wrap content"
android:layout_height="wrap_ content"
/>

</FrameLayout>

AR T FrameLayout i &), T /A FIRCRWIE 5-4 FioR.

extview

bullon

5.2.3 417 /5 AbsoluteLayout

AbsoluteLayout 44Xf i Jaj, TJ LL3REH 702
() xly AAARALE, IFRosrEbis: b JHO, 0)&nA LA,
G 1n) T 8] A A S I AR PREKE B2 A2 K. AbsoluteLayout
BAHVUUME, TRV TRZ M EAHES. FH NI —B& Kl 5-4 FrameLayout i )
A

<?xml version="1.0" encoding="utf-8"?>
<AbsoluteLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android:layout width="fill parent"
android:layout_height="fill parent"
>
<EditText
android:text="Welcome to Mr Wei's blog"
android:layout width="fill parent"
android:layout height="wrap content"

/>

<Button
android:layout x="250px" /% B x AAFR
android:layout_y="40px" /BT y AR
android:layout width="70px" 1/ B AL B8
android:layout height="wrap content"
android:text="Button"

/>

</AbsoluteLayout>

RS T AbsoluteLayout i J5j, AT Ja R a1 5-5 s
EE: EBFRE LA P RIEAIEA AbsoluteLayout, B A
%’f%ﬁ@”&zﬂ}f\im ’Ti , VA _ﬂz—_f_/ﬁ—z: [5] éﬁiﬁté‘ié\z‘?‘f"—m QE% Welcome to Mr Wei's blog
'{J /]'%})Lc Bullun

o

N

P

5.2.4 #E3375 /5 RelativeLayout
RelativeLayout AHXJ i 5, $5 € FIoE AR T HAL TR B 5-5  AbsoluteLayout A1i 5
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JCEMAE (Gl ID F75E). nJRALANSE, B BT, B8 T 5 b i B ORFES T AN T
2o POTTERM RS, R R s — Ao R AR SRRk, B A A T IX AN e FR R oA
TG 2 R DA BE % b R A A B R HE S . W AT AT AR id 1 (Extensible Markup
Language, XML) >KH455EiXA™ Layout, i B2 AT AUE X RIKI TR . FH FIH)—&

<?xml version="1.0" encoding="utf-8"?>
<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill parent"
android:layout_height="fill parent">
<TextView
android:id="@-+id/label"
android:layout width="fill parent"
android:layout_height="wrap content"
android:text="Welcome to Mr Wei's blog:"/>
<EditText
android:id="@-+id/entry"
android:layout width="fill parent"
android:layout height="wrap content"
android:layout below="@id/label"/>
<Button
android:id="@-+id/ok"
android:layout width="wrap content"
android:layout height="wrap content"
android:layout below="@id/entry"
android:layout_alignParentRight="true"
android:layout marginLeft="10dip"
android:text="OK" />
<Button
android:layout width="wrap content"
android:layout height="wrap content"
android:layout toLeftOf="@id/ok"
android:layout_alignTop="@jid/ok"
android:text="Cancel" />

</RelativeLayout>

RS T RelativeLayout AfiJmy, AT JG R A& 5-6 iR

\Welcome ta MrVWei's |

¥ 5-6 RelativeLayout i 7}

1t RelativeLayout fii iy J7 20, Heghtg vt B an &l 5-7 .
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Activity Title
property
Te“‘f;"l‘ > Views/Layouts/RelativeLayout/Example
-  fal ———————————————————————————————————
= width: Fill Parent
«  helght: wrap content
EditText Cancel m RelativeLayout
«  |D:texiEntry «  width: Fill Parent
« width: Fill Parent - height: wrap content
. height: wrap contant =  background: blue
+  below: "labal1" = padding: 10

Button

1D: okButton

width: wrap content
height: wrap content
below: “textEntry”
alignParentRight: true
marginLeft 10

text: “0OK"

Button

« width: wrap content
=  height: wrap content
=  toleft "okButton”
.
-

alignTop: "okButton™
text: “Cancel”

K] 5-7 RelativeLayout A7 J7 ({1 4544

5.2.5 &% 5 TableLayout

TableLayout FA%A A, K1 Ious KA E D BT 88 . —4> TableLayout HIVFZ (1)
TableRow 4%, /> TableRow #i4s7E L —> row. TableLayout & #% A4 7~ row. cloumns
8y cell MIAHEZ: . BE row A 0 ANERZ AN cell, B cell A —A View X% . Ekg H
MATHRVFZ R TTHE . MG SUVFRRTTIE NS, ST ANBEES 1. & I 0 — B

<?xml version="1.0" encoding="utf-8"?>
<TableLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill parent" android:layout height="fill parent"
android:stretchColumns="1">
<TableRow>
<TextView android:layout column="1" android:text="Open..." />
<TextView android:text="Ctrl-O" android:gravity="right" />
</TableRow>
<TableRow>
<TextView android:layout column="1" android:text="Save..." />
<TextView android:text="Ctrl-S" android:gravity="right" />
</TableRow>
AR HLE LI B2k
<View android:layout height="2dip" android:background="#FF909090" />
<TableRow>
<TextView android:text="X" />
<TextView android:text="Export..." />
<TextView android:text="Ctrl-E" android:gravity="right " />
</TableRow>
<View android:layout height="2dip" android:background="#FF909090" />
<TableRow>
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<TextView android:layout column="1" android:text="Quit"
android:padding="3dip" />
</TableRow>
</TableLayout>

RS T TableLayout fii /@7, AT /5 MK
RuE 5-8 fizm.

5.3 {#FR<merge />iREA AL Ul RE

7E XML U e X Android UT A J&y 2SI, A3 DUAS BURR:  IRFR 25 A2 IR B2 11
I3l E<viewStub/>, <requestFocus/>, <merge/>Fl<include/>HHH = ANERFEEHAK. 7]
I AR JRAT I Bk 1) 491 58055 7y 77 SCRY (R4 1 B AT A T RN QI SRS I L . Horp
<merge />FRAETrEEE, KEAEAEDAL UL g5 BIREZM/EM . <merge />Hr%8 0] LLE
LI SR FE AN, A A Android Layout [RI4544 o

TEATNT A ZE, R —A B ARSI K 3 B <merge />FR%5 1 UL S ARALPE R

531 FEEWM

TEAT H<merge /SHRZEI, 7 B RUTT HIPA A

(1) <merge /> A LI layout xml IR Y £

(2) MTHEY M layout xml AL & H merge 1E AR SHIE, 77 20K 4 AT layout
xml ‘& T ViewGroup ', [FAII 7529 5S40 attachToRoot A True.

FLSERR TARBIAL, <merge /SARAEIEA S35 . 2 <Include/>E{# <ViewStub/>7
ZE AR EN XML g5 R, 7 LB S N1 XML H merge 1 AR T 53R 7R XA M #HR AR
Raitgh)a, AT LMREF PR e e S i ARG B a5, A TR IS A

532 E{KI;

(1) HrEE— A Layout S, RIS TNAS Views J0E, 402 ImageView Fil
TextView. FEERIIRES FREX AN JCEIAE FrameLayout 1, ZCEEFE F AR 45 o —ik
kb s e by IR TRE R N T SO mainxml () 3= ZESEEARS AT

Cancel

P 5-8 TableLayout 17 J7)

<?xml version="1.0" encoding="utf-8"?>
<FrameLayout
xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill parent"
android:layout height="fill parent"
>
<ImageView
android:layout width="fill _parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/golden gate"
/>
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<TextView

android:layout width="wrap_content"
android:layout_height="wrap content"
android:layout marginBottom="20dip"
android:layout gravity="center_horizontal bottom"
android:padding="12dip"
android:background="#A A000000"
android:textColor="#ffffffff"
android:text="Golden Gate"
/>

</FrameLayout>

WEIN AT J5 I RBCR A 5-9 .
(2) i3l SDK/tools LA H1 ] hierarchyviewer.bat, Wi 5-10 i,

Kl 5-9  PATRER K| 5-10 J5 %)) hierarchyviewer.bat
IEIN AT AR 24 i UL S5 AL, anll 5-11 s

Start Server Stop Server Refresh Windows Devices Load View Hierarchy! Display View Capture PS) Invalidate Request Layout
PhoneWindowsDecorView B G Duration fne)
eeeeee 2. 497
#0@3AeTAE Layout .53
Hoe dray o
/ Froperty Value
LinearLayout
so@HdcTcn
NO_ID
FrameLayout FrameLayout
#0@43deB0bE #1@43dea2ds
No_ID idrcontent
On #hite IDn Elack [ Show Extras
TextView FrameLayout
#0@43dcadm #0@43dea7c0
idtitle No_ip
Textview ImageView
#1@43deb0mn FO@43deacE0 =l

) 22D | Filter by elass or id 2%

5-11  3C4F main.xml [#] UT 500 K
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WIS AT AR B 2 () 381 E 2T ZRAE BT 0 5 (R 25 R H B T PR framelayout 7 55, IX B
PN 58 A AR R )T RO T IR B, B A anAe] A RERFLRE 2 I I ht 22 ] 2l <merge />
FRAEARALBEALL) 1) 1

(3) 4 112 XML AR ) FramLayout #2% merge, A7 J5) SC/4 main2.xml ) H A& SZHIACHS
LI

<merge

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

>

<ImageView
android:layout width="fill _parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/golden_gate"
/>

<TextView
android:layout width="wrap_content"
android:layout_height="wrap_content"
android:layout_marginBottom="20dip"
android:layout_gravity="center horizontal|bottom"
android:padding="12dip"
android:background="#A A000000"
android:textColor="#ffffffff"
android:text="Golden Gate"
/>

</merge>

WP EAT G, SR SRR & —FE), i Hierarchy Viewer 22 K I
UI 4k 220, il 5-12 s

PhoneWindow$DecorView

@4336b3d0
NO_ID
|
LinearLayout FrameLayout
@4336bd78 | — @4336c600
NO_ID NO_ID
TextView FrameLayout TextView
@4336bf18 — @4336d7a8 @4336¢bf8
NO_ID id/content id/title
ImageView
@4336e090
NO_ID

Kl 5-12 UL it 4LE
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IR K 2 42 () FrameLayout 15 i S IFE—i T, Rl¥f<merge /S>Fr%EH )14 HAZ N
F| Activity [ FrameLayout AR 17 &5~ o WP A Layout JFA & H FramLayout /F AR AT
(T /&N H LinerLayout 55 & SCHFRZE),  wiASBEN i o) -1 it merge SRABAL UL 4544

5.4 {ft{k Bitmap BH

7 Android T H 7, 41 R HEH ImageView ‘7R Bitmap & i Al 2 . R A
BRI, HEn e REARG b WA BitmapFactory.Options ¥ & inSampleSize,
IXFERT DA AT R THUR I EK o S AT NS4, R AE Android 27 Bitmap
BRI 7

Sl 1
TRt AL He#k:\daima\5\bit
ite {iAt. Android /71 Bitmap & /v

541 EBrR—EIER
Y 541 JA S xmlxml, $6H AN ImageView 2 4FHT W —8IE A, 2SR,

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

>

<TextView

android:layout width="fill parent"
android:layout_height="wrap_content"
android:text="@string/hello"

/>

<ImageView
android:id="@-+id/imageview"
android:layout gravity="center"
android:layout width="fill _parent"
android:layout height="fill parent"
android:scaleType="center"

/>

</LinearLayout>

542 FREEFRWMEENSE

9’5 SCAF java.java, I 1EE inJustDecodeBounds 4 true [ /7 A KSKHL outHeight (& F
JRAa ) F outWidth (B I JRARTERE), AR5 TH—> inSampleSize (Fiffft). FEAAD
urr.,

import android.app.Activity;
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import android.graphics.Bitmap;

import android.graphics.BitmapFactory;

import android.os.Bundle;

import android.widget.ImageView;

import android.widget. Toast;

public class Androidlmage extends Activity {

private String imageFile = "/sdcard/AndroidSharedPreferencesEditor.png";
@Override

public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);

setContentView(R.layout.main);

ImageView mylmageView = (ImageView)findViewByld(R.id.imageview);
Bitmap bitmap;

float imagew = 300;

float imageh = 300;

BitmapFactory.Options bitmapFactoryOptions = new BitmapFactory.Options();
bitmapFactoryOptions.inJustDecodeBounds = true;

bitmap = BitmapFactory.decodeFile(imageFile, bitmapFactoryOptions);

int yRatio = (int)Math.ceil(bitmapFactoryOptions.outHeight/imageh);

int xRatio = (int)Math.ceil(bitmapFactoryOptions.outWidth/imagew);

if (yRatio > 1 || xRatio > 1){
if (yRatio > xRatio) {
bitmapFactoryOptions.inSampleSize = yRatio;
Toast.makeText(this,
"yRatio =" + String.valueOf(yRatio),
Toast LENGTH LONG).show();
}
else {
bitmapFactoryOptions.inSampleSize = xRatio;
Toast.makeText(this,
"xRatio =" + String.valueOf(xRatio),
Toast. LENGTH_LONG).show();
}
}
else{
Toast.makeText(this,
"inSampleSize = 1",
Toast. LENGTH_LONG).show();
}
bitmapFactoryOptions.inJustDecodeBounds = false;
bitmap = BitmapFactory.decodeFile(imageFile, bitmapFactoryOptions);
mylmageView.setimageBitmap(bitmap);
}

}
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e B ARG, &P inSampleSize IR 40 BRI A SR 4G B v KA Ly 22—, Rl
WS ANME S 2, DUJHRCHE R i s T PR 5 R s T A B AR T 1 12, B R DR/l ok R g R /)
i 1/4.

Options '] J& 1 inJustDecodeBounds LR H %, 41 5% & inJustDecodeBounds A true,
W] AFRE outHeight £ outWidth (W18, i 13X P AME 5 7T LAUE 5063 1) inSampleSize .

5.5 Framelayout TafEfiiL

28 3k A FE U P N A 40, FrameLayout A& f 7] B[ — AN AT R 6 % FeAlT AT LA
FrameLayout “4{F canvas CiHA[i), MBFHER )20 EAIFAGE 78 B R R SC745 . 5 n T i
BN (k] AR android:layout_gravity K &AL ED

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

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

android:layout width="fill parent"

android:layout height="fill parent" >

<ImageView
android:id="@+id/image"
android:layout width="fill parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/candle"
/>

<TextView
android:id="@-+id/text1"
android:layout width="wrap content"
android:layout height="wrap content"
android:layout gravity="center"
android:textColor="#00ff00"
android:text="@string/hello"
/>
<Button

android:id="(@+id/start"
android:layout width="wrap_content"

ﬂ & 543

android:layout_height="wrap_content"
android:layout_gravity="bottom"
android:text="Start"

/>
</FrameLayout>
BT FRAIE, ORI 5-13 Fis, SEEIN UL 0L
Kl 5-14 s, Bl 5-13 $UTRCR
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PhoneWindow$DecorView
(@433a0468
NO_ID

/

LinearLayout

PhoneWindow$DecorView
@43420628
NO_ID
LinearLayout
@43420£d0
NO_ID
FrameLayout FrameLayout
(@A43422a28 @A43421858
id/content NO_ID
OkCancelBar ImageView TextView
@4341c980 @43423320 @43421e50
NO_ID NO_ID id/title
Button Button
@43419868 @43421170
id/okcancelbar_cancel id/okcancelbar_ok

@433a0e10
NO_ID
FrameLayout FrameLayout
@433a1698 @433a2868
NO_ID id/content
TextView ImageView TextView
@433a1c¢90 @433a3150 @433a0fb0
id/title NO_ID NO_ID

5-14 UL IZ5 01 P

5.5.1 {EA<merse /> @/ LM ERRLEH

M BT E 5-14 HA] LUE BIAFAE T P FrameLayout GREMEH RIS . W1 S BEFE layout
A FrameLayout 7 B Zsdsialt n] DAE— 2244 An AR 1o AFJ2 1A R A 75 2241 )2
BB, WA EBMER FrameLayout WNZSCAFEAS R EE AN RIS X R0 T vl LA
i H<merge /> b2 T o FRATAT LARHCRS AT W & BRI ATV BR 2 42 1) FrameLayout.

<?xml version="1.0" encoding="utf-8"?>
<merge xmlns:android="http://schemas.android.com/apk/res/android">

146 EN

<ImageView

android:id="@-+id/image"
android:layout width="fill parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/candle"

/>

<TextView

android:id="@-+id/text1"
android:layout width="wrap_content"
android:layout_height="wrap_content"
android:layout gravity="center"
android:textColor="#00ff00"
android:text="@string/hello"

/>
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<Button
android:id="@-+id/start"
android:layout width="wrap content"
android:layout height="wrap content"
android:layout_gravity="bottom"
android:text="Start"
/>

</merge>

HARIZ ] DL DAL JZ e gk, SEIR T UL BI04, (R JE<merge />t A — 648 H BRI,
B L BEH T layout xml SCAFRIHR TG E s ZEARASH i H Layoutlnflater.Inflater()—™ LA merge A
W T0 2 A sy ST I e, 75 ZEAE A “ View inflate(int  resource, ViewGroup root, boolean
attachToRoot)” 5 & —> ViewGroup 1E L7545, If HE W E attachToRoot 4 true.

5.5.2 {EA<include />=F layout {ta3

Android &4t T RER) ULIE, 1 ] DORX SN Rt Gl #dife—k, 2
WA S22 HAT FHE T . ARTM, SRR A I 75 2 — S m e e . o T eI —/
K, I HREm ARSI, AT LAEZAbRUER R 25 Gl A s — AN Bl . ) B A

R WP & —FE, FedlTn] LS 4 F<include />§|€@,4\Eﬂaﬁ/ﬂlayout A, Banfehs
AN R BT R EE R 20 53— AR R e, AT LA i <include />hr%k HEH] layout 875

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android:layout width="fill parent"
android:layout_height="fill parent">
<include android:id="@-+id/layout1" layout="@layout/relative" />
<include android:id="@-+id/layout2" layout="@layout/relative" />
<include android:id="@+id/layout3" layout="@layout/relative" />
</LinearLayout>

X R EAEN S, “@layout/relative” AJE5|H layout [ ID, i /&5]H] res/layout/relative.
xml, AR LUR B S BCE A R A, e DUZ T A .

<?xml version="1.0" encoding="utf-8"?>
<RelativeLayout
xmlns:android="http://schemas.android.com/apk/res/android"

_n

android:layout width="wrap content"
android:layout height="wrap content"

android:id="@-+id/relativelayout">

<ImageView
android:id="@+id/image"
android:layout width="wrap content"
android:layout height="wrap content"
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android:src="(@drawable/icon"
/>

<TextView
android:id="@-+id/text1"
android:layout width="fill parent"
android:layout_height="wrap_content"
android:text="@string/hello"
android:layout_toRightOf="@id/image"
/>

<Button
android:id="@-+id/button1"
android:layout width="fill parent"
android:layout_height="wrap_content"
android:text="button1"
android:layout toRightOf="@id/image"
android:layout below="@id/text1"

/>
</RelativeLayout>
BRI AT 5 BIRBCR I 5-15 Fros. _
5y5h, Aifil<include SHRAE, BT ATLABLS ID BIEHST, £ e S S22

A DAE e A8 A, 450201 android:layout width #1 android: height
o WA LA — A EH A — AR SR — N O 4
AR E AN (e FUOEEE) B S ERR. ARl
IR o TR, URA] D S — A F o P View RKEHE—4
UL 84, AR 7 22 8 A XML SR SEHR
7E Android XML A J&y SCAFHL, 305 BEAMREEER RS N — > 5K B 5-15 HUTHR
MRS XL —HR 2 View 128, UL T HAIE RV iRfl
= AMRRR ARSI N BAR K] View 5E4: <requestFocus />, <merge /> <include />,
HHIEPT WL, <include /~JCHEFIMER MR 47—, H TR AR XML fiJ&. BE
N T <include />HRA8 15

button1

<com.android.launcher. Workspace
android:id="@-+id/workspace"
android:layout width="fill parent"
android:layout_height="fill parent"
launcher:defaultScreen="1">
<include android:id="@-+id/cell1" layout="@layout/workspace screen" />
<include android:id="@-+id/cell2" layout="@layout/workspace screen" />
<include android:id="@-+id/cell3" layout="@layout/workspace screen" />
</com.android.launcher.Workspace>

1t _F ik <include /S5, KA 21T layout Rk o BLHF AN Android fiv 44 7% 18] 1 25,
RFREE ARSI A2 ERE7 o, MR REE S T =K. XML eir
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PRI W 5 A R i) — etk . ERIR6) 7 Bon 7R LUE R android:id R Fi i & A
JHAR View [ 1D; &b T DA o C205E AT = 1D [RIFREEL, BdiTml LU S BT 19
AR ZH . XEWREALAT “android:layout_*” FIRF I #8F] LAfE<include /> . 140~
T PR A «

<include android:layout width="fill parent" layout="@layout/image holder" />
<include android:layout width="256dip" layout="@layout/image_holder" />

Pr¥<include />R, Hpl e A B € i UL M. 414 Activity (1) 32 E41 )
JCEALE “layout/” SCAFIETR, HABARRBCESE “layout-land/” A1 “layout-port/” T . iXff, 7E
e ELFIZKF 7 ) ISR AT PLE 2K 22 301 UT AR

5.0.3 ERANEK

JER AR D Re A B, Rl e S o Ros 1A A LU 2 9 FLIT o 2 ] EE AR
7E Android W R/, AT LMITH ViewStub SEILAER gk Dhhg. ViewStub s&— AN ILH,
KA 0 ) View GLED, SetE S & SEBl View FUZEIR AR, 75T I PN # View,
XA Java i DL PEREAUAL VAR IR gk —Ff .

I ViewStub [ setVisibility() b& 205 & 4 7] WEGH A inflate() R EVI 4G 1% View HIRT
fic, ViewStub 5| HIIBHIEIFEAWIAAI, AR5 5T B8R ViewStub HHARLE ViewStub )47
B TEEA W setVisibility)rRi £ EK inflate() PR T, ViewStub — B AFAE T AL 2R 451
o fHJEH T ViewStub 24T, FrLIOAHERERZ AR /N ] LA IS ViewStub [ inflated]d
JE MR B e 51 Layout ID. 491201 [ 4G HS «

<ViewStub android:id="@-+id/stub"
android:inflatedId="@-+id/subTree"
android:layout="@layout/mySubTree"
android:layout_width="120dip"
android:layout _height="40dip" />

76 LIRS H E LT ViewStub, iX 7] LLUE IS ID“stub” k4K 2] ZEVI LA L BE 5 “ mySubTree”
i, MNALEFH IR T stub, SR “mySubTree” AR T stub (K47 & . FIEAH Y5 "mySubTree"
2N 144 ] LR L inflatedld $55E#) ID: “subTree” K51 H . F G HIGHAL )5 3G IE 78 31
—ANBEN 120, &y 40 AL E .

TEVIGRAL ViewStub XG0T, g0 R i 7 RS

ViewStub stub = (ViewStub) findViewByld(R.id.stub);
View inflated = stub.inflate();

U PR AL inflateQFINR,  ViewStub $5H BIBHIREN, IF HIRIEIGIAET View. XFE
7 Al LUE AR 25 G View, TG FROCU TR AL findViewByld()OR AR T, IXFHER T
M, BB TR H .

EE: ViewStub AL RALTRAZ T fikeg, o & K898 425 I 1L 7 Z HF<merge />H74
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5.6 {FF Android 28I TE

FIERN ARG EZNE, FrLA Android AIFR N SSRft Tb i TH, XLET R
#ELEAE Android SDK He fEARTTIIN AT, KETEAUHRIX Ll THRAIEA %,

5.6.1 Layout Optimization TE

it Layout Optimization T H 7] ELpH i 1) Layout, FfFeftitb s W, 38 vl LAAE
tools SCAFJer 4k 2 layoutopt.bat I )5 3]«

FRIZIT'E, T B a2 TN sdk ¥ tools H 3%, #i\ layoutopt I FFATIA JR H 3%
AT IBAT W 5-16 Frar, JLHAE RS BRI TR A A R e S e s, X g
W AR o

[E = ~IDDOUNLOAD~android—=sdk_rB6-—windows vandroid—sdk—windows“tools>layoutopt E:‘wor
space ~E¥_B3_@A7~res~layoutsmain.xml
[E: “workspace“EN_A3_A?\res‘layoutsmain.xml

6:37 The root—level <FrameLavout-> can be replaced with {merge~>
E : ~\IDDOUNLOAD “android—sdk_rBb6—windows “android-sdk-—windows “tools>

K 5-16 2T

IR AL, XA T, BRI ERATT UL ¥ert, -3k BIHLF A1 R 772« Layout
Optimization I EL [ FIEMIT:

layoutopt  <list of xml files or directories™>

HZHUE 1 EEZ A Layout xml 3L, LLFHE ARG . AT L2 A4S Layout xml SCAHr
TER SO e84 . lan R Tl 7~ T Layout Optimization I H Y FH 2
layoutopt  G:\StudyAndroid\UIDemo\res\layout\main.xml

layoutopt  G:\StudyAndroid\UIDemo\res\layout\main.xml G:\Study Android\UIDemo\res\layout\relative.xml
layoutopt  G:\StudyAndroid\UIDemo\res\layout

FOSE UL T e 8o P, PERE R AP RARIS AR B2, (B 5 tHAR TS A () A AT
WAR S . T E AL, FERAE AN AZE 0 /. @t H Android SDK &
ff) . & Layout Optimization, AJLLHZN/ AT, KILATREIFANTT LA Jmoczs, U
FEARAT R R . fE8 TR AT, Rl ik — AN BARE <K U A8 Layout Optimization
(R FEARAE o

(D #E£& TAE

AR ARME A Android SDK e etk TH, WIFGFEAEF R R ar AT TAE. i
AWK Android T HPTLEMIEATAN N BHRAE RGBT AR B rh, XA AT LB A AL R
ALEATAHRI TR T, A3 WRR R LA iy 258 47 i A A S8 3 1 SCF 4% . R/ Android
SDK "N T HH%: “/tools” il “/platform-tools”, I I = ZAF AL T “/tools™
H sk i layoutopt T, #4h, ADB T.HAZT “/platform-tools” HkF.
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(2) 1217 Layout Optimization
1217 Layout Optimization T F 7 VAR L, WU b —AM s SOkl s SCAR BT
HAE NS AEIHEE RS, X LA ELAR A Joy SCPF B H S e d A, IS A st
PEFIEAS Hoke WEER MR
D:\d\tools\eclipse\article ws\Nothing\res\layout>layoutopt
D:\d\tools\eclipse\article ws\Nothing\res\layout\main.xml

D:\d\tools\eclipse\article ws\Nothing\res\layout\main.xml
D:\d\tools\eclipse\article ws\Nothing\res\layout>

e EIRER R, AE T SO R AR, WUERANRE e R AT, A AT N,
(ZLUE

D:\d\tools\eclipse\article ws\Nothing\res\layout>layoutopt main.xml
D:\d\tools\eclipse\article ws\Nothing\res\layout>

(3) 1§ F Layout Optimization %t

Layout Optimization [141 H 25 5 FURMERRPE I R0, FRATT AT DA B R A0 B TR 7 Rl
XL, R THSKRE JLMETH Layoutopt T HL 4 H 141 1.

A1 TS A R

FEAT SRVt S TR S B AL B & AL, IF HAT Le2 e 2 v Be s AN TR, il
AR A R A .

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

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="match parent"
android:layout height="match parent"

android:orientation="horizontal">

<LinearLayout android:id="@-+id/linearLayout1"
android:layout height="wrap_content"
android:layout width="wrap content"
android:orientation="vertical">
<TextView android:id="@-+id/textView1"
android:layout width="wrap_content"
android:text="TextView"

android:layout height="wrap content"></TextView>

</LinearLayout>

</LinearLayout>

Layout Optimization . FURE 2R P H 4 F 3278, 15 VR A1 LinearLayout P [ LinearLayout
=
R

11:17 This LinearLayout layout or its LinearLayout parent is useless
FE B s b, AT AT RPN RN T ERIAT
2. HREATLIE
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Layoutopt I A7 I 220 JE 1, 40 T ) A AR A

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

<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="match_parent"

android:layout height="match parent">

<LinearLayout android:id="@+id/linearLayout1"
android:layout height="wrap content"

android:layout width="wrap content"
android:orientation="vertical">

<TextView android:id="@-+id/textView1"
android:layout width="wrap_content"
android:text="TextView"

android:layout height="wrap_content"></TextView>
<TextView android:text="TextView"
android:id="@-+id/textView2"

android:layout width="wrap_content"

android:layout height="wrap content"></TextView>
</LinearLayout>

</FrameLayout>

Layout Optimization - H44233& [0] T [f (K% ) -

5:22 The root-level <FrameLayout/> can be replaced with <merge/>
10:21 This LinearLayout layout or its FrameLayout parent is useless

Hrp S —AT R BEAR AT, (HAEDTHER, FATE ENA TextView HHJHCE, HIit
LinearLayout NAXPR A, 1058 AT A SUU AT LR, AT LA ER JC H ) FrameLayout. {H ;Eéiﬁ_{
AN THEAZARER, Fllde BEsAag, WS FrameLayout N I— N 5of@tk, A
JaFHE T TH, F— @Sk, mE AU S E 8. TH Layout Optimization %1
ERATAREE L I 5, HAA T LinearLayout /&5, EATL 11445 FrameLayout
AN T — LinearLayout AN AEHE AL g 1

W3 RZ AL

SRR ER LS AEN A, WERAE— MR A B R Z AE, i Jmss b 2w
1o B — MM RS 80 ML, N Layout Optimization 7] 4345 R THIX LR 1L :

-1:-1 This layout has too many views: 83 views, it should have <= 80! -1:-1 This layout has too many
views: 82 views, it should have <= 80! -1:-1 This layout has too many views: 81 views, it should have <= 80!

IR R B AN BRI 80, MAREOBTI B4 AT BERENE SRR A Z ALK, H
WAL I REAE IO, B VCRANIE A 1L

A4 IEXE

— MM B ANAZA K Z HKE, Android FFRAIBAE U R ORFFAE 10 LA, RIAT 5
KRR B e, AR AN N AR IS 10 9. 44 Jm ik K Z I, Layout Optimization 2%
HarF 2
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-1:-1 This layout has too many nested layouts: 12 levels, it should have <= 10! 305:318 This LinearLayout

layout or its RelativeLayout parent is possibly useless 307:314 This LinearLayout layout or its FrameLayout parent is
possibly useless 310:312 This LinearLayout layout or its LinearLayout parent is possibly useless

I RS IR A R T T AT LA R E T, AT BT R A R T
Mok, Y bt A Al e as i ERr 8Lt

13RI W, Layout Optimization 42> 5y HI 1) A i 70 A 2 HL SRRSO F KA )5
LA 2 FIWT 77 R4 Layout Optimization 25 H LA, BARRAN AR B A —E
SLBURIE S VERE, (3 B R LR AR iAo H 18 S N TR P, O HLR 9T e
MESEWAR K o T BA SR AR T TF A 3], 3 mT DAyl DIl e TAE &, BRItk 7EN
REFPIT S, NS LAAC AR KA g AN BRI g5 i P S BRI e v

5.6.2 Hierarchy Viewer T &

S22 M 5245 Hierarchy Viewer, & Android AR EHAE—MUL T H, X HEW
WA AL T, T DOSEEE UL e Dhfg . HSEAEARZERITHIA 4.3 rh D& H X~ T A
Jy T 1320 Ui ] Hierarchy Viewer . E.[JHE, T5EEH FHif—BARC .

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

<FrameLayout xmlIns: Android="http://schemas.android.com/apk/res/android"
Android:orientation="vertical"
Android:layout width="fill parent"
Android:layout_height="fill parent"
>

<TextView
Android:layout width="300dip"
Android:layout height="300dip"
Android:background="#00008B"
Android:layout _gravity="center"
/>

<TextView
Android:layout width="250dip"
Android:layout height="250dip"
Android:background="#0000CD"
Android:layout _gravity="center"
/>

<TextView
Android:layout width="200dip"
Android:layout height="200dip"
Android:background="#0000FF"
Android:layout _gravity="center"
/>

<TextView
Android:layout width="150dip"
Android:layout height="150dip"
Android:background="#00BFFF"
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Android:layout_gravity="center"
/>
<TextView

Android:layout width="100dip"
Android:layout_height="100dip"
Android:background="#00CED1"
Android:layout _gravity="center"
/>

</FrameLayout>
AR TR B0 — M RS, PTG AT LA ] 5-17 PR 2S8R0
g H R M #s Hierarchy Viewer KM TAT AT =), e T HAE sdk ¥ tools H 3% T,
FIFFfE A an i 5-18 s

File Devices Help

l . Refresh H '=§ Load View Hierarchy A Inspect Screenshot

B emulator-5554
Keyguard
StatusBar
StatusBarExpanded
TrackingView
com.pms.fralayout/com.pms.fralayout.Fralayout
com.android.launcher/com.android.launcher2.Launcher

com.android.internal.service.wallpaper.mageWallpaper
K 5-17 EZE8%R 5-18 Hierarchy Viewer F+

HIF] UL, Hierarchy Viewer KA IIARMAIE, £E R I0A I 74T g Lk, JF H
R ERET AR B =N, AR RPFrdies R, KRXGHHBAZIRIBE, #
U 2 — AN MR RSO B R o RN 22 T AT BAEAT = LI D . AR
5 BF IR ORERA R, e DU B “Load View” #8, HEANWIE 5-19 Pros 7t .

K 5-19 i “Load View” 35415 (15t
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Ferb KRB O NI AT R TR 4R, BT S A O ID 2605 5, 5 B RS IXA
WRIREGSE R, WA RO E RN, AifRMedl. sEmt, 2aRE. A NhK
By 7 AR RP RG], WS 7 0 00 Fdinl LB A F RO L %
TR A O 6 WA 5 AT RD BUREAASE N TR) . 0l il LTI A
PSSR . T VRN T R 2 R P00 o Bk AT . (R T [ P R A m T A E A
B PUAEAT R P A EAE Y. THEAHT —RAITH, fR4F00 png. psd BRI TR, H
HFA7A load overlay ZEIT AT UIIA BRI Z o 2R T7 ZEAEURIKIA R A E A bitmap, /72
PRI RAT o ki 22 N AR = A BRI R R, i 5-20 Fror.

fect  Help

PNG | & Refresh Screenshot [ *#RefreshTree || 5 Load Overlay ShowIn Loupe [ © Auto Refresh

O d 0% ¢ ' 100%
Refresh Rate:1s < » 40s
' Zoom: 2x ¢ » 24x

e

K 520 BEMKE

EIRALE L, View 1 ViewGroup KRB, HLli L i) View /£ 414 KK &b
LA S TATE T HIN Y Viewo dweA7 M4 a6 LA T o mp ) D TR A 4R 3 MRS (1
K5, WTLLAE “Zoom” FLMBEMOANAEHL. 7EIX HLREE A FRIARAR, Blth . WS a3
HTE T

5.6.3 Bf&{EFA<merge />Fn<include />#RZ LI B AP

R FRANES, K PH<merge S MlI<include SARZEMI HAMEH . <merge /S>FR%E
PLYg D View BRZ R Android A &) o SEIE F THIRHERAED, SR 2 I BRARIX A
PR REMFR I I . TR XML A R AR o —iR s, IF HA— MRl 734 By e x4
SERIAH ST B FrameLayout FUSCE T —A> ImageView, I FJSCE T —> TextView.

<FrameLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill _parent"
android:layout height="fill parent">
<ImageView
android:layout width="fill parent"
android:layout height="fill parent"
android:scaleType="center"
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android:src="(@drawable/golden_gate" />
<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:layout_marginBottom="20dip"
android:layout gravity="center_horizontal/bottom"
android:padding="12dip"
android:background="#AA000000"
android:textColor="#ffffffff"
android:text="Golden Gate" />
</FrameLayout>

HEBARHS (A0 JRvE Gt R AR, ROR WK 5-21 P, 4ff A Hierarchy Viewer 1. HK

KA, 2RISR, MRAFHEF View B, Ko B 27E XML X i)
FrameLayout (f5¢iE78) J& 55— FrameLayout ME—[¥) 7% . WK 5-22 fir.

PhoneWindow$DecorView
(@4339d688
NO_ID

/

£ Gl @ 5:4aPm -
MergeLayout LinearLayout
@4339dal8
NO_ID
FrameLayout FrameLayout
@43395¢58 @4339e0b0
id/content NO_ID
FrameLayout TextView
@43396240 @4339e418
NO_ID id/title
W bl TextView ImageView
: Golden Gate ' * Sty @433968d0 @43396530
i R NO_ID NO_ID
K521 A JRiE desicR 5-22 A LR PR

WESR FrameLayout FI'e[f5Ce# A &AM R RS OHY)T fill_parent %), JfH ALK
H 5 XATAT ) background (155%) FFIAME padding GAZ), Frileseae L. &A15T
BRI AGELE UL ARG BRI . AT TERA REFE XA FrameLayout Wg? Y3, XML
SR EE—AMRAREE H XML A7 a2 S AHN K View SEGIFRXS Y, X IR Ei<merge />Fr%E
KSEHL. X4 LayoutInflater i #|<merge /SARZENSPLE, FF¥<merge />N I T RIS N2
<merge /> TTE . N HFATH <merge /> FrameLayout, Jf5 52 {iff] XML Afi )&
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<merge xmlns:android="http://schemas.android.com/apk/res/android">
<ImageView
android:layout width="fill parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/golden_gate" />
<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:layout marginBottom="20dip"
android:layout gravity="center_horizontal/bottom"
android:padding="12dip"
android:background="#A A000000"
android:textColor="#f{ffffff"
android:text="Golden Gate" />
</merge>

7E EdH R, TextView F ImageView #EEFLANNE] F— 21 FrameLayout o H4R
MBE BB —FE, (HZ View [JZUCEINTRI 7, BN UL S5 ALK 5-23 s

PhoneWindow$DecorView
(@433a0468
NO_ID

/

LinearLayout

@433a0e10
NO_ID

FrameLayout FrameLayout

@433a1698 @433a2868

NO_ID id/content
TextView ImageView TextView
@433a1c¢90 @433a3150 @433a0fb0
id/title NO_ID NO_ID

Kl 5-23 B U g5 /ALK

IRIAR, TEXNI G F<merge /S22 Activity [f] ContentView [F5C TG UG 4452
FrameLayout. 41T ATTA5 f54d FH LinearLayout 15 4 & IIARFRES, A AN REAH XM 15 .
<merge />HRAEAE A — L8l S ARRARA H . I, & S<include />FR% 45 Gk Kl BERIN
THR5ETE . FANRAT T T AAEQ g —AN H e LA A View I H<merge />0 1EBRATE —AME
Hl<merge />8I 7 View [1)ffl '——OkCancelBar, "&E& PANHL, JFAT LLBCE 2 AR
%o T XML ARG TAE A& v E o g ) View:
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<merge
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:okCancelBar="http://schemas.android.com/apk/res/com.example.android.merge'">
<ImageView
android:layout width="fill parent"
android:layout height="fill parent"
android:scaleType="center"
android:src="(@drawable/golden_gate" />
<com.example.android.merge.OkCancelBar
android:layout width="fill parent"
android:layout_height="wrap_ content"
android:layout_gravity="bottom"
android:paddingTop="8dip"
android:gravity="center horizontal"
android:background="#AA000000"
okCancelBar:okLabel="Save"
okCancelBar:cancelLabel="Don't save" />
</merge>

B BRI 5-24 .

Save Don't save

K 5-24 B RRCR

OkCancelBar #53 FAESAR N (] 4, DRI MZALAESNN) XML SCPEsE X, i
LayoutInflate 5 .. R.layout.okcancelbar Pk OkCancelBar 1E 45 0%, W1 FIHFRE D BOIR.

public class OkCancelBar extends LinearLayout {
public OkCancelBar(Context context, AttributeSet attrs) {
super(context, attrs);
setOrientation(HORIZONTAL);
setGravity(Gravity. CENTER);
setWeightSum(1.0f);
LayoutInflater.from(context).inflate(R.layout.okcancelbar, this, true);
TypedArray array = context.obtainStyledAttributes(attrs, R.styleable.OkCancelBar, 0, 0);
String text = array.getString(R.styleable.OkCancelBar_okLabel);
158 Em
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if (text == null) text = "Ok";
((Button) findViewBylId(R.id.okcancelbar ok)).setText(text);
text = array.getString(R.styleable.OkCancelBar cancelLabel);
if (text == null) text = "Cancel";
((Button) findViewBylId(R.id.okcancelbar cancel)).setText(text);
array.recycle();

}

ST F<merge />Hn28 H A NN 24113) OkCancelBar. RS A MAMBAH R 1
XML A3 KA R R, IXFEM AL 2 T4y, TR E S S8 ID. W
AN IR U TN XML A s .

<merge xmlns:android="http://schemas.android.com/apk/res/android">
<include
layout="@]layout/okcancelbar_button"
android:id="@+id/okcancelbar_ok" />
<include
layout="@]layout/okcancelbar_button"
android:id="@-+id/okcancelbar cancel" />

</merge>

FERT L, e TN RE H g THE I B e X View, A4 =201 View 2R Wl
Kl 5-25 s

PhoneWindow$DecorView
(@43420628
NO_ID

LinearLayout

@43420£d0
NO_ID
FrameLayout FrameLayout
(@43422a28 @43421858
id/content NO_ID
OkCancelBar ImageView TextView
@4341c980 @43423320 @43421e50
NO_ID NO_ID id/title
Button Button
@43419868 @43421170
id/okcancelbar_cancel| [ id/okcancelbar_ok

K 5-25 UI 510K
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456 55 (RALICRSPERE

MFREFIFAORUL, b TAE A48 17— AT sP AT LE . 7294 Android CASI,
i S Rk A PN, AT A REIR MR IR, BRI H . X
Android W HREFP KU, HEA 2R Java TSRS . PrUEARTERN A, AHI &
IRV Java ABSHIPLALEIIR, 5180 KEE RN TiRILIE Android ACASPEREIHEAS

IR
6.1 REESEY Android 45

T Android & T FF AR IR A, LRI T RS AAUE — M THUB A
g, g AN TR AL, PrCAEER BRI B (T R, iz A
AT AEERER SR T L. IR A ALES S Android T2y I LN 225 FE AT R R S A
PIHEAES S Android FEF@ IR,  EUSATRERI LA LA T s A TR0

0.1.1 EHREFEIXNEK

KT R ke, S AEAN L P 43 Ot Fr 7 85 R B R /N A B s e 5 252
(43 TE A7 2 S B A3 I N A AR SE AR o 1 SRAE — AN ST T A FR 20 B S A 3
RES = A — A IR SR A T, A LI 2 LU R, SR PR DRIk, e Bl
i TR

B, IR A AR RE G A PO N T 5 R/ FR Ot G A R A 35
[0, X2 R O A

(1) ARFRFLHIIRAL

T LAZEARRS B AR R R L B G R, R TR AR .

Date myDate =new Date();
if (requiredCondition) {
// usemyDate

}

ATLUKR A2 il DateOR B ITE AN if 25 F B A, IXRERTES0RT LAAT 08> AN 26 B0
SR AR
if (requiredCondition){

Date myDate =new Date();
// use myDate



Fo® fifefHdiam
}

A HVHAE if AP BOL IR A QIR B, it T AR R TAE.

(2) XBAEF YN IET

BIan{EAE ] Vector BRI, 4% F B —A> Vector X1 %, {HJE A CHAIE KA. il 4n
I R A T

Vector v = newVector();

XA B Vector (NG TR . HIRATBIHE A Vector R R IN, HEMARL T
BAVIT A BR/INEE, - Vector 3 BRINSEAE — NP /NI Vector, SRJ5 FRRFE Vector
TN ST 0 28T Vector. IXFEMIR) 5 SR 2T ZER RPN AR PERE ) . HH k]
W BRAETIAGEL, 5 g ZU A E AT AR AN P B LR, 900 T 3 A

Vector v = new Vector(40);
/lor
Vector v =new Vector(40,25);

(3) REZIRFFIR S
BRAFA R B, A WA ZEZ ORI B e Bl 1 T s s AR -

public class x{
privateVector v =new Vector();
public x() {
v =new Vector();
}
b

VRIS g 15 2 1 Bl A M3 R K e 4G

public x() {
v =new Vector();
v =new Vector();

}

FEERRIEUL R, AT EA A LG A Public A8, HIUAARTD K bl B ) 22 440 3¢ R 40
HREAT. BTRL, ASEAERIE R B SN T ARG, IR B Kl F

public class x {
privateVector v;
public x() {
v =new Vector();

}
}
HIRT L, 7 Android N FIFE S H U R BAT i B AN A% B XS B 511
Q M an s AR PRI A N, R MR AT SR AT, AR
mE 161
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B — M . XFERRE S QU — B I A AT RO 5, (H 2 e R R i s L =4
P = ]

Q WRIRCEA A REFERF R TV, ARNAZEE W LR 5] (1) 25 52 StringBuffer.
TR I SR R ) R B 8 CRAT, Lk BB R [T AN A2 G — AR IS (R 52
BRUEZ A8, 3EA AN RSO 70, AN 2 4R 7 B B LA AT I — 4R Al
Q A Int BREA L LL— Integer FEU A 24T, (HG [RIRE T DUHAN T IXFE—
ANEN], P Int BB E L —A Gnt, int) MZRBUAMBERESNZ . T H

Pl E AR R AL, IXA S [FIFEE H
Q RIS — RS Foo A1 Bar X% 2280, A FATHI Foo[ A Bar[]
BI—A~ (Foo,Bar) M ZHMANIMZERITE . XAHIFA—Msh, St HARAR
)4 APLIN, 7EIXMMESL T, R B — BRI I8 T o (& QRS B i,
VAL O TEE T v T
FHOE P DUS E53, W% ] RE PR ke G O A0 S IR I 6 5o /D (R0 S Bt s R D
B ava I 11 e e a7 ety SR DR D U i

0.1.2 ik AEIBARNKEE

FENHFEP A, K2R RS ML 70X — BRSO VAL, BT AZE S
f iok i o — s B A T IR SEIARAS

(D AT B &SI

MRLBRERF R I, B AT REZ AT A String.indexOf() String.lastIndexOf() 554}
S HG WA IR BEAIXEE 3 H C/CHRSZILN, BEEAE—AS Java IR AR ()
L 10~100 1.

(2) A RO T B

AR — HashMap %%, WA LU S & —A> HashMap 8 3J&—> Map, N2
RS o

Map myMap1 = new HashMap();
HashMap myMap2 = new HashMap();

IXFEFUTEMR e ? — Ok UL, W IBE S MEH] Map,  DRDG & RERS SeiF 34T T
Map #% HHAT BT RAERAR P, ES2IR “WI (0 G R 3 i RE, XA
KARGIFAE o AR TR AR 51 RTEAT SRS B, s 5 | ORI 2 fE 2k
P LA _E R 1)

U REFEAE ] HashMap, R0 ESEIE & T AT A, A WARAEH] Map S22 E I 8.
BT BE A BA M BRI BT, A2 H Map KA R Ak, RIMEBRATA
SEREFF M) LITAG . [FIFE, public () APT & Ml4h, —ANEF APT FIPHEREAE R THAT2K
FERHIk.

(3) MAHERSIL T B

WEARBAT D BRI BRI, IR AAEBA I RS &Ik, e goiRfim,
DU EANT B AR R T R XA MRIFI SRR, PUSE S JREATUI X 7
162 mm
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JrEMET, R IEA T IEA S SR B PIRES .

(4) AT ReRE Al FH N R ety set J7V2:

1% CH2 RMGFEE S, W S get 77k (B “i = getCount()”) FHUREL Vi
AR IXTE CH-gif LIS — MR 2B, RO S ds 24005 i) )7 X R inline, JF
Han R AL s i Em v ), AR AT AT I 8 o — LA RS R AT

{H/2TE Android ZwfE, XA —MEAGFH TR BAERIEH S ERZ R,
SR JE P A AR B o FRATTNAXAE SR F IS get AT set BREL,  FUEAE PSR A I,
BNV EHARA o

(5) ZAfH getBytes()

7E4F String FALRL bytes IR, ANZGH] getBytesOi%. #lU, MATAEALEE HTTP
FLFERI, R4 RZHAEN T, IS ASCIL Y. getBytes() k2 n] UL B LT Frf 745 1
it in) B, HEXMEE ) /E HTTP 4P PR IR AL EL . BUEOMARAT BLBIER B ST
FAEBAAL —Fh ASCIT 5

A N A
public static void mySimpleTokenizer(String s, String delimiter)
{
String sub = null;
int i =0;
int j =s.indexOf(delimiter); /55— substring + 5
while(j >=0)
{
sub = s.substring(i,j);
i=j+1;
j = s.indexOf(delimiter, i); // EE ' substrings ¥
}
sub = s.substring(i); /I $5¢J5i—A> substring 1 5
}

/1 BRAERR AT LLE R T
byte[] b =getAsciiBytes(s);

(6) )X H kAT H InetAddress.getHostAddress()BRi %

4 InetAddress.getHostAddress( BRI T T VF 2 484E, Frble s AR B/ 2 i ia) 245 H ok
RN UHEE, XK T Android B FIRRPAE IR ] F (¥ 640

(7) JE8 448 ] DatagramPacket.getSocketAddress() &%

DatagramPacket.getSocketAddress() bR 2R T VF 2 84, 4 FH IR R 50 A 30 FH 25 55
ML ENLAL, BT CPU WAL BRI an RAAN L /& 223k 1F Android W IR 24 A0 1) 1P
Hih, 7] LU DatagramPacket.getAddress() pR R ACES

0.1.3 MILKBBTE

(1) StringBuffer i ]
X —45H Java LRI —HE, @IS 75 200 —4A String SHATIERER, IEAZATH T
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AT,
String str= "Welcome"+ "to" + "our" + "site"";
T R4 5

StringBuffer sb = new StringBuffer(50);
sb.append("Welcome");

sb.append("To");

sb.append("our");

sb.append("site");

W IR %NIE StringBuffer 5 KK SE, 16 H R #ilan, 76 B4, StringBuffer
N KB E N 50, XN StringBuffer (IR, AT 2525 18 A )

(2) 70 Final ¥ &

VLA T N2 TS 5 ] -

static int intVal = 42;
static String strVal = "Hello, world!";
static int intVal = 42;
static String strVal = "Hello, world!";

A N, GRS ST N RPIGR A TIE: <clinit>(). XANTTTAKG 42 47
AR intVal o, I HOA strVal ZERSCPE 45 i R de B N5, i g AE e i 5 |
I, B FAE DT o FRATTAT LA OGBS “final 7 SR eSCEA A

static final int intVal = 42;
static final String strVal = "Hello, world!";

static final int intVal = 42;
static final String strVal = "Hello, world!";

XFEILIEE A S I <clinit>-() 71k, POV HES N TR E S By,
EAVIEAL EAZ R RN ORACFE . 24ARAD V5 1) intVal B, K28 F Integer 2871 42, 24751
strval IS, KRl HA T8 1 AR R a7 KRB E kA .

WA — AN REE LA “final”, FEASHERAEMHAT BRI, ERetg T —
€ P RAACAR I, T, R Egs FIE — A get JTVEARER R EE, WA eItizm gk
‘& ) inline

[FIIS,  FATH AT LA AR & A W] 4 final AR HE . H2IX 2 om XH. fEAh— N AHAR
i, I final ARG (BUEIRASAH, e 4 U5 0 BRI D o

(3) Tk fd A2

MOE AR AR T H,  H 23X 7 DUPGREBAT (1) 3 S AN ORI 4 0 SO AR w3 ) o i
[N R AN

public class Foo {
public enum Shrubbery {
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GROUND, CRAWLING, HANGING

}

IR S 7= A=A 900 £ 151 class SCF (Foo$Shubbery.class) . 75 & 47 1 I FH I,
AN RSP HVIIA TR S RS 5. 2SI S S B — AN SR &, I
B . AR X S S  iE— N “SVALUES” HIERSHAI R w4 — KHE
A0, WAAE N T = AN

KA N AR S 5 R AN FESAR S 15, R IX AN SR 52 final int, IS4 EE
A FLEN XA AL

Shrubbery shrub = Shrubbery. GROUND;

— O, IS AT R AT LLLE APT S (5, JFRESR LGN PRI ARG A . Py LOE N 1% N
N6 APLIEFEMES AL B (HE 2V ERE T AT T IR, N 28 S dX Rl T FEAT 42
UL, AT ordinal OFRIK 2 A2 R (R R B o S48, Z8BRAE, Ay

for (int n = 0; n < list.size(); nt++) {
if (list.items[n].e == MyEnum.VAL X)
else if (list.items[n].e == MyEnum.VAL_Y)
}

B -

int valX = MyEnum.VAL X.ordinal();
int valY = MyEnum.VAL Y .ordinal();
int count = list.size();
Myltem items = list.items();
for (int n = 0; n < count; nt++) {

int valltem = items[n].e.ordinal();

if (valltem == valX) // do stuff 1

else if (valltem == valY) // do stuff 2

}

RFEAALVERES B L85, IR AR IE.
U AR 55 AR (R AR B P AR R v Y, B TR

public class Foo {

private int mValue;

public void run() {
Inner in = new Inner();
mValue =27,
in.stuff();

}

private void doStuff(int value) {
System.out.printin(“Value is “ + value);

}
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private class Inner {
void stuff() {
Foo.this.doStuff(Foo.this.mValue);

}
H
}

XA AR, 8 T —ANAEESE (FooSInner), ‘B 7 ZEU7 1] S (1AL 80 2 1 b
o XREETR, IFHASATEHINREER

Value is 27

HREE, 7EROR ERYF, FooSInner & —M7e L, E2HEV I Foo AL 1L
DUOREAREN) . BBOX AN, G 2R AT
static int Foo.access$100(Foo foo) {
return foo.mValue;

}

static void Foo.access$200(Foo foo, int value) {
foo.doStuff(value);

}

N FRAER R Vs ) “mValue” Fl “doStuff” J77EN, #a ML, Wi
i, TR LR T AN ), BRI VAU )3 A Rl O3 AR R R AT AN S LR
‘Al ZERIi v, B 77E (getter. setter) LU B 405 n) & 2, BIr LLIX AN -1
A AR B T T IR AR — A “RaPER” PEREREAG .

THL I A SR 7 I (18 A R R 57 W AT YO R SO RV, AT DABRE XA ) . X
T CLLEARKS @ AT SR, - HLaBE S = AR B MRS T Vs

014 MK

(1) fEFEAF AR for JEHAET)

HE5ETY for MR TRATH Uil “for-each IR 7, 4% HT iterable 2 N 4k A ISCAE £
. 7ERXEEt G B, —) iterator #% 70 BCZe X % 04 H B 1) hasNext()Fl next() /775, H
SRUNL, I AE AR IE AR A T AN D2 (R G5 Y for M1

public class Foo {
int mSplat;
static Foo mArray[] = new Foo[27];
public static void zero() {
int sum = 0;
for (int i = 0; i < mArray.length; i++) {
sum += mArray[i].mSplat;
}
}

public static void one() {
int sum = 0;
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Foo[] localArray = mArray;
int len = localArray.length;
for (inti=0; i < len; i++) {
sum += localArray[i].mSplat;

}

}

public static void two() {
int sum = 0;
for (Foo a: mArray) {

sum += a.mSplat;

}

}

}

X FRACHS ) HAR BB U R

Q KL zero(): (BB —IRIIEI D BB RSB IEMIR, PAFEAH KT —X.

Q %L one(): EPTAIZRIEHAS A ARAS &, ERREREEHH .

Q B2 two(): A Java i 5 11 1.5 AR for fEIRER], gnidr 4IRS S &R T
SR 5 | A RS B A AR &, ki B LU i 7 v, B AR FA
WSET= A T — NN BN R E I RE CBARIRATE T “a”™e FIREL one(VMHLL, RREL
two() IR FEAf AT — mueks, JF HASME I T 4 715,

FHIE T LIS 2, BESRAY for TEIA R0 B R IHAR GF,  (H 2 40 Tterable X% —iE i H

IESE, RONIXHE 2 T — AR

(2) i P IBEAT FH A0 % 1]

A LR R ARS o6 2 ) R

public class Foo {
private int mValue;
public void run() {
Inner in = new Inner();
mValue = 27; in.stuff();
}
private void doStuff(int value) {
System.out.println("Value is " + value);
}
private class Inner {
void stuff() {
Foo.this.doStuff(Foo.this.mValue);

}

}

FEERAUE, H B EERATE ST AW, I T AMBIIARAT I AR g
Pho XA, ANV IZ 2 B
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Value is 27

B [E, FooSInner fEREIE | (Ja GigfT £) Mz Mg aMur s, el i
T Foo BIRAE R« i T IRANZAN GG, ieds™ 4 T — 05 BT ik:

/*package f*/
static int Foo.access$100(Foo foo) {
return foo.mValue;

}

/*package %/

static void Foo.access$200(Foo foo, int value) {
foo.doStuff(value);

}

IXFE 2 WIS ZE AN YT 1] mValue AT doStuff I, BRI 2> I X L5 A 1K) 7
%, XU BATA R RV HIEM G, o2l AL ok Vs ) (. i 5 2e 4 2 a4
Vi IR S E R S, PR — M IR T

DR SRA LA 025 1) ) PN RIS T P WY 5 ) R SR AN 2, AT Dol vl A S i A 1
EEANSERE, 8 Al RS 1 s Pt RE S AR [ 60N I AR SR LU ), ISR T
ArRUER T BT AT R YERAT I s [RIRE, AR ek A 3L APT UREEAT 401K % 1
AL T

(3) i R AR

FEFEM CPU KAl Z i, W ARFEI e GA AR m] REM ] Integer SRR R AL, IXZARIE
W e DA LESEME A PRSI, AR B E DRI AL R P B B A
A FHARLE Al RO U, BB S AT AR I AT S, — R R v 5L i AT
AR AR e A

EREANSE T, RN SR AL B W F AN SRR AL B, DR BT AT 1Y) “ float™ Al
“double” #AF AL T PAFBEAT ), —LEREA P2 m B0 R AT 0L 75 B4 2 2 0 K I [
IF HLADAE i R, — 28 B AT A T BT Bk . AEX LU D0 R, B0 BRI
BAE RO I AT S . R AN — > Hash R el HEAT KEMEUFIs S, XA IR 2
HIEI o

(4) 3 AE 1 52 g v S Y e A

THEEE AN HER A .

for (int i=0 ; i < s.length; i++) {
charc ¢ =s.charAt(i);

}
WAZE RN AIE R DR AT AN T8 T4 o

int j =str.length();
for (inti=0;1i<j; i++) {
charc ¢ =s.charAt(i);
¥
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60.1.5 123 (ursor ZTiHEEER 1t RE

7F Android R4 H, A 1D fig Ll 1 28 Cursor SEHLIK , 4 FH /712 sqlitedatabase.query()
HAEFF 2] Cursor X%, cursor X RAKRFATIIES . AT Cursor AR, W FUR g —
i1, W7 moveToFirst)E A7 258 —47, FHEHT. WiR2 2 471, WA LAAE while
EIRSAE LN move ToNext() bR HUE AT J& FI-EAT

1 Cursor H % A —1TH, AL TESILREF, BAEA LAHBOS R
AU R PERE o (E2 Y B ISR =R 2 0, WUREAAARES,  TIHRE BT 138 2
KA K I3 o

TE3E 7 5 il BT Cursor I, FRATT— M (A0 A& i Je il il 7 7% getColumnIndex(String
columnName)FRTFFI K2R 5 [EL, SR PR #1128 5 MELER AR I I Bts « e an S ARRS X,
SIEEIL T 6 I 2R N 23 B84 () A o

while(cursor.moveToNext){
String name = cursor.getString(cursor.getColumnIndex(People.Name));
String phoneNo = cursor.getString(cursor.getColumnIndex(People.Number));

}

IR A AT T, B n T LR S R 58 4 IR . EE IR N BRI
IBATHE AN S . FATRT DU AU S R P IR R G A B ek (23 QQ IR
SN Sl NENEE 2 90 S YN €/ NI ECE A NS

FEREATAUAEIT, AT T ZERRE RO — P e, PTG IR KR T T

int namelndex = cursor.getColumnIndex(People.Name);
int numberIndex = cursor.getColumnIndex(People. NUMBER);
while(cursor.moveToNext){

String name = cursor.getString(namelndex);

String phoneNo = cursor.getString(numberIndex);

}

LS, TR N = 2 RRAR N A, N SRR R AR
NI

6.1.6 “mAZh R 2{E A ContentProvider =1z

TE Android I FH i 3 FH 0 2 42 SQLite. {H 2 Google by T 2 AM IR ERAE, AHZ
5 2% AT SQL 15 A), 112 ] A H28 i ContentProvider K3 R4 Hs 112 1) (query ).
SN Cinsert). MR (delete) FIEEHT (update) £AE, WICTFHE A% SQLite, &rm TP
AT,

$ K EL Android B2 SDK I, SkHi#{EH ContentProvider 3 =244 (1) f- 4k

public class NotePadProvider extends ContentProvider {
private static final String TAG = "NotePadProvider";
IBHREAARESCA A, AT .db A%k
private static final String DATABASE NAME = "note_pad.db";
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170 BN

PR PERRACS , IXANE B CE S, AR R E s e I B CRT AT 0 e SO
private static final int DATABASE VERSION = 2;
private static final String NOTES_TABLE_NAME = "notes"; //Z8 %4
private static HashMap sNotesProjectionMap; // i ] Notes
private static HashMap sLiveFolderProjectionMap; //LiveFoder P %
private static final int NOTES = 1;
private static final int NOTE_ID =2;
private static final int LIVE FOLDER NOTES = 3;
(/B AR PE R Uri Lb A content://android 123/cwij/1103 3XEEf Uri ¥Ji#id UriMatcher v /3t
IEiRP [P
private static final UriMatcher sUriMatcher;
private static class DatabaseHelper extends SQLiteOpenHelper { /3 ZE i) 128
DatabaseHelper(Context context) {
super(context, DATABASE NAME, null, DATABASE VERSION);
}
@Opverride
IE USRI, AT sql fir & AU — R
public void onCreate(SQLiteDatabase db) {
db.execSQL("CREATE TABLE " + NOTES TABLE NAME + " ("
+ Notes. ID +" INTEGER PRIMARY KEY,"
+ Notes. TITLE + " TEXT,"
+ Notes.NOTE + " TEXT,"
+ Notes. CREATED_DATE + " INTEGER,"
+ Notes. MODIFIED DATE + " INTEGER"
-
}
@Opverride
IR RERIEAS, WRAREG TR ZY e, B SO RN B Sho et
public void onUpgrade(SQLiteDatabase db, int oldVersion, int newVersion) {
Log.w(TAG, "Upgrading database from version " + oldVersion + " to "
+newVersion + ", which will destroy all old data");
HEF XA AN AR, WA BRRA, ERZ IR, FATARRAREIZFEALEE, XAGE
//Google 451Ti 28T LAIMBR 2 iR A< K
db.execSQL("DROP TABLE IF EXISTS notes");
onCreate(db);
}
}

private DatabaseHelper mOpenHelper;

@Override

public boolean onCreate() { //iX H #'5 ContentProvider [1] onCreate J57%, M—Sw)ihib#lE
mOpenHelper = new DatabaseHelper(getContext());
return true;

}

A SRR ) B WEAE, Android ¥ SQLite $24 7' —> SQLiteQueryBuilder J5 i /K SQL

IR T —F, BB Ry, Hriikss

@Override
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public Cursor query(Uri uri, String[] projection, String selection, String[] selectionArgs,
String sortOrder) {
SQLiteQueryBuilder qb = new SQLiteQueryBuilder();
gb.setTables(NOTES TABLE NAME);
switch (sUriMatcher.match(uri)) {
case NOTES:
gb.setProjectionMap(sNotesProjectionMap);
break;
case NOTE_ID:
gb.setProjectionMap(sNotesProjectionMap);
gb.appendWhere(Notes. ID + "=" + uri.getPathSegments().get(1));
break;
case LIVE_ FOLDER NOTES:
gb.setProjectionMap(sLiveFolderProjectionMap);

break;

default:

throw new Illegal ArgumentException("Unknown URI " + uri);
}
String orderBy;

if (TextUtils.isSEmpty(sortOrder)) {
orderBy = NotePad.Notes. DEFAULT SORT ORDER;
1 else {
orderBy = sortOrder;
}
SQLiteDatabase db = mOpenHelper.getReadableDatabase();
Cursor ¢ = gb.query(db, projection, selection, selectionArgs, null, null, orderBy);
c.setNotificationUri(getContext().getContentResolver(), uri);
return c;
¥
@Override
public String getType(Uri uri) {
switch (sUriMatcher.match(uri)) {
case NOTES:
case LIVE_FOLDER_NOTES:
return Notes. CONTENT TYPE;
case NOTE _ID:
return Notes. CONTENT ITEM TYPE;
default:
throw new Illegal ArgumentException("Unknown URI " + uri);

}

}
B IREAEENEAE, N T ES ContentProvider 1) /772 insertORI ]

@Override
public Uri insert(Uri uri, ContentValues initialValues) {
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if (sUriMatcher.match(uri) != NOTES) {
throw new Illegal ArgumentException("Unknown URI " + uri);

}

ContentValues values;

if (initial Values !=null) {
values = new ContentValues(initial Values);

} else {
values = new ContentValues();

}

Long now = Long.valueOf(System.currentTimeMillis());

if (values.containsKey(NotePad.Notes. CREATED DATE) == false) {
values.put(NotePad.Notes. CREATED DATE, now);

}

if (values.containsKey(NotePad.Notes. MODIFIED DATE) == false) {
values.put(NotePad.Notes. MODIFIED DATE, now);

}

if (values.containsKey(NotePad.Notes. TITLE) == false) {
Resources r = Resources.getSystem();
values.put(NotePad.Notes. TITLE, r.getString(android.R.string.untitled));

}

if (values.containsKey(NotePad.Notes. NOTE) == false) {
values.put(NotePad.Notes. NOTE, "");

¥

SQLiteDatabase db = mOpenHelper.getWritableDatabase();

long rowld = db.insert(NOTES_TABLE NAME, Notes.NOTE, values);

if (rowld > 0) {
Uri noteUri = ContentUris.withAppendedld(NotePad.Notes. CONTENT URI, rowld);
getContext().getContentResolver().notifyChange(noteUri, null); /i &1 7 N 54 4z
return noteUri,

}

throw new SQLException("Failed to insert row into " + uri);

@Override
public int delete(Uri uri, String where, String[] whereArgs) {

SQLiteDatabase db = mOpenHelper.getWritableDatabase();
int count;
switch (sUriMatcher.match(uri)) {
case NOTES:
count = db.delete(NOTES_ TABLE NAME, where, whereArgs);
break;
case NOTE_ID:
String noteld = uri.getPathSegments().get(1);
count = db.delete(NOTES_TABLE NAME, Notes. ID + "=" + noteld
+ (!TextUtils.isEmpty(where) ? " AND (" + where + ") : ""), whereArgs);
break;
default:
throw new Illegal ArgumentException("Unknown URI " + uri);
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b

getContext().getContentResolver().notifyChange(uri, null);
return count;
}
@Override
public int update(Uri uri, ContentValues values, String where, String[] whereArgs) {
SQLiteDatabase db = mOpenHelper.getWritableDatabase();
int count;
switch (sUriMatcher.match(uri)) {
case NOTES:
count = db.update(NOTES TABLE NAME, values, where, whereArgs);
break;
case NOTE ID:
String noteld = uri.getPathSegments().get(1);
count = db.update(NOTES TABLE NAME, values, Notes. ID + "=" + noteld
+ (!TextUtils.isEmpty(where) ? " AND (" + where + ") : ""), whereArgs);
break;
default:
throw new Illegal ArgumentException("Unknown URI " + uri);
}
getContext().getContentResolver().notifyChange(uri, null);
return count;

}

35 S BTG EEAEA 1 PR BN I T Urd, WURARPRI Uni 55 ZEHABFRE PR, 5 2245
Androidmanifest.xml SC{4FH 2215 H provider [ Uri & X

static {
sUriMatcher = new UriMatcher(UriMatcher NO_MATCH);
sUriMatcher.addURI(NotePad. AUTHORITY, "notes", NOTES);
sUriMatcher.addURI(NotePad. AUTHORITY, "notes/#", NOTE_ID);
sUriMatcher.addURI(NotePad. AUTHORITY, "live_folders/notes", LIVE_FOLDER NOTES);
sNotesProjectionMap = new HashMap();
sNotesProjectionMap.put(Notes. ID, Notes. ID);
sNotesProjectionMap.put(Notes. TITLE, Notes.TITLE);
sNotesProjectionMap.put(Notes.NOTE, Notes.NOTE);
sNotesProjectionMap.put(Notes. CREATED DATE, Notes. CREATED DATE);
sNotesProjectionMap.put(Notes. MODIFIED DATE, Notes. MODIFIED DATE);
sLiveFolderProjectionMap = new HashMap();
sLiveFolderProjectionMap.put(LiveFolders. ID, Notes. ID +" AS " +
LiveFolders. ID);
sLiveFolderProjectionMap.put(LiveFolders. NAME, Notes. TITLE + " AS " +
LiveFolders. NAME);

}

FEUT A R ContentProvider £ N, BRI A T e D 9 5 AES MR A1
(k> SQL A, WAZSS R B AR B B B AR SL 1 U535, XA SQL 1 5 A 5K 1

$EVEAE DatabaseHelper H g% W M R AL AN 43 25 . SQL 8 A I 75 UL PR - B RN where [l
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SEZRIMITNRE, AR T HH T R TR R, A SEal T Oute A%

6.2 Android REERVIEREITIL

P2 Android N PR A MOCE, @RHEHESE, BROVCTRmMESREZA0, HFH
BRI T SEI AT TS ZE T fE . EARTTIIN AT, RO Android #3113
AHENH,

6.2.1 Listview =594 R34L 1L

ListView & Android N HH s ¥z —, REWSLILSIR Bon Bl Thie. EATM
W, R AR I RAR R SR I, ListView #2251 fE o

(D) EHHEW IS

private TestAdapter mAdapter;

private String[] mArrData;

private TextView mTV;

@Override

protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.main);
mTV = (TextView) findViewByld(R.id.tvShow);
mArrData = new String[1000];
for (int 1= 0; i < 1000; i++) {

mArrData[i] = "Google IO Adapter" + i;

}
mAdapter = new TestAdapter(this, mArrData);
((ListView) findViewByld(android.R.id.list)).setAdapter(mAdapter);

}

T ARG, T 1000 45404, & T TestAdapter 4k7% T~ BaseAdapter.

(2) FEhE3h ListView, 47 'H A8 F position | 50 FFERHEE), 7£FIH convertView
ANGET null FARISE . 1 SRR DI RE, FRATH S =Fh 7 ZdA7T K.

Q L1 U item FIUEDMECH 4 DFT10 AN, IXFEARIR) H PSR e 2 .

private int count = 0;
private long sum = OL;
@Override
public View getView(int position, View convertView, ViewGroup parent) {
TSI

long startTime = System.nanoTime();

if (convertView == null) {
convertView = minflater.inflate(R.layout.list item icon_text,
null);
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}

((ImageView) convertView.findViewByld(R.id.icon1)).setimageResource(R.drawable.icon);
((TextView) convertView.findViewByld(R.id.text1)).setText(mData[position]);
((ImageView) convertView.findViewByld(R .id.icon2)).setimageResource(R.drawable.icon);
((TextView) convertView.findViewByld(R.id.text2)).setText(mData[position]);

AEAR7 i)
long endTime = System.nanoTime();
IPHSERERS
long val = (endTime - startTime) / 1000L;
Log.e("Test", "Position:" + position + ":" + val);
if (count < 100) {
if (val < 1000L) {
sum += val;
count++;

}

} else

mTV.setText(String.valueOf(sum / 100L));// i 7R G v 45 5

return convertView;

RIS RIS R AL 6-1 Pios.

Fo6-1 MAER (BAR: P

w B AANTIHR 10 ANy ILE
K 366 723
HBoW 356 689
= 371 692
AU 356 696
K 371 662
Q 7% 2: fitem FICEMECAH 4 A0 A

private int count = 0;

private long sum = OL;
@Override
public View getView(int position, View convertView, ViewGroup parent) {

/I THATHR

long startTime = System.nanoTime();
ViewHolder holder;

if (convertView == null) {

convertView = mInflater.inflate(R.layout.list item icon_text,

null);
holder = new ViewHolder();

holder.iconl = (ImageView) convertView.findViewByld(R.id.icon1);
holder.text] = (TextView) convertView.findViewByld(R.id.text1);

EE 175



Android ZEMLANEHEBR

holder.icon2 = (ImageView) convertView.findViewByld(R.id.icon2);
holder.text2 = (TextView) convertView.findViewBylId(R.id.text2);
convertView.setTag(holder);
}
else{
holder = (ViewHolder)convertView.getTag();
}
holder.icon1.setimageResource(R.drawable.icon);
holder.text1.setText(mData[position]);
holder.icon2 .setlmageResource(R.drawable.icon);
holder.text2.setText(mData[position]);
/A% bk
long endTime = System.nanoTime();
/1 T EERER
long val = (endTime - startTime) / 1000L;
Log.e("Test", "Position:" + position + ":" + val);
if (count < 100) {
if (val < 1000L) {
sum += val;
count++;
}
1 else
mTV setText(String.valueOf(sum / 100L));// T4t 5

return convertView;

b

}

static class ViewHolder {
TextView textl;
ImageView iconl;
TextView text2;
ImageView icon2;

}

RIS RIS R AR 6-2 Pios.

F62 MAER (BMR: PHFD)

W H 4TI R 10 MFIos
IR 311 417
B 291 441
B 302 462
ER LN 286 444
FHIK 299 436

Q J5% 3. JEHUE D findViewByld CEL TS MK AME T A ARG B0 T PERE

@Override
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public View getView(int position, View convertView, ViewGroup parent) {
I g

long startTime = System.nanoTime( );

if (convertView == null) {
convertView = minflater.inflate(R.layout.list item _icon_text, null);
convertView.setTag(R.id.iconl, convertView.findViewByld(R.id.iconl));
convertView.setTag(R.id.textl, convertView.findViewByld(R.id.text1));
convertView.setTag(R.id.icon2, convertView.findViewByld(R.id.icon2));
convertView.setTag(R.id.text2, convertView.findViewByld(R.id.text2));
}
((ImageView) convertView.getTag(R.id.iconl)).setimageResource(R.drawable.icon);
((ImageView) convertView.getTag(R.id.icon2)).setimageResource(R.drawable.icon);
((TextView) convertView.getTag(R.id.text1)).setText(mData[position]);
((TextView) convertView.getTag(R.id.text2)).setText(mData[position]);
I A5 b v
long endTime = System.nanoTime();
I THERERS
long val = (endTime - startTime) / 1000L;
Log.e("Test", "Position:" + position + ":" + val);
if (count < 100) {
if (val < 1000L) {
sum += val;
count++;
}
} else
mTV.setText(String.valueOf(sum / 100L) + ":" + nullcount);
BT IR ST S
return convertView;

}
EIRTTEIMALE R CRAz: ghfh)

H—IK: 450
FEIR: 467
=R 472
FPUK: 451
FHIK: 441

PAT IR =R TR, @l E R, HAE—BE CIREHD A getView FidFER
WA 2 T JaTH ), WX “convertView ==null” WACHE I G RILM ZFFE S5 R . 1
W&, ListView [UNZEAT T RIMTE RN View, BlJS TR SN#HE0TIXEE View HHATHHE H
o LiwHZ/VEPE, ListView #B - H ArrayList 2247 i A0 JE N ) View, XFELRE T PERE,
WG R 1 ListView R (7 View G5 AN AEEAE EAT X o BRI T 5 1 B 2 B2
IS, AT TAE W A findViewByld LLEFER T,

PG FR BB AT DAHERH, W R AT e S RIVR S IN = R SR — B g .
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if (convertView == null) {
convertView = mInflater.inflate(R.layout.list_item icon text, null);
((ImageView) convertView.findViewByld(R.id.iconl)).setimageResource(R.drawable.icon);
((TextView) convertView.findViewBylId(R.id.text1)).setText(mData[position]);
((ImageView) convertView.findViewByld(R.id.icon2)).setimageResource(R.drawable.icon);
((TextView) convertView.findViewByld(R.id.text2)).setText(mData[position]);

}

else
return convertView;

£ ERARG R, PN 743 A LR AR R — AN, B AT BLE R 2 convert View ==
null” ARAGER Y8, 0 SR T EEAS T 24l L position, T LUIEI tag AR E HIREUCY AT HU -

fE B =F05 S, R IUE RN - RBHR T RAAE ) EHR#EGE RSN
TR, AHIER 2 FOT M Rz, WERER TR R S IN TR ] AR R
e, XHL ] N TR %, View AL KDY setTag i< 5 B Z N AE, IE2H N
A 1 findViewByld X ImHHFEE 2 KIAAE, BTAATTE HATH, 2R SERRI DL E -
BTV 3, UMD findViewByld IXH (HZ MWIIRASE RKRERCRIFATAL,  Frelfest
ANFAREEE— 2 AR 2

6.2.2 Adapter EECZE) ik

Adapter H1 ListView #01% UIHHC, Adapter IFE a2 ListView 5 88 2 [ R4,
MR )BT R 2 DU, #B2> 1 H Adapter 1) getView() J7i%1R [H]—4™ View. Adapter
5 View [P 3 = EAKEE getView X7 VEIR [RIFRATT T EE 1) H € X view . ListView & Android MV
PR R — AN IR T, FTRLnf il ListView WA7IE1T, FRECR I ARG S IR
). X ListView AL 2 X6 Adapter T getView 7k TG . TS & Google 10
K&4 Adapter IR :

@Override
public View getView(int position, View convertView, ViewGroup parent) {
Log.d("MyAdapter", "Position:" + position + "---"
+ String.valueOf(System.currentTimeMillis()));
ViewHolder holder;
if (convertView == null) {

final Layoutlnflater inflater = (LayoutInflater) mContext
.getSystemService(Context LAYOUT INFLATER SERVICE);
convertView = inflater.inflate(R.layout.list item icon_text, null);
holder = new ViewHolder();

holder.icon = (ImageView) convertView.findViewByld(R.id.icon);
holder.text = (TextView) convertView.findViewByld(R.id.text);
convertView.setTag(holder);

} else {
holder = (ViewHolder) convertView.getTag();

H

holder.icon.setlmageResource(R.drawable.icon);
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holder.text.setText(mData[position]);
return convertView;
}
static class ViewHolder {
ImageView icon;
TextView text;

}

gl salBLE, &I ListView #fiSEiiis 7 V2.
I R TS Google 10 AN A«

@Override
public View getView(int position, View convertView, ViewGroup parent) {
Log.d("MyAdapter", "Position:" + position + "---"
+ String.valueOf(System.currentTimeMillis()));
final LayoutInflater inflater = (LayoutInflater) mContext
.getSystemService(Context. LAYOUT INFLATER SERVICE);
View v = inflater.inflate(R.layout.list_item_icon_text, null);
((ImageView) v.findViewByld(R.id.icon)).setimageResource(R.drawable.icon);
((TextView) v.findViewByld(R.id.text)).setText(mData[position]);

return v;

}

EEXT BRI, FRATHE ORI — A AR W50 AE getView [(IHg@E [
BICHFTER Y position A4 HTRGERS R SEEHIAR1E 1000 455045 5] Adapter W/n7E ListView
i, SRIGIRANFICHE, T H “position=0" F1 “position=999" ] FIH 18] [H] K5 . 23 FH b3 5¢
X EIRP T ZREAT I, MAALE R .

(D PeA SRS, 3

12-05 10:44:46.039: DEBUG/MyAdapter(13929): Position:0---1291517086043
12-05 10:44:46.069: DEBUG/MyAdapter(13929): Position:1---1291517086072
12-05 10:44:46.079: DEBUG/MyAdapter(13929): Position:2---1291517086085
12-05 10:45:04.109: DEBUG/MyAdapter(13929): Position:996---1291517104112
12-05 10:45:04.129: DEBUG/MyAdapter(13929): Position:996---1291517104135
12-05 10:45:04.149: DEBUG/MyAdapter(13929): Position:999---1291517104154

JEEEm): 17967
(2) FAAACH A 45
12-05 10:51:42.569: DEBUG/MyAdapter(14131): Position:0---1291517502573

12-05 10:51:42.589: DEBUG/MyAdapter(14131): Position:1---1291517502590
12-05 10:51:42.609: DEBUG/MyAdapter(14131): Position:2---1291517502617

12-05 10:52:07.079: DEBUG/MyAdapter(14131): Position:996---1291517527082
12-05 10:52:07.099: DEBUG/MyAdapter(14131): Position:999---1291517527108
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JLRERT: 24535

7E 1000 SiC S oL Rt G i 25 8E, — B30 1y, 8¢ ListView ) Ttem A J=) 58 i &
e, A RIPERT S NS T .

PR — AN e IRAIRIP L T 1000000 RN R A4 AR50 ? A4
PRI RS HE 2 WS A IR :

public View getView(int position, View convertView, ViewGroup parent) {

}

View item = mInflater.inflate(R.layout.list item icon_text, null);
((TextView) item.findViewByld(R.id.text)).setText(DATA[position]);
((ImageView) item.findViewByld(R.id.icon)).setlmageBitmap(
(position & 1) ==1 ? mlconl : mlcon2);

return item;

HIBEAT I, R 1000000 T, ATRE A A R GUH B R R FERAE T

AT

public View getView(int position, View convertView, ViewGroup parent) {

}

if (convertView == null) {

convertView = minflater.inflate(R.layout.item, null);
}
((TextView) convertView.findViewByld(R.id.text)).setText(DATA[position]);
((ImageView) convertView.findViewByld(R.id.icon)).setImageBitmap(
(position & 1) == 1 ? mlconl : mlcon2);
return convertView;

i LRSS R ., RO RIEIRE View IS, PEREFE] TIRKMISETT .
B I RITTERNE? FRAE N I 4 G

180 mN

public View getView(int position, View convertView, ViewGroup parent) {

ViewHolder holder;
if (convertView == null) {
convertView = mInflater.inflate(R.layout.list_item_icon_text, null);
holder = new ViewHolder();
holder.text = (TextView) convertView.findViewByld(R.id.text);
holder.icon = (ImageView) convertView.findViewByld(R.id.icon);
convertView.setTag(holder);
} else {
holder = (ViewHolder) convertView.getTag();
§
holder.text.setText(DATA[position]);
holder.icon.setlmageBitmap((position & 1) == 1 ? mlconl : mlcon2);
return convertView;

}

static class ViewHolder {
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TextView text;
ImageView icon;

}

ER AR A G RGN ST ? BE T i =M7 NPk sexr b, Wik 6-1
JoR.

B Frames per second

40

.

Dumb Recycling views ViewHolder

B 61 PEREXTEE
S IE R, R RS E N
6.2.3 Listview S5 mnEE R ik

ListView 20 INAE Ao B H S 57k, i PRai A BARSE i sc B, ki
ListView 52 KB Fr ALK s i

S 1
WAL Yt \daima\6\AsyncListimage
Life 1R ListView s n#k B v i

(1) Xt AsynclmageLoader.java S8 T = 51k, AU F:

package cn.xxx.test;
import java.io.lOException;
import java.io.InputStream;
import java.lang.ref.SoftReference;
import java.net.MalformedURLException;
import java.net. URL;
import java.util. HashMap;
import android.graphics.drawable.Drawable;
import android.os.Handler;
import android.os.Message;
public class AsynclmageLoader {
private HashMap<String, SoftReference<Drawable>> imageCache;
public AsyncImageLoader() {
imageCache = new HashMap<String, SoftReference<Drawable>>();
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¥
public Drawable loadDrawable(final String imageUrl, final ImageCallback imageCallback) {

if (imageCache.containsKey(imageUrl)) {
SoftReference<Drawable> softReference = imageCache.get(imageUrl);
Drawable drawable = softReference.get();
if (drawable != null) {
return drawable;

}
final Handler handler = new Handler() {

public void handleMessage(Message message) {
imageCallback.imageLoaded((Drawable) message.obj, imageUrl);

}
b
new Thread() {
@Override
public void run() {
Drawable drawable = loadImageFromUrl(imageUrl);
imageCache.put(imageUrl, new SoftReference<Drawable>(drawable));
Message message = handler.obtainMessage(0, drawable);
handler.sendMessage(message);
}
}.start();
return null;
}
public static Drawable loadImageFromUrl(String url) {
URL m;
InputStream 1 = null;
try {
m = new URL(url);
1 = (InputStream) m.getContent();
} catch (MalformedURLException el) {
el.printStackTrace();
} catch (IOException e) {
e.printStackTrace();
}
Drawable d = Drawable.createFromStream(i, "src");
return d;
¥

public interface ImageCallback {
public void imageLoaded(Drawable imageDrawable, String imageUrl);

}

IRARIE RS SE L D AR R B 2 7, SoftReference A& 5 1A, H LT UL R
A &, BE MG —IRE ST (Uniform Resource Locator, URL) E R [0l 2 [ %R,
SEREE R E, AR HOR S, B UL 267
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(2) BT RBWM NGB, BB ImageAndText.java [ 7~
.

package cn.xxx.test;
public class ImageAndText {
private String imageUrl;
private String text;
public ImageAndText(String imageUrl, String text) {
this.imageUr] = imageUrtl;
this.text = text;
H
public String getlmageUrl() {

return imageUrl;

}

public String getText() {
return text;

H

}
B ANMRBIZECE ViewCache java (K -SSR

package cn.xxx.test;

import android.view.View;

import android.widget.ImageView;
import android.widget. TextView;
public class ViewCache {

private View baseView;
private TextView textView;
private ImageView imageView;
public ViewCache(View baseView) {
this.baseView = baseView;
}
public TextView getTextView() {
if (textView == null) {
textView = (TextView) baseView.findViewByld(R.id.text);
}
return textView;
}
public ImageView getlmageView() {
if (imageView == null) {
imageView = (ImageView) baseView.findViewByld(R.id.image);
}

return imageView;
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ViewCache f&4#i B3k HL Adapter 17 JC A1 Jal o
(3) FAESZHL ListView ) Adapter, XN SCfF ImageAndTextListAdapter.java FIACHS I o

package cn.wangmeng.test;

import java.util.List;

import cn.wangmeng.test. AsynclmageLoader.ImageCallback;

import android.app.Activity;

import android.graphics.drawable.Drawable;

import android.view.LayoutInflater;

import android.view.View;

import android.view. ViewGroup;

import android.widget. ArrayAdapter;

import android.widget.ImageView;

import android.widget.ListView;

import android.widget. TextView;

public class ImageAndTextListAdapter extends ArrayAdapter<ImageAndText> {
private ListView listView;
private Asynclmageloader asyncImageLoader;
public ImageAndTextListAdapter(Activity activity, List<ImageAndText> imageAndTexts,

ListView listView)
{
super(activity, 0, imageAndTexts);
this.listView = listView;
asynclmagel.oader = new Asynclmagel oader();
}

public View getView(int position, View convertView, ViewGroup parent) {
Activity activity = (Activity) getContext();
/1 K& XML 78
View rowView = convertView;
ViewCache viewCache;
if (rowView == null) {
LayoutInflater inflater = activity.getLayoutInflater();
rowView = inflater.inflate(R.layout.image and_text_row, null);
viewCache = new ViewCache(rowView);
row View.setTag(viewCache);
1 else {
viewCache = (ViewCache) rowView.getTag();
}
ImageAndText imageAndText = getltem(position);
/] InZE5 ImageView Xf 5
String imageUrl = imageAndText.getlmageUrl();
ImageView imageView = viewCache.getlmageView();
imageView.setTag(imageUrl);
Drawable cachedlmage = asynclmagel oader.loadDrawable(imageUrl, new ImageCallback() {
public void imageLoaded(Drawable imageDrawable, String imageUrl) {
ImageView imageViewByTag = (ImageView) listView.findViewWithTag(imageUrl);
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if (imageViewByTag != null) {
imageViewByTag.setimageDrawable(imageDrawable);

1
if (cachedlmage == null) {
imageView.setlmageResource(R.drawable.default image);
telse{
imageView.setlmageDrawable(cachedImage);
}
/] BEE TextView X% 3L
TextView textView = viewCache.getTextView();
textView.setText(imageAndText.getText());

return rowView;

}

7E_FIRRAL A — AT imageView.setTag(imageUrl), setTag AEA/F A, XFEE N
TORUELETE R B, listView FFE B0 H SR item.
(4) )5 EAN 7 A mainxml, fAASUIF.

<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="horizontal"
android:layout width="fill parent"
android:layout_height="wrap content">
<ImageView android:id="(@+id/image"
android:layout_width="wrap_content"
android:layout height="wrap content"
/>
<TextView android:id="@-+id/text"
android:layout width="wrap_content"
android:layout height="wrap content"/>

</LinearLayout>

IXFE ListView it b m# w7 20m#k T ee i A, SE TR B T, $Em TR
Ko AT WE 6-2 fir.

62 SATACR
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6.3 {ft{k Android B

£ Android N, 47 2D EIJEAN 3D KIEPIRE, 0 TIPSR, JAT#H 2L
WXL . FEARTTIN R, RS 44 Android BB IIFEA AR

6.3.1 2D 2ERYEAKRML

X EL L OpenGL ES HiT- 2D LAk, HaXEepifh Jibid 1 3D KB
FEARAAR B

(1D ABAEWH AR BN N AE, RETGEAIE, 35 C —H5 Java, JFHR
OB, “glgl**” XK REOAH Java AHFEI] (Java Native Interface, JNI), £
ECACREI o

(2) PALRFERDNERREMES . N E N GLSurfaceView 28— ANH LR BE Hrigin &
Gl st (IRl A 3 = Ze R B ) — L6 i) o IR Z IR S 1SR IR W (Br - 2efs
ZAN), —ASHERAR R S S AR (B, —ANRRZ . T HA— CPU 1)
Android FHUKUL, 2l 53 2 8RR 10 7 AI&THE AR, TRACHE I 5 B E AR A B 0
£ FEZ 1] 1F) Context Switch (L N3CUI#) ERITEFE. K OpenGL M2z il FE 2 201, 4
WH glDraw* L HADY) glesORRELIS, sxbbictmlplgs R, (HE Y E IR 26 TAER AL
eglSwapBuffer()ff, 7t eglSwapBuffers B2 HI L FE S AEIR 2 I (M5 4F gles(), BLENESE RN
1k BrRAE PSRRI AR B 7 STk, 1 H A s S IR £ .

032 fixRERERAIRSEMNL

7t Android LA, M H BUAR o — BB B R R E RS . s il ok
ACTION_DOWN, #AJ5 ACTION_UP. @i &1Ehthe FH BI85’ ACTION_MOVE [
. AHJEX PRI AR, 2 NG — LS BRI X

MPAT P ARSI, JCIR A EIE (RPG) XMRBIREAR, € Es
W TR 2 B o 4% BF % L B LB . ERR I I FE R ACTION_MOVE X AN 45
Android — E MW,

Mt ass—HmWN. ACTION_MOVE XANENE? i H P A B3 F 481 i 1A 3)

Q Z—i0: B4 Android RGN Tl s SR BBURS
Q 25 BRI TR 2 LA #8), SCRsAR . A0 T4 il
BRFHL R b2 G, it bds), HSEFIREMERMEEES . STk, #5E
Al A RAAR SR,
THREARII T, WK ACTION_MOVE HAFAEF AN 8] A — L4 Android AN I A I Ak
L, BN RGN T AR L anFRATI H R B N AR T 100ms, B4 T
Femb iR e, XAER 0.1 FPIN MRS 2E 10 A4 1Y MotionEvent, Jf H RS 4 Rn]#E]
XL event K ZGIRITERE, IXFEAEIX— B HI A CPU 2T T 40 E onTouchEvent, ™
(R R BT 5 i T
B FRA T HE SR A FH AN Hc B W NV IX A 220, T s EAe A Tk s e, sl 2 KT
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o FE6FE (iftKmixaE .
sz — R P I ], XA LR AR R T BRI . AT XA A e g
ok, BEAE AT AR AR, KRR AR D R LR A,
WAl HEA s 2 AT AN sleepOf 71k Wi FUR AR ZRRERIRYR 2 I 1), w) LA
H sleep(pRi&, AHIZXAN TR BRI BB 1 Object 1) wait()F! notify() /7 VA1 H HI{E
I AN 8 AR BRI S5 A, JF Ha 2 S ZE DA B, B AR TTH.

6.3.3 SurfaceView 2% [E78 ERIFh R AEFER RIFT 7 7E

JEHE A X A E 22 NS e, IR ARTIR 210, 1 P B L s AT R A —
HRAE T AL, DRI AT DU AR IR S o X — R S EIU 720, T B R,
Android H TXEZE, Wt Ui A IR %, 75 EESLL BRI A RESE N surface
SRPHIES

SurfaceView 7 Android H HAEUFAR TR AR BOE BN, AR SOIUEHERUER I & i FH T
Pl 2z R SRS LE SurfaceView 7 R SEE TV

HEIRATRE — AR FERH BIMPAZME R, i 6-3 FiE 6-4 .

question.png (386 x 386)

Koe-3 Witk Ke-4 ~FEYIMEIG

Bl 6-3 2R, ERE S . Bl 64 A EMEIR, BA 1A B2 e
v, BSOS, . TR B AR AR .
package SkyD.SurfaceViewTest;

import android.app.Activity;
import android.content.Context;
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import android.graphics.Bitmap;
import android.graphics.BitmapFactory;
import android.graphics.Canvas;
import android.graphics.Matrix;
import android.graphics.Paint;
import android.os.Bundle;
import android.view.SurfaceHolder;
import android.view.SurfaceView;
public class Main extends Activity {
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(new MySurfaceView(this));
}
/I H & X1 SurfaceView 12
class MySurfaceView extends SurfaceView implements SurfaceHolder.Callback {
I A
private Bitmap BackgroundImage;
/R
private Bitmap Questionlmage;
SurfaceHolder Holder;
public MySurfaceView(Context context) {
super(context);
Backgroundlmage = BitmapFactory.decodeResource(getResources(),
R.drawable.bg);
Questionlmage = BitmapFactory.decodeResource(getResources(),
R.drawable.question);
Holder = this.getHolder();// 3KH{ holder
Holder.addCallback(this);
b
@Override
public void surfaceChanged(SurfaceHolder holder, int format, int width,
int height) {
// TODO Auto-generated method stub
H
@Override
public void surfaceCreated(SurfaceHolder holder) {
IR B e R
new Thread(new MyThread()).start();
H
@Override
public void surfaceDestroyed(SurfaceHolder holder) {
// TODO Auto-generated method stub
H
I B SRR
class MyThread implements Runnable {
@Override
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public void run() {
Canvas canvas = null;
int rotate = 0/ e ff1 5 A% 5
while (true) {
try {
canvas = Holder.lockCanvas();// 3XHX I 4
Paint mPaint = new Paint();
I 2
canvas.drawBitmap(Backgroundlmage, 0, 0, mPaint);
/1 RV LU P e A-E A%
Matrix m = new Matrix();
/BT f
m.postRotate((rotate += 48) % 360,
QuestionImage.getWidth() / 2,
QuestionImage.getHeight() / 2);
/] VeE AN FEAN E R
m.postTranslate(47, 47);
I gl S
canvas.drawBitmap(Questionlmage, m, mPaint);
11 PRBRCASZ il d5 KWOICh BB 2 30 T
Thread.sleep(33);
} catch (Exception e) {
} finally {
Holder.unlockCanvasAndPost(canvas);/ fif8imiAT, $EA8 & 1%

}

}
PATJE RICR I 6-5 FR

T
I T @ Fres

SurfaceViewTest

6 (=) »
v
Ao e

ilblelslelrlshlo

o e o 1 o o

K65 HATHCR
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EIRACH AT HORAT S BATHEER, BT AR AEACHE B R il fe K AR
KD 30 Wt 1 SE PR IS AT IR OIR S H AR R T 30 Wif), IR RE P AERE—
AR RN I AT S, 1 2 I T B I A2 B AR B, B DUHE LI 3] S it

(1) BERE R H

B ORBATREAIE R IUB K T RAACTERE . PO HEAERET, RO SURDE AT 842
IR TR, o FAl i AN L RHr,  DLHORIE D RIR 2% . ARl LUE R 7ESR
I Canvas WA, HARIR— NS HCK A WIFATH ZEmEAN i, IR a) EUR BRI AN
IXHIFERIRL . B3N T A U

Public void surfaceDestroyed (SurfaceHolder holder) {
//TODO Auto-generated method stub

}

1A RE SRS
class MyThread implements Runnable {
public void run ()  {
Canvas canvas = null;
int rotate = 0/ 1 AR i
while (true) {
try {
canvas = Holder.lockCanvas(new Rect(47,47,240,240));//3RHX i £fi
Paint mPaint = new Paint();
12T 5%
canvas.drawBitmap(Background,0,0,mPaint);
/1B EFE R DA 1 By g A5
Matrix m = new Matrix( );
11 B H
m.postRotate((rotate += 48) % 360,
Questionlmage.getWidth() / 2,
QuestionImage.getHeight() / 2);
oy & il syl wulisl
m.postTranslate(47,47);
/a5
canvas.drawBitmap(Questionlmage,m,mPaint);
HBENARHR, LAl B K oy 30 dii/Ab
Thread.sleep(33);
} catch (Exception e) {
} finally {
Holder.unlockCanvasAndPost(canvas);//fif# 8 i Al , 2322 HUT 1 B 15

}

N TAETIEE, BEARRE R X 3882 ) 5 BT DR 174, gl e U 40 4 i 347
AR i) 5 KB 1/4 RN AT R IIBCR I 6-6 FTs .
SERTAE S, XA 1/4 DXSERHr . BLAE AR o C28 feik 2 Ko, X2
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PR T o R SRR U AT Dy K 24 ) 5 BB P B X, 2 R B
WA RIZRAFRCT I, AREE R K, DA BB X 8K T 3 4%, AR BRI FE R At
PNEE IR

SurfaceViewTest

Ke-6 HIXE

(2) 7 dahlHr

72 E—FOs SN BEE RN, 5 PR B A S s DB ikt — ik . BRI
KETHARAET Sl b, XA DRI R, SRR 2 B, HSkr BRI A
152 MAZAGIT, i EBRA TR 2 TR 2 SRS T Ay o A2 15 T LU 2l —
K3, LR R A S e ? 52 HE . Buutts, EAWR s —
AT, SRS AT ZE — W) I 2 1 S5t .

Public void surfaceDestroyed (SurfaceHolder holder) {
//TODO Auto-generated method stub

}

1118 7E LR
class MyThread implements Runnable {
public voidrun ()  {
Canvas canvas = null;
int rotate = 0;//JiE%% ffi fE A% &t
int frameCount = 0;
while (true) {
try {
canvas = Holder.lockCanvas(new Rect(47,47,240,240));//3R ] 4fi
Paint mPaint = new Paint();
if (frameCount ++ <1) {
=
canvas.drawBitmap(Background,0,0,mPaint);
}
118 R DAAE 1B 7 e A P2
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Matrix m = new Matrix( );

/1B BT JEE

m.postRotate((rotate += 48) % 360,
QuestionImage.getWidth() / 2,
Questionlmage.getHeight() / 2);

IG5 & wieribi v il we il
m.postTranslate(47,47);

ol ke
canvas.drawBitmap(Questionlmage,m,mPaint);

JRENARHE, - DAl I KR 2 30 /A0

Thread.sleep(33);
} catch (Exception e) {
} finally {
Holder.unlockCanvasAndPost(canvas);/ffE B I Afi,  $EAZ 2 4T 1) 15
}

}

BRI A AT R MRCRINE 6-7 Fron, IXI e R S KR SBAE 7. RIELHK
AT - T 1 A 0 H Y, TERDX AN ESE AT A 78 o B S At s 0 i BB 4
PR, BTV R G EN] Y, S B A AN S EU R T, g e e
32 W) BT WA AT AEA] )i

K 6-7 PUATRER

PEETE S AETE SRR G S [ R[R] PR AR ), 3 L SIOZ U T SurfaceView (1
WML, e e %}é/ﬁPHJW?'IUHTE’JIEIT%#C”*’{%J?E?’\FEE’JFPJI‘TEHVE?EM, XA
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AW T 50, 3 WIS SORA T, LR HL — B0 Tk, Mo
AL I )

if (frameCount ++ < 2) {
/Q/\%J;n:.a

canvas.drawBitmap(Background,0,0,mPaint);

}
HERTPAT G A W T, Wik 6-8 s,

K6-8 HATHCR
BRI R IEA R KW, (R AESOHL E B o RS, Dl i KO 1.

6.4 TWEEMEIIK

BB TR ORI H 5 A B0, B H 5 SR R S A SR AR SRR
{HICPFRS . AEATTII N, R PEAN DRI SE I DL I BEA RN IR

6.4.1 Android >z 475 fiE

Android ¥ 3 IR N A AMTAE A AN 58 I8 S = F

1. FERTFNE

Android FCVFN HFEFEIEANAERS B 5 U 7] FIAAE SCEF, 1 ORAFAE NS A- s L~
H st

/data/data/<package name>/files
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WA SCRFARIEE Java () 10 38, thdeflt Tt 5o i s, B8R
PIA BREL

U openFileOutput()

U openFilelnput()

FCrp 5% openFileOutput ORI LI RESE, B ANBAAE S T IT A R RA A SO, 2 AN
AFAEN B> BTN A AR

public FileOutputStream openFileOutput(String name,int mode);

HAP B ANSHEOR M4 B ASHEOREBIER, BERH WS 4 Fi:
Q MODE PRIVATE: R,

O MODE_APPEND: &z,

O MODE_WORLD READABLE: 4/,

0O MODE WORLD WRITEABLE: 4J55.

BGn T R A R

String FILE NAME="fileDemo.txt"; 115E X A4

FileOutputStream fos=openFileOutput(FILE NAME, Context MODE PRIVATE);
HARAAT R A

String text="Some data";

fos.write(text.getBytes()); 1'5 NEHE

fos.flush(); 11 2% DR T R Bt B N\ SC A

fos.close(); //5% ] FileOutputStream

117 51 45 openFilelnput() i 2 A 1 A BB e %, STIT IR HRE I AL TP ol T~ T
UM NAVEE
String FILE NAME="fileDemo.txt";
FileInputStream fis=openFileInput(FILE NAME);

byte[] readBytes=new byte[fis.available()];
while(fis.read(resdBytes)!=-1){

}

7E HARRN I W AiZ AL S FE “try/catch” HRpy .

2. SMERTRAE

AN TR SD R, AFHE FAT SCPERSE, v LAEEE Linux SCPFRGEW AV RIAL
FRE ) 4 1l DR IE FA %5 P o Android BEFLES ANHF SD <, THEFIHIR A .. f# H <Android
SDK>/tools H 3% N ) mksdcard . H 7] PAGEEMUG SCLF, #6E:

mksdcard -1 SDCARD E:\android\sdcard_file

Hrh 240 Ak SD RAr%s. BRMRAALE.
W ARAELEALE R B2 A3l ndk SD -k, T ZEAERUAR K] Run Configurations 3 ¥,
TEULRARM SD RiEgfRl A, #aE:
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-sdcard E:\Android\sdcard _file

TEGmFE I 75 2R /sdcard H sk 2 rl H, 2 54 n] DL H #5HE Java 10 SEB SO AR . 45
L0 TH A A G .

String fileName = "SdcardFile-"+System.current TimeMillis()+".txt";  //fRiESC {444 AN
File dir = new File("/sdcard/");
if (dir.exists() && dir.canWrite()) { KA B AT
File newFile = new File(dir.getAbsolutePath() + "/" + fileName);
FileOutputStream fos = null;

try {
newFile.createNewFile();
if (newFile.exists() && newFile.canWrite()) { /A AFAE VR 2
}

}

}

3. iEE XML &3 H
FEGEH XML ¥ SO, 8 B % bR AL getXml(O)FRHUENT#S XmlPullParser, {541
T AR

parser.next() != XmlIPullParser. END DOCUMENT //3RE gt 25434754 b

XML A2 R

START_TAG: BEHENARITUAFRE o

TEXT: BLHBISCA N 2.

END_TAG: BHEFFR A AR

END_DOCUMENT: A4K .

getName(): IKRHUITE X FR.

getAttributeCount(): FREUIGER 1B P& .

getAttributeName(): FREUBEPEHA TR

getAttributeValue(): 3RHU{H

JEE: I Android FOR XAF 69 40iR, EARFE 642 N T FHRATE TR,

6.4.2 Android = H9:5 R TF %

{E Android N TR BATF P SCAERIER . M drawable 2 string, 5% layout, X4
BERIRHR A BATTHI T RAR A T ROR BIER], AT FRAT T I RS 43 sF ) A £y 0 Ut H 3 — Fcfs &
R =4

Q /res/drawable: PRAFZFEM S, HIAE s

Q /res/values: {RAFESCH:, THH Ay 44 M strings.xml,

Q /res/layout: LRATAR & 3CAF, W H A4 4 main.xml,

FIR=ASCAFAE Android IUH Hoaxrb, — & 6-9 Frr.

oo0do0oouU00odo
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wdaimatThAsyncListInage'ires j ﬂ 3| |

”J layout

6-9  Android I B ¥ A7k H 5%

FLSEAE Android RSO A X LS, 2 R R A KFAHU R b =A 0I5 H 5%

O /res/xml

O /res/raw

U /assets

(1) /res/xml H=

et res/xml, FTLAHIRARAE “.xml” &S, JF HALAR SISO —FE, XHK)
BRI T e P R RS AR B A I e i B . T DA R 2Eks itk scft, JF A
fEAT B AN 2, BT T — AN R 440 data.xml Y 3CA

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

<title>Hello XML !</title>
</root>

SR AT DB R B 1D RV i AT IXAS SO 1, Bl 1 e A GRS -

XmlResourceParser xml = getResources().getXml(R.xml.data);
xml.next();

int eventType = xml.getEventType();

boolean inTitle = false;

while(eventType != XmlPullParser. END DOCUMENT) {

/B title T R bRIC— T
if(eventType == XmlPullParser.START TAG) {
if(xml.getName().equals("title")) {
inTitle = true;
}
}

13 BEFRIC IR Y 5 R S 3 2
if(eventType == XmlPullParser. TEXT && inTitle) {
((TextView)findViewBylId(R.id.txXml)).set Text(
xml.getText() );
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xml.next();
eventType = xml.getEventType();
}

A ERHCAS R, AE T SRR 5% getXml(), IR[FI T A XML @b, XM s
TAEEIER SAX (FHTAb¥E XML $F0REN) TAEAZ . BRI, KR XML
A e s W g e — E IR 20 R AR SO A A S, B A BN — AN H %
/res/raw .

(2) /res/raw H%

XA H Ml res/raw H s IOME— X gl HLUH SO AN B A B & b, Aotk
G ke, Uiinl 77 Rl R 28, i i s A

((TextView)findViewByld(R.id.txRaw)).setText(
readStream(getResources().openRawResource(R.raw.rawtext)));
private String readStream(InputStream is) {

try {
ByteArrayOutputStream bo = new ByteArrayOutputStream();

it 1 = is.read();

while(i !=-1) {
bo.write(i);
i=is.read();

}

return bo.toString();
} catch (IOException e) {

nn.
s

return

}
}

LEMEAE T %228 1777 openRawResource(), 3R 145 BAT— A AT, IXFEHEAT LMT
BN A T, BT ERACRS R OIRRE, 23 JsURER HE SCAR SO N . AR,
R A B, REASZ Android G IMAW, HAlassets H 2 HE T .

(3) /assets Hx

FEMCH S HISCAE, B T A S i 3B A, I Hys 2l S ks B,
AR B 1D I HIb A B E A — mipl, B EREL 7 Ha, 10 “/res” HaxHH
PRSI RANBE BAT AL T H ok . R XA R ) B A O A, W EEE R N
AR 7S A -

AssetManager assets = getAssets();

((TextView)findViewByld(R.id.txAssets)).setText(
readStream(assets.open("data.txt")) );

WIH getAssets()iR [F]—A™ AssetManager, 2R 518 H open() /772 v] LA ) 75 £ A9, IX
H open() 7152 UL assets H sk AR H 5% o Bt DL X B A U5 1) 2 assets H 314474 data.txt
IS
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6.4.3 Android ¥5JRAYZEEIFNAn 4
(1) BEPESCAF RN
PSR BRI 5y, FRATTAT DL B SRl 23 e XML USRI AR, LA XML 3¢
PETE A R B2 T LLBHE res Hag TIIANE H sk B, FORERAN R AR 00, i B Bt
3 AT res\drawable H g, BRibZ 4, AT LUKHT R BEE KA B Android B FREFPH, B
TAFIANSE , — IR L PR AE res\raw H 31,
Android SCRFIBEIEIS A4 T
O res\values: FEAE XML, HTRFERFH. Bite, Ry 88, B %E. nILs
AR, AR B, RS BSR A Key-Value TEAAGR R, X T 2870,
FRAERIE, RAHAEAERIR.
Q res\layout: KAE XML, HTRAMREE, —ADZE SRR A View B
ViewGroup 114 &
Q res\menu: ZEAE XML, HTORAFE R IR . — DN SCHFRR— NS0 (5 1R,
Q res\anim: FEAE XML, M TRAEShEAICHIE R, 1 LU Ui (frame) )i Flh
7] (tween) i,
Q res\xml: AL XML, 7EIE H RSO T BURAEREALN XML 30, X488 XML 3¢
] RIS AT I 52
Q res\raw: HJLUBAEEZRA, 1014 H P I SCHF BAR B S B BT apk SO, (HAS
ek, W LABCEAT RSB SO, Blan, SRRSO S A AR AE .
O res\drawable: FEAUREMG, % H s ST DU& 2R U EG SO, B, bmps
png. gif\ jpg &, BUEATEDFERAEN &, aapt THSUAGIXAN H 3 G,
R AR IR O H s NI BRSO, 75 B2 UGS IRAE res\raw H 37
O assets: AT, ZHZPMHREE res\raw TR —F, BASH G, HA
[F) (1) 2 1% H s IR RIS SRR AN S 2 i BE YR 1D
(2) BRIESCIF A 44
FEASBEPE SR B PR SO ) Key-Value X2 1E ADT H 24 R 28 (FF R java CIF
RO H R B 7] D, A B8 SO 44 5 Key-Value X H 1) Key & R K911 java B & 44,
DRI, SRR SCEE 44 Key W44 1 G ZEAT G java 22 50 i 44 K00
B T BRUE SO Key AR5 [ 44 ZEEAGAH N IR AL, AN BHIE SO AT Key B84 e
— s, WU, [FSRPRIRM SO A E Key NREE R, #EXPA Key 7EAA XML
AR AEAAT
H T ADT 7E2E % ID B HAE SR ISR MY J@ 44, AL, 7F res\drawable. res\raw 55 H
SKPANREAAAE S AR, 9T R A RIS B, 75 res\drawable H s HANGE [R] I
' icon.jpg 1 icon.png S ff.

6.4.4 Android sz{4:%5iR (raw/data/asset) B97FEX

EATHINET, B E P raw/data/asset F AR, 447 raw/data/asset % U5 [
7‘5“22 o
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(1) AAF AR B SCAAFEL (/data/data/ (.44 )
TERNA ST, A7 H/data/data/ B8 5 ) 7R A RS T T

import java.io.FileInputStream;
import java.io.FileOutputStream;
import org.apache.http.util. EncodingUtils;
public void writeFileData(String fileName,String message) {
try {
FileOutputStream fout = openFileOutput(fileName, MODE PRIVATE);
byte [] bytes = message.getBytes();
fout.write(bytes);
fout.close();
}
catch(Exception e){
e.printStackTrace();

}

}
public String readFileData(String fileName){

String res="";

try{
FileInputStream fin = openFilelnput(fileName);
int length = fin.available();
byte [] buffer = new byte[length];
fin.read(buffer);
res = EncodingUtils.getString(buffer, "UTF-8");
fin.close();

}

catch(Exception e){
e.printStackTrace();

}

return res;

}
(2) M raw BEEUA I
M resource H¥) raw SCAFSEHSRICC ARSI, X BB R BRI A RE S . i
VINAVEL NN

b

i

/!

public String getFromRaw(String fileName){
String res ="";
try{
InputStream in = getResources().openRawResource(R.raw.test1);
int length = in.available();
byte [] buffer = new byte[length];
in.read(buffer);
res = EncodingUtils.getString(buffer, "UTF-8");

in.close();
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}

catch(Exception e){
e.printStackTrace();

}

return res ;

}

(3) M asset BEHUFE Yads
FET KRR asset TARIBOCAF IR 775, XSSO R A RES o R
public String getFromAsset(String fileName){

—1nn.

String res="";
try {
InputStream in = getResources().getAssets().open(fileName);
int length = in.available();
byte [] buffer = new byte[length];
in.read(buffer);
res = EncodingUtils.getString(buffer, "UTF-8");

}
catch(Exception e){
e.printStackTrace();

}
return res;

}

6.4.5 Android %7 Drawable XI5 a9/t {t

Android 1] Drawable % % 5 F 7 & EH A3 HI ), Drawable i % & — 5 View AHOCH ]
K75 4% . 50—~ BitmapDrawable H T~ %<l Jy, —> ShapeDrawable F 53 i) &l #4F Jf:
SEULEHR R AR, n) DLk e oRiE gL ) E B

7t Android 5| FIF&/ 7, Drawables foVFANTE L4k AR ] LR 25 5 1€ ] widgets T 44
Android W FHFE AT widgets 1] LB {3 F % Drawable X} %1175 75 A 5%L> Drawable FI4E4L )
B, XA FATE Android [AZCMEZEH KZIA 700 4™ Drawable #ATH . 1E &R E a1t
ZIIBAER, BTLL Android B 5 XS ERMTA. B, 48—k B AMZEIN, —NE
Drawable St #le 8, 1k mRAs B AR 7 T R4 FH AN [F] Drawable X 4 SEBIAN [A] 15 56 )
25, JIr A7) Drawable % G IEH]—AN A HIFPIRES, FATHRXASIRE A “ constant state” CHE A ) o
EIXRANRAS N, MR IRAE H A E Drawable X % AN, AH S8 5 45— AN R BT E 1)
JEE . CUZE ], AR AR Wk, Pra el DOt kALK, X T
IR Z BRI HERE atk, 7R RIS R rhid 2 75 550 & Drawable X 4 IARAL4H 15 ) @, 41
IR 6-10 /v48 7w E—IKES AR View 14T St AIEE R =W B E 218
¥, QI Drawable J5, L2 AL 2 R —5k A K .

IR RSP R ORI G T NAAR I OL, AR S BRA K 20224 Drawable 1))@
PR B8 B —BERBIC T BRI BSIR NN, Eha eEY R S
KB PR . S TIRBIARREI R SHIECR, W LAE Adapter W45 771k getView:
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View & View tH&
Drawable Drawable

| |
f

Constant State

l

B fr

Kl 6-10 —ikIEAPHANAIE View 1F 4 5

Book book = ...;
TextView listltem = ...;
listltem.setText(book.getTitle());
Drawable star = context.getResources().getDrawable(R.drawable.star);
if (book.isFavorite()) {
star.setAlpha(255); // opaque
} else {
star.setAlpha(70); // translucent
}

RS, FRESE— MRS, A 1) Drawable X G2 A AH IR )32
fE. IXFPEE 0] LA constant state KARRE, DA —A listitem (FIKRSH D H3RH— drawable
Y50, constant state 7 —FEfK), T BitmapDrawable K, iZHEMZ— A, RIS T 5028
—|> Drawable X} G551 (P RER UL, S5O P oAl R & {E . 75 Android 1.5 B{# HiLf
e es b, nTLAEIE 7% mutate() R 2 iR pIX AN )il. M3 ATIR— Drawable %J %L1 HIX
N7}, Drawable % % os il ST AL s HABXT 5 o 7RI 10AT Bitmap X SAK IHZ 9 H A1),
RIgfs F /2 mutate(), NI 6-11 U8 T F mutate()6 5 2 5 HITS o

View #1 [&| View 1 &
Drawable Drawable
Constant Constant

State State
& h

6-11 M mutateOXt %5
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BRI N AT

<div>

<p align="left">Drawable star = context.getResources().getDrawable(R.drawable.star);<br>
if (book.isFavorite()) {<br>
star.mutate().setAlpha(255); / opaque<br>
} else {<br>
star. mutate().setAlpha(70); // translucent<br>
+</p>
</div>

K T 587575 mutate()iR AP /& Drawable X% H O\, Xt RVFRA TR HEER 758 A
EAS RN S, i AR B, BETAT NS IE R
6.4.6 Ziy{FF Drawable, ™A £ Bitmap

7E Android N A2, Drawable Fl Bitmap #F A8 SCEL G a6l (H 2N YEREDLAL
B0, E8A% F Drawable. 1R T AR o
(1) et an ARSI 1000 4~ Drawable %4t .

public class Main extends Activity {
int number = 1000;
Drawable[] array;
@Override
public void onCreate(Bundle savedInstanceState)
{
super.onCreate(savedInstanceState);
setContentView(R.layout.main);
array = new BitmapDrawable[number];
for(int i = 0; i < number; i++)
{
Log.e("", "MEE" + (i+1) + "7KIE ™),
array[i] = getResources().getDrawable(R.drawable.img);

}
it 4 R

04-12 21:49:25.248: D/szipinf(7828): Initializing inflate state

04-12 21:49:25.398: E/(7828): MREE 1 7K1

04-12 21:49:25.658: D/dalvikvm(7828): GC_EXTERNAL ALLOC freed 48K, 50% free 2692K/5379K,
external 0K/OK, paused 24ms

04-12 21:49:25.748: E/(7828): MR 2 7KK Fr

04-12 21:49:25.748: E/(7828): MR 3 7KKl Fr
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04-07 21:49:26.089: E/(7828): MRS 998 7K &l /i
04-07 21:49:26.089: E/(7828): MRS 999 7K &l /i
04-07 21:49:26.089: E/(7828): M5 1000 5K & J

AT W, FEFERERSIEHI24T, INEZ 1000 /> Drawable X% 58 4B ¥ in)
(2) RJF an M A N2 1000 4> Bitmap X% .

public class Main extends Activity {
int number = 1000;
Bitmap bitmap([];
@Override
public void onCreate(Bundle savedInstanceState)

{

super.onCreate(savedInstanceState);
setContentView(R.layout.main);
bitmap = new Bitmap[number];
for (int i = 0; i < number; i++)
{
Log.e("", "MRRZE" + (i+1) + "5k B A™);
bitmap[i] = BitmapFactory.decodeResource(getResources(), R.drawable.img);

}
i H 4 R

04-12 22:06:05.344: D/szipinf(7937): Initializing inflate state

04-12 22:06:05.374: E/(7937): MREE 1 7K 18] 4

04-12 22:06:05.544: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed 51K, 50% free 2692K/5379K,
external 0K/OK, paused 40ms

04-12 22:06:05.664: E/(7937): MR 2 7K & Fr

04-12 22:06:05.774: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed 1K, 50% free 2691K/5379K,
external 6026K/7525K, paused 3 1ms

04-12 22:06:05.834: E/(7937): MRS 3 7K & 4

04-12 22:06:05.934: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed <1K, 50% free 2691K/5379K,
external 12052K/14100K, paused 24ms

04-12 22:06:06.004: E/(7937): IR 4 7K & Fr

04-12 22:06:06.124: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed <1K, 50% free 2691K/5379K,
external 18128K/20126K, paused 27ms

04-12 22:06:06.204: E/(7937): MRES 5 7K 18] 4

04-12 22:06:06.315: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed <1K, 50% free 2691K/5379K,
external 24104K/26152K, paused 26ms

04-12 22:06:06.395: E/(7937): MRS 6 7518 A

04-12 22:06:06.495: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed <1K, 50% free 2691K/5379K,
external 30130K/32178K, paused 22ms

04-12 22:06:06.565: E/(7937): MRES 7 7k 18] 4
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04-12 22:06:06.665: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed <1K, 50% free 2691K/5379K,

external 36156K/38204K, paused 22ms

04-12 22:06:06.745: E/(7937): MRS 8 TR &I
04-12 22:06:06.845: D/dalvikvm(7937): GC_EXTERNAL ALLOC freed 2K, 51% free 2689K/5379K,

external 42182K/44230K, paused 23ms

04-12 22:06:06.845: E/dalvikvm-heap(7937): 6171224-byte external allocation too large for this process.
04-12 22:06:06.885: I/dalvikvm-heap(7937): Clamp target GC heap from 46.539MB to 48.000MB

04-12 22:06:06.885: E/GraphicsJNI(7937): VM won't let us allocate 6171224 bytes

04-12 22:06:06.885: D/dalvikvm(7937): GC_ FOR MALLOC freed <1K, 51% free 2689K/5379K,

external 42182K/44230K, paused 25ms

04-12 22:06:06.885: D/AndroidRuntime(7937): Shutting down VM

04-12 22:06:06.885: W/dalvikvm(7937): threadid=1: thread exiting with uncaught exception (group=0x40015560)
04-12 22:06:06.885: E/AndroidRuntime(7937): FATAL EXCEPTION: main

04-12 22:06:06.885: E/AndroidRuntime(7937): java.lang. OutOfMemoryError: bitmap size exceeds VM budget
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.Bitmap.nativeCreate(Native Method)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.Bitmap.createBitmap(Bitmap.java:477)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.Bitmap.createBitmap(Bitmap.java:444)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.Bitmap.createScaledBitmap(Bitmap.java:349)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.BitmapFactory.finishDecode

(BitmapFactory.java:498)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.BitmapFactory.decodeStream

(BitmapFactory.java:473)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.BitmapFactory.decodeResource

Stream(BitmapFactory.java:336)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.BitmapFactory.decodeResource

(BitmapFactory.java:359)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.graphics.BitmapFactory.decodeResource

(BitmapFactory.java:385)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at bassy.test.drawable.Main.onCreate(Main.java:37)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.Instrumentation.callActivityOnCreate

(Instrumentation.java:1047)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.ActivityThread.performLaunchActivity

(ActivityThread.java:1722)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.ActivityThread.handleLaunchActivity

(ActivityThread.java:1784)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.Activity Thread.access$1500(Activity Thread java: 123)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.ActivityThread$H.handleMessage

(ActivityThread.java:939)
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04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.os.Handler.dispatchMessage(Handler.java:99)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.os.Looper.loop(Looper.java:130)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at android.app.Activity Thread. main(Activity Thread.java:3835)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at java.lang.reflect. Method.invokeNative(Native Method)
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&
04-12 22:06:06.885: E/AndroidRuntime(7937):  at java.lang.reflect. Method.invoke(Method.java:512)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at com.android.internal.os.Zygotelnit$Method
AndArgsCaller.run(Zygotelnit.java:847)

04-12 22:06:06.885: E/AndroidRuntime(7937):  at com.android.internal.os.Zygotelnit main(Zygotelnit.java:605)
04-12 22:06:06.885: E/AndroidRuntime(7937):  at dalvik.system.NativeStart.main(Native Method)

HE AT, FOIn#ca)sE 8 skIE v, REfp ol T
java.lang.OutOfMemoryError: bitmap size exceeds VM budget

W AT LA e {EH] Drawable fRAFEI A0S, TSN N AR L i ]
Biamtp X%, W< b AR 1 A7 2 1) o

6.5 N0Ek APK SZHF0 DEX 44

7E Android RZH, X4 R DEX FATE A APK SCAFRNEGLRE, Wik 7R
REmIPLA. BAARSR UL W NP A T A

Q X FHENH: Android 2 RGEGE)G, AN, Ll ODEX Ja4i4h R, XFf
ERAT R APK 30 CRELE DEX) 4, i NN K ODEX 30t

Q X FAEWUE N : 7EIE47RT, Android £tk DEX U, 5 —Wa s, AT
SCAEH) DEX # Ak DEY SCF I 07E /data/dalvik-cache H 3% . W HAE4# ) APK SCAF:
F AN R AR AR, AN S BB & DEX SCPE, SR REE R T LUS 58 3hid i
IR El 6-12 Fr.

K 6-12 il

DEX 3Cff:H header. string_ids. type ids. proto_ids. field ids. method ids. class_defs.
data 55 )L MR P 6-13 fBon 1K LER S W AAE DEX STHFH A1 g o
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header

string_ids

type_ids
=l

proto_ids
L 0 I "

field_ids
—— ——

method_ids

. £ 1 ]
class defs

o A

6-13 7 DEX A A

7 Java 1, BE— AN IR RATN Y CLASS S0, — MW A5 TN, Xt
FHEIA N ZA CLASS U SAAEIURTE R, 1M7E Android 1, dx THEHE R —
AN I CLASS SO N 353 — A DEX SCPF, SRR 7 B SCE RS, 170
R TR . JRORAFAS CLASS STt t, 75 DEX SCEFh N &
Hokgs— &P, dx THAES CLASS U FEW K 6-14 B

BNl 1 ids# By
HAb KR

types_ids ¥ &Y

proto_ids &7
field_ids ' &7

method_ids &

SR
H A g

.classx {4

HAbHE

v/ TTE

SR

.class3C e

K 6-14 dx T HILE CLASS XEEFE

HARF| DEX 30, 25 dx TR SN FRZ AR aE 6-15 Fios.
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$6% piftRdEse |

[ method id |—»{ "useZap" |

“Blortjava"

[ metho\riic —»{ "zap" |

| proto id ——»{"Ljavalang/String;" |

6-15 £ dx T EARL G A2

0.5.1 APK X748

APK & Android Package [14i 5, Rl Android %35, APK j2JMUZEHE SIS 5L SISX 3L
kg, WIDE APK SO/ E 4% 5] Android Bidbl 288 Android T-HLrH AT B A] 225,

(1) APK SCHHIE5 )

APK SCHERT SIS —HEf A Android SDK i TREAT AU — AN e B e S pEs Xk
APK. APK SCIFHSEIE zip #%20, (H/FSA 1B SCh APK, 383 unzip fi# s J5, 7 BAE 2] DEX
A, DEX 2 Dalvik VM executes 1455, H Android Dalvik $WATFE, F14F Java ME [
2 Dalvik 755, —AY APK SCH458 4 «

Q res\: AFHCERIESCARI H 3

O AndroidManifest.xml: F£/54 AL E SCH-

Q classes.dex: Dalvik 55,

Q resources.arsc: 2 i35 1 BRI S

et MEEERRA TR, Android #EIE4T— MR LT E unzip, IXFEHOE T-FEFP 47
BRI SEEARAR A, I dexdump v T EUR S iE. 7E Android P51, Dalvik VM [
PATSCHBAT AN APK A%, B T ingas i, SRJE 3R 1% 5 11 androidmanifest.
xml S ) permission 43 SCAH DGR 22 41 1) o HZIXBEATRAFAEAR 22 22 4 BRA, ks APK
AL E/system/app SCHFRER, S RIMPAT RASZBRENN] o B FRATT VI 210 SO Pl REAS
JEXAN I, TMT7E Android ROOM 1 R 451 APK SCHEBRINSTRONIX AN SCHE S, EAT I 5
root AR

(2) F# APK N

L N R P H1 K11 Market F2/7, 1 LA 324825 Android Market, JEFEN FHE
JPha, Mt i FEOr e8I AL L. AXHEN Android {5 SLas IS, B
W H T, Android 17 EL 28 3 AH Android Market 33X/ FIFERE, S AEAH T P4 BR300 S o] A
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Android Market, {XJE0%, K24 Android Market A& 5% F 0 A W 0L o) 7 20k R oo, B
SRR DU T DL S 28 2 Android Market FHIN FFEY, (HIEEH 132 F#:8] Android
ey, Hege NRBFE L, MG H%2E3] Android 15 545 L.

0.5.2 DEX e 4BFnf 1L

DEX Bl Android Dalvik ${fT7F2)¥, Google EH KA Android “F& HAEH T H M
Dalvik VM %5 Lo XA RENIHATIOIEAE Java 7500, 1425 —Fh335: DEX #%:Um
T AR Java D2 5, BB IS Android P& BRI TR R LK Java PTG HAR R DEX 7
. 1XAN Dalvik VM EFXFFHIREFREC CPU BHAT TALLAREE, ATLLRIB TR Z VM,
MAS R Z 5.

XT Android DEX SCHEATOUAL, 75 B0 R — 20% DEX SCHFM 4 i & B, (H2 3k
AR AT P& SRR PP I AT TR, AR F5 22X DEX U AT 13— 2B A4k

WAL 7B (LITTLE_ENDIAND RN 5545k 5 — Nk, 363F DEX U
HIRATA S, X —Sehp e RTINS BB E RS A T A . DAL S IR S RN
ARG, NMiZS2 R Android DEX U1 1~4 5. PR AR A :

(1D XFIENAKUL, FTLE RS E G, At L ODEX 45& . IXAEAEK
il B APK X CAVEL S DEXD BAAR, 37—/ MHM 1) Android DEX ST {4

(2) XFAETE MM UL, BL&E APK SCHFHLY DEX U RIS T Bitk, R4k
S IS AR AE e . BF—A Android N H#E4TE— Dalvik RERIHLSCHIH, 1%
— AN BN AL — AN HCL R BRGNS, WAE DR EE, Mutex 55
SR R S B A E R G ST

JT4 Android N K2R FE#6 N —A Linux 262, RERIMLEE AT LU £ (AR i VE 22 40
(2 R B RN BEALAR o AN A (00 B T AEAS R PR R 23 (A BB AT, N2 S AN TR St 1y I FH 4
FAANIRI Linux FH P RISAT, AT LA KRR R AR Y 122 4 RIS I8 AT

Zygote J&—NMERNUIRE, IS N BN R LS, 72 RAEZRPAT A
Android N R, Zygote Biey fork H— AN FRERERPATZN R o IXFEII AL 211 2
W.: Zygote FRHEAERG RSN LN, EREBURRNINWILAG FERINE. FUERER
INEAIYIEATETHAE, A RR TG ZE— SR BN LSEHI . Zygote WIS HIH S, ik
MR RGE. 5ok, T2 UM RGN, A BN EI#RR Zygote th—H N £7
X3, KKIH T WAEITFES . Android N I & Fl Dalvik SEFUAL Android N B4 61 4 A1
=& Java 155, Ml Java SE —#F, 4miEm{# ] Sun JDK #% Java Y5 R 2 R b dER) Java 57
gscfE Celass XM

i 38 I TR dx A 1R 705 SO 1% Android DEX SCF . # J5 48 Android aapt
TR DEX 3. %Y cf. AndroidManifest.xml S0/ ( HEBIRE R 0 AN T RLF
£ CAPKD . N FIFEF AL AT LA R A B 0L g7,

6.5.3 Android ZEzN7SINEFFLARSSIANZHAL

FEMNZ APK SCAEAT DEX SCIER, A TR MEEA . £ Android AT A FE
SRR T 5 T AR SR i B AL B AT oK o (FURAT LU R R, 9 5 3k
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ATRE—20 WP . 2 R8T T ) i«

Q el TR —AN7T B A A AFR) Android I 2 AR Eclipse —#F, 1T LABIA INEHE 1T«

Q 4ifTil: Android NPT IR S5 4 E AN AT F00%0 1) A 0A .

Q 4ifrxt Android NN, M RLEHATIS BAREE, T IEREAR .

K Java BORIIBEE S AES], TRATH AT 2N 8% 205 1 MAASAT I ZE . IXAE Java
a2 IR IR T, H2LE Android BV FH Y, FRATTHIE LA RA 4

(1) AL

Dalvik MEFINLAN[FI AR Java MEAUNL—FF, TEIsATHE7 I B 50 75 BR800 B 1 28 N 2021 W A7
o TMAE Java FRAERIERINL, SN CLASS SO e, n] Log Hod g —
. P, BFATHHE A X — 5, ERRTE T F3NEk Class, MIMmiA 2| Eh A
PATHIH I

{HJ2 Dalvik BERINLEETE AT ZARER) Java REFUNL, RIEAESEINEAN L7 e 1A A )
7, WAARZL . FRATLIIX G G, (el FHARHE Java ERIHLI, 2295 e L4k
# B ClassLoader FI2IN##s . SR Gl defineClass() /712K N — —dEH H in#k Class, 12
FEIXTE Android BLUEATANEN, IX— A LA Android Y55 %01E . Android #' ClassLoader [1]
defineClass() /775, HAXZHH VMClassLoader ) defineClassOASHbER A T7V0 o TIXAS A T
EBR TP —A> “UnsupportedOperationException” 5% Z Ak, A A#EA, T4 3%E R [BI{EH#T
I TP N AW EE

static void Dalvik java lang VMClassLoader defineClass(const u4* args,JValue* pResult)
{
Object* loader = (Object*) args[0];
StringObject™ nameObj = (StringObject™*) args[1];
const ul* data = (const ul*) args[2];
int offset = args[3];
int len = args[4];
Object™ pd = (Object™) args[5];
char* name = NULL,;
name = dvmCreateCstrFromString(nameOby);
LOGE("ERROR: defineClass(%p, %os, %op, %d, %d, %p)\n",
loader, name, data, offset, len, pd);
dvmThrowException("Ljava/lang/UnsupportedOperationException;",
"can't load this type of class file");
free(name);
RETURN_VOID();
}

(2) Dalvik REFMILSE B

WIRAE Dalvik BHIMLEL, ClassLoader ANGEH], FATXWIMATSEILENZSINEZEWE? Android
AFATIM ClassLoader JRA=H T P/ N2: DexClassLoader F11 PathClassLoader. - 75 2455115
W) /&, PathClassLoader "1 N 4y R 4 (R AR «

/* FEX AT Dalvik BRASHT, RIS A SRR
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if (data !=null) {
System.out.println("--- Found class " + name
+"in zip[" +1+ "] " + mZips[i].getName() + "");
int dotIndex = name.lastIndexOf{('.");
if (dotIndex !=-1) {
String packageName = name.substring(0, dotIndex);
synchronized (this) {
Package packageObj = getPackage(packageName);
if (packageObj == null) {
definePackage(packageName, null, null,
null, null, null, null, null);

}
}

return defineClass(name, data, 0, data.length);
&

XA LA T —J7HER] T defineClass()BR%iAE Dalvik MERIHLH RS 7o TAEIX N4k
7% B ClassLoader 2SN 2%, A% 2 F#, T ClassLoader [ findClass J7% . 7£34T loadClass
I A] A2 ClassLoader [R5 435 A5

protected Class<?> loadClass(String className, boolean resolve)
throws ClassNotFoundException {
Class<?> clazz = findLoadedClass(className);

if (clazz == null) {

try {
clazz = parent.loadClass(className, false);
} catch (ClassNotFoundException e) {

}
if (clazz == null) {
clazz = findClass(className);

}
}

return clazz;

}

AT L, DexClassLoader 11 PathClassLoader #)@ T4 & XCEZRIRME I R 2N 3 28 (
HENTEAER loadClass 7772, Wit ul, e EmE— MRz, afREacUkAd
DL BRSNS 25 Dk TixAM 8. R Cemiad 17, WaHEPER 2R, mASE
Sn#.

DexClassLoader Al PathClassLoader 524 /&8 12K DexFile SEIZRIN#DhaER) . X BT
LN, Dalvik BERHLI /2 DEX S, A& CLASS 3CfF. Bk, ATt mak
(S e A2 DEX SO, B A3 DEX SCHFf).apk B jar SCHF.

PathClassLoader /& 1 i #4 i PR #0 DexFile(path) 2K 4= i 4= DexFile Xf % 1 ; 1M
DexClassLoader I & il it LA 7778 loadDex()15 % DexFile X% 1. X & X HE T
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DexClassLoader 7 B2 It— N0 51 outpath 145, KRB iapk ek jar f ) DEX C1F,
Wit 5, PathClassLoader ANGEFZNM zip CHUREH DEX, PR H SR FL8A4E DEX #xU3C
P, B D& %A APK (RN & 234K APK 7E cache "F{EZEAFI¥) DEX XM, 1M
DexClassLoader 1] L3¢ #F.apk. jar Fl.dex 3CF, I H 27545 E 1 outpath B AREH DEX A

24 PathClassLoader 7E % JE W, 1 H A9 /& DexFile ) loadClassBinaryName , Ifij
DexClassLoader i FH i) /& loadClass. it PAZE{# F PathClassLoader I, S 444 75 “/”
B “.7,

(3) HAREAE

ERARERVERS, nTRET 2T 2N LA javac. dx. eclipse 55 HAP7ZEAIH dx LK,
I UFHR I —-no-strict, PRI CLASS SCAFIIBEAE T BEANILHC . 4 INAUF 285, TH ] LUE I Java
FOFHLHIRALT XA o AHE XA Al AN, T H22 RS LA R A% . B GF
HIE A 2 L —A> interface, IR IXA™ interface 5 HER 43 o f5 IS, 44k H IX ™ interface,
FHA—NSHZRIMIE R, DAEIRATIRERS 10 Class 1) newlInstance 775X % . SR
Ja ¥ Gl 45 interface X%, Tl vl LM B 7 T

(4) AR

FEINEACHSIN , A BARRE DEX SO, AR IE T INDRH 2 ACH 5 £E Native 2o fif
B2 A AN 3R, I defineClass K& B N AFA . (H2 T ANGE B %A
defineClass, WAL ER104: Dalvik REFUNLAAZ, RIHARES o B SO 5225 2 T,
B0 T R A A R RS

Dalvik HEFUNLNAZ AN SCRRE AN DEX ST ISR 7 ARG 1), T8 AR R A
TN, TAGERE & Dalvik REFINIA S A SLFFIE /2 Android ERAE PR LR 1o AN I
fHH)2, Dalvik 8¢ Android JTsI0 H #B 1-7E 0] RENS SCHF raw Hidls & SERITT 17055 77

7t RawDexFile H2KZ R, T GeAl X RIAEAE— & RS RN 2 77 20 JRAT 175 28T ks
J) DEX SCAFEEAE SRR BE . Sy AMESMAE 2 G, BRAE THARH K, SN %S F
D e o P e s S Ao
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F=& Dalvik ERHMILE
o5 7% Dalvik JEAUHLLIPAENLE]

Bisfe g Dalvik VM WAFE FEIOAZ L, BEOBCAR IO PR BEAEAR KRR L B m) T —A
Android N FHFEF N AEAE I RBCR o 0144 S8 S, BERBCER & SR Bl N A7 A RDC . AEAR
T, A IHE Android R4 Dalvik BRI HEAGIR, A8 24T 5 1 A0
RRISE ST A

71 SIRTHEER

ERIR IS ERAR T, B LU R =R &5k,
Q ST,
QO MarkSweep 5.2,
QO SemiSpaceCopy H.iZ%,
AR ECE IR A A L =R RO, o DR A R 35 & ARG BEA R I k. B
W, R E AT TR AR S R
SIRTHEEE AR T, R A — AN R il s IX B N A BCE 0 G AT . tean e
U S A5 (Component Object Model, COM) A H, #f e H 5 1 THECk A XA~ COM
MG ARHEMBR . 9—AY COM X REGARIZAEALT I, BT AN RIS 1) A= i R A
—HE, D, WA IREAIEIX A COM X R BRI e R IR, it vl LA 5| FH o4
KIS o A5 T EAEA R LR Z S I A ALH], X AR RN R 281, a2k COM
MHEAMRZE, WA FRARESEIN T .
USRI R
Q X RAR I, T RLE EEATIRI, RO AR 2 BRI
Q WA AR, AR BRI AR 2, AT EAEHTH Vi) COM X REFEHTE T K.
SN A PRI ST
Q SIS T8, S5-I HZETH s L 6T COM %2 AL
I, UEIREAR D, WA A5 . (T Java BUE thgn PERE k36, Ak
FIHEARR % .
Q AhefR A X5 HEEE LS - . e — N EaER R, B— A onEasH
W TeE, IXFEE RAEMRER, T = A AN TR ZIN, s InE R
K, FFHEAT NAFIEDRC.

7.2 Mark Sweep &i&
SRR Al —IEBR” S, HOBCT I A AT ST — IR A SRy i DT KA e




E1%F Oalvik BHMBIRGEME)

WL gy LA, i Dy (R R AR e A, #R BT A AT 2IEX 5, HAAN AT 2138 156 Gt A&
PO S, TR, IE AN A RRIT RS A, X ANEVE S KRB BE: Mark Rl Sweepo
XM G 20 AT I SRR A R T BAR B R B Sk i AR R . SR T BOEE AN R 2
Mark—Sweep VAT BN IMAF—IX WA FCRIFEEMEAE, W EEAMC Y BT — IR STt
A[LLT o« Mark—Sweep 5320 LLAES H AR AL R T )i, ) AME QI ERE XS SR B S50 S /b 1
BRIV EUME R RS . AR B — AT, S T 2 AR D RS BRI B b A6
SAF AT o AR S EAT I Ry, N R D AR I b, IR A B8 8 (Rl s A s
ITERE, A REEHT A BN - FIZAT .

Dalvik MEFIN L H EEE /& Mark Sweep 595, %535 — 84> Mark BB (hrid GG
K%, Sweep BBt (M A7) FIRTIER) Compact MrEt (U /bHE HIWE S ). Dalvik
JEABLIR S BANEAT T 1K) Compact B Bt

(1) Mark FrBt

BRI 2 — B AR i MRS B, PR AT 70k DR 0l I S8 AN W] 7 Il (1) % %
(Unreachableobjects), PEIt HBEFRIC NG ZIN G,  SXAEITA ARBARIC RN S AT EARDC Y
B

MPATRCEERT, T STl Dalvik RBAUWLIZAT CH8R, B THRRBUEEZ M. Bk
B e XA FRAE STW (Stop The World) . Dalvik REIUNIAEIE AT FE b B 44— SR &5
IXEEfE DG AR AA4y, Java RIPIUFSTB A4 =1 INT 514,
JVM T B B0 S0 N — AN N C 1 S A B — AN I B n) B8 A 5 0 4
51, Henfn 56 451 R As s S 4L

P X L6 5| S B IR — M ES T, /RS
Fro ARG MIREEGTFUG, 386 ) A 0] DUMAREE S R <o I I
Vil XS4 . Rk, Mark R XRROMIBES, JBELFT

AR S, W 71 For, B MRS () & &
FFaG, ALY RO S fab.od), SR HLE R 7l Mark 7S
A AT I R A

BERMURAE FHHCR ARG S, ARG A — ANz, I B BRI T U7 [ X 4,
X P T ) 6 5, 5 markBits A7 HUREZ0 S0 N A AR B0 B A A 1o X
N AT, markBits A7 K0S FTA W T I I BER .

(2) Sweep BB

BRI S 2D R PN AE, 7E Mark B BOE S markBits A7 B AT LTS 2 A ] U )
X G4, T liveBits A7 BRI LA TR S 4R & o DR i ik LU REIX A7 14 TiveBits
A7 IR markBits 37 1] 11 72 et A2 A T I s 456 . Sweep MY B A free pRIZICKBE UK
LN AELEHE

(3) Concurrent Mark (Ff&Fric)

H T IBAThIRAR, TREAT LB NLRIEAT, XN REs BRI 1A () f i . 3 3%
WCAR ) B TAREAL T Mark BB, Dalvik BEAUNLEH T Concurrent Mark 57 AR LA kG 45 i i (7] o
7E Concurrent Mark H 5| AN—/ MY go 26FE, HIZZRE L IRES B ARSI a v vin)

FIX4%, A BT At PRt AEIZ AT . iX 42 Concurrent — 1] 5 o (HAEA T [N AT,
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BlIZAT Sweep BB, AT ILEUNUEZAT . X FA—ANE, HITE ge SREbric b S
fo, HABLRERISAT MBI THHIUT IR 5 IIEAE Sweep BTE, XHBrizts Mark Bk,
ERAERXANP BOM T CARC I SOk, AT GREHE IR RS T, XN RE S L%
% T RE P A A5 1] o

7.3 FNIRNES B RBVREL

LEJE S alloc/MarkSweep.h 11, 5 X T Fby S AT SRR EL, 25N R B0 B
AR

(1) PA%Y createMarkStack [FJIIREE, AIEEYIGAACHER AT TR E AR HEM L. B
RSZIARAL R .

static bool createMarkStack(GecMarkStack *stack)
{
assert(stack != NULL);
size t length = dvmHeapSourceGetldealFootprint() * sizeof(Object*) /
(sizeof(Object) + HEAP_SOURCE_CHUNK_OVERHEAD);
madvise(stack->base, length, MADV_NORMAL);
stack->top = stack->base;
return true;

}

(2) PRHL destroyMarkStack FIZHRESE, ASBTCALMARTTE AT ZA0bricHERL 0. A
RSP T

static void destroyMarkStack(GcMarkStack *stack)

{
assert(stack != NULL);
madvise(stack->base, stack->length, MADV_DONTNEED);
stack->top = NULL;

¥

(3) pR%L markStackPush [ ZHBEREAEHERG Tl —MARIC, BARSCEUCS W T .

static void markStackPush(GcMarkStack *stack, const Object *obyj)
{

assert(stack != NULL);

assert(stack->base <= stack->top);

assert(stack->limit > stack->top);

assert(obj != NULL);

*stack->top = obyj;

++stack->top;
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(4) PR%L markStackPop HID)AEATEAMCAR T IIAN—/ 05, BARSZERAS 41 F .

static const Object *markStackPop(GcMarkStack *stack)

{

}

assert(stack != NULL);
assert(stack->base < stack->top);
assert(stack->limit > stack->top);
--stack->top;

return *stack->top;

(5) JH %L dvmHeapBeginMarkStep()GIZE A7 &, I MR GAT B ] — Az B H ok
DU 5 XA B AT hRid . PRA%L dvmHeapBeginMark Step() i B AR SEIARAS 41 T .

bool dvmHeapBeginMarkStep(bool isPartial)

{

}

GcMarkContext *ctx = &gDvm.gcHeap->markContext;

if (createMarkStack(&ctx->stack)) {
return false;
}
ctx->finger = NULL;
ctx->immuneLimit = (char*)dvmHeapSourceGetlmmuneLimit(isPartial);
return true;

(6) %4 setAndReturnMarkBit H] D HEA& % & IR [P Fric AL 6%, BARSZHIARES R

static long setAndReturnMarkBit(GcMarkContext *ctx, const void *obyj)

{

}

return dvmHeapBitmapSetAndReturnObjectBit(ctx->bitmap, obj);

(7> PR4 markObjectNonNul FJZIRE2FR AR %, HARSCEUS T .

static void markObjectNonNull(const Object *obj, GeMarkContext *ctx,

bool checkFinger)

assert(ctx != NULL);
assert(obj != NULL);
assert(dvmlIsValidObject(obj));
if (obj < (Object *)ctx->immuneLimit) {
assert(isMarked(obj, ctx));
return;

b
if (!setAndReturnMarkBit(ctx, obj)) {

/* LESLRTEEA bRl XA */
EE 215



Android Z AL AN () B)E@
if (checkFinger && (void *)obj < ctx->finger) {
¥ TR E AR R IEATARICHER */
markStackPush(&ctx->stack, obj);

}
(8) &% markObject F L HE Ll 138 H AL AR 5, BARSEHUAE I T .

static void markObject(const Object *obj, GecMarkContext *ctx)

{
if (obj = NULL) {
markObjectNonNull(obj, ctx, true);

}
}

AEARTHT B AR IS G2 () Mt SR AR T8 U 1) 487 BT (1), i UK B850 G 75 B8 i 21 b
A
(9) BR%L rootMarkObjectVisitor [ L) BEZAR AT R Th )38, HAARSEIARS T

static void rootMarkObjectVisitor(void *addr, u4 thread, RootType type,

void *arg)

{

assert(addr != NULL);

assert(arg != NULL);

Object *obj = *(Object **)addr;

GceMarkContext *ctx = (GeMarkContext *)arg;

if (obj = NULL) {

markObjectNonNull(obj, ctx, false);

}

}

(10 ¥ H %% dvmHeapMarkRootSet FRic Ir A0 %, Bl 5hr1C heap Y B AT 5]
FIEFE) root M5 HSARWIE .,

void dvmHeapMarkRootSet()

{
GcHeap *gcHeap = gDvm.gcHeap;
dvmMarkImmuneObjects(gcHeap->markContext.immuneLimit);
dvmVisitRoots(rootMarkObjectVisitor, &gcHeap->markContext);
H

(11) pR%k rootReMarkObjectVisitor [ Ll §E i HHT bR Ic AR X 1 U o) 2, H AR SEILACAS
R

static void rootReMarkObjectVisitor(void *addr, u4 thread, RootType type,
void *arg)
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assert(addr != NULL);
assert(arg != NULL);
Object *obj = *(Object **)addr;
GcMarkContext *ctx = (GeMarkContext *)arg;
if (obj = NULL) {

markObjectNonNull(obj, ctx, true);

}
(12) P %8 dvmHeapReMarkRootSet [ D) RE2 AR IR T IITA 15 1R, HARSEIAS T T

void dvmHeapReMarkRootSet()

{
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
assert(ctx->finger == (void *)ULONG MAX);
dvmVisitRoots(rootReMarkObjectVisitor, ctx);

H

(13) B&%L scanFields [P REZTIHITA ISEH] 7B, HARSCHUACRS I T

static void scanFields(const Object *obj, GcMarkContext *ctx)
{
assert(obj != NULL);
assert(obj->clazz != NULL);
assert(ctx != NULL);
if (obj->clazz->refOffsets |= CLASS WALK SUPER) {
unsigned int refOffsets = obj->clazz->refOffsets;
while (refOffsets !=0) {
size t rshift = CLZ(refOffsets);
size toffset = CLASS OFFSET FROM CLZ(rshift);
Object *ref = dvmGetFieldObject(obj, offset);
markObject(ref, ctx);
refOffsets &= ~(CLASS HIGH BIT >> rshift);

¥
} else {
for (ClassObject *clazz = obj->clazz;
clazz !'=NULL;
clazz = clazz->super) {
InstField *field = clazz->ifields;
for (int i = 0; i < clazz->ifieldRefCount; ++i, ++field) {
void *addr = BYTE OFFSET(obj, field->byteOffset);
Object *ref = ((JValue *)addr)->1;
markObject(ref, ctx);
}
}
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}
(14) PRA%L scanStaticFields 1P fg e IO G Erastk, BARSEIARMS W,

static void scanStaticFields(const ClassObject *clazz, GcMarkContext *ctx)

{
assert(clazz |= NULL);
assert(ctx != NULL);
for (int i = 0; i < clazz->sfieldCount; ++i) {
char ch = clazz->sfields[i].signature[0];
if(ch=="T"| ch=="L" {
Object *obj = clazz->sfields[i].value.];
markObject(obj, ctx);
}
}
}

(15) BR%L scanInterfaces fIZNREAE T IR — MR R AGFE I, BARSEHUACAS AR

static void scanInterfaces(const ClassObject *clazz, GcMarkContext *ctx)

{
assert(clazz |= NULL);
assert(ctx !|= NULL);
for (int i = 0; i < clazz->interfaceCount; ++i) {
markObject((const Object *)clazz->interfaces|[i], ctx);
}
}

(16) pfi %} scanClassObject FIZHE L 7 ldHH Sk« HHA T BURI 5 A — DI G347
Bro BARSCBACUHEIT .

static void scanClassObject(const Object *obj, GeMarkContext *ctx)
{
assert(obj != NULL);
assert(dvmIsClassObject(obj));
assert(ctx != NULL);
markObject((const Object *)obj->clazz, ctx);
const ClassObject *asClass = (const ClassObject *)obj;
if (IS_CLASS_FLAG_SET(asClass, CLASS ISARRAY)) {
markObject((const Object *)asClass->elementClass, ctx);
}
if (asClass->status > CLASS IDX) {
markObject((const Object *)asClass->super, ctx);

}

markObject((const Object *)asClass->classLoader, ctx);
scanFields(obj, ctx);
scanStaticFields(asClass, ctx);
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if (asClass->status > CLASS IDX) {
scanInterfaces(asClass, ctx);

}

(17) BA%L scanArrayObject IIREAEFAR T A EAIN B0 bRE . W REARN R LT Hh
— NGB RSS ), TR RIS B . BARSEEARR W R

static void scanArrayObject(const Object *obj, GcMarkContext *ctx)
{
assert(obj != NULL);
assert(obj->clazz != NULL);
assert(ctx !|= NULL);
markObject((const Object *)obj->clazz, ctx);
if IS_CLASS FLAG_SET(obj->clazz, CLASS ISOBJECTARRAY)) {
const ArrayObject *array = (const ArrayObject *)obj;
const Object **contents = (const Object **)(void *)array->contents;
for (size ti=0;i<array->length; ++i) {
markObject(contents[i], ctx);

}
(18) R#Y referenceClassFlags [F ) Ae IR PG K S % 1R Mbrd, HASISWT .

static int referenceClassFlags(const Object *obj)

{
int flags = CLASS ISREFERENCE |
CLASS ISWEAKREFERENCE |
CLASS ISFINALIZERREFERENCE |
CLASS ISPHANTOMREFERENCE;
return GET CLASS FLAG GROUP(obj->clazz, flags);
H

(19) A% isSoftReference. isWeakReference. isFinalizerReference fll isPhantomReference
HIThaER, WRNBE®KSIH. kKB5S M. JR4H FinalizerReference. Yk H Phantom
Reference, WJIR[A true, HARSZHACHLANR

static bool isSoftReference(const Object *obj)

{
return referenceClassFlags(obj) == CLASS ISREFERENCE;
}
static bool isWeakReference(const Object *obj)
{
return referenceClassFlags(obj) & CLASS ISWEAKREFERENCE;
}
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/*
* A% 0K f FinalizerReference U3 7] true
&

static bool isFinalizerReference(const Object *obj)

{
return referenceClassFlags(obj) & CLASS ISFINALIZERREFERENCE;

static bool isPhantomReference(const Object *obj)
{

return referenceClassFlags(obj) & CLASS ISPHANTOMREFERENCE;
H

(20) PR enqueuePendingReference )Ll g2 AL FRARA S 105 | FH B S st I Zede, oAk
SEIARES 41

static void enqueuePendingReference(Object *ref, Object **list)
{
assert(ref != NULL);
assert(list = NULL);
size t offset = gDvm.offJavalLangRefReference pendingNext;
if (*list == NULL) {
dvmSetFieldObject(ref, offset, ref);
*list = ref;
} else {
Object *head = dvimGetFieldObject(*list, offset);
dvmSetFieldObject(ref, offset, head);
dvmSetFieldObject(*list, offset, ref);

}

(21) ¥Ai%] dequeuePendingReference K DIfE &R 7| A F K — 2%, HARSZIAAY
k.

static Object *dequeuePendingReference(Object **list)
{
assert(list = NULL);
assert(*list = NULL);
size_t offset = gDvm.offJaval.angRefReference pendingNext;
Object *head = dvmGetFieldObject(*list, offset);
Object *ref;
if (*list == head) {
ref = *list;
*list = NULL;
} else {
Object *next = dvinGetFieldObject(head, offset);
dvmSetFieldObject(*list, offset, next);
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ref = head;

}
dvmSetFieldObject(ref, offset, NULL);

return ref;

(22) R delayReferenceReferent )L BE M4 XS G A, W FLTONAR N I A RE TS A A1)
H, Un SR 5 2 fianlizeable % %, NN finalizerReferences BAFI H7 . Ui SR 5% 4 & WeakReference

X5, Pk I

JA weakReferences A%, pRi%] delayReferenceReferent [ EARSEILACAS 41T .

static void delayReferenceReferent(Object *obj, GeMarkContext *ctx)

{

}

assert(obj != NULL);
assert(obj->clazz != NULL);
assert(IS_ CLASS FLAG SET(obj->clazz, CLASS ISREFERENCE));
assert(ctx != NULL);
GcHeap *gcHeap = gDvm.gcHeap;
size_t pendingNextOffset = gDvm.offJavalangRefReference pendingNext;
size_t referentOffset = gDvm.offJavaLangRefReference referent;
Object *pending = dvmGetFieldObject(obj, pendingNextOffset);
Object *referent = dvinGetFieldObject(obj, referentOffset);
if (pending == NULL && referent !|= NULL && !isMarked(referent, ctx)) {
Object **list = NULL;
if (isSoftReference(obj)) {
list = &gcHeap->softReferences;
} else if (isWeakReference(obj)) {
list = &gcHeap->weakReferences;
} else if (isFinalizerReference(obj)) {
list = &gcHeap->finalizerReferences;
} else if (isPhantomReference(obj)) {
list = &gcHeap->phantomReferences;
¥
assert(list = NULL);

enqueuePendingReference(obj, list);

(23) pR%L scanDataObject [N INREZFIRINT G RIS, Frbmid a5 HBIRX % .
HARSZHARS a1 R .

static void scanDataObject(const Object *obj, GeMarkContext *ctx)

{

assert(obj != NULL);

assert(obj->clazz != NULL);

assert(ctx != NULL);

markObject((const Object *)obj->clazz, ctx);
scanFields(obj, ctx);
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if IS_CLASS FLAG_SET(obj->clazz, CLASS ISREFERENCE)) {
delayReferenceReferent((Object *)obj, ctx);

}

(24) PAEL scanObject TNHE/EALEE “mark stack” FHIEFANNTS, B AG RIS L R AT
Java UG DRI G, I RHAIN S, IR Java X4, FHXTIX = Foe G A7 AN R
IALEE . HT finalize X% Java X%, PAIGIX L A A NV ) scanDataObject PR PR
4§ scanObject [ HARSEIAAGUTT

static void scanObject(const Object *obj, GcMarkContext *ctx)

{

assert(obj != NULL);

assert(obj->clazz != NULL);

if (obj->clazz == gDvm.classJavaLangClass) {
scanClassObject(obj, ctx);

} else if IS_CLASS FLAG_SET(obj->clazz, CLASS ISARRAY)) {
scanArrayObject(obj, ctx);

} else {
scanDataObject(obj, ctx);

}

(25) BR4K processMarkStack [ i A2 Ab BERE LR IR AL BE AN 5, T H scanObject pRi %4t
P “mark stack” "PIBREAN SR BARSZIIAAS AT .

static void processMarkStack(GcMarkContext *ctx)
{
assert(ctx != NULL);
assert(ctx->finger == (void *)ULONG_MAX);
assert(ctx->stack.top >= ctx->stack.base);
GcMarkStack *stack = &ctx->stack;
while (stack->top > stack->base) {
const Object *obj = markStackPop(stack);
scanObject(obj, ctx);

}
(26) PREL objectSize MIZNAESE TS GIKIAAN, BARSEHLAAS T .

static size t objectSize(const Object *obj)
{
assert(dvmlIsValidObject(obj));
assert(dvmlIsValidObject((Object *)obj->clazz));
if (IS_CLASS_FLAG_SET(obj->clazz, CLASS_ISARRAY)) {
return dvmArrayObjectSize((ArrayObject *)obj);

222 Em



F 1% Oalvik ERINEIRIT RN G

} else if (obj->clazz == gDvm.classJavaLangClass) {
return dvmClassObjectSize((ClassObject *)obj);
} else {
return obj->clazz->objectSize;

}

(27) BR L nextGrayObject I I HESE [l A PR IO 5, R PRICATS, AEIX— X
IR[7 NULL. p&% nextGrayObject B EARSZHIACHS 4R .

static Object *nextGrayObject(const ul *base, const ul *limit,
const HeapBitmap *markBits)

const ul *ptr;
assert(base < limit);
assert(limit - base <= GC_CARD _SIZE);
for (ptr = base; ptr < limit; ptr += HB_ OBJECT ALIGNMENT) {
if (dvmHeapBitmaplsObjectBitSet(markBits, ptr))
return (Object *)ptr;
b
return NULL;

}

(28) PR £ scanDirtyCards [1) 5 6 & 15 T 4A A 45 R L 2 T8 “ R 7o ZE37 BT
T2 52— AT R AR AR DAL AT RS 2, S IR 3 LS B AR 5 L )
W% . PA%L scanDirtyCards [ ARSI 41 F o

const ul *scanDirtyCards(const ul *start, const ul *end,
GcMarkContext *ctx)

const HeapBitmap *markBits = ctx->bitmap;
const ul *card = start, *prevAddr = NULL;
while (card < end) {
if (*card != GC_CARD _DIRTY) {
return card,
}
const ul *ptr = prevAddr ? prevAddr : (ul*)dvmAddrFromCard(card);
const ul *limit = ptr + GC_CARD_SIZE;
while (ptr < limit) {
Object *obj = nextGrayObject(ptr, limit, markBits);
if (obj ==NULL) {
break;
}
scanObject(obj, ctx);
ptr = (ul*)obj + ALIGN UP(objectSize(obj), HB. OBJECT ALIGNMENT);
¥
if (ptr < limit) {
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++card;
prevAddr = NULL;
} else {
card = dvmCardFromAddr(ptr);
prevAddr = ptr;

}
return NULL;

}
117 PR £ scanGrayObjects (KD RERE SCOLEAASA TAE, BARSCHUE I T,

static void scanGrayObjects(GecMarkContext *ctx)
{

GcHeap *h = gDvm.gcHeap;

const ul *base, *limit, *ptr, *dirty;

base = &h->cardTableBase[0];
limit = dvmCardFromAddr((ul *)dvmHeapSourceGetLimit());
assert(limit <= &h->cardTableBase[h->cardTableLength]);

ptr = base;
for (3) {
dirty = (const ul *)memchr(ptr, GC_CARD DIRTY, limit - ptr);
if (dirty == NULL) {
break;

}
assert((dirty > ptr) && (dirty < limit));
ptr = scanDirtyCards(dirty, limit, ctx);
if (ptr==NULL) {

break;

}
assert((ptr > dirty) && (ptr < limit));

}

(29) PAAL scanBitmapCallback [ DIREAEF1RE NS GAL I PRI, R4 AR A0 150 A
VT BRI — ANl g ik . bR %Y scanBitmapCallback ) BARSEHIACIS AT T o

static void scanBitmapCallback(Object *obj, void *finger, void *arg)

{
GcMarkContext *ctx = (GecMarkContext *)arg;
ctx->finger = (void *)finger;
scanObject(obj, ctx);

}

(30) MRAE bE— RS IR S K, 1 FH 5% dvmHeapScanMarkedObjects X 45—
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A GARAR AL AT U, WA A5 T, sibsid A o XA R A i
HERE, MARTFaR AW 1 2 et AT FRid i #2 . B2 dvmHeapScanMarkedObjects [1]
BARSIAS I .

void dvmHeapScanMarkedObjects(void)

{
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
assert(ctx->finger == NULL);
dvmHeapBitmapScanWalk(ctx->bitmap, scanBitmapCallback, ctx);
ctx->finger = (void *)ULONG_MAX;
processMarkStack(ctx);

H

1M P 21 dvmHeapReScanMarkedObjects ] D) e & H 2 i brid A 5, HARSEIACHY
LT AN

void dvmHeapReScanMarkedObjects()

{
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
assert(ctx->finger == (void *)ULONG_MAX));
scanGrayObjects(ctx);
processMarkStack(ctx);

}

(31) BRA%L clearReference NI AEETE RS H X4, HARSZIACLS I T,

static void clearReference(Object *reference)

{
size t offset = gDvm.offJavalLangRefReference referent;
dvmSetFieldObject(reference, offset, NULL);

}

(32) B %I preserveSomeSoftReferences [ L eSS Or F — L5 51, B ARSCHLAAS Wi .

static void preserveSomeSoftReferences(Object **list)
{
assert(list = NULL);
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
size_t referentOffset = gDvm.offJavaLangRefReference referent;
Object *clear = NULL;
size_t counter = 0;
while (*list I=NULL) {
Object *ref = dequeuePendingReference(list);
Object *referent = dvmGetFieldObject(ref, referentOffset);
if (referent == NULL) {

continue;
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bool marked = isMarked(referent, ctx);
if ('marked && ((++counter) & 1)) {
/* Referent is white and biased toward saving, mark it. */
markObject(referent, ctx);
marked = true;
}
if ('marked) {
enqueuePendingReference(ref, &clear);

}
*list = clear;
processMarkStack(ctx);

(33) PR clearWhiteReferences HIZhREZTH KR S5 H, BRI T .

static void clearWhiteReferences(Object **list)
{
assert(list = NULL);
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
size t referentOffset = gDvm.offJavaLangRefReference referent;
while (*list = NULL) {
Object *ref = dequeuePendingReference(list);
Object *referent = dvmGetFieldObject(ref, referentOffset);
if (referent |= NULL && !isMarked(referent, ctx)) {
clearReference(ref);
if (isEnqueuable(ref)) {
enqueueReference(ref);

}
assert(*list == NULL);

}

(34) BR#L enqueueFinalizerReferences (1Y) HE &L INT 75 20 finalize X415 | HI A% i
Fl| Java %]~ java.lang.ref ReferenceQueue H*, ,\W%f)ﬂﬂﬁﬁgﬁﬂ_l: o

static void enqueueFinalizerReferences(Object **list)
{
assert(list = NULL);
GcMarkContext *ctx = &gDvm.gcHeap->markContext;
size_t referentOffset = gDvm.offJavaLangRefReference referent;
size_t zombieOffset = gDvm.offJavalangRefFinalizerReference zombie;
bool hasEnqueued = false;
while (*list I=NULL) {
Object *ref = dequeuePendingReference(list);
Object *referent = dvmGetFieldObject(ref, referentOffset);
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if (referent |= NULL && !isMarked(referent, ctx)) {
markObject(referent, ctx);
assert(isEnqueuable(ref));
dvmSetFieldObject(ref, zombieOffset, referent);
clearReference(ref);
enqueueReference(ref);

hasEnqueued = true;

}
}
if (hasEnqueued) {
processMarkStack(ctx);
}

assert(*list == NULL);
}

(35) % dvmHeapProcessReferences MRS {ER AT S WAL TCEE )5, H finalize A
MM A M 45 26 2] Java ¥ B8%0 dvmHeapProcessReferences M HARSZIUACIL R o

void dvmHeapProcessReferences(Object **softReferences, bool clearSoftRefs,
Object **weakReferences,
Object **finalizerReferences,

Object **phantomReferences)

assert(softReferences != NULL);
assert(weakReferences != NULL);
assert(finalizerReferences != NULL);
assert(phantomReferences != NULL);
if (!gDvm.zygote && !clearSoftRefs) {
preserveSomeSoftReferences(softReferences);
§
clearWhiteReferences(softReferences);
clearWhiteReferences(weakReferences);
enqueueFinalizerReferences(finalizerReferences);
clearWhiteReferences(softReferences);
clearWhiteReferences(weakReferences);
clearWhiteReferences(phantomReferences);
assert(*softReferences == NULL);
assert(*weakReferences == NULL);
assert(*finalizerReferences == NULL);
assert(*phantomReferences == NULL);

}

iy
pas

(36) PR%L dvmEnqueueClearedReferences [MIIRESE L —AMEFRYIZR S| FHFEE HE,
AL .

void dvmEnqueueClearedReferences(Object **cleared)

{
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assert(cleared != NULL);
if (*cleared != NULL) {
Thread *self = dvmThreadSelf();
assert(self '= NULL);
Method *meth = gDvm.methJaval.angRefReferenceQueueAdd;
assert(meth != NULL);
JValue unused;
Object *reference = *cleared;
dvmCallMethod(self, meth, NULL, &unused, reference);
*cleared = NULL;

}

(37) i %1 dvmHeapFinishMarkStep [RI# CLEZ M BRXT S0 AAF, AT DL FH HEE 2 pR 4L
A HOATHEAE N A7, JFBEB N, XM R B E 2 S W NAE T . R
dvmHeapFinishMarkStep ¥ HARSZHACAS W1 T o

void dvmHeapFinishMarkStep()

{
HeapBitmap *markBitmap;
HeapBitmap objectBitmap;
GcMarkContext *markContext;

markContext = &gDvm.gcHeap->markContext;

dvmHeapSourceReplaceObjectBitmaps(markContext->bitmaps,
markContext->numBitmaps);

dvmHeapBitmapDeleteList(markContext->bitmaps, markContext->numBitmaps);

destroyMarkStack(&markContext->stack);

memset(markContext, 0, sizeof(*markContext));

}
(38) AL sweepBitmapCallback ¥ H)RESEFH AL R, HARSZHACRS Qo

static void sweepBitmapCallback(size t numPtrs, void **ptrs, void *arg)
{
assert(arg != NULL);
SweepContext *ctx = (SweepContext *)arg;
if (ctx->isConcurrent) {
dvmLockHeap();
}
ctx->numBytes += dvmHeapSourceFreeList(numPtrs, ptrs);
ctx->numObjects += numPtrs;
if (ctx->isConcurrent) {
dvmUnlockHeap();
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(39) PRI sweepWeakIniGlobals DI fg & 44554 )5 INL,  HARSZIACH W T o

static void sweepWeaklJniGlobals()

{
IndirectRefTable* table = &gDvm.jniWeakGlobalRefTable;
GcMarkContext* ctx = &gDvm.gcHeap->markContext;
typedef IndirectRefTable::iterator It; / TODO: C++0x auto
for (It it = table->begin(), end = table->end(); it != end; ++it) {
Object** entry = *it;
if (lisMarked(*entry, ctx)) {
*entry = kClearedJniWeakGlobal;
}
}
}

(40) W H %% dvmHeapSweepUnmarkedObjects &R A W ARC NS, Wt EMBREA
PSR . % dvmHeapSweepUnmarkedObjects 1 ELARSZIARIS W .

dvmHeapSweepUnmarkedObjects(int *numFreed, size t *sizeFreed)
{
const HeapBitmap *markBitmaps;
const GeMarkContext *markContext;
HeapBitmap objectBitmapsfHEAP SOURCE MAX HEAP COUNT];
size_t origObjectsAllocated;
size_t origBytesAllocated;
size_t numBitmaps;
dvmGceDetachDeadInternedStrings(isUnmarkedObject);
origObjectsAllocated = dvmHeapSourceGetValue(HS OBJECTS ALLOCATED, NULL, 0);
origBytesAllocated = dvmHeapSourceGetValue(HS BYTES ALLOCATED, NULL, 0);
markContext = &gDvm.gcHeap->markContext;
markBitmaps = markContext->bitmaps;
numBitmaps = dvmHeapSourceGetObjectBitmaps(objectBitmaps,
HEAP_SOURCE MAX HEAP COUNT);
#ifndef NDEBUG
if (numBitmaps != markContext->numBitmaps) {
LOGE("heap bitmap count mismatch: %zd != %zd\n",
numBitmaps, markContext->numBitmaps);
dvmAbort();

}

(41) i H &% dvmHeapHandleReferences AbFE Java NG (1) 51 SR . 70 I = EE A
TEAHET R
Q SoftReference: 1% X5 H HARK “H5IH 7.
Q WeakReference: 1% %51 H HARK “5951H 7.
Q PhantomReference: %% 17X/ 5| H BARM “5+5H 7. sm5 I HZE LG B AR Ik
&, MG 595 -5 A
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PR % dvmHeapHandleReferences ) HARSZHIARAL LT .

void dvmHeapHandleReferences(Object *refListHead, enum RefType refType)

{

Object *reference;
GcMarkContext *markContext = &gDvm.gcHeap->markContext;
const int offVmData = gDvm.offJaval.angRefReference_vmData;
const int offReferent = gDvm.offJavalLangRefReference referent;
bool workRequired = false;
size_t numCleared = 0;
size_t numEnqueued = 0;
reference = refListHead;
while (reference != NULL) {
Object *next;
Object *referent;
next = dvmGetFieldObject(reference, off VmData);
referent = dvimGetFieldObject(reference, offReferent);
if (referent != NULL && !isMarked(ptr2chunk(referent), markContext)) {
bool schedClear, schedEnqueue;
switch (refType) {
case REF_SOFT:
case REF WEAK:
schedClear = clearReference(reference);
schedEnqueue = enqueueReference(reference);
break;
case REF PHANTOM:
schedClear = false;
schedEnqueue = enqueueReference(reference);
break;
default:
assert(!"Bad reference type");
schedClear = false;
schedEnqueue = false;
break;
}
numCleared += schedClear ? 1 : 0;
numEnqueued += schedEnqueue ? 1 : 0;

if (schedClear || schedEnqueue) {
uintptr_t workBits;
assert(((intptr_t)reference & 3) == 0);
assert((WORKER_CLEAR | WORKER ENQUEUE) & ~3) == 0);
workBits = (schedClear ? WORKER CLEAR : 0) |
(schedEnqueue ? WORKER ENQUEUE : 0);
if (!dvmHeapAddRefToLargeTable(
&gDvm.gcHeap->referenceOperations,
(Object *)((uintptr_t)reference | workBits)))
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{
LOGE HEAP("dvmMalloc(): no room for any more "
"reference operations\n");
dvmAbort();
H

workRequired = true;

if (refType = REF PHANTOM) {
/* Let later GCs know not to reschedule this reference.
Y
dvmSetFieldObject(reference, off VmData,
SCHEDULED_REFERENCE MAGIC);
} // else this is handled later for REF PHANTOM

} // else there was a stronger reference to the referent.

reference = next;
}
#define refType2str(r) \
((r)==REF_SOFT ? "soft" : (\
(r)==REF WEAK ? "weak" : (\
(r)==REF PHANTOM ? "phantom" : "UNKNOWN" )))
LOGD_HEAP("dvmHeapHandleReferences(): cleared %zd, enqueued %zd %s references\n", num
Cleared, numEnqueued, refType2str(refType));
if (refType == REF_ PHANTOM) {
bool scanRequired = false;

HPROF_SET _GC_SCAN_STATE(HPROF_ROOT_REFERENCE CLEANUP, 0);
reference = refListHead;
while (reference != NULL) {

Object *next;

Object *referent;

next = dvmGetFieldObject(reference, off VmData);

referent = dvimGetFieldObject(reference, offReferent);

if (referent |= NULL && !isMarked(ptr2chunk(referent), markContext)) {
markObjectNonNull(referent, markContext);
scanRequired = true;
dvmSetFieldObject(reference, offVmData,
SCHEDULED_REFERENCE_MAGIC);
}

reference = next;

}
HPROF_CLEAR_GC_SCAN_STATE();
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}

if (scanRequired) {
processMarkStack(markContext);

}
if (workRequired) {
dvmSignalHeapWorker(false);

(42) Vi H # % dvmHeapScheduleFinalizations 1 F A 8 Arid 6 %, ibfq— NS5 1
TR B3 S A T LIS AT, DAME S 1A PN A7 LR BB . A T X ST A AE . BRI S
dvmHeapScheduleFinalizations [ A& SCEIACHS T T

void dvmHeapScheduleFinalizations()

{

232 Em

HeapRefTable newPendingRefs;
LargeHeapRefTable *finRefs = gDvm.gcHeap->finalizableRefs;
Object **ref;
Object **lastRef;
size_t totalPendCount;
GcMarkContext *markContext = &gDvm.gcHeap->markContext;
if ({dvmHeapInitHeapRefTable(&newPendingRefs, 128)) {
LOGE_GC("dvmHeapScheduleFinalizations(): no room for "
"pending finalizations\n");
dvmAbort();
b
totalPendCount = 0;
while (finRefs != NULL) {
Object **gapRef;
size_t newPendCount = 0;

gapRef = ref = finRefs->refs.table;
lastRef = finRefs->refs.nextEntry;
while (ref < lastRef) {
DvmHeapChunk *hc;
hc = ptr2chunk(*ref);
if (!isMarked(hc, markContext)) {
if ({dvmHeapAddToHeapRefTable(&newPendingRefs, *ref)) {
LOGE_GC("dvmHeapScheduleFinalizations(): "
"no room for any more pending finalizations: %zd\n",
dvmHeapNumHeapRefTableEntries(&newPendingRefs));
dvmAbort();
}
newPendCount++;
} else {
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if (newPendCount > 0) {
*gapRef++ = *ref;

} else {
gapReft+;
H
}
reft++;

}
finRefs->refs.nextEntry = gapRef;

totalPendCount += newPendCount;
finRefs = finRefs->next;
}
LOGD_GC("dvmHeapScheduleFinalizations(): %zd finalizers triggered.\n",
totalPendCount);
if (totalPendCount == 0) {
dvmClearReferenceTable(&newPendingRefs);

return;
b
if (!{dvmHeapAddTableToLargeTable(&gDvm.gcHeap->pendingFinalizationRefs,
&newPendingRefs))
{
LOGE_ GC("dvmHeapScheduleFinalizations(): can't insert new "
"pending finalizations\n");
dvmAbort();
}

ref = newPendingRefs.table;

lastRef = newPendingRefs.nextEntry;

assert(ref < lastRef);

HPROF SET GC_SCAN _STATE(HPROF ROOT FINALIZING, 0);

while (ref < lastRef) {
markObjectNonNull(*ref, markContext);
reft++;

§

HPROF_CLEAR GC SCAN _STATE();

gDvm.gcHeap->markAllReferents = true;

processMarkStack(markContext);

gDvm.gcHeap->markAllReferents = false;

dvmSignalHeapWorker(false);
}

IR B AN IR, B2 Dalvik BERUALAEEAMPRICAIMER S0 R, SERsiIA
WA R 0%, SEARRT LEBGE R0, A0S I A5 T EESRAT A, 15 LN B g
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FERERIHIN 5, 2 FEOEA BN 1T .

7.4 (KR OIUREYESAL

WA BTV, T TR0 BRI R 4 Dalvik EBIBLR A 40t
WAL U 5, R T IR,
R LR QST I, R RTEAT 0. IR E BRI R, B
BT, WREBLONE MR, BMRRUEIIERT . R VIR 3 O R,

T HEAT LR [P 7 [ AX A ) 7

B0 T AR -

7 FRAAS A T % dvminitAfierZygote, MRREL 25 HIRREL dvmSignal CatcherStartup K
BUEEL Y I e FE . BR2L dvminitAfterZygote HHARSZIUARIL 4 R o
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if(gDvm.zygote){

if(!dvmInitZygote())
gotofail;

} else{

}

if(!dvmInitAfterZygote())
gotofail;

bool dvmInitAfterZygote(void)

{

u8 startHeap, startQuit, startJdwp;
u8 endHeap, endQuit, endJdwp;
startHeap = dvimGetRelativeTimeUsec();
if (!dvmGeStartupAfterZygote())
return false;
endHeap = dvmGetRelativeTimeUsec();
startQuit = dvmGetRelativeTimeUsec();
if (!gDvm.reduceSignals && !gDvm.noQuitHandler) {
if (!dvmSignalCatcherStartup())
return false;
}
if (gDvm.logStdio) {
if (!dvmStdioConverterStartup())
return false;
}
endQuit = dvmGetRelative TimeUsec();
startJdwp = dvmGetRelativeTimeUsec();
if (!dvmInitiDWP()) {
LOGD("JDWP init failed; continuing anyway\n");
}
endJdwp = dvmGetRelativeTimeUsec();

LOGV("thread-start heap=%d quit=%d jdwp=%d total=%d usec\n",
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(int)(endHeap-startHeap), (int)(endQuit-startQuit),
(int)(endJdwp-startJdwp), (int)(endJdwp-startHeap));
#ifdef WITH JIT
if (gDvm.executionMode == kExecutionModelit) {
if ({dvmCompilerStartup())

return false;
}
#endif
return true;

}
PR 44 dvmSignalCatcherStartup()ff) SEHARAS a0 T

bool dvmSignalCatcherStartup(void)

{
gDvm.haltSignalCatcher= false;
if(!dvmCreatelnternal Thread(&gDvm.signalCatcherHandle,
"SignalCatcher", signalCatcherThreadStart, NULL))
return false;
return true;
}

R E X B, T UG BIZREIs 1T U signalCatcherThreadStart, £E1X ™ R&L
g2 Ui A2 dvmCollectGarbage KA TH I [FIMC . %%k dvmCollectGarbage [ HARSLIHIAR
i

void dvmCollectGarbage(bool collectSoftReferences)

{
dvmLockHeap();
LOGVV("ExplicitGC\n");
dvmCollectGarbagelnternal(collectSoftReferences);
dvmUnlockHeap();

}

PR %L dvmCollectGarbage = HE Il i AR A 22 2R FE U5 0] I HMEZS R A6 52, AR I EH M
H ¥R # dvmCollectGarbagelnternal > #F 47 3 I [FI e i #2, 1k /& 8 | dvmHeapSweep
UnmarkedObjects PRSI 3 [P

Jy— k7, I AEAT R GC RIS, 140 T R AR

staticvoidDalvik java lang Runtime gc(constud* args,JValue*pResult)

{
UNUSED PARAMETER(args);
dvmCollectGarbage(false);
RETURN_VOID();

}

BEAL 2 A T 2% dvmCollectGarbage SKIEATE Y M. F-ah i) 7 :UE & 4 T Z N AT,
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AP SR AT PR AT

7.5 EXER

— KA, Java REFANLELK SCHF verbosege MEI, iy VEAN B R IEE AR (5 H o Dalvik
JERIML ] LL#ESZ verbosege T, AR JEAT AHAMIL. Dalvik MWL B S —2& HENLHRK
LR R AN ) SO

WHAE Linux NI247 adb logeat fi74, 27 S H a1 ~ 5 KL

D/dalvikvm(  745): GC_CONCURRENT freed 199K, 53% free 3023K/6343K external 0K/0K, paused
2ms+2ms

(1) D/dalvikvm: K7~ H1 Dalvik MERUILETH PG R, $655 5 M ECFAEK Dalvik MU
HUITLERERE ) pide. GC_CONCURRENT 15 LA I JUF2 75 i S5 437 35 WAL S 1) i A o

O GC_MALLOC: W A753Bc KW i &

O GC CONCURRENT: 440 FCHIx %A /NERL 384KB il

Q GC_EXPLICIT: i cfEm A (System.ge).

Q GC EXTERNAL ALLOC: 4N A7 43 Be R fid 2 o

(2) freed 199K: FKRA KB WAL T 199KB [H N A7

(3) 53% free 3023KB/6343KB: tH 6343KB /R Ml N A7 & 5, 3023KB Ko HNAE,
53%3 7~ AT FH AT 5 S A7 IR G A3

(4) external 0KB/OKB: 27~ 1] FHANE N A/ AN N AL B &

(5) paused 2ms+2ms: 55— [H){E K 78 markrootset IR 1], 28 “ANEFRMER RS K
Mark [P TE] o G SR fi 2 J5E AN S GC_CONCURRENT, WX —47 4 AN RS, ot
A PRI FE I I ]

U PT DA A0 R = A4 e

(1) B4R Dalvik ERINBLHE T —2fiil(5 5, (FEili =z —LeoC (5 5, Ll Mark
FI Sweep I AIX LERAE BRI N AE 0 BC R SARDS, Hrp Rl W AE R IR R 2 . 755
i B AN H B R O B A i 2 KN AFE, JF HOF T SoftReference . WeakReference Fil
PhantomReference HJALFER UL, T W AfAEIR B RIRAR AL FE T £ /D AN iX se 5| H .

(2) H#l Dalvik T3 e FEdt=—ANWAFHE, IXFEE D LN AR IR R 2 M B R, W]
DA SRR WAE AT BE— AR SR AP e, — 28/ NI N A7 20 T mT LA 3 DM b 3 I 1 G
W

(3) Dalvik EFIFLF5INT concurrentmark, {HJEXFF24% CPU, W LASEZHL parrelmark,
Ry LU 2 AN LR RE R S AT Mark BB .

IXEEH I H AT Dalvik SRR B AT DU et .

7.6 Dalvik EBHWLAD VM RIRUENSIHVX B!

JVM & RE, BERFEIZVEI S, B DOXFER ST 56, TVM il
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IBAT L EAFFH APl GC AL 800, TVM BES I T R ARG TVM sEBLER it B 3)
WAFE LD RE, (AFFA—E B BRI E 1) “GCs

Ifii Dalvik MEFUNLZE —ABARRSEIL, BERIER—A JVM TS H 24 GC s,
41 Oracle ] HotSpot VM H AR AR 148 F 3 Se i S B 7 AN RIS GC. £ Dalvik VM 1.0
WA, A GC Bk ARA R “Pricd—igkR” (Mark Sweep), XM & AT A
1 (Exact/precise) Frict, XfHe/arfr oy EEARUEAT IR (Conservative) Frid. Aric N2
1] L% AT dalvik/vm/alloc/MarkSweep.c H I R AR .

/* Mark the set of root objects.
*
* Things we need to scan:
* - System classes defined by root classloader
* - For each thread:
- Interpreted stack, from top to "curFrame"
- Dalvik registers (args + local vars)
- JNI local references
- Automatic VM local references (TrackedAlloc)
- Associated Thread/VMThread object
- ThreadGroups (could track & start with these instead of working
upward from Threads)
- Exception currently being thrown, if present

- Interned string table
- Primitive classes
- Special objects
- gDvm.outOfMemoryObj
- Objects allocated with ALLOC NO GC
- Objects pending finalization (but not yet finalized)

*
*

*

*

*

*

*

*

* - INI global references
*

*

*

*

*

*

* - Objects in debugger object registry
*

* Don't need:

* - Native stack (for in-progress stuff in the VM)

* - The TrackedAlloc stuff watches all native VM references.
&

P2 GC SEIHAGEAERT SIS Kty B — /NSl 4 GC ARicH, 1T Dalvik SEFIHLIUAS
[, (EBEAT GC I as s —Heasia),  DAS B AOTE SOR DR AFBEANHE EIIRT R AR,
£ GC &5 i HURE 6% ] o

FERRCHT B MREEGITAR, W R M IS U EEA T Fic ELBRAT S 2wl bic (KX 500
1bo BRICETHUR , BARIC BB 15, BERARICRINIEE “ Bl . 7RI BE Dalvik
REAUBLIF AN FLEEXT HERAT A 804F, TR AE e 2 BOIR DL A AL B BB A B X 5
PHERL B 3 BCARICTE %« 3 T ALK, A7 B IR AR BE— Rk W 24 E g —A>
T, R B R RN ] . Dk, HEAS A S B AT S IR SR

HIHT “hrid—3EBR” TAE, 4L 2k GC Ja v e A HEA 4. Android TS BRI
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libe (FRA4 Bionic) WX LA R AL, A] DL iy AaX — ) @i i & A« HiSE Dalvik
FERINUFIARPEETE JVM b, HEREAF SR, IEMIHAAT Java [ .class SCAFIAEZ JTVM. T8
2 Android JF &) dx 15 Dalvik EHINLES Gkek, el DA BUE—AN IVM T Wi 205
B Dalvik MEFNLAYSCRS, S RIMIETARZ 5 HE] IVM a7, i B s #% 18 3
T5HIVM AN, © IVM BREIRRUE s KA RTET e R T 2T 2 a4,
1M IVM R TR TINS5 X LLEIEL LT ARM iRt . Dalvik MEHUMLEE
BN, FHIRZ R E FZ0X A H bR R T
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7t Android R, AFHBIRIEMEHLEIR T 0B 2 T AN H I, &SI m
FHLIH A ESCRFIH . 7E Android R4, sp Al wp #iF N & BEFR 4l (Android refbase 28).
LS sp F1 wp #t& Android i CHSEIR H B R WIS fEART RN A, KR4
fi# Dalvik VM W AEILAEA LI FEA R TR

8.1 sp & wp @

FEAEGEN CHEifeih 5P, $RE— AR RN G2 —. TR N 2+
TP, — BATAIAS M il A A E T8 B new BT — M XTGIFEIZEZ )
20 delete (IIERD) XARG, EXFEKHI T LGRS 78 Android REEH, K4
FasAT I PRS2 ] CHREAE I, BT At 23 DR A R R B A0 Ji DAL T3 s A A i il e
It Android R ME 1A RESRET AL, LA sp Ay AT wp fir RAFHRARES 7B LS sp
A wp /& Android 23 CH+SEBLI A BB PG AR B AR N HBSEIL, sp AT wp SEfs
R AR P RE R LT 1SS PR 2 refbase IX M, X
A RTINS T LR

/frameworks/base/include/utils/RefBase.h

TEMPITATISRAR 2 e AR AR T refbase 25, K& 5B T35 # Android 535 [R5 22 (1 Bir
it PIESEEs ERrA RO S W HOR BUR R4 T AR A C6ET), gl g v sihy
ERREIREE R RN EA L, ERYiFF AL smE A 5 T8, — HsRs A
N0, ERSRREAC.

8.1.1 sp EAi

7E Android R4, sp /& strong pointer 4EE, EWNHET T —NMeHA%R GRS . AT
PLTRIPE G sp /M)t iR

template< typename T>
sp< T>::sp(T* other)

: m_ptr(other)

{

if (other) other->incStrong(this);

}
BEA i R B s
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sp< CameraHardwarelnterface> hardware(new CameraHal());

SEBR . sp TREFRIAR S BT AT 2484E, Bt MREHIE, A T MR R
FREE, RN RSN GARG I IN—A )5 [, XA incStrong FISEIUELAE refbase 28 HL
il BB ok —> CameraHal X%, I BM{EI4T sp< CameraHardwarelInterface> ] I,
BRI o2 N 0 2804 1o BRIREICKEN SRIRME S — A sp $REHIIINHE, PSR 5 |
I 1, THEAEE sp TR

template< typename T>

sp< T>::~sp()
{

if (m_ptr) m_ptr->decStrong(this);
}

Szl EAEIOMEG—A sp RGN, sp FREFE B S RBRE T HB0R S 1, 2404
(RIS AR 0 B, XA G E SR
8.1.2 wp E#t

7E Android R4, wp @& weak pointer [N4i5, 595 HFREH M EEL T E 0 T N H
Android 3% [P e A D X S EL IR X G0 NAE I, EERE wp I — AR R AL

wp< T>:wp(T* other)
: m_ptr(other)
{

if (other) m_refs = other->createWeak(this);

}

{E Android RZEH, wp M sp —HF, SEFR EARBURAOOSSREREAT TR O, R A
SIS RS T HHEL FIN wp SRS A moref fiREE, X AMEE EEEHERK
wp JH K sp INHEAE A )

template< typename T>
sp< T> wp< T>::promote() const

{

return sp< T>(m_ptr, m_refs);

}

template< typename T>
sp< T>::sp(T* p, weakref type* refs)
:m_ptr((p && refs->attemptIncStrong(this)) ? p : 0)
{
H

SEBR _EXE wp FRENME—BEMUTIE SR wp $5EF TR —A sp $5EF, SR JE PSS THEUK,
Ty, WA Rt BN SR IBAAAE, R R B % BRI T o wp FREFLE 5451 4
8%, LIfi{% mhardware ¥f % WG4, toln:
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wp< CameraHardwareInterface> CameraHardwareStub::singleton;
sp< CameraHardwareInterface> CameraHal::createlnstance()
{
LOG_FUNCTION NAME
if (singleton != 0) {
sp< CameraHardwarelnterface> hardware = singleton.promote();
if (hardware != 0) {
return hardware;

sp< CameraHardwarelnterface> hardware(new CameraHal()); /555 | i 1
singleton = hardware;//55 5| F i 1
return hardware;/IVEAIE RS, #0510 1

}
//hardware $¢HIGR, 85 F gk 1

8.2 ZDEEISEHERR

1t Android (A, SESHERTEU: sp<xxx>. wp<xxx>JE A w X,

J& Android "R EFRET . Android FO%Y BEFRET A VEARADAE LN R PN SCF

frameworks/base/include/utils/RefBase.h
frameworks/base/libs/utils/RefBase.cpp

WRIIRLL RS AR R 0 8-1 i

-mBase
-mRefs
RefBase RefBase.weakref_impl
m|ptr +m_|ptr m_fefs
T : typename . T : typename
sp bl
T -m_ptr: T
i +m_refs: weakref_type
)

e
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8.21 EreIREHEM

Android "FE SCT =R RESREFSRAY, 0l oRdREr spy S59RE WP R REZHRE (Light
Pointer). sF 5 — BUE AR GEFRHBES AR, 5| vHEokid s 2 A& e
— ARG, WERFT AR AR IBET T ANZ G5, WHZ G4 B 8% .

SSFREHBAR R — XS, (HESSIREHUDOL SR G, ANREE L 55 F5 4 Rk i ] %
X5 A Ui AN REAE I 55 48 B AR X G ) 5% R Bl by 1) 6 S (R B A A oo AR ) 5
FEFITR BN, B R S8 TR TR sitia s GEXS wp SRETR LT promote() /535D 55
BT BITHR 1] (RO G AT T REAE AR B BB o WX R C A%, wp ¥ promote() /7 i%
R PS5, Tt AERE G Y B IE D ) R R DL o

FEAR R B AMENX — R ? S — i AR, s T — A T LA e SR
EFGI RIS, HBIRIR B BRI T 3 7h— weakref _impl BRI %, XS A TTE TN S
oA et g | IV B Ss R e S U TH 8. XA SRR BEFRET IS DL A A T 1Y), A e AT
A BB ARG S9FREHRAE ORI G, A s 5 o s 51 oF
O, AR RA S

BRI B AR RESR . BOBIEA — R MyClass, QIR 248 A EdR
FERGIRA RIS, AKX IEFWAL TIPS AT AT

(1) EANFEEFET RefBase 17 RE 47K,

(2) EXARAE SCRENIIE AL, RIE R bR R R EZRE E 3L

virtual ~MyClass();
Wi T RS, srT e R ReTRER, E OTEMER I fR AR 2R L
BRI Xe
MyClass* p_obj;
B RETR XA E X
sp<MyClass>p_obyj;

HRAEE Lk sp<MyClass>* p_obj. HI%#& A HUXMET R, XFESERR EAHY T E X
T AMREII TS o SRR LT IR, R KA AN AT T IR ) e
SESCT AN RRERREN AR R, U] DUBEE AR A A, EAEIRE . U IR0 SR A
VE R R R I VRN BB S0 . 4.
p_obj = new MyClass(); // HEREAZEE K p_obj = new sp<MyClass>
sp<MyClass> p_obj2 =p obj;
p_obj->func();
p_obj = create_obj();
some_func(p_obyj);

HEREAZEAE MR — AR ReFREr, HIHAT delete p_obj #:4FE . FRATICTFHHLNT B ]

AL, R BERRET B E B2 A B S X 5. AT ERAN g )E, Hil
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HEHFRENAE S NULL BT,
p_obj =NULL;

IRV SRR, 99FRER I E SOPVEFISRIREF RBL, (R AR I 99 FRET R Uy )6
ZHIE o PSSR sl
wp<MyClass> wp_obj = new MyClass();

p_obj =wp_obj.promote(); / F+ JyumFakl. NLXEEH “.7 A “>"
wp_obj = NULL,;

HISE R I, A BEFREN HTERAEAR T AL, A8 — R Ol 1 B A e 4 1ok AR 1
fabo (R B AIE DR AR LS XS, AR AN EIER RS, Bt
IR A LA AR A 1o BT AAERT IS AT ROR EORBUK I Ty, el i ot AN 2
A REdEE

822 BRERI:E

£ Android R, BEEFREM 5| H U EEAKYE S R A I . SRR
FREF T G b Jhidk & H FE2S LightRefBase, X LightRefBase 7£ 3} frameworks\native\include\
utils\RefBase.h H15& X, HARSZIARLUTT

template <class T>
class LightRefBase
{
public:
inline LightRefBase() : mCount(0) { }
inline void incStrong(const void* id) const {
android_atomic_inc(&mCount);
}
inline void decStrong(const void* id) const {
if (android_atomic dec(&mCount) == 1) {
delete static_cast<const T*>(this);
}

}
//! DEBUGGING ONLY: Get current strong ref count.

inline int32 _t getStrongCount() const {
return mCount;

}

typedef LightRefBase<T> basetype;
protected:

inline ~LightRefBase() { }
private:

friend class ReferenceMover;

inline static void moveReferences(void* d, void const* s, size tn,

const ReferenceConverterBase& caster) { }
private:
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mutable volatile int32_t mCount;

Bs

H_ ARG AT LUE Y, 2K LightRefBase H 51— N8 Al 0142 & mCount, HAJIHAIE
4 0. A4, 2K LightRefBase 1838 i3 il 54 B8 %L incStrong F1 decStrong 4E4 5| v E# M, X
PR SRR R BE SR B o 7EPREL decStrong ™, WA YRGS I HVHEUER 1, B4 M98 1 JE5t
LA 0, IXRIRMIBRIX AN HT S

£ Android %', H LightRefBase 5| M vF #lc & AT 1O REFREH ML sp, sp 2B
EAREN SIS . 7E SO frameworks\native\include\utils\RefBase.h ', sp i) H A& SZEIAR
.

template <typename T>
class sp
{
public:
typedef typename RefBase::weakref type weakref type;
inline sp() : m_ptr(0) { }
sp(T* other);//T 7T G0 SE RS Y
sp(const sp<T>& other);
template<typename U> sp(U* other);
template<typename U> sp(const sp<U>& other);
~sp();
/I Assignment
sp& operator = (T* other);
sp& operator = (const sp<T>& other);
template<typename U> sp& operator = (const sp<U>& other);
template<typename U> sp& operator = (U* other);
//! Special optimization for use by ProcessState (and nobody else).
void force set(T* other);
// Reset
void clear();
/I Accessors
inline T& operator* () const  { return *m_ptr; }
inline T* operator-> () const { return m_ptr; }
inline T* get() const { return m_ptr; }

// Operators

COMPARE(==
COMPARE(!=)
COMPARE(>)
COMPARE(<)
COMPARE(<=)
COMPARE(>=)

private:
template<typename Y> friend class sp;
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template<typename Y> friend class wp;
// Optimization for wp::promote().
sp(T* p, weakref type* refs);
T* m_ptr;

15

I sp AU PN R 2L

Q 3 Ryt PR

Q ¥ DRI R

IR I R AR SCAF frameworks\native\include\utils\RefBase.h 152, HARSZEIACHS
nr.

template<typename T>
sp<T>::sp(T* other)

: m_ptr(other)
{

if (other) other->incStrong(this);

}

template<typename T>
sp<T>::sp(const sp<T>& other)
:m_ptr(other.m_ptr)

{
if (m_ptr) m_ptr->incStrong(this);

}

2 sp TS THTRIRR R, ThEEE VA m ptr (IR 5 pR %L decStrong /b4 151 -5
fH . PR%Y decStrong 7128 LightRefBase HiE 3, 45| U 1 /5220 0 125 H ) IHBRIX A%
S0 8 SHTH R B S IARS G

template<typename T>
sp<T>::~sp()

{
if (m_ptr) m_ptr->decStrong(this);

}

823 &gt

7t Android RZH, RIREHATHIN SIS & RefBase, 2K RefBase L6 LightRefBase
T4, (HZEIHLI)RERZE LightRefBase —Ff, WL T incStrong F1 decStrong Ji i1 BRI £ K4
EES I T E#s . 28 RefBase 52K LightRefBase [ KX AliE, EAME LightRefBase —
FEE AL — AN (mutable volatile int32_t mCount) SRAEY NI ZR 5] HIT . JRRER
A= 5 VB A R sCResim s | T EEORISS 5 | FHVH . FTLAAESE RefBase MEARSZILH, 58
SRR 59 51 vH R g 3 F s AR B mRefs S i1 .

2% RefBase £ 31 frameworks\native\include\utils\RefBase.h 77 5E X, HARSLHACHS
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LU
class RefBase
{
public:
void incStrong(const void* id) const;
void decStrong(const void* id) const;
void forcelncStrong(const void* id) const;
int32 t getStrongCount() const;
class weakref type
{
public:
RefBase* refBase() const;
void incWeak(const void* id);
void decWeak(const void* id);
bool attemptIncStrong(const void* id);
bool attemptIncWeak(const void* id);
int32 t getWeakCount() const;
void printRefs() const;
void trackMe(bool enable, bool retain);
i
weakref type*  createWeak(const void* id) const;
weakref type*  getWeakRefs() const;
inline void printRefs() const {
getWeakRefs()->printRefs();
}
inline void trackMe(bool enable, bool retain) {
getWeakRefs()->trackMe(enable, retain);
}
typedef RefBase basetype;
protected:
RefBase();
virtual ~RefBase();
enum {
OBJECT LIFETIME STRONG = 0x0000,
OBJECT LIFETIME WEAK = 0x0001,
OBJECT LIFETIME MASK = 0x0001
i

void  extendObjectLifetime(int32_t mode);

enum {
FIRST INC_STRONG = 0x0001
}
virtual void onFirstRef();
virtual void onLastStrongRef(const void* id);
virtual bool onlncStrongAttempted(uint32_t flags, const void* id);
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virtual void onLastWeakRef(const void* id);

private:
friend class ReferenceMover;
static void moveReferences(void* d, void const* s, size tn,
const ReferenceConverterBase& caster);
private:
friend class weakref type;
class weakref impl;
RefBase(const RefBase& 0);
RefBase&  operator=(const RefBase& 0);
weakref impl* const mRefs;

Bs

762K RefBase ', HEl 748 & mRefs 12874 weakref impl F5%l. 5 RefBase [ AASE
RAE A frameworks\native\libs\utils\RefBase.cpp 15 X,  HAKSZHACHL U1 R .

class RefBase::weakref impl : public RefBase::weakref type
{
public:

volatile int32 t  mStrong;

volatile int32 t mWeak;

RefBase* const mBase;

volatile int32 t  mFlags;

#if IDEBUG_REFS

weakref impl(RefBase* base)
: mStrong(INITIAL STRONG VALUE)

, mWeak(0)
, mBase(base)
, mFlags(0)

{

}

void addStrongRef(const void* /*id*/) { }
void removeStrongRef(const void* /*id*/) { }
void renameStrongRefld(const void* /*old id*/, const void* /*new id*/) { }
void addWeakRef(const void* /*id*/) { }
void removeWeakRef(const void* /*id*/) { }
void renameWeakRefld(const void* /*old_id*/, const void* /*new_id*/) { }
void printRefs() const { }
void trackMe(bool, bool) { }
felse
weakref impl(RefBase* base)
: mStrong(INITIAL_STRONG VALUE)
, mWeak(0)
, mBase(base)

, mFlags(0)
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, mStrongRefs(NULL)
, mWeakRefs(NULL)
, mTrackEnabled(!!DEBUG REFS _ENABLED BY DEFAULT)
, mRetain(false)
{
}

~weakref impl()
{
bool dumpStack = false;
if (ImRetain && mStrongRefs != NULL) {
dumpStack = true;
#if DEBUG_REFS FATAL SANITY CHECKS
LOG_ALWAYS FATAL("Strong references remain!");
felse
ALOGE("Strong references remain:");
#endif
ref_entry* refs = mStrongRefs;
while (refs) {
char inc = refs->ref >=0? '+' . '-';
ALOGD("\t%c ID %p (ref %d):", inc, refs->id, refs->ref);
#if DEBUG REFS_CALLSTACK _ENABLED
refs->stack.dump();
#endif
refs = refs->next;

¥
if (ImRetain && mWeakRefs != NULL) {

dumpStack = true;
#if DEBUG_REFS FATAL SANITY CHECKS
LOG_ALWAYS FATAL("Weak references remain:");
#else
ALOGE("Weak references remain!");
#endif
ref _entry* refs = mWeakRefs;
while (refs) {
char inc = refs->ref >=0 ? '+' : '-;
ALOGD("\t%c ID %p (ref %d):", inc, refs->id, refs->ref);
#if DEBUG REFS_CALLSTACK _ENABLED
refs->stack.dump();
#endif
refs = refs->next;

}
if (dumpStack) {
ALOGE("above errors at:");
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CallStack stack;
stack.update();
stack.dump();

void addStrongRef(const void* id) {

addRef(&mStrongRefs, id, mStrong);

void removeStrongRef(const void* id) {

if ('mRetain) {
removeRef(&mStrongRefs, id);
}else {
addRef(&mStrongRefs, id, -mStrong);

void renameStrongRefld(const void* old id, const void* new_id) {

renameRefsId(mStrongRefs, old_id, new_id);

void addWeakRef(const void* id) {

addRef(&mWeakRefs, id, mWeak);

void removeWeakRef(const void* id) {

if (ImRetain) {
removeRef(&mWeakRefs, id);

1 else {
addRef(&mWeakRefs, id, -mWeak);

void renameWeakRefld(const void* old_id, const void* new_id) {

renameRefsId(mWeakRefs, old_id, new_id);

void trackMe(bool track, bool retain) {

mTrackEnabled = track;
mRetain = retain;

void printRefs() const

String8 text;
{
Mutex::Autolock I(mMutex);
char buf128];
sprintf(buf, "Strong references on RefBase %p (weakref type %p):\n", mBase, this);
text.append(buf);
printRefsLocked(&text, mStrongRefs);
sprintf(buf, "Weak references on RefBase %p (weakref type %p):\n", mBase, this);
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text.append(buf);
printRefsLocked(&text, mWeakRefs);

char name[100];
snprintf(name, 100, "/data/%p.stack", this);
int rc = open(name, O RDWR | O_CREAT | O_APPEND);
if (rc>=0) {
write(rc, text.string(), text.length());
close(rc);
ALOGD("STACK TRACE for %p saved in %s", this, name);
}
else ALOGE("FAILED TO PRINT STACK TRACE for %p in %s: %s", this,

name, strerror(errno));

}

private:
struct ref_entry
{
ref entry* next;
const void* id;
#if DEBUG REFS_CALLSTACK _ENABLED

CallStack stack;
#endif
int32_tref;
¥
void addRef(ref entry** refs, const void* id, int32 t mRef)
{
if (mTrackEnabled) {
AutoMutex _l(mMutex);
ref _entry* ref = new ref entry;
// update. Positive value means we increment, negative--we
// decrement the reference count.
ref->ref = mRef;
ref->id = id;
#if DEBUG_REFS CALLSTACK ENABLED
ref->stack.update(2);
#endif
ref->next = *refs;
*refs = ref;
}
}
void removeRef(ref entry** refs, const void* id)
{

if (mTrackEnabled) {
AutoMutex (mMutex);
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ref entry* const head = *refs;
ref_entry* ref = head;
while (ref = NULL) {
if (ref->id == id) {
*refs = ref->next;
delete ref;
return;
}
refs = &ref->next;
ref = *refs;
}
#if DEBUG_REFS FATAL SANITY CHECKS
LOG_ALWAYS FATAL("RefBase: removing id %p on RefBase %op"
"(weakref type %p) that doesn't exist!",
id, mBase, this);

#endif
ALOGE("RefBase: removing id %p on RefBase %op"
"(weakref type %p) that doesn't exist!",
id, mBase, this);
ref = head;
while (ref) {
char inc = ref->ref>=0? '+': '-';
ALOGD("\t%c ID %p (ref %d):", inc, ref->id, ref->ref);
ref = ref->next;
}
CallStack stack;
stack.update();
stack.dump();
}
}
void renameRefsId(ref entry* r, const void* old_id, const void* new_id)
{

if (mTrackEnabled) {
AutoMutex _l(mMutex);
ref entry* ref=r;
while (ref = NULL) {
if (ref->id == old_id) {

ref->id = new_id;

b
ref = ref->next;
}
}
}
void printRefsLocked(String8* out, const ref entry* refs) const
{
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char buf[128];
while (refs) {
char inc = refs->ref >=0 2 '+' . '-';
sprintf(buf, "\t%c ID %p (ref %d):\n",
inc, refs->id, refs->ref);
out->append(buf);
#if DEBUG_REFS CALLSTACK ENABLED
out->append(refs->stack.toString("\t\t"));
felse
out->append("\t\t(call stacks disabled)");
#endif

refs = refs->next;

}

mutable Mutex mMutex;
ref_entry* mStrongRefs;
ref entry* mWeakRefs;
bool mTrackEnabled;
bool mRetain;

#endif

Bs

void RefBase::incStrong(const void* id) const {
weakref impl* const refs = mRefs;
refs->incWeak(id);

refs->addStrongRef(id);
const int32_t ¢ = android atomic_inc(&refs->mStrong);
ALOG_ASSERT(c > 0, "incStrong() called on %p after last strong ref", refs);
#if PRINT REFS
ALOGD("incStrong of %p from %p: cnt=%d\n", this, id, c);
#endif
if (¢ = INITIAL_STRONG_VALUE) {
return;
¥
android_atomic_add(-INITIAL STRONG VALUE, &refs->mStrong);
refs->mBase->onFirstRef{();
}
void RefBase::decStrong(const void* id) const {
weakref impl* const refs = mRefs;
refs->removeStrongRef(id);
const int32_t ¢ = android atomic_dec(&refs->mStrong);
#if PRINT REFS
ALOGD("decStrong of %p from %p: cnt=%d\n", this, id, c);
#endif
ALOG _ASSERT(c >= 1, "decStrong() called on %p too many times", refs);
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if(c==1) {
refs->mBase->onLastStrongRef(id);
if ((refs->mFlags&OBJECT LIFETIME MASK) == OBJECT LIFETIME STRONG) {
delete this;

}
refs->decWeak(id);

}

void RefBase::forcelncStrong(const void* id) const {
weakref impl* const refs = mRefs;
refs->incWeak(id);

refs->addStrongRef(id);
const int32 _t ¢ = android atomic_inc(&refs->mStrong);
ALOG _ ASSERT(c >= 0, "forcelncStrong called on %p after ref count underflow",
refs);
#if PRINT REFS
ALOGD("forcelncStrong of %p from %p: cnt=%d\n", this, id, c);
#endif
switch (¢) {
case INITIAL STRONG VALUE:
android atomic_add(-INITIAL STRONG VALUE, &refs->mStrong);
case 0:
refs->mBase->onFirstRef();

}
int32 t RefBase::getStrongCount() const {

return mRefs->mStrong;
¥
RefBase* RefBase::weakref type::refBase() const {
return static_cast<const weakref impl*>(this)->mBase;
}
void RefBase::weakref type::incWeak(const void* id) {
weakref impl* const impl = static_cast<weakref impl*>(this);
impl->addWeakRef{(id);
const int32 t ¢ = android_atomic_inc(&impl->mWeak);
ALOG_ASSERT(c >= 0, "incWeak called on %p after last weak ref", this);
}
void RefBase::weakref type::decWeak(const void* id) {
weakref impl* const impl = static_cast<weakref impl*>(this);
impl->removeWeakRef{(id);
const int32_t ¢ = android_atomic_dec(&impl->mWeak);
ALOG_ASSERT(c >= 1, "decWeak called on %p too many times", this);
if (c !=1) return;
if ((impl->mFlags& OBJECT LIFETIME_WEAK) == OBJECT LIFETIME_STRONG) {
if (impl->mStrong == INITIAL STRONG VALUE) {
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delete impl->mBase
1 else {
delete impl;
}
} else {
impl->mBase->onLastWeakRef{(id);
if ((impl->mFlags&OBJECT LIFETIME MASK) == OBJECT LIFETIME WEAK) {
delete impl->mBase;

H
}
b
bool RefBase::weakref type::attemptIncStrong(const void* id) {
incWeak(id);

weakref impl* const impl = static_cast<weakref impl*>(this);
int32_t curCount = impl->mStrong;
ALOG _ ASSERT(curCount >= 0, "attemptIncStrong called on %p after underflow",
this);
while (curCount > 0 && curCount != INITIAL STRONG_VALUE) {
if (android_atomic_cmpxchg(curCount, curCount+1, &impl->mStrong) == 0) {
break;
b
curCount = impl->mStrong;
b
if (curCount <= 0 || curCount == INITIAL_STRONG VALUE) {
bool allow;
if (curCount == INITIAL STRONG VALUE) {
allow = (impl->mFlags&OBJECT LIFETIME WEAK) !=OBJECT LIFETIME WEAK
|| impl->mBase->onlIncStrongAttempted(FIRST INC STRONG, id);
} else {
allow = (impl->mFlags&OBJECT LIFETIME WEAK)== OBJECT LIFETIME WEAK
&& impl->mBase->onIncStrongAttempted(FIRST INC_STRONG, id);
}
if (lallow) {
decWeak(id);
return false;
}
curCount = android_atomic_inc(&impl->mStrong);
if (curCount > 0 && curCount < INITIAL STRONG VALUE) {
impl->mBase->onLastStrongRef{(id);

H

impl->addStrongRef(id);
#if PRINT REFS

ALOGD("attemptIncStrong of %p from %p: cnt=%d\n", this, id, curCount);
#endif

if (curCount == INITIAL_STRONG_VALUE) {
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android_atomic_add(-INITIAL STRONG_VALUE, &impl->mStrong);
impl->mBase->onFirstRef();

}

return true;

b
bool RefBase::weakref type::attemptincWeak(const void* id)

{
weakref impl* const impl = static_cast<weakref impl*>(this);
int32_t curCount = impl->mWeak;
ALOG _ ASSERT(curCount >= 0, "attemptIncWeak called on %p after underflow",
this);
while (curCount > 0) {
if (android_atomic_cmpxchg(curCount, curCount+1, &impl->mWeak) == 0) {
break;
b

curCount = impl->mWeak;

}

if (curCount > 0) {
impl->addWeakRef{(id);
}
return curCount > 0;
}
int32 t RefBase::weakref type::getWeakCount() const {
return static_cast<const weakref impl*>(this)->mWeak;
}
void RefBase::weakref type::printRefs() const {
static_cast<const weakref impl*>(this)->printRefs();
}
void RefBase::weakref type::trackMe(bool enable, bool retain) {
static_cast<weakref impl*>(this)->trackMe(enable, retain);
}
RefBase::weakref type* RefBase::createWeak(const void* id) const {
mRefs->incWeak(id);
return mRefs;
}
RefBase::weakref type* RefBase::getWeakRefs() const {
return mRefs;
}
RefBase::RefBase()
: mRefs(new weakref impl(this)) {

}

RefBase::~RefBase() {
if (mRefs->mStrong == INITIAL STRONG VALUE) {
delete mRefs;
} else {
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if (mRefs->mFlags & OBJECT LIFETIME_MASK) = OBJECT LIFETIME_STRONG) {
if (mRefs->mWeak == 0) {
delete mRefs;

}

const_cast<weakref impl*&>(mRefs) = NULL; }
void RefBase::extendObjectLifetime(int32_t mode) {

android atomic_or(mode, &mRefs->mFlags);

}
void RefBase::onFirstRef() {

}

void RefBase::onLastStrongRef(const void* /*id*/) {

}

bool RefBase::onlncStrongAttempted(uint32_t flags, const void* id) {
return (flags&FIRST INC STRONG) ? true : false;

b
void RefBase::onLastWeakRef(const void* /*id*/) {

}
void RefBase::moveReferences(void* dst, void const* src, size tn,
const ReferenceConverterBase& caster)
{
#if DEBUG_REFS
const size_t itemSize = caster.getReferenceTypeSize();
for (size ti=0;i<n;it+) {
void* d = reinterpret_cast<void *>(intptr_t(dst) + i*itemSize);
void const* s = reinterpret cast<void const*>(intptr_t(src) + i*itemSize);
RefBase* ref(reinterpret cast<RefBase*>(caster.getReferenceBase(d)));
ref->mRefs->renameStrongRefld(s, d);
ref->mRefs->renameWeakRefld(s, d);
}
#endif
}
TextOutput& printStrongPointer(TextOutput& to, const void* val) {
to << "sp<>(" <<val <<")";
return to;
}
TextOutput& printWeakPointer(TextOutput& to, const void* val) {
to << "wp<>(" << val <<")";
return to;

}
s
HEAS FRACRE 7 T R PG5
(1) M4~ DEBUG_REFS ARidbriR i, KK weakref impl #4 1PE e iR As .
Debug FRAS (135 A5 0 B 573 eR ECHTS 2 A SR, SEBIX 28 R 250 H AR 2 TR RN it
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#if IDEBUG REFS

(2) I MARICHRIREIHR >, 272K weakref_impl 2 2 A BURCA .

#endif

824 55%a%t

1t Android R, S9FREIMIBRIEEH A — RS HITHECEE: RefBase 8. HISESREZE—FF,
S9FREHEA — MR HAR SRR S m ptre 7946, §9FREHEA — N RAYE weakref type 15
EFIBIAMPI Y D128 B mrefs. 2K wp 7EC 1 frameworks\native\include\utils\RefBase.h 115 X,
HARSCHAS T

template <typename T>

class wp

{

public:
typedef typename RefBase::weakref type weakref type;
inline wp() : m_ptr(0) { }
wp(T* other);
wp(const wp<T>& other);
wp(const sp<T>& other);
template<typename U> wp(U* other);
template<typename U> wp(const sp<U>& other);
template<typename U> wp(const wp<U>& other);

~wp();
wp& operator = (T* other);
wp& operator = (const wp<T>& other);
wp& operator = (const sp<T>& other);
template<typename U> wp& operator = (U* other);
template<typename U> wp& operator = (const wp<U>& other);
template<typename U> wp& operator = (const sp<U>& other);
void set_object and refs(T* other, weakref type* refs);
sp<T> promote() const;
void clear();
inline weakref type* get refs() const { return m_refs; }
inline T* unsafe get() const { return m_ptr; }
COMPARE_WEAK(==
COMPARE WEAK(!=)
COMPARE WEAK(>)
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COMPARE_WEAK(<)
COMPARE_WEAK(<=)
COMPARE WEAK(>=)
inline bool operator == (const wp<T>& 0) const {
return (m_ptr == o.m_ptr) && (m_refs == o.m_refs);
}
template<typename U>
inline bool operator == (const wp<U>& 0) const {
return m_ptr == o.m_ptr;
}
inline bool operator > (const wp<T>& 0) const {
return (m_ptr == o.m_ptr) ? (m_refs > o.m_refs) : (m_ptr > o.m_ptr);
}
template<typename U>
inline bool operator > (const wp<U>& 0) const {
return (m_ptr == o.m_ptr) ? (m_refs > o0.m_refs) : (m_ptr > o.m_ptr);
¥
inline bool operator < (const wp<T>& 0) const {
return (m_ptr == o.m_ptr) ? (m_refs < o.m_refs) : (m_ptr < o.m_ptr);
}
template<typename U>
inline bool operator < (const wp<U>& 0) const {
return (m_ptr ==o.m_ptr) ? (m_refs <o.m_refs) : (m_ptr < o.m_ptr);
}
inline bool operator = (const wp<T>& 0) const { return m_refs !=o.m_refs; }
template<typename U> inline bool operator != (const wp<U>& 0) const { return !operator == (0); }
inline bool operator <= (const wp<T>& 0) const { return !operator > (0); }
template<typename U> inline bool operator <= (const wp<U>& o) const { return !operator > (0); }
inline bool operator >= (const wp<T>& o) const { return !operator < (0); }
template<typename U> inline bool operator >= (const wp<U>& o) const { return !operator < (0); }

private:
template<typename Y> friend class sp;
template<typename Y> friend class wp;
T* m_ptr;
weakref type*  m_refs;

1

I8 wp HIRE e ) SEBUARS I T

template<typename T>
wp<T>::wp(T* other)
: m_ptr(other) {
if (other) m_refs = other->createWeak(this);

}

F FRACIE A, 230 other 254k K T-2% RefBase, Jfi ] T 2% RefBase [/ i AL
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createWeak. FR% createWeak 7F ({1} frameworks\native\libs\utils\RefBase.cpp i€ X, H AL
AR 41

RefBase::weakref type* RefBase::createWeak(const void* id) const {
mRefs->incWeak(id);
return mRefs;// mRefs [F1285° weakref impl Fi5 %l

b

FER wp BINTI RS, IR BCE M A B AR X 5 1) weakref _impl X % 1) iR %l decWeak,
HOR 2555 vk . 895 180k o i, R4 78 H AR R ds &4 (0.
OBJECT _LIFETIME_WEAK 5# OBJECT LIFETIME FOREVER) 3Kk 5 & 75 EI R H A
B IR RS SEIRARE .

template<typename T>

wp<T>z~wp() {
if (m_ptr) m_refs->decWeak(this);
H

SSFREN RO RUE AN BEEEERE HARN 5, SR RS9 R4 R EA <+ F1 “>7
YERF S, TomFa e E L TIXPIMEAERT 5 o WER R FREERAE H AR %, T B9 Fa £ T2
HaAEEr o TR A AR B m ptr I m_refs #iE—ANaRAREL sp, m ptr A& FR H AR
ZH— N RER, mrefs 2 FRIR A H AR G BLIH ) weakref impl X%t FHARIGWIT

template<typename T>
sp<T> wp<T>::promote() const {
return sp<T>(m_ptr, m_refs);

}
L5 220 L R AR A AR TR

template<typename T>
sp<T>::sp(T* p, weakref type* refs)

:m_ptr((p && refs->attemptIncStrong(this)) ? p : 0) {
H

e R Rt ARy, Widatdiain) T HARN BRI A m_ptre WHRSEAAAE H AR 5, W
m_ptr 4511 AR G e RIS HARW G CEAFAE, W m_ptr 5 NULL. J& 75 THR 8 4
Z:7% PR attemptIneStrong (IR [MIZ5 R . pR#Y attemptIneStrong ) HARSEHACAS 41T

bool RefBase::weakref type::attemptIncStrong(const void* id) {
incWeak(id);
weakref impl* const impl = static_cast<weakref impl*>(this);
int32_t curCount = impl->mStrong;
LOG_ASSERT(curCount >= 0, "attemptIncStrong called on %p after underflow",
this);
while (curCount > 0 && curCount != INITIAL STRONG VALUE) {
if (android_atomic_cmpxchg(curCount, curCount+1, &impl->mStrong) == 0) {
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break;
}
curCount = impl->mStrong;
}
if (curCount <= 0 || curCount == INITIAL STRONG_ VALUE) {

bool allow;
if (curCount == INITIAL STRONG_VALUE) {
allow = (impl->mFlags&OBJECT LIFETIME WEAK) !=OBJECT LIFETIME WEAK
|| impl->mBase->onIncStrongAttempted(FIRST INC STRONG, id);
}else {
allow = (impl->mFlags&OBJECT LIFETIME WEAK)== OBJECT_LIFETIME WEAK
&& impl->mBase->onIncStrongAttempted(FIRST_INC_STRONG, id);

}

if (lallow) {
decWeak(id);
return false;

}

curCount = android_atomic_inc(&impl->mStrong);
if (curCount > 0 && curCount < INITIAL_ STRONG_VALUE) {
impl->mBase->onLastStrongRef(id);

}
impl->addWeakRef{(id);
impl->addStrongRef{(id);
#if PRINT REFS
LOGD("attemptIncStrong of %p from %p: cnt=%d\n", this, id, curCount);
#endif
if (curCount == INITIAL_STRONG VALUE) {
android atomic_add(-INITIAL STRONG VALUE, &impl->mStrong);
impl->mBase->onFirstRef();
}

return true;
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public void methodA (int status){
try{
/EA T ARRE AT RE 2l SpecialException
if(status==-1)
throw new SpecialException("Monster");
}catch(SpecialException e){
TP S
H
}

(2) WIS )T B O H, BHET AR A WAL throws A7 B0 H 57
AR T AR
public void methodA (int status) throws SpecialException {
HEAFARIE AT fE 2Pl SpecialException
if(status=—-1)

throw new SpecialException("Monster");

}

Y ANVEIERPATIEEE, Java RIS IR R AR R o % 5 ke S5, AR5 4ksl ik
PR —ITE WAL PAT I VA B R TP 4l e, Java REAUALAA 2004k 2 e 3K 1% 7 5 1) catch
A BB A YA R B AFAEIXFEN) catch ARATEE, WIAAAE, W4T 1% catch 10HS
Yo B0, Java MEAUNLS TR AP i O VAR 4, AREL B — NI h B R A
catch GG Hk,

B, 4751k methodAO ! SpecialException S i, w2 7 vk p 444 7 4 3k
SpecialException [] catch fAA%HE, HIPATIXAN 72 AL BRACAGHR . 1 777 method A A 3K 1%
SR, TR A7 XA P SpecialException, 4 Java HEAUA LA AE B RE R AR 0] 51
2 57 methodB(), T84 J51% methodB()HH 5 A5 filik SpecialException. U1 H7E J7¥2:
methodB() " /A 7EF 3R 1% 5 1) catch ARSI, S A TIX A catch AR, IEIN & X 572 methodB()
ARSI

public void methodB(int status){

try{
methodA(status);
}catch(SpecialException e){
NIAE B
}
}

Hny L, AR R, Wi Java MERUNLAESA ik i R 3 T AL e AR
WHZ VR R G5 AKG OA AR TG 2R, REFP IR 5 2% 7 VR0 5 0 A FEARAD 5 4 4k AT
WS 7512 methodB(O) AT i3k SpecialException, M2/ B %75, B4 Java FEU
PURI AL FARAE R AR A 2 main() /735, I E X572 method BOHIAAS AT
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public void methodB(int status) throws SpecialException {
methodA(status);
}

24 Java RESUATLAE I 0 AR AR RS I 710, URATOAR BT R B AL P e 3 AR B,
R VT 530 B printStack Trace() /5%, 4T EISK B 7 TR S (5 5, BB 38 R
PPl Blniads i SRS Jo 2 4T B R AR S H A

public class Sample{
public void methodA (int status)throws SpecialException{
if(status=—-1)
throw new SpecialException("Monster");
System.out.println("methodA");

}

public void methodB(int status)throws SpecialException {
methodA(status);
System.out.println("methodB");

}

public static void main(String args[])throws SpecialException {
new Sample().methodB(-1);

}
}

ST ENE R BN AR

Exception in thread "main" SpecialException: Monster
at Sample.methodA(Sample.java:4)

at Sample.methodB(Sample.java:10)

at Sample.main(Sample.java:15)

76 _ER AR, K SpecialException F/nHe—Fp i, Wi MRS & & HIURFET .

public class SpecialException extends Exception {
public SpecialException(){}
public SpecialException(String msg){
super(msg);
}
}

9.1.2 Java IR tpyFERIEE

7E Java T — lang &, FEMLEHINE —NE A FH JS——Throwable, IS
T w3, B— A AR 2 e 1728, Ho Error 11 Exception IX AN+ B2,
R 2, Fr e R e SOl 15 50 N AR B s, 15 & e TR fili sk
M H SO0 Java iR SR H IR B WK 9-1 P,
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£9-1 Java FRIREZ
ArithmeticExeption AR
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ArrayStroeException A 5 5 A He A I IR 20 B s I s o 5
ClassCastException RIS A S
ClassNotFoundException S R BUAH N K Sk
EOFEException PELIREAY B N
FileNotFoundException SO ARFRF S
Illegal AccessException i T JE A Aol HE 240 s P S
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NegativeArraySizeException BN TCERAN O R
NullPointerException TARE S
NumberFormatException TR AR BT SR
NoSuchFieldException FBARKB A
NoSuchMethodException TEARKE S H A
SecurityException /N PR AT 0 88 1) 2 A VAR L) VI e S i 6
SQLException PR e e S
StringIndexOutOfBoundsException FAFHZR TR v L e

9.2 Java ERMWE RN ENFRE

5 (Exception) e AI G s AHAT I 2 FR) ZESRIEA TR IR A BV 7 0 o W AR BRA R Dy
REFF B 5 AU, A TR ATSEE A R e gt 1o IS RE . Java fE 0 — M iS5
MR B E S AR T S IR 6 PR s, RN SCT R 57 b2
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o ARSI PRI ES, HLACRS DA B2, AR AR AN SR SR A n] e 2 I8 Jl 2
AEPETE F A . FLK, S AR BB BRI T REF IS AT RO, i T 3 mis T 3o A 2 K 2
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AR UL, VAT T AEARIAT RN T TR AR, S0 A B
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HRCR, BAE CH K Java il 5 TR EI TN . 7E1Z T, giieas b — et e kb
HE, HTATREARE, HEALER N B E A g R R .
I, e AL BERR o HAE A e R, DR e AR, AR B, WK S A T
BRI, R AR T 4R i

55 3 FhOTIEAERELE Java BRUNLIY S I g v v h I B R o A BRTE N EAR TT 5L, (H 24
PR N B, BT EREA LR ER, et E ARSI O, OEEH T
FE R AN IFRIT .
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A O R AR RN i T 432
Java GRPERERP AT B AL BRI 7 VAR G Ab BRAR DRI BRATTAE SRR W] F e M) 1
K5 RAEMINEM R R, kR REIR T .
MexceptionTable {
int start—pc;//7= A5 55 (TR AL aVE
int end —po;/y= AL 7w I HR & 28 13
int handler—pc;// 5 & AL AR FE 5l
Hjava—Ilang—Class* catch—type;// 5 JS#!
}

PSRN, SR A B AR A W R A B L R R R, ATk
SR P EIRAT G XA AT IR 57 AL B AT

Java S AEBRALARNAE B AT AR BE 1K) 2 7 M Atk 4 L2 AT, e R
P AT I BATTN N TR IR R B, DAL S A6 D V2 AR R e Ak o ik M
FIBER AR G5 A N REVK T R Ia AT AT« IR s A IIs TR . ik BER N s
gkt b

--*MethodCallList{

-=-u4 pc; IRZTT O 21 T R 4R
---ObjLock* lock; IRETTIEITAERT G R0 50

--methods* meth; AR T AR A A

---jmp—Dbuf jbuf; IV ERRESRREIAT A% T VLI TR AT 385
--MethodCallList* prev; /A& W17 L EHH 72

cee }

RN, SRR pe AR, AR R R AL PR (h
meth FRAF) A0S RS AL BRSNS WA R 48 1 T R A (prev $i7 1) 1
JiiE)e A H AL PR AT RO, 4R BT ) e AL B AN, e A BB PP 2 1%
FIRFTAE T I REAT I B AT I, JRRAZ VR I A i 454058 ) 5 W AL B A, s
IR ML R AR BT X R TR, 25, AR 2SR AT E I IR BLA 4

AT — MR E R AL BE R PR 2L setjmp 2 longjmp SKSEILEATHBE M IRAF- SR . 1
B R IR S5, lock AZITEIT BN BRI REL, FZITE TSI, W lock
PRI RO R IERT ), X T RIS TR A e S, R
Z(R)BL.

S AL B AR AT AL BN, KR o A PRSE, BV SR AN R . N
T E IR ERWIE S TR B R, BN E20h Error 2 RuntimeException. 115z 4LIHL
TERNNB 75 AT IR A &, 3 8Os R, R ™ 2E ClassFormatError
FEN s REAUNLPAT 0 452 I A B P AR TR A, S AR, UL
= ArrayIndexOutOfBoundsException. 4 HEFUBLAT I )55 I, Folok s W AR P AT . AR
S AR F A 2 RS, T R4 athrow P2 AR AN S il & S AEFEFR 0404 T
AP BRA R AR T, A SR A i i 3 7 5 Ab B A, athrow $5 29574
VRO LRI Eds, SRR 1 5 WO BB, ARAE 2 Fy 7 vk Rk 21 e Ak B A
266 Al



F9F Dalvik BHIMRERR "

W, DS O ARG, BB Pz e 5 W k. JORE,  AbERZ R 17 VR
VEBRRHERR, TR N R AR R E RO, AR R R v () oAt 7 V2R #ks
Ph3v. AN E IR T, S B ARNETS B  dfit

XTI, AN S LU R, B2 NullPointerException(F 455 5| H)-
ArithmeticException(VF s vt tH),  IX AN o] AR 2, #4E RGP X A S 11 v
Wifs 5, PIUCAES HAIGAIT, W ZERR £ signal 0B S 5 IR IR S5 R o

LEXT B AT AR PRI, S AR e B A S i AR BRI R AT IR R AR, S A
HEFR Pk AR AT VAT A I RE A B, %05 ARSI VAW R AR T T 7R 2 i
RAFREITE2E 4 T7ikda KT R IR ST 'S o 120 R [RIAE A3 v 3k [y 77 20 R B3R 1)
AR R, ROTE A REAR G R pe [ELETVERAT SR R EHRIZ pe {E TR Y5
AT S o AT SR NI T A BN FAT IR A B ST S RN NG R, SR IRAFAE
Kk, K4, TkamlfiriERh s,

DL EFRATIAN A T AR AT I i A B R P 00 h s T i ds e g R e I e (it T e 2
M5 AL B S, W7k i AR . TTAT S AR, A S A B R T

2. RERIFRITREIRELIE

TATHE S i g i AL BR T b, —BORH T S iR A 11 e B A AR IR R 50 0 Tk A
fEREHATING, TR 2SR R G 3, G B i, 82 0HUT, BIk] &
A B TR R (RSO e i bR A o (H T S G PR 15 h i 1%
AN, 7 iE AR AN (R R R LR R A A, AT vk — B A 450 L
W7V R R Sl sk AR s T IR . AL, A e e VR R AR ARG S i )
PR R, FRATT0A 200 S48 AR 7 VAR R A48 - A 5 A AR T (R VDR R o

TES iy, BATTE SN AL S S LA L T PR N DGR, AEm PR RE— 410
I, BT TR TR BT N LA A A E AR H 7 VAR v B % il sk ok, AT AT IX—1F B
AT I A PR (I, g A B T 7 5 (1) 4152 (i B 2 488 DA G 2 PRIATL 845 (18] PN A7
g [RIRATAI BTV IAT 5 R U ST 5 5 1 A R O 2R e 4 AU SO AT = [
PLESA Z AP OC R . R IAR P45 T i AL BR AR IR e A2

if(meth -> exception—table!=null){ TR RAER
for(I=0;I<meth->exception—table —len;I++){ /lexception—table—len 4 R A
e=&meth->exception—table [I] ; JARBUE TN e 36

e->start—pc=nativeOffset [e->start—pc ] +(int)nativeCodeBase;
e->end—pc=nativeOffset [e->end—pc] +(int)nativeCodeBase;
e->handler—pc=nativeOffset [ e->handler—pc] +(int)nativeCodeBase;
}
b

1E LT A2 1, nativeCodeBase b —F8%r, 48 ) 4 3 o A A AL (1) 62 4R 47 &,
nativeOffset 4 — 3B A7 i — AT R AE A 7 AR T A% . 254k )5, e->start—pc,
e->end—pc, e->handler—pe P44 A 0E N T H A HI RS 78 N A7 b k. [RJ3EE,  mTaEAT

XA R A AL B AR R AR U, A IR S AR S AL HAT A
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SN PERATING, S AR AR AL BN 0%, X T ERAM VAR SR — NS 2
e REAEQIEN TVM D F N E s AT S 8l (o] 7 i858, efe i — Vs
i 22 () AR BEAE IS [ P o 6T SN g 18, %S A TR T Ak, AT ik sk b 1
HUEAREH) C #e BSOS R AR A M A AOARAR, AT A R oyl o ™ A 3 ik
RIBLE, SR HZI R EETHEARALE . BIAndElE] 9-2 th, gyt T deihinsa) vh 75
BAFI 7 &, B 9-2 WA RE A 75 1 WIS 2, Tk 2 W5 3.0 TiERAE
LR (A R RSP TRUN . RRE S (AR MBS H], B R AR 2 At Ik A T
S YESE T AL A

A i P
E et SRS ] ZH S ]
iR [\ (retpe) IR EIHbHE (retpe) SR Bl HbE (retpe)
_—1#% ebp(retpc) _|-—1#% ebp(retpc) _—#% ebp(retpc)
wp SRR Ak 7 [ SRR Ak 7 [ SR 2 ]
AR 2 ] ROz 1A] BERAR 2 ]
Ittt 225 i) bt 22 ) I} 22 i)
PRI AT 2 WIRGFIFFE PO 2788
Sp — =
Tk 3 (CHETH) k2 Tk

K92 ZeREbess ]t A T R s S

M 9-2 TG, T3 VAR 18] A 7 5 R AT K73 B 7 e (8 retbp.,
retpe FELMT. HEERESRIUX P Fedh ml RE B  AE ik P AR 8 . 6 TSR, R UL
FLE ] S A IR PP AT S A B TP 7 A S WA I e g e, B S
athrow I 23 T 72 00 AL BERE PR N LAR 152 o S AR B o4 AT I, S AR PR P 1) 7 1Ak
AR, AR AR R TR LSS 1 N IES R AL B, 92 8 A A AR SR T
HINERRNE ISR S retbp, 25 1 DNINESEIOAAAER EIR 2 4 A2 25 20 AT 5V IR 0]
Hudk retpe, retpe-1 RV f{AOFR-uhl: [P I 720 retbp AbFRAT X AT AFFE)Z T
TR IO MR Bk AR It ik o SR Ay AT S 3 e i R P K A 4R . AL,
LIt G P S 5 A BN D595 T T R R R I B A R A R

MethodCallList{
int retbp; 1 b5k b Fe
int retpc; (R T7 5 ) B bl
e

DIt G P I S 0 A B 5y — AN BB R, TR E T AR TR IS A T . A
L PRGE P FATEIE, retpe-1 ATl I 7k izl I fe o su ik, BATT AR P %
MR L2 AR R 5 i AL AR DR i AL BE AR, (X — Frd i Bdr Ty Se gk 2%y
o 4 T HREMIE retpe-1 PTALINTE, BATAIANE I PTAT K2R 3L ri%,  DLAIMTiZ it
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PAER T A N e BRI IO B, R BATT R T Bt AR A 5 0D sk a2
LI ER R R ARG R, (HIXESR A L2, BEga i AR RO b, B
A, RZAHOL MR EL BRI T, DA 2 A3 5 T (R N 1) W] 2 AN

FERRRE T 4 T A 6 S o W AR B A I Bk 5, 2B AR S5 i oy 1 P St Ak
AN 5N AL PR R R A RO S AU sk, AT S G 1 5 S DL AR B )
WAL, RS, N BoCR IR R 24 A C TR R 3 AL PEAH catch
I AIEA ES C BRI AIR, 2RSS O E I ESEL (BRI I%SE0F
ARIEANSEZE 6], ERAEIAT catch [RIZE— 25 H5- 2 I B AT 2 ISR i A s a) o ATIHE S
I i 19 P A S A2 ARSIk 2 A 2 O St ik D REAEBEAT Bt (0 i), DR P R S 3 E A T I 7
IRIBENE R A7 3%, SJE o AT W AR B A

movl eobj,%%eax IR G FAEN eax
movl retbp,%%ebp IS T bk
jmp*handler pc 11 S A B A A

AFTEATHE T R G BEAA T I 525 AL PR SR BRI LA Hh i A A RS (R A7 7
A3 W AL P R ARSI R

9.3 D4 Dalvik BN FEAIBHVREG

7 Dalvik FEFUALIIERS T, F S0 55 A ER (A% 0o SCAF A& Exception.co ZEASTT 1A 2%
o, OB AT IX AN SO RS, B Dalvik 2SN SIS 5 AL B SEANLH]

0.3.1  WIEILEERINLER RIS 5 Java 26

LA Exception.c 17, 1L %L dvmExceptionStartup WAL ERINL. 7% Java
K, HSHEAG T .

bool dvmExceptionStartup(void) {

gDvm.classJavaLangThrowable =
dvmFindSystemClassNolnit("Ljava/lang/Throwable;");

gDvm.classJavaLangRuntimeException =
dvmFindSystemClassNolnit("Ljava/lang/RuntimeException;");

gDvm.classJavaLangError =
dvmFindSystemClassNolnit("Ljava/lang/Error;");

gDvm.classJavaLangStackTraceElement =

dvmFindSystemClassNolnit("Ljava/lang/Stack TraceElement;");
gDvm.classJavaLangStackTraceElementArray =
dvmFindArrayClass("[Ljava/lang/StackTraceElement;", NULL);
if (gDvm.classJavaLangThrowable == NULL ||
gDvm.classJavaLangStackTraceElement == NULL ||
gDvm.classJavaLangStackTraceElementArray == NULL)

LOGE("Could not find one or more essential exception classes\n");
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return false;
}
Method* meth;
meth = dvmFindDirectMethodByDescriptor(gDvm.classJavaLangStackTraceElement,
"<init>", "(Ljava/lang/String;Ljava/lang/String;Ljava/lang/String;1)V");
if (meth ==NULL) {
LOGE("Unable to find constructor for StackTraceElement\n");
return false;

}

gDvm.methJavaLangStackTraceElement init = meth;

gDvm.offJavaLangThrowable stackState =
dvmFindFieldOffset(gDvm.classJavaLangThrowable,
"stackState", "Ljava/lang/Object;");
if (gDvm.offJavaLangThrowable stackState < 0) {
LOGE("Unable to find Throwable.stackState\n");
return false;
}
gDvm.offJavaLangThrowable message =
dvmFindFieldOffset(gDvm.classJaval.angThrowable,
"detailMessage", "Ljava/lang/String;");
if (gDvm.offJavalLangThrowable message < 0) {
LOGE("Unable to find Throwable.detailMessage\n");

return false;

gDvm.offJavalangThrowable cause =
dvmFindFieldOffset(gDvm.classJavaLangThrowable,
"cause", "Ljava/lang/Throwable;");
if (gDvm.offJavaLangThrowable cause < 0) {
LOGE("Unable to find Throwable.cause\n");
return false;

}

return true;

932 WH—TLIERE

7634 Exception.c H1, iliL A%l dvmThrowChainedException() @& -4l i —N 7%, 7E
TR, Pl IE R R E LRI AMEE . W IRIRA T — DNIR R R E R ORI, W
WIEEt “ 27, ARG IREIIH — AN s 2B — AMEAME DL P R s i ¢
I AREE O, BT DURME B S AIIX — ) . RO IXANUR AR ) R G2k, B bANT]
REAELAT A6 2 S SO ISF T A o

PR % dvmThrowChainedException()Ft) SRS U T .
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void dvmThrowChainedException(const char* exceptionDescriptor, const char* msg,

Object* cause)

{
ClassObject* excepClass;
LOGV("THROW '%s' msg='"%s' cause=%s\n",
exceptionDescriptor, msg,
(cause !=NULL) ? cause->clazz->descriptor : "(none)");
if (gDvm.initializing) {
if (++gDvm.initExceptionCount >= 2) {
LOGE("Too many exceptions during init (failed on '%s' '%s')\n",
exceptionDescriptor, msg);
dvmAbort();
}
}
excepClass = dvmFindSystemClass(exceptionDescriptor);
if (excepClass == NULL) {
if (!dvmCheckException(dvmThreadSelf())) {
LOGE("FATAL: unable to throw exception (failed on '%s' '%s")\n",
exceptionDescriptor, msg);
dvmAbort();
}
return;
H
dvmThrowChainedExceptionByClass(excepClass, msg, cause);
}

9.3.3 Friim it

FE A Exception.c H, pR%L dvmThrowChainedExceptionByClass()ffJ DI E &, W YA
—ANRIGIH, W) CHFaR/aRel” PhthaiRE . HSEERRG AT

void dvmThrowChainedExceptionByClass(ClassObject® excepClass, const char* msg,

Object™* cause)

Thread* self = dvmThreadSelf();
Object* exception;
if (!dvmlIsClasslnitialized(excepClass) && !dvmlInitClass(excepClass)) {
LOGE("ERROR: unable to initialize exception class '%s'\n",
excepClass->descriptor);
if (strcmp(excepClass->descriptor, "Ljava/lang/InternalError;") == 0)
dvmAbort();
dvmThrowChainedException("Ljava/lang/InternalError;",
"failed to init original exception class", cause);
return;

}
exception = dvmAllocObject(excepClass, ALLOC DEFAULT);
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if (exception == NULL) {
if (dvmCheckException(self))
goto bail;
LOGE("FATAL: unable to allocate exception '%s' '%s'\n",
excepClass->descriptor, msg != NULL ? msg : "(no msg)");
dvmAbort();
}
/*
* WAL,
&
if (gDvm.optimizing) {
/* need the exception object, but can't invoke interpreted code */
LOGV("Skipping init of exception %s '%s'\n",
excepClass->descriptor, msg);
} else {
assert(excepClass == exception->clazz);
if (!initException(exception, msg, cause, self)) {
if (!dvmCheckException(self)) {
self->exception = gDvm.internalErrorObj;

}
goto bail;
¥
b
self->exception = exception;
bail:

dvmReleaseTrackedAlloc(exception, self);

934 HKHREIR

763 Exception.c ', FREY initException() ] B fig 2 H e 4 T XS/ FF 4l H = 44
FERR X — 55 1 R AE UK . 1 R4 dvmThrowExceptionByClassWithClassMessage() F1 B8 %1
dvmThrowExceptionWithMessageFromDescriptor() S fLL, {E2& & K HUF & — R4, A
T XA BRI SEIYEES 40 R

void dvmThrowChainedExceptionWithClassMessage(const char* exceptionDescriptor,
const char* messageDescriptor, Object* cause) {
char* message = dvmDescriptorToDot(messageDescriptor);
dvmThrowChainedException(exceptionDescriptor, message, cause);

free(message);

}
void dvmThrowExceptionByClassWithClassMessage(ClassObject* exceptionClass,

const char* messageDescriptor)

char* message = dvmDescriptorToName(messageDescriptor);
dvmThrowExceptionByClass(exceptionClass, message);
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free(message);

}

7E3CAF Exception.c H1, BAEL initException()F B fg AL, i FH AL s 20 ) 5 KA aate— A 5+
o WG ST S SESS —AMAL (W OutOfMemoryError) ##flH, TR [Al—AM %
SRR R .

static bool initException(Object™ exception, const char* msg, Object* cause,
Thread* self) {
enum {
kInitUnknown,
kInitNoarg,
kInitMsg,
kInitMsgThrow,
kInitThrow
} initKind = kInitUnknown;
Method* initMethod = NULL;
ClassObject* excepClass = exception->clazz;
StringObject* msgStr = NULL;
bool result = false;
bool needInitCause = false;
assert(self != NULL);
assert(self->exception == NULL);
if (msg == NULL)
msgStr = NULL;
else {
msgStr = dvmCreateStringFromCstr(msg, ALLOC_DEFAULT);
if (msgStr ==NULL) {
LOGW("Could not allocate message string \"%s\" while "
"throwing internal exception (%s)\n",
msg, excepClass->descriptor);
goto bail;

if (cause !=NULL) {
if (!dvmlInstanceof(cause->clazz, gDvm.classJavaLangThrowable)) {
LOGE("Tried to init exception with cause '%s"\n",
cause->clazz->descriptor);
dvmAbort();

}
if (cause == NULL) {
if (msgStr == NULL) {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>", "()V");
nitKind = kInitNoarg;
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}else {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>",
"(Ljava/lang/String;)V");
if (initMethod !=NULL) {
mitKind = kInitMsg;
}else {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>",
"(Ljava/lang/String;Ljava/lang/Throwable;)V");
if (initMethod != NULL)
nitKind = kInitMsgThrow;

}
} else {

if (msgStr==NULL) {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>",
"(Ljava/lang/Throwable;)V");

if (initMethod !=NULL) {
initKind = kInitThrow;

}else {
imitMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>", "()V");
initKind = kInitNoarg;
needInitCause = true;

}

1 else {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>",
"(Ljava/lang/String;Ljava/lang/Throwable;)V");

if (initMethod != NULL) {
initKind = kInitMsgThrow;

} else {
initMethod = dvmFindDirectMethodByDescriptor(excepClass, "<init>",

"(Ljava/lang/String;)V");

initKind = kInitMsg;
needInitCause = true;

if (initMethod == NULL) {

LOGW("WARNING: exception class '%s' missing constructor "
"(msg='%s'" kind=%d)\n",
excepClass->descriptor, msg, initKind);

assert(strcmp(excepClass->descriptor,

"Ljava/lang/RuntimeException;") != 0);

dvmThrowChainedException("Ljava/lang/RuntimeException;",

"re-throw on exception class missing constructor", NULL);
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goto bail;
}
JValue unused;
switch (initKind) {
case kInitNoarg:
LOGVV("+++ exc noarg (ic=%d)\n", needInitCause);
dvmCallMethod(self, initMethod, exception, &unused);
break;
case kInitMsg:
LOGVV("+++ exc msg (ic=%d)\n", needInitCause);
dvmCallMethod(self, initMethod, exception, &unused, msgStr);
break;
case klnitThrow:
LOGVV("+++ exc throw");
assert(!needInitCause);
dvmCallMethod(self, initMethod, exception, &unused, cause);
break;
case klnitMsgThrow:
LOGVV("+++ exc msg+throw");
assert(!needInitCause);
dvmCallMethod(self, initMethod, exception, &unused, msgStr, cause);
break;
default:
assert(false);
goto bail;
}
if (self->exception != NULL) {
LOGW("Exception thrown (%s) while throwing internal exception (%s)\n",
self->exception->clazz->descriptor, exception->clazz->descriptor);
goto bail;
}
if (needInitCause) {
Method* initCause;
initCause = dvmFindVirtualMethodHierByDescriptor(excepClass, "initCause",
"(Ljava/lang/Throwable;)Ljava/lang/Throwable;");
if (initCause != NULL) {
dvmCallMethod(self, initCause, exception, &unused, cause);
if (self->exception != NULL) {
LOGW("Exception thrown (%s) during initCause() "
"of internal exception (%s)\n",
self->exception->clazz->descriptor,
exception->clazz->descriptor);
goto bail;
}
} else {
LOGW("WARNING: couldn't find initCause in '%s'\n",

| 275



Android ZEMLANEHEBR

excepClass->descriptor);

}

result = true;
bail:
dvmReleaseTrackedAlloc((Object*) msgStr, self); /] RS E AT

return result;

935 BEREREMNFENESVGEKNSE

7E 3 Exception.c ', Bi%L dvmClearOptException() ) Zh HE A& 1 bk 48 1 7 F S e W) aa
IS o AR TN IS UE RS AL, WER A IS T R e, WK oItk TAE
B ARt N “death-spin” FEz(, HSZOLYRIS TR,

void dvmClearOptException(Thread* self)

{
self->exception = NULL;
gDvm.initExceptionCount = 0;

93.6 R “MEZEH BE

7E3CAF Exception.c H, A% dvmWrapException()[ DI RE &M “INAESEFE” i . 7ElL
fEH— RGBT AT, — R CREER)D AR KM G Hsk
ILEALUTE

void dvmWrapException(const char* newExcepStr)
{
Thread* self = dvmThreadSelf();
Object* origExcep;
ClassObject* iteClass;
origExcep = dvmGetException(self);
dvmAddTrackedAlloc(origExcep, self);
dvmClearException(self);
iteClass = dvmFindSystemClass(newExcepStr);
if (iteClass != NULL) {
Object™* iteExcep;
Method* initMethod;
iteExcep = dvmAllocObject(iteClass, ALLOC DEFAULT);
if (iteExcep != NULL) {
initMethod = dvmFindDirectMethodByDescriptor(iteClass, "<init>",
"(Ljava/lang/Throwable;)V");
if (initMethod !=NULL) {
JValue unused;
dvmCallMethod(self, initMethod, iteExcep, &unused,
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origExcep);
if (!dvmCheckException(self))
dvmSetException(self, iteExcep);
}
dvmReleaseTrackedAlloc(iteExcep, NULL);
if (!dvmCheckException(self))
dvmSetException(self, origExcep);
1 else {
¥
} else {
H
assert(dvmCheckException(self));
dvmReleaseTrackedAlloc(origExcep, self);

9.3.7 ;ﬁjﬂjﬁﬁﬂz%é H'J#ﬁ'ﬁ’]%iﬂcé l=ll|_.\

Dalvik BRI T2 022

7E A4 Exception.c ', i A% dvmPrintExceptionStack Trace )y H FREZ 4 5l 5 (HS 2
F L, IX ORI I Y INT S R HR S . SRS AR

void dvmPrintExceptionStackTrace(void)
{
Thread* self = dvmThreadSelf();
Object* exception;
Method* printMethod;

exception = self->exception;

if (exception == NULL)
return;

self->exception = NULL;

printMethod = dvmFindVirtualMethodHierByDescriptor(exception->clazz,

"printStackTrace", "()V");
if (printMethod != NULL) {
JValue unused;

dvmCallMethod(self, printMethod, exception, &unused);

} else {

LOGW("WARNING: could not find printStackTrace in %s\n",

exception->clazz->descriptor);

}
if (self->exception != NULL) {

LOGI("NOTE: exception thrown while printing stack trace: %s\n",

self->exception->clazz->descriptor);

}

self->exception = exception;
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938 HRRFMIAFMRERTEMNT’

FE A Exception.c H, 1HIL %Y findCatchInMethod()£E /5 2: 412 HH 48 28 A 1 Ay 7 3 AH UL
BCR 7k LSRRI R .

static int findCatchInMethod(Thread* self, const Method* method, int relPc,
ClassObject* excepClass)

assert(!dvmCheckException(self));

assert(!dvmlIsNativeMethod(method));

LOGVV("findCatchInMethod %s.%s excep=%s depth=%d\n",
method->clazz->descriptor, method->name, excepClass->descriptor,
dvmComputeExactFrameDepth(self->curFrame));

DvmDex* pDvmDex = method->clazz->pDvmDex;

const DexCode* pCode = dvimGetMethodCode(method);

DexCatchlterator iterator;

if (dexFindCatchHandler(&iterator, pCode, relPc)) {
for (;;) {

DexCatchHandler* handler = dexCatchlteratorNext(&iterator);
if (handler == NULL) {

break;

}
if (handler->typeldx == kDexNolndex) {

LOGV("Match on catch-all block at 0x%02x in %s.%s for %s\n",
relPc, method->clazz->descriptor,
method->name, excepClass->descriptor);

return handler->address;

}

ClassObject* throwable =
dvmDexGetResolvedClass(pDvmDex, handler->typeldx);

if (throwable == NULL) {

throwable = dvmResolveClass(method->clazz, handler->typeldx,

true);

if (throwable == NULL) {

LOGW("Could not resolve class ref'ed in exception "
"catch list (class index %d, exception %s)\n",
handler->typeldx,

(self->exception != NULL) ?
self->exception->clazz->descriptor : "(none)");
dvmClearException(self);

continue;

}

if (dvmInstanceof(excepClass, throwable)) {
LOGV("Match on catch block at 0x%02x in %s.%s for %s\n",
relPc, method->clazz->descriptor,
method->name, excepClass->descriptor);
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return handler->address;

}
LOGV("No matching catch block at 0x%02x in %s for %s\n",

relPc, method->name, excepClass->descriptor);

return -1;

0.3.9 JKHUPCECAYIHIAIR
7E A4 Exception.c ', 18 BA%L dvmFindCatchBlock()3RHXVEHC Al Fible o FLS IR YRns i

o

int dvmFindCatchBlock(Thread* self, int relPc, Object* exception,
bool scanOnly, void** newFrame)

void* fp = self->curFrame;
int catchAddr = -1;
assert(!dvmCheckException(self));
while (true) {
StackSaveArea* saveArea= SAVEAREA FROM FP(fp);
catchAddr = findCatchInMethod(self, saveArea->method, relPc,
exception->clazz);
if (catchAddr >= 0)
break;
if (!scanOnly) {
TRACE METHOD UNROLL(self, saveArea->method);
}
assert(saveArea->prevFrame != NULL);
if (dvmIsBreakFrame(save Area->prevFrame)) {
if (!scanOnly)
break; // bail with catchAddr == -1
fp = saveArea->prevFrame; // this is the break frame
saveArea = SAVEAREA FROM FP(fp);
fp = saveArea->prevFrame; // this may be a good one
while (fp '= NULL) {
if (!dvmlIsBreakFrame(fp)) {
saveArea = SAVEAREA FROM_FP(fp);
if (!dvmIsNativeMethod(save Area->method))

break;
b
fp = SAVEAREA FROM FP(fp)->prevFrame;
}
if (fp == NULL)

break;
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relPc =
saveArea->xtra.currentPc - SAVEAREA FROM FP(fp)->method->insns;
1 else {
fp = saveArea->prevFrame;
relPc = saveArea->savedPc - SAVEAREA FROM_FP(fp)->method->insns;

}

if (!scanOnly)
self->curFrame = fp;

self->exception = NULL;

*newFrame = fp;

return catchAddr;

0.3.10 FHITHEMIRER

FE A Exception.c H, il i BA 2 dvmFilllnStack TraceInternal ()X CL 28 BEAT 11 574 B4 T HEAR
PRER. fEVF 2SO0 FIX — A SRR, XS IR — RIS AT I %,
2305 A R R I trace 15 R o AR S 7R 2 HT IR A7 B AL B R L trace R L. BRAK
dvmFilllnStack Tracelnternal () () SEBLYE AL 1 T .

void* dvmFilllnStackTraceInternal(Thread* thread, bool wantObject, int* pCount)
{
ArrayObject* stackData = NULL;
int* simpleData = NULL;
void* fp;
void* startFp;
int stackDepth;
int* intPtr;
if (pCount !=NULL)
*pCount = 0;
fp = thread->curFrame;
assert(thread == dvmThreadSelf() || dvmlIsSuspended(thread));
while (fp |=NULL) {
const StackSaveArea* saveArea = SAVEAREA FROM_FP(fp);
const Method* method = saveArea->method;
if (dvmIsBreakFrame(fp))

break;
if (!dvmInstanceof(method->clazz, gDvm.classJavalLangThrowable))
break;
fp = saveArea->prevFrame;
}
startFp = fp;

stackDepth = 0;
while (fp !=NULL) {
const StackSaveArea* saveArea = SAVEAREA FROM_FP(fp);

280 mEm



#9%F Dolvik BMR AR

if (!dvmlIsBreakFrame(fp))
stackDepth++;
assert(fp != saveArea->prevFrame);
fp = saveArea->prevFrame;
¥
if (!stackDepth)
goto bail;
if (wantObject) {
assert(sizeof(Method*) == 4);
stackData = dvmAllocPrimitiveArray('l', stackDepth*2, ALLOC DEFAULT);
if (stackData == NULL) {
assert(dvmCheckException(dvmThreadSelf()));

goto bail;
}
intPtr = (int*) stackData->contents;
} else {

assert(sizeof(Method*) == sizeof(int));
simpleData = (int*) malloc(sizeof(int) * stackDepth*2);
if (simpleData == NULL)
goto bail;
assert(pCount != NULL);
intPtr = simpleData;
H
if (pCount !=NULL)
*pCount = stackDepth;
fp = startFp;
while (fp = NULL) {
const StackSaveArea* saveArea = SAVEAREA FROM FP(fp);
const Method* method = saveArea->method;
if (!dvmlIsBreakFrame(fp)) {
*intPtr++ = (int) method,
if (dvmlIsNativeMethod(method)) {
*intPtr++ = 0; /* no saved PC for native methods */
}else {
assert(saveArea->xtra.currentPc >= method->insns &&
saveArea->xtra.currentPc <
method->insns + dvmGetMethodInsnsSize(method));
*intPtr++ = (int) (saveArea->xtra.currentPc - method->insns);
}
stackDepth--; // for verification
}
assert(fp != saveArea->prevFrame);
fp = saveArea->prevFrame;
}
assert(stackDepth == 0);
bail:
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if (wantObject) {
dvmReleaseTrackedAlloc((Object*) stackData, dvmThreadSelf());
return stackData;

} else {
return simpleData;

9.3.11 S pERKIREETER

PRI dvmGetStack TraceRaw() (1) Ll e e 18 1ol Y FH J B 5 Pa it R 25 dvmfillinstacktrace()
AR HERRERBE G2 . BT dvmGetStackTraceRaw()fF) SEELYEIS AN T o

ArrayObject* dvmGetStackTraceRaw(const int* intVals, int stackDepth)
{
ArrayObject* steArray = NULL;
Object** stePtr;
int i;
if (!dvmlIsClassInitialized(gDvm.classJavaLangStack TraceElement))
dvmInitClass(gDvm.classJavaLangStackTraceElement);
steArray = dvmAllocArray(gDvm.classJavaLangStackTraceElementArray,
stackDepth, kObjectArrayRefWidth, ALLOC DEFAULT);
if (steArray == NULL)
goto bail;
stePtr = (Object™**) steArray->contents;
for (i=0; i < stackDepth; i++) {
Object* ste;
Method* meth;
StringObject* className;
StringObject* methodName;
StringObject* fileName;
int lineNumber, pc;
const char* sourceFile;
char* dotName;
ste = dvmAllocObject(gDvm.classJavaLangStackTraceElement, ALLOC DEFAULT);
if (ste == NULL)
goto bail;
meth = (Method*) *intVals++;
pc = *intVals++;
if (pc==-1) // broken top frame?
lineNumber = 0;
else
lineNumber = dvmLineNumFromPC(meth, pc);
dotName = dvmDescriptorToDot(meth->clazz->descriptor);
className = dvimCreateStringFromCstr(dotName, ALLOC_DEFAULT);
free(dotName);
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methodName = dvmCreateStringFromCstr(meth->name, ALLOC_DEFAULT);
sourceFile = dvmGetMethodSourceFile(meth);
if (sourceFile != NULL)

fileName = dvmCreateStringFromCstr(sourceFile, ALLOC DEFAULT);

else
fileName = NULL;
JValue unused;
dvmCallMethod(dvmThreadSelf(), gDvm.methJavaLangStackTraceElement init,
ste, &unused, className, methodName, fileName, lineNumber);
dvmReleaseTrackedAlloc(ste, NULL);
dvmReleaseTrackedAlloc((Object*) className, NULL);
dvmReleaseTrackedAlloc((Object®) methodName, NULL);
dvmReleaseTrackedAlloc((Object*) fileName, NULL);
if (dvmCheckException(dvmThreadSelf()))
goto bail;
*stePtr++ = ste;
H
bail:
dvmReleaseTrackedAlloc((Object™) steArray, NULL);
return steArray;

9.3.12 AR FIMEIHELRER HE

FESCAF Exception.c 1, PRA%L dvmLogRawStackTrace() 3 BE ALK SR 1735 15 5L N 298
fnzHEARERES H & . % dvmLogRawStack Trace() ) SIS U1

void dvmLogRawStackTrace(const int* intVals, int stackDepth)
{
int i;
for (i=0; 1 < stackDepth; i++) {
Method* meth;
int lineNumber, pc;
const char* sourceFile;
char* dotName;
meth = (Method*) *intVals++;
pc = *intVals++;
if (pc==-1) // broken top frame?
lineNumber = 0;
else
lineNumber = dvmLineNumFromPC(meth, pc);
dotName = dvmDescriptorToDot(meth->clazz->descriptor);
if (dvmlIsNativeMethod(meth)) {
LOGI("\tat %s.%s(Native Method)\n", dotName, meth->name);
}else {
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LOGI("\tat %s.%s(%s:%d)\n",

dotName, meth->name, dvimGetMethodSourceFile(meth),
dvmLineNumFromPC(meth, pc));

}

free(dotName);

sourceFile = dvmGetMethodSourceFile(meth);

0313 RBERTEHEEEMEHAEXRRIZER
7E A Exception.c 1, BR%L logStackTraceOf)MIThfE S, ¥ 5 HA&MS B EHEFT it
FHERRER RS B o A% logStack TraceOf) 1 SEILYEAL I F .

static void logStackTraceOf(Object* exception)
{

const ArrayObject* stackData;

StringObject® messageStr;

int stackSize;

const int* intVals;

messageStr = (StringObject*) dvmGetFieldObject(exception,

gDvm.offJavaLangThrowable message);

if (messageStr != NULL) {
char* cp = dvmCreateCstrFromString(messageStr);
LOGI("%s: %s\n", exception->clazz->descriptor, cp);
free(cp);

} else {
LOGI("%s:\n", exception->clazz->descriptor);

}

stackData = (const ArrayObject*) dvmGetFieldObject(exception,

gDvm.offJavaLangThrowable_stackState);

if (stackData == NULL) {
LOGI(" (no stack trace data found)\n");
return;

}

stackSize = stackData->length / 2;

intVals = (const int*) stackData->contents;

dvmLogRawStackTrace(intVals, stackSize);

94 BIFENXBS5RE

P24 Android N FIREFA2 AT Java 1595 K, BT AACNTR PRGN UFF Java N RE 7
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(R WS AERADRRZ AT, g EAIEAT LY R WA Java N HIREFP SR, ol EANE
ML Ji DA T e 23 O AN o XA R BRI BN BAE HVF TARh B E S R, e
OO0 T I 5 ST A R R . 2 B 0 B AT — 0T, A B RE O A R P T
RN —E .

0.4.1 SQLException: iR{EFIEEREZX

AR Java N FIRE Y KB O O80T R0 2 AT K, @R Java N RS 5 800 2t AT
VB A TR, XA A AN . RIS SRR PR R A T I AN R R gy
FP e i, XA A E e S T SR B S L Z ) S A SR IR 2 . DA
MPAERG AL, AR P T UE A T B M — o 4 il A BRI,
RIEAFBIVEIRIUA AR ER 17, R T BRI PEZ0 A0, S Eodi e s B s —
SRR RAME R TR AR, RO R AR R . RIS B R R

S A B RV R XA AR, PRI TR BB ST G . Wkiis, Ay
& H 7l T DR A 6 5 Bk M A A B iR R s R o 3R SR AN R A el e e 2R 0 2
L. 7E Java NHIRERP TR, DA Bl RS AT A A5 W g, R i A — Ko B i Java
IR A G MR (G QAR TS, Uit SR A R IR IR, Be 2 KIS HHh
{Ho BRI S el 2 i S s 1 6 A A AT

0.4.2 (lassCastException: #FiEXBittinE =

75 Java N HHFR P, A I3 5 B0 B R AT 4, IR B 48 7R ) i e S B oK
. (RRTEIRE A, AR INERTG B R A NE” XA ETHE 4. WA
A 0 R o R T AN R, A B S i R B S A e e o 9 anE SRR
TN ST B — AN B ) SRS A 0 DA 58 e P e A 52 1 T R A, b o L
TERT & N R h AT 0], X — ARG Am . AR, QR ET & N R P Z A G
foshl, o P Em A B0 T . BER, A FEMIER. SN HRPE
AT EAR R B I I, St MRS o AR IR, B KRB 4 e e N AR 7
TR B L 2 5, R — AN BRI o G B R, #mT LA
FE N FARE P 2 1 Ao B S AT — S 45l . RIZER R A TG 30 2 1, PR AIE 5L
PRIIAEENE . Wb IRE, A S A S ) 4 e s . e R RVP B 2R B 1)+
B, nIRARCE A RV A NEME LM . BARUA T S A BELE], ] DLERUE Y. H
FEFP AN R INIZAT o AFRAESE BRI R h R ER RE 2 IR DR A AR ISR IR, i R
B R AR S
9.4.3 NumberFormatException: =7 BiF#HARFLENMENEE

TEHAR R A L R b, 0 2 7 A7 B 4 B0 R R b R B ) [, TR AS
FHAE Java FEFFHRA T — MO R R, B NumberFormatException.  WIHLLE Y747
RUAHE 1234567 o BUE B BRI, & VPR (F2 W R 77 B b A Tk
Ber R EARE, an “123#567, ML O BUE YR B LR . RGURS R 21X A
Fe, JEREAT AR
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Java N HIFERP 3 WL SR AR D o WIRIRBIFINZRH . AN FRVFS ) L
AFCRGTA AT . PRI BH . FBORKEIR . — BRI RN ST AR X
AN A0 R TS ISR A REFP TR RN SAFE L BRI CRE A7 AE B R S 3 (1
166, SUFTSRAT A WA . ks, Je @ N R R R AL A, 3
IBAT R R P BOBEVR, AR AT LU PR 3 44 R R RS H AR SRR AT Rr B
FEf LI [0 N PRS0, IR N R P I IE 384T

9.5 ARMEXRIRIZDINES

FOEL A ST ERIHL—FFE, 24 Dalvik SERIFLKCE] SIGQUIT (i (Ctrl+\) 2H A8 s kill -3)
AN, SNFTA I dump AE i ERGB B B, XU BAWEIAS N Android R4 log
(Hi&) , S A—A 0. EAbT Dalvik RERUNLS 2 K, AT DU ki B AR ER
RS B R W I ff e
051 HREZEEIR

£ Android JFAGE R, 28R SIBRIBR R, L SIGSEGY (1D #iik. B libe HY
backtrace PREUEFT ENHUGE N FOHERAS S, X865 SR th—IE B BUF R o 9 I T e HE AR

.
H/oho

ActivityManager( 1105): Displayed activity com.android.browser/.BrowserActivity: 2460 ms
(total 2460 ms)
I/DEBUG  (13002): Build fingerprint: 'unknown'
I/DEBUG  (13002): pid: 20363, tid: 20375 >>> com.android.browser <<<
I/DEBUG  (13002): signal 11 (SIGSEGV), fault addr ffc00000
I/DEBUG  (13002): 10 059fc2a0 rl 4a3bcef8 12 e59fc2a0 r3 4a3bcc58
I/DEBUG  (13002): 14 4a3bcl01 15 4ebe0adc 16 4a3bcl20 r7 012fff10
I/DEBUG  (13002): 18500del01 r9500eel2d 10 a87dfb20 fp 4ebe58¢0
I/DEBUG  (13002): ip ffc00000 sp 4ebe0a30 Ir4a3bcc58 pc a862f3a0 cpsr 00000030
I/DEBUG  (13002): d0 0000001100000011 dl1 0000001100000011
I/DEBUG  (13002): d2 0000001100000011 d3 0000001100000011
I/DEBUG  (13002): d4 0000001100000011 d5 0000001100000011
I/DEBUG (13002): d6 0000001100000011 d7 4060000000000080
I/DEBUG  (13002): d8 41d3d1762¢40d70a d9 41d3d1762e440a3d
I/DEBUG  (13002): d10 0000000000000000 d11 0000000000000000
I/DEBUG  (13002): d12 0000000000000000 d13 0000000000000000
I/DEBUG  (13002): d140000000000000000 d150000000000000000
I/DEBUG  (13002): d16 3ff0000000000000 d17 3ff0000000000000
I/DEBUG  (13002): d18 40cd268000000000 d19 3f3b9cc1b0bac000
I/DEBUG  (13002): d20 3ff0000000000000 d21 8000000000000000
I/DEBUG  (13002): d22 0000000000000000 d23 0000000000000000
I/DEBUG  (13002): d24 3ff0000000000000 d25 0000000000000000
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I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG

(13002):

(13002):

(13002):

(13002):  scr 60000013
(13002):

(13002): #00
(13002): #01
(13002): #02
(13002): #03
(13002): #04
(13002): #05
(13002): #06
(13002): #07
(13002): #08
(13002): #09
(13002): #10
(13002): #11
(13002): #12
(13002): #13
(13002): #14
(13002): #15
(13002): #16
(13002): #17
(13002): #18
(13002): #19
(13002): #20
(13002): #21
(13002): #22
(13002): #23
(13002): #24
(13002): #25
(13002): #26
(13002): #27
(13002): #28
(13002): #29
(13002): #30
(13002):

(13002): code around pc:

pc 00323a0
pc 003243b0
pc 003167b2
pc 0038f2de
pc 0038416
pc 0030d392
pc 003796e2
pc 0038e36a
pc 0031890
pc 00377182
pc 0037ae0c
pc 0038e254
pc 0031890
pc 0031cf2c
pc 0038e52a
pc 0038c2d0
pc 0031cf76
pc 0038e546
pc 0031890
pc 0031ca40
pc 0038e3be
pc 0038c2d0
pc 0031cf76
pc 0038e546
pc 0038c2d0
pc 00379054
pc 0031d254
pc 0030d5d6
pc 0030d7d2
pc 0031e354
pc 0034ab3c
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d26 0000000000000000 d27 0000000000000000
d28 0000000000000000  d29 3ff0000000000000
d30 0000000000000000 d31 3ff0000000000000

/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/systemy/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/system/lib/libwebcore.so
/systemy/lib/libwebcore.so

(13002): a862f380 469¢4694 cc04{853 0e04fl1a3 510ceadf
(13002): a8621390 41c0d09 bf0S0f00 44714249 c008f8d1
(13002): a862f3a0 e000£8dc Oc1£f10e bf0842b8 2d04853
(13002): a862f3b0 0d010510 0f00f412 4249b108 f8c2185a
(13002): a862f3c0 €006c008 d1042b0c 99019b05 18426818

(13002):
(13002): code around Ir:
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I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG
I/DEBUG

(13002): 4a3bcc38 €58d0000 e49d0004 €598200b €582002f
(13002): 4a3bcc48 €52d0004 €3100001 02000018 €3a03030
(13002): 4a3bccS8 e59fc2a0 e002100c e59fc29¢ e151000c

(13002): 4a3bcc68 02000012 e59fc294 €002100c 0813003
(13002): 4a3bcc78 e1a03123 e1¢2200c €3530b02 ba000004

(13002)
(13002)

(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):

(13002)

(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):
(13002):

(13002)

(13002):
(13002):
(13002):
(13002):
(13002):

: stack:
4ebe0910
4ebe09f4
4ebe0918
4ebe09fc
4ebe0a00
4ebe0a04
4ebe0al8
4ebe0alc
4ebe0al0
4ebelal4
4ebelal8
4ebelalc
4ebe0a20
4ebe0a24
4ebe0a28
4ebela2c
: #00 4ebe0a30
4ebe0a34
4ebe0a38
4ebela3c
4ebe0a40
4ebelad4
4ebe0ad8
4ebeladc
4ebe0as0
4ebela54
4ebe0as8
4ebelaSc
4ebe0a60
4ebe0a64
4ebe0a68
4ebelat6e
: #01 4ebe0a70
4ebela74
4ebe0a78
4ebela’7c
4ebe0a80
4ebe0a84

50bfd848

50bfd858

50bfd834

afd19a05 /system/lib/libc.so
50bd3264

a86510ef /system/lib/libwebcore.so
00000004

50bfd854

002ece20 [heap]

4a3ba000

4ebela3c

4ebela3c

4a3bcl01

4ebela3c

dfo02777

e3a070ad

002ece20 [heap]

49£627d0

a87d63c0 /system/lib/libwebcore.so
4a3bd0e7

4a3bd0b8

4a3bcc58

00000003

00000000

00001100

0000001 f

00001074

4ebe0b04

a87d63c0 /system/lib/libwebcore.so
4ebelacc

4a3bc101

a86243b5 /system/lib/libwebcore.so
4ebe0b38

00000064

003f0914 [heap]

fffffc00

50bfd834

a87d63c0 /system/lib/libwebcore.so
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I/DEBUG  (13002): 4ebe0a88 4ebe0b38
I/DEBUG  (13002): 4ebe0a8c  4ebe0b04
I/DEBUG  (13002): 4ebe0a%0 4ebelacc
I/DEBUG  (13002): 4ebe0a94 aB6167b7 /system/lib/libwebcore.so

RN TARZ RJZ TR PR, PR FF R AR 2 4 2 & Lib S0, prbhAas Bos b
B SE R, EFEE IR R AT BAR G R 1 o AEIXANNA, W] DU I 2 BRI A B ) PRk
RO N RS A5 S o Gmieas HBJA 15t TAINV ) addr2line TH, T HK5ETRH4 N
arm-eabi-addr2line, 7] LA{EXS B AR 1 Y5hs H sk 21X A T R

TR BT BT, TLLE HEE system/lib/libwebcore.so I T BLf iz, AT
DL pull (3D FRBATHAT 70 4o 1 A0 21 S i v i dir 24«

arm-eabi-addr2line -f -e ~/2% [fll/libwebcore.so 0038f2de
SR o] DA Bt Ak HARIR N T, X R ik [RIRESE 20 B A INT A 1

9.5.2 REx Android Callback if A H4%

e Android RN, WTLAUEESTED A HER: Callback Stack C[R[AR) 5B FfF o
Android 1] @,

1. Java 7 R HHEKER

BANLE Java N i HY Callback Stack 15 5., 7] LA{E ) catch exception ifi 7, FFAT
H Log.w(LOGTAG, Log.getStackTraceString(throwable))kK iy Hi i F HE 4% A5 B, 6140 F 1
A «

Throwable throwable = new Throwable();
Log. w(LOGTAG, Log.getStackTraceString(throwable));

DEE

try {
wait();

} catch (InterruptedException e) {
Log.e(LOGTAG, "Caught exception while waiting for overrideUrl");
Log.e(LOGTAG, Log.getStackTraceString(e));

}

2. Android [EEF &3 F2REVEKER
WR B C/CHIBFIF RN, 8% 7] LUl I3 Segment Fault 5 5% Bl E 5
SIGSEGV(11) AN ACHE . sl 2% & SIGSEGV [ handler A4 libc JF (1) backtrace
PRI, SXAER AT LU ) Y. 1) Callback Stack, € {7 3 ) Tt o {H & 7E Android 24, bionic
ANBEFRAE IR R ThRE, 11 H R BB logeat A REFR F log 15 JE o HiSIATI 584 1T LUK 4 6]
Android IS S IRAF I FHHERGS B, 0 T T i s A A5 R
D/CallStack( 2029): #00 pc 00008156 /system/lib/hw/audio.primary.tf4.so

D/CallStack( 2029): #01  pc 000089e8  /system/lib/hw/audio.primary.tf4.so (android audio legacy::
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AudioHardware:: AudioStreamOutALS A ::setParameters(android::String const&)+139)

D/CallStack( 2029): #02 pc 0000b2ca /system/lib/hw/audio.primary.tf4.so

D/CallStack( 2029): #03  pc 0003ac6a /system/lib/libaudioflinger.so (android::AudioFlinger::
MixerThread::checkForNewParameters 1()+377)

D/CallStack( 2029): #04 pc 0003960a /system/lib/libaudioflinger.so (android::AudioFlinger::
PlaybackThread::threadLoop()+145)

D/CallStack( 2029): #05 pc 00011264 /system/lib/libutils.so  (android::Thread:: thread
Loop(void*)+111)

D/CallStack( 2029): #06 pc 00010dca /system/lib/libutils.so

D/CallStack( 2029): #07 pc 0000e3f8 /system/lib/libc.so (__thread entry+72)

D/CallStack( 2029): #08 pc 0000dae4 /system/lib/libc.so (pthread create+160)

£ Android J&&JZ TR NI, w] LU B 05 AR B

(1) arm-linux-addr2line %>

{fH arm-linux-addr2line iy 2 #5453 i FHHERAS B4 .

arm-eabi-addr2line -C -f -e symbols/system/lib/*.so addr

(2) ndk-stack 1" E.
0] DI ndk-stack T HLLRA7H 5 log A logeat.log B /73X, T DU H 1 FHHEARAS B

cat logcat..log | ndk-stack -sym ~/[SOURCE-DIR]/out/target/product/[PROJECT]/symbols/system/lib/

(3) panic.py JHIA
WA LAEH] panic.py AR 73 B K 4T BN ] HEAK -

./panic.py logcat.log
IR Togeat W6 20U 4 il in I 1) =X

D/CallStack( 2029): #00 pc 00008156 /system/lib/hw/audio.primary.tf4.so
D/CallStack( 2029): #01 pc 000089e8 /system/lib/hw/audio.primary.tf4.so
D/CallStack( 2029): #02 pc 0000b2ca /system/lib/hw/audio.primary.tf4.so
D/CallStack( 2029): #03 pc 0003ac6a /system/lib/libaudioflinger.so
D/CallStack( 2029): #04 pc 0003960a /system/lib/libaudioflinger.so
D/CallStack( 2029): #05 pc 00011264 /system/lib/libutils.so

D/CallStack( 2029): #06 pc 00010dca /system/lib/libutils.so

D/CallStack( 2029): #07 pc 0000e3f8 /system/lib/libc.so

D/CallStack( 2029): #08 pc 0000dae4 /system/lib/libc.so

VRIS AT DLSRAT RIASF T B 5 A4 U8«

./panic.py setincallpath 1.txt

FTETH A5 S0 R

w@w:/mmm/JellyBean-4.3.1/trunk/out/target/product/tf4$ ./panic.py ./backtrack/setincall path.txt
read file ok
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AudioHardware.cpp:829 android audio_legacy::AudioHardware::setIncallPath I(unsigned int)

AudioHardware.cpp:1537
android_audio_legacy::AudioHardware::AudioStreamOutALSA::setParameters(android:: String8 const&)

audio_hw_hal.cpp:197 out set parametersAudioFlinger.cpp:3535 android::
AudioFlinger::MixerThread::checkForNewParameters_1()

AudioFlinger.cpp:2586 android:: AudioFlinger::PlaybackThread::threadLoop()

Threads.cpp:793 android:: Thread:: threadLoop(void*)

Threads.cpp:132 thread data_t::trampoline(thread data_t const*)

pthread.c:204 __thread_entry

pthread.c:348 pthread create

(4) python JHIAS
Google A A A FRATHEHE T —A python JHIAS, 522 A AT R Huhik43 213X python JEIA .

http://code.google.com/p/android-ndk-stacktrace-analyzer/

SRJGATLAE A “adb logeat -d > logfile” & FAFET HA 1 log, FHAHFH “build/prebuilt/
linux-x86/ arm-eabi-4.3.1/” H & ) binarm-eabi-objdump T. 3 so B¥ exe F4 iyl g,
(ZLIE

arm-eabi-objdump -S mylib.so > mylib.asm

SR A L T AR RS iy 2+

python parse_stack.py <asm-file> <logcat-file>
&N RBCE panic.py FIFAEE, BAAUEHIT, XFE 0] DASREUERAE S .

#1/usr/bin/python
# stack symbol parser
import 0s
import string
import sys
#define android product name
#ANDROID PRODUCT NAME = 'generic'
ANDROID PRODUCT NAME = "ok’
ANDROID WORKSPACE = os.getcwd()+"/"
# addr2line tool path and symbol path
addr2line tool = 'arm-linux-addr2line'
symbol_dir = ANDROID WORKSPACE + '/symbols'
symbol _bin = symbol dir + '/system/bin/'
symbol_lib = symbol dir + '/system/lib/
class ReadLog:
def init (self filename):
self.logname = filename
def parse(self):
f = file(self.logname,'r')
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lines = f.readlines()
if lines !=[]:
print 'read file ok’
else:
print 'read file failed'
result =[]
for line in lines:
if line.find('stack’) !=-1:
print 'stop search'
break
elif line.find('system') !=-1:
#print 'find one item' + line
result.append(line)
return result
class ParseContent:
def init (self,addr,lib):
self.address = addr # pc address
self.exename =lib  # executable or shared library
def addr2line(self):
cmd = addr2line tool +" -C -f-s -e " + symbol dir + self.exename + " " + self.address
#print cmd
stream = os.popen(cmd)
lines = stream.readlines();
list = map(string.strip, lines)
return list
inputarg = sys.argv
if len(inputarg) < 2:
print 'Please input panic log'
exit()
filename = inputarg[1]
readlog = ReadLog(filename)
inputlist = readlog.parse()
for item in inputlist:
itemsplit = item.split()
test = ParseContent(itemsplit[-2],itemsplit[-1])
list = test.addr2line()
print "%-30s%s" % (list[1],list[0])

FERUTHA A R AGERE e AR TSR, JLSCBR T B AR G s th A i B2 4k, e mT
A AE RGNS OO0 M IS R, AR)EIEIE panic.py FTEVM A MER . RARI %
FEALE epp AT AN F AR .

#include <utils/CallStack.h>

status_t AudioHardware::setIncallPath 1(uint32_t device) {
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#ifdef ARM
android::CallStack stack;
stack.update(1, 100);
stack.dump("");

#endif

}
7E Android.mk H A1 ALHS

LOCAL_CFLAGS +=-D_ARM
LOCAL_SHARED_ LIBRARIES += libutils

SR At ) DU 0 P A R AR X RERERE AT T I R S A A A, DA
SEHL A FE A R Eh e -
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M Android 2.2 fRA IS, 7E Dalvik MEFUALH TG T RIS 4%F (Just-In-Time, JIT) 4if
2%, MeSRiIF AR S Android R Java FEPHIMERE . FEARTERIN A, BTEM VMR NT i
PRICFEAININ,

101 JIT f§T

HHRFEFR: H A Android ERIML Dalvik {4/ T T ARG, HASITHEWRT 5 5. 76
AN, KRB DT BRFEA K,

10.1.1 JIT stk

JIT XA ) ) 259 1R/ B0, /2 — tracing JIT (121Y trace-based JIT), T %L “trace”
H AR YOS LG N s H AT RN SCRF LLREAN T BT () G . ERR IS AT IR Ik
AR HERTEA BRI AR, U8 mlRe 2 m s 5 SCATE U0, AN S5 WL
ST ECE SR AU T T H FRAS— B S B LEs 4 4

JIT ERA% 40 1) i 2 O 16 8 5 K BN R AE T, 10 2 70 7 R e s AT o B v 2k 47 2 18
(R, A G0 A O 120 2% W& 76 P R P 38 AT W0 26 S8 g 18« A IGAEVF 2 A B
HAAPTAE . JIT REW &S A BN 9 B8 TAF, AR G A 9n e 2% v] LU E BB 8 7K
BRI Ga PETT RS o LA JIT % 36 48 52 2 9 BETT 85 1 BRI, gl B8 AR 1 it & — 1)
AT

IT giiedsse — N IESHE, — Pl EIEF e, A Re A s & — M AR 1) 2
PRSP FE S, T AR s LA AR (R g PR o VR 22 FLIE JIT 2 164 DA
CRREC BE TR IR AT g e, IR I pR B T R BRI AR . R AL
MIAE R . H—> bR B 77 6 T A T BE A7 AR U A0 5 v B AR B D), o 2R A RR B 3 R
FERIm1E, IR AT RESAEV B AS FIR 2 T g BRI IR A AN 1), A% A 49 2030 T 3 B2 (R 2 7o
HIETVFZ JIT i 23 il sk T VE N 20 S AT, 75 JIT G et B0 AR A g 18, %
AR BN “uncommon trap”, 45 B AT 2194 B AR I Bk 0] 280 A R 2 Bl L Ath 28 ST O 5K

E—ANM Java YIS SR1EE] TVM FI55 9348 (W javac. ECI [EREF, —A “%a
BHLIG” (CompilationUnit) $81J&—A> Java J53CAF. M7E Dalvik ERIHLE T A —A
%0 “CompilationUnit” &5, XASTHAGER Java Y52 9w ST FIR T ‘BAE
XHIRM AL “trace”.

Tracing JIT REME B ] A7 IR ARG I HARKS R BAT R AT, %G s 16 )




10z ATz |

RaR Iy MR, rnlE A (MIRD SARZ A (LIR). MIR 5 LIR 11 5i# BB
B, B 41237E BasicBlock 5 ConpilationUnit H1. H ARG FE LT :

(1) B CompilationUnit X G KA — Ik G B 75 EEHIE Ko

(2) ¥ DEX X+ i) Dalvik 7515 fi# 45 4 DecodedInstruction, F81 2 X} M ff) MIR
(3) ENEEARRPA S, FHAIEAHN F) BasicBlock X%, ¥ MIR ZEif 25,
(4) BEEHRIRCR, RIS R = HIRE (CFG), IR AR 2 IR
R A PR ) BE AR

(5) FGFEARLARINZE] CompilationUnit H. 2.

(6) Rt MIR #: 40 LIR CiigAT JmiB b4 /et .

(7) M LIR L4555

M RGP, FIES CPU ZEMASCHIEH (5) ~ (7 MBI, BN LIR 215
CPU B VIAHG I g At 24 T (1) ~ (4) W dex 753 MIR 4, nTLALN IIT
H 5 CPU BER GRS . BRIk, K5 JIT B R3] —ASHr i 28M 25, NOaZBqul sl —48 LIR
R, IAEFIEXN LIR 82T M K. KB, TAEEELEDERINE
compiler/codegen/TARGET ARCH/, 1] LA MIPS A8+ & BB A 1% 1 LR (CIEFAR
e 34h, MBI HT R 5 BRI gt A2 TAR R — 57

Dalvik ERINLEATHIFE (& T Wl 10-1 s,

BRERHE (5 85K _‘ Dalvike 1T

| w#an |
Eﬁ@ii#
T
o [ et
Exit 0
Exit 0 Exit1 [H
FRAT / BRI R Exit 1
i
/ i
[ wELE |1 - Exit0
Exit 1

10-1 Dalvik ERINLAE TR

ZLEAL Java FEFPRERSAE Android DISAT, £ ALSN P00 VM PR 2 e, il 248t
dx fALEE, M IVM 7N Dalvik BERNLT 565, dx fERHOd fe T O fid — 28t
T Frla] LAER A4 Dalvik HEFUBLA ) JIT £8 MIR JZ A BRI .

A BAER Dalvik HEFWLE) JIT ()58 BSEIERIG, RFRUAL IR load/store THFER,
SRR TR SCHER . dx A5 T B0 MR BRI AR AN 2 K1, BT LARIEAY
JIT, Dalvik A= SRR th A S AREF,  H AT HER 2110 55 W2 RCR S U TR a8 1
LIRS 2 bR T
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10.1.2 Java ERIM EZRIMILTEAR

(1) T %iixds

RIFEFRERATI %, (HERIMECE KRN, —HFmmRiaT, HAas2 A
IREF BOA e, it e A, PR EBEPAT G LA

QO method J73X:  DARRELEL 57204 AT BT 4 156

Q trace 730: LA trace A RALHEATY IR (A] LIAEAEIA N AN A gme) , Tk

8% method.

(2) AOT (Ahead Of Time) 4wiEes

FERET RGBT GG e AL 280, FRAF R AEAHOAE R b, DUnPs TR, HukFh
T ATHAT IR NS DU T
10.1.3 Dalvik = JIT a9SCER

KRS — NN, #SMHNHE 31— Dalvik BRI, JAshr<#sr NT 4f8, —
HAEJG 61T MHEBAUS B I, BRI AW e e 5 77 2 m B L as s, W FR 2L,
B MRl JIT AW AW bR, R &R Y 5 e 40 gn B L 2 0s, IR L
A b S AH AT BN entry table H, N IRHT B LB EINLASAD BEAAT , TIAS FRAFREAAT 5
T iR

10.2 Dalvik EBANLXT JIT BYSZHF

h TN IIT Gt d@ it RAFSRF, 71 Dalvik FEANLISUASIRIRRE 28 FLEEAT T AR H B 04,
IS T H TN profile ARFE . 71 WI7E LA vm/mterp/armvSte/header.S HAN I T 4 MR
WA, RSB T 28

#define GOTO_OPCODE(_reg) add pe, rIBASE, _reg, Isl #$ {handler_size bits}

#define GOTO_OPCODE IFEQ( reg) addeq pc, rIBASE, reg, Isl #${handler size bits}
#define GOTO_OPCODE IFNE( reg) addne pc, rIBASE, reg, Isl #${handler size bits}

#define GET VREG( reg, vreg) Idr _reg, [rFP, vreg, 1sl #2]
#define SET VREG( reg, vreg) str _reg, [rFP, vreg, Isl #2]

#if defined(WITH_JIT)

#define GET _JIT _ENABLED( reg) 1dr _reg,[rGLUE #offGlue_jitEnabled]
#define GET JIT PROF _TABLE( reg) ldr _reg,[rGLUE #offGlue_pJitProfTable]
#endif

I HAE— 2845 2 I A AR P AT e R, 040 TR LU R 4

%verify "branch taken"

%verify "branch not taken"
mov 10, rINST, lsr #8 @ 10<- A+
mov rl, rINST, Isr #12 @rl<-B
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and r0, 10, #15

GET_VREG(r3, rl) @13<-vB

GET_VREG(r2, r0) @ 12<-vA

mov 19, #4 @ 10<- BYTE branch dist for not-taken
cmp 12,13 @ compare (VA, vB)

b${revemp} 1f @ branch to 1 if comparison failed
FETCH_S(19, 1) @ 19<- branch offset, in code units
movs 19, 19, asl #1 @ convert to bytes, check sign

bmi common_backwardBranch @ yes, do periodic checks

1:
#if defined(WITH_JIT)
GET JIT PROF TABLE(10)

FETCH_ADVANCE_INST RB(19) @ update rPC, load rINST
b common_testUpdateProfile
#else
FETCH_ADVANCE_INST RB(19) @ update rPC, load rINST
GET INST OPCODE(ip) @ extract opcode from rINST
GOTO_OPCODE(ip) @ jump to next instruction
#endif

It HAE S vio/interp/InterpDefs.h 1, BN T W B T79E N B RE

/*
* There are six entry points from the compiled code to the interpreter:
* 1) dvmlJitTolnterpNormal: find if there is a corresponding compilation for
* the new dalvik PC. If so, chain the originating compilation with the
e target then jump to it.
* 2) dvmlJitTolnterpInvokeNoChain: similar to 1) but don't chain. This is
i for handling 1-to-many mappings like virtual method call and
e packed switch.
* 3) dvmlitTolnterpPunt: use the fast interpreter to execute the next

i instruction(s) and stay there as long as it is appropriate to return
e to the compiled land. This is used when the jit'ed code is about to
& throw an exception.

* 4) dvmlJitTolnterpSingleStep: use the portable interpreter to execute the

e next instruction only and return to pre-specified location in the

& compiled code to resume execution. This is mainly used as debugging
i feature to bypass problematic opcode implementations without
e disturbing the trace formation.

*5) dvmlJitToTraceSelect: if there is a single exit from a translation that

i has already gone hot enough to be translated, we should assume that
e the exit point should also be translated (this is a common case for
& invokes). This trace exit will first check for a chaining

i opportunity, and if none is available will switch to the debug

o interpreter immediately for trace selection (as if threshold had
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i just been reached).
* 6) dvmlJitToPredictedChain: patch the chaining cell for a virtual call site

& to a predicted callee.
*/

mterp fEBEZS IS — AN & dvmMterpStdRun(). 1X/NE mterp V- 5 #H1KRACHY entry.S
HE Lo
10.3 CYmCEBA0CKED

TEATNT A ZET, R R T I m ARSI BRI C SCHEI Sl /RN
T JIT BATRAT S AR
10.3.1 CmERH KA

B QR A DGR G AR ST At «

/template/out/Compiler/TemplateAsm-unicore32S.S

ZIHNRERZ, TEEIB K. X TemplateAsm-unicore32S.S &= A JHIA, T2
TAE IR A 1% SO IR SO, P50 H SR 2

/dalvik/vm/compiler/template

SR WARRIALILY) mterp MRS THILSW A AL AR, — AN ASSE P AT 4 N 2
AR —A 3
FHEENN H 3%
dalvik/vm/mterp/##ARCH##/

ZH SRR ARSI, B IIT SR8 IEAEINT TAER, RIUCfiRe s i A
X JIT RS A TR, AR ] “#if defined(WITH_JIT)” il Ay, A5 5 BARBILE
S footer.S H .

10.3.2 X Csxtay2ah

JIT % C ARSI BEh AR 2, b EEA N 1) LAt

U ArchUtility.c.

O Assemble.co

O CodegenDriver.c.

Q MipsLIR.h (FEE),

Q MipsFPc (FE'5).

O RallocUtil.c,

XLt MIPS 6 JIT (U4, 55 MIPS ZEH) 2t B AR . AEERy |, UNICORE
5 ARM ZERJ LLIAHAE, (B JIT W5 K& 16 47 Thumb 154 MIPS $54-K 854 32 A7, {HZEH)
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FAALLERRAR o

MIPS FJ {5 %5 1) 2 G PR 2 A 40 32 (7 8 A 4R 1 TAE R VP AL & 5 WIRS AR 5 - 76 MIPS 1R
PSP TR assert(), WP FIWAITH, A TERSARI R ] DU S e

MVE RS RN i A2 B A0 20 M, MIPS J& L ARM Jy JE AU JIT BEAT A H, Rkt 7
NN T MIPS ZER FIHERR, % T UniCore 22845 ARM ZER AT M, W10 AT 45 50
PLZ2% ARM J %, fi5% MIPS A4fixs JIT JEATREAE, NPt — AT R, A7 g &
AR £

10.4 Dalvik EEANEEY T RIS

7 Dalvik REIUNLE) vim\mterp H & K, A7 T A1 JIT g A S A% U565 o LEATT 1N 2%
b, B ETELHT Dalvik RERIHLA I JIT Y56,

1041 AOXXH

HYEE S vi/interp/Jit.c, BEICAFRHE AN H . BN RIFIR I HTIXAN SR
Jsihd o

(1) PR dvmlitStartup(void), H T A0 JIT 4k, K4 ie LAEMUIUTFHER . £ 2R
LI

int dvmlJitStartup(void)
{
unsigned int i;
bool res = true; /* Assume success */
11 TFUG RIS A/
res &= dvmCompilerStartup();
dvmInitMutex(&gDvmlit.tableLock);
if (res && gDvm.executionMode == kExecutionModelit) {
JitEntry *pJitTable = NULL;
unsigned char *pJitProfTable = NULL,;
assert(gDvm jitTableSize &&
!(gDvm jitTableSize & (gDvmlit.jitTableSize - 1))); / Power of 2?
dvmLockMutex(&gDvmlit.tableLock);
pJitTable = (JitEntry*)
calloc(gDvmlit.jitTableSize, sizeof(*pJitTable));
if (!pJitTable) {
LOGE("jit table allocation failed\n");

res = false;
goto done;
/*
* NOTE: %SRRI —IK, TEAJRTaHE A,
g

pJitProfTable = (unsigned char *)malloc(JIT PROF SIZE);
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done:

}

if (!pJitProfTable) {
LOGE("jit prof table allocation failed\n");
res = false;
goto done;
}
memset(pJitProfTable,0,JIT PROF_SIZE);
for (i=0; i < gDvmlit.jitTableSize; i++) {
pJitTable[i].u.info.chain = gDvmlit.jitTableSize;
¥

assert(pJitTable[0].u.info.chain == gDvm.maxlJitTableEntries);

gDvmlit.pJitEntryTable = plitTable;

gDvmlit.jitTableMask = gDvmlit.jitTableSize - 1;
gDvmlit.jitTableEntriesUsed = 0;

gDvmlit.pProfTableCopy = gDvmlit.pProfTable = pJitProfTable;
dvmUnlockMutex(&gDvmlit.tableLock);

return res;

}

(2) 15 1E9w PR R #L dvmlitStopTranslationRequests(), WA FRATTH)— Ml 52 1Y 2% BBl 3R 22 vl
DX IEH, U XA BRI 1R 1, IXRE AT DURE S S8 TR Sl Rk Bl R sk . R BARASn T

void dvmlJitStopTranslationRequests()

{

gDvmlit.pProfTable = gDvmlit.pProfTableCopy = NULL;

}

(3) M K dvmlitStats) 4 it IRAUL A EE HE,  E2AUS IR

void dvmlJitStats()
{
int i;
int hit;
int not_hit;
int chains;

if (gDvmlit.pJitEntryTable) {

300 BN

for (i=0, chains=hit=not_hit=0;
i < (int) gDvmlit.jitTableSize;
i++) {
if (gDvmlit.pJitEntryTable[i].dPC != 0)
hit++;
else
not_hit++;
if (gDvmlit.pJitEntryTable[i].u.info.chain != gDvmlit.jitTableSize)
chains++;
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}
LOGD(

"JIT: %d traces, %d slots, %d chains, %d maxQ, %d thresh, %s",
hit, not_hit + hit, chains, gDvmlit.compilerMaxQueued,
gDvmlit.threshold, gDvmlit.blockingMode ? "Blocking" : "Non-blocking");
#if defined(EXIT _STATS)
LOGD(
"JIT: Lookups: %d hits, %d misses; %d NoChain, %d normal, %d punt",
gDvmlit.addrLookupsFound, gDvmIJit.addrLookupsNotFound,
gDvmlit.noChainExit, gDvmlit.normalExit, gDvmlJit.puntExit);
#endif
LOGD("JIT: %d Translation chains", gDvmlit.translationChains);
#if definedINVOKE_STATS)
LOGD("JIT: Invoke: %d chainable, %d pred. chain, %d native, "
"%d return",
gDvmlit.invokeChain, gDvmlJit.invokePredictedChain,
gDvmlit.invokeNative, gDvmlit.returnOp);
#endif
if (gDvmlit.profile) {
dvmCompilerSortAndPrintTraceProfiles();

(4) TE 3L PR %L dvmlitShutdown(void) SEIAER SN RE, ¥ U IR OCHLERAEAN 2 ]
A8, EEARMUW T .

void dvmJitShutdown(void)
{
PEL R AT/
dvmCompilerShutdown();
dvmCompilerDumpStats();
dvmDestroyMutex(&gDvmlit.tableLock);
if (gDvmlit.pJitEntryTable) {
free(gDvmlit.pJitEntryTable);
gDvmlit.pJitEntryTable = NULL;
b
if (gDvmlit.pProfTable) {
free(gDvmlit.pProfTable);
gDvmlit.pProfTable = NULL;

}

and
[y
RO

(5) B0 B3 dvmlitShutdown(void), Ikl % & X% CHECK JIT(), ek
JIWHEAT A S DA T B 1. FEEACS W .

int dvmChecklit(const u2* pc, Thread* self, InterpState* interpState)
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{

int flags,i,len;
int switchInterp = false;
int debugOrProfile = (gDvm.debuggerActive || self->suspendCount
#if defined(WITH_PROFILER)
|| gDvm.activeProfilers

#endif
);

switch (interpState->jitState) {
char* nopStr;
int target;
int offset;
DecodedInstruction declnsn;
case klJitTSelect:
dexDecodelnstruction(gDvm.instrFormat, pc, &declnsn);
#if defined(SHOW_TRACE)
LOGD("TraceGen: adding %s",getOpcodeName(decInsn.opCode));
#endif
flags = dexGetlnstrFlags(gDvm.instrFlags, decInsn.opCode);
len = dexGetInstrOrTableWidthAbs(gDvm.instrWidth, pc);
offset = pc - interpState->method->insns;
if (pc != interpState->currRunHead + interpState->currRunLen) {
int currTraceRun;
/* We need to start a new trace run */
currTraceRun = ++interpState->currTraceRun;
interpState->currRunLen = 0;
interpState->currRunHead = (u2*)pc;
interpState->trace[currTraceRun].frag.startOffset = offset;
interpState->trace[currTraceRun].frag.numlInsts = 0;
interpState->trace[currTraceRun].frag.runEnd = false;
interpState->trace[currTraceRun].frag.hint = kJitHintNone;
}
interpState->trace[interpState->currTraceRun].frag.numInsts++;
interpState->total TraceLen++;
interpState->currRunLen += len;
if (  ((flags & kInstrUnconditional) == 0) &&
/*%} INVOKE_DIRECT EMPTY JREZFIE */
(decInsn.opCode != OP_INVOKE DIRECT EMPTY) &&
((flags & (kInstrCanBranch |
kInstrCanSwitch |
kInstrCanReturn |
kInstrInvoke)) != 0)) {
interpState->jitState = kJitTSelectEnd;
#if defined(SHOW_TRACE)
LOGD("TraceGen: ending on %s, basic block end",
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getOpcodeName(decInsn.opCode));

}

if (decInsn.opCode == OP_ THROW) {
interpState->jitState = kJitTSelectEnd;

}

if (interpState->totalTraceLen >= JIT MAX TRACE LEN) {
interpState->jitState = kJitTSelectEnd;

}

if (debugOrProfile) {
interpState->jitState = kJitTSelectAbort;
switchInterp = !|debugOrProfile;
break;

}

if ((flags & klnstrCanReturn) != kInstrCanReturn) {
break;

}

case klitTSelectEnd:
{

if (interpState->total TraceLen == 0) {
switchInterp = !debugOrProfile;
break;
}
JitTraceDescription* desc =
(JitTraceDescription*)malloc(sizeof(JitTraceDescription) +
sizeof(JitTraceRun) * (interpState->currTraceRun+1));
if (desc ==NULL) {
LOGE("Out of memory in trace selection");
dvmlitStopTranslationRequests();
interpState->jitState = kJitTSelectAbort;
switchInterp = !|debugOrProfile;

break;
H
interpState->trace[interpState->curr TraceRun].frag.runEnd =
true;

interpState->jitState = kJitNormal,
desc->method = interpState->method;
memcpy((char*)&(desc->trace[0]),
(char*)&(interpState->trace[0]),
sizeof(JitTraceRun) * (interpState->currTraceRun+1));

#if defined(SHOW TRACE)

#endif

LOGD("TraceGen: trace done, adding to queue");

dvmCompilerWorkEnqueue(
interpState->currTraceHead, kWorkOrderTrace,desc);
if (gDvmlit.blockingMode) {
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dvmCompilerDrainQueue();

}
switchlnterp = !debugOrProfile;

}
break;

case klJitSingleStep:
interpState->jitState = kJitSingleStepEnd;
break;

case klJitSingleStepEnd:
interpState->entryPoint = kInterpEntryResume;
switchInterp = !debugOrProfile;
break;

case klitTSelectAbort:

#if defined(SHOW_TRACE)
LOGD("TraceGen: trace abort");
#endif

interpState->jitState = kJitNormal;
switchInterp = !debugOrProfile;
break;

case kJitNormal:
switchInterp = !debugOrProfile;
break;

default:
dvmAbort();

b

return switchInterp;

}

e PR b, ¥ T H AT RERERE SR — R BN, X U AETR A IR LA
— MR, FRas CET BRSNS A ETERER 2 AU AR . G SRR i D Hh 5T R 2 B 1,
WPRE A0 R 185 SR ) 340, IXATFRATTRERS HF A X Z A IIRAS . Wbk Afy4e 2 Wl kAR =
MBS, SRR I 202 R B RIS )R AR, X — IR e g 12 (B 58 o
TEFEAGET H P2 B X R R AR PR [ — 2 (R RE,  JFRT R AR YR 3EAT T ik .

(6) ik dvmlJitGetCodeAddr(const u2* dPC), {EREFUNLFEES T W S AFAERIE A Mk,
IR X AN R . ZAS T .

void* dvmJitGetCodeAddr(const u2* dPC) {
int idx = dvmlJitHash(dPC);
WA E L, WAERRMARIBZEL */
if (gDvm.sumThreadSuspendCount > 0) {
return NULL;
¥
if (gDvmlit.pJitEntryTable[idx].dPC == dPC) {
#if defined(EXIT_STATS)
gDvmlit.addrLookupsFound++;
#endif
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return gDvmlit.pJitEntryTable[idx].codeAddress;
} else {
int chainEndMarker = gDvmlit.jitTableSize;
while (gDvmlJit.pJitEntryTable[idx].u.info.chain != chainEndMarker) {
1dx = gDvmlit.pJitEntryTable[idx].u.info.chain;
if (gDvmlit.pJitEntryTable[idx].dPC == dPC) {
#if defined(EXIT _STATS)
gDvmlit.addrLookupsFound++;
#endif
return gDvmlJit.pJitEntry Table[idx].codeAddress;

}
#if defined(EXIT_STATS)

gDvmlit.addrLookupsNotFound-++;
#endif

return NULL;
}

(7) il it dvmlitLookupAndAdd(const u2* dPC) & %AW & 75 AHNT 5 BORE Iy 1) A i m]
R R ek, W %A, WfschRid,  BLUBAN w8 Bon kAT e, 3 24
R

JitEntry *dvmJitLookupAndAdd(const u2* dPC)
{
u4 chainEndMarker = gDvmlit.jitTableSize;
u4 idx = dvmJitHash(dPC);
while ((gDvmlit.pJitEntryTable[idx].u.info.chain != chainEndMarker) &&
(gDvmlit.pJitEntryTable[idx].dPC != dPC)) {
idx = gDvmlit.pJitEntryTable[idx].u.info.chain;

if (gDvmlit.pJitEntryTable[idx].dPC != dPC) {
dvmLockMutex(&gDvmlit.tableLock);
MEM BARRIER(); /* Make sure we reload [].dPC after lock */
if (gDvmlit.pJitEntryTable[idx].dPC !=NULL) {
u4 prev;
while (gDvmlit.pJitEntryTable[idx].u.info.chain != chainEndMarker) {
if (gDvmlit.pJitEntryTable[idx].dPC == dPC) {
dvmUnlockMutex(&gDvmlit.tableLock);
return &gDvmlit.pJitEntryTable[idx];
b
idx = gDvmlit.pJitEntryTable[idx].u.info.chain;
}

* active chain whose last member contains a valid dPC */
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assert(gDvmlJit.pJitEntryTable[idx].dPC != NULL);
prev = idx;
while (true) {
idx++;
if (idx == chainEndMarker)
idx =0; /* Wraparound */
if ((gDvmlit.pJitEntryTable[idx].dPC == NULL) ||
(idx == prev))
break;
}
if (idx != prev) {
JitEntryInfoUnion oldValue;
JitEntryInfoUnion new Value;
do {
oldValue = gDvmlit.pJitEntry Table[prev].u;
newValue = oldValue;
new Value.info.chain = idx;
} while (|ATOMIC_CMP_SWAP(
&gDvmlit.pJitEntryTable[prev].u.infoWord,
oldValue.infoWord, newValue.infoWord));

¥
if (gDvmlJit.pJitEntryTable[idx].dPC == NULL) {
gDvmlit.pJitEntryTable[idx].dPC = dPC;
gDvmlit.jitTableEntriesUsed++;
1 else {
/* Table is full */
idx = chainEndMarker;
}
dvmUnlockMutex(&gDvmlit.tableLock);
}
return (idx == chainEndMarker) ? NULL : &gDvmlit.pJitEntryTable[idx];

}

(8) 1fid dvmlitSetCodeAddr(const u2* dPC, void *nPC, JitInstructionSetType set) bR ZUFHAY,
T FREHAEM A IIT 65 G iRaldm it AR bl A 2%, WA BEAS IR RS TAE, X PRI
JERERR A IR L. FEARBUIT,

void dvmJitSetCodeAddr(const u2* dPC, void *nPC, JitInstructionSetType set) {
JitEntryInfoUnion oldValue;
JitEntryInfoUnion newValue;
JitEntry *jitEntry = dvmJitLookupAndAdd(dPC);
assert(jitEntry);
do {
oldValue = jitEntry->u;

newValue = oldValue;
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new Value.info.instructionSet = set;

} while ('ATOMIC _CMP_SWAP(
&jitEntry->u.infoWord,
oldValue.infoWord, newValue.infoWord));

jitEntry->codeAddress = nPC;

}

(9) it dvmlitCheckTraceRequest(Thread* self, InterpState* interpState) B ZUf T 1& 157 1E
HHH) “trace-bulding” ¥HEK, WAL P LAV 2 POE R BN IR, SR [, 32 2L

(AN ZT I
bool dvmJitCheckTraceRequest(Thread* self, InterpState* interpState)
{
bool res = false; /* Assume success */
int i;

if (gDvmlit.pJitEntryTable != NULL) {
for (i=0; i< JIT TRACE_THRESH_FILTER_SIZE; i++) {
if (interpState->pc == interpState->threshFilter[i]) {
break;

}

if 1i==JIT TRACE THRESH FILTER SIZE) {
i=rand() % JIT TRACE THRESH FILTER SIZE;
interpState->threshFilter[i] = interpState->pc;
res = true;

}

/*

* If the compiler is backlogged, or if a debugger or profiler is
* active, cancel any JIT actions
A
if (res || (gDvmlJit.compilerQueueLength >= gDvmlJit.compilerHighWater) ||
gDvm.debuggerActive || self->suspendCount
#if defined(WITH_PROFILER)
|| gDvm.activeProfilers
#endif
)
if (interpState->jitState != kJitOff) {
interpState->jitState = kJitNormal;
}
} else if (interpState->jitState == kJitTSelectRequest) {
JitEntry *slot = dvmJitLookupAndAdd(interpState->pc);
if (slot ==NULL) {
interpState->jitState = kJitTSelectAbort;
LOGD("JIT: JitTable full, disabling profiling");
dvmlitStopTranslationRequests();

} else if (slot->u.info.traceRequested) {
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interpState->jitState = kJitTSelectAbort;
}else {
JitEntryInfoUnion oldValue;
JitEntryInfoUnion newValue;
do {
oldValue = slot->u;
new Value = oldValue;
new Value.info.traceRequested = true;
} while ({ATOMIC CMP_ SWAP( &slot->u.infoWord,
oldValue.infoWord, newValue.infoWord));

}

switch (interpState->jitState) {

case kJitTSelectRequest:
interpState->jitState = kJitTSelect;
interpState->currTraceHead = interpState->pc;
interpState->currTraceRun = 0;
interpState->total TraceLen = 0;
interpState->currRunHead = interpState->pc;
interpState->currRunLen = 0;
interpState->trace[0].frag.startOffset =

interpState->pc - interpState->method->insns;

interpState->trace[0].frag.numInsts = 0;
interpState->trace[0].frag.runEnd = false;
interpState->trace[0].frag.hint = kJitHintNone;
break;

case kJitTSelect:

case kJitTSelectAbort:
res = true;

case klitSingleStep:

case kJitSingleStepEnd:

case kJitOff:

case kJitNormal:

break;
default:
dvmAbort();

}

return res;

}

(10) jBil dvmlitResizeJitTable( unsigned int size )ER AL %& JIT 15, BLALMLIUE 2 (%
WEARRMOWIR B, FHF IR A 2R . 20T .

bool dvmlJitResizelitTable( unsigned int size )
{
JitEntry *pNewTable;
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JitEntry *pOldTable;
u4 newMask;
unsigned int oldSize;
unsigned int i;
assert(gDvm.pJitEntryTable != NULL);
assert(size && !(size & (size - 1)));  /* Is power of 2? */
LOGD("Jit: resizing JitTable from %d to %d", gDvmlit.jitTableSize, size);
newMask = size - 1;
if (size <= gDvmlit.jitTableSize) {
return true;

pNewTable = (JitEntry*)calloc(size, sizeof(*pNewTable));
if (pNewTable == NULL) {
return true;
}
for (i=0; i< size; i++) {
pNewTable[i].u.info.chain = size; /* Initialize chain termination */
}
/* Stop all other interpreting/jit'ng threads */
dvmSuspendAllThreads(SUSPEND_FOR_JIT);
pOldTable = gDvmlit.pJitEntryTable;
oldSize = gDvmlit.jitTableSize;
dvmLockMutex(&gDvmlit.tableLock);
gDvmlit.pJitEntryTable = pNewTable;
gDvmlit.jitTableSize = size;
gDvmlit.jitTableMask = size - 1;
gDvmlit.jitTableEntriesUsed = 0;
dvmUnlockMutex(&gDvmJit.tableLock);
for (i=0; i < oldSize; i++) {
if (pOldTable[i].dPC) {
JitEntry *p;
u2 chain;
p = dvmJitLookupAndAdd(pOldTable[i].dPC);
p->dPC = pOldTable[i].dPC;
if (pOldTable[i].codeAddress != NULL) {
p->codeAddress = pOldTable[i].codeAddress;
}
/* We need to preserve the new chain field, but copy the rest */
dvmLockMutex(&gDvmlit.tableLock);
chain = p->u.info.chain;
p->u = pOldTable[i].u;
p->u.info.chain = chain;
dvmUnlockMutex(&gDvmlit.tableLock);
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free(pOldTable);
dvmResumeAllThreads(SUSPEND_FOR_JIT);

return false;

}

(11) i#id dvmlitd2](double d)A! dvmlitf2l(float £)p&ELIEAT# 64, 23515 double #% X,
AT float 4 2B A e KRR/ SRS X . EZAS W

s8 dvmlJitd2l(double d) {
static const double kMaxLong = (double)(s8)0x 7 {fffffffULL,;
static const double kMinLong = (double)(s8)0x8000000000000000ULL;
if (d >= kMaxLong)
return (s8)0x 7{ffffffffULL;
else if (d <= kMinLong)
return (s8)0x8000000000000000ULL;
else if (d 1= d) // NaN case
return 0;
else
return (s8)d;
}
s8 dvmlitf2l(float f) {
static const float kMaxLong = (float)(s8)0x 7{fttfffffrULL;
static const float kMinLong = (float)(s8)0x8000000000000000ULL;
if (f >= kMaxLong)
return (s8)0x 7{ffffffffULL;
else if (f <= kMinLong)
return (s8)0x8000000000000000ULL;
else if (f I=f) // NaN case
return 0;
else
return (s8)f;

104.2 % 0RE

7E3CAF vm/compiler/compiler.c HE ST R0 R BT ARSI, B R ORITFUR 43 B AN S
YA o

(1) LEREFUNLE Bl H 8% dvmCompilerStartup(void), T ZACIE I .

bool dvmCompilerStartup(void) {
assert(CHAINING CELL NORMAL == 0);
if (!dvmCompilerArchlnit())
goto fail;
if (gDvmlit.codeCache == NULL) {
if ({dvmCompilerSetupCodeCache())
goto fail;
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}

if (dvmCompilerHeapInit()== false) {
goto fail;

§

dvmInitMutex(&gDvmlit.compilerLock);
pthread cond_init(&gDvmlit.compilerQueueActivity, NULL);
pthread cond_init(&gDvmJit.compilerQueueEmpty, NULL);
dvmLockMutex(&gDvmlit.compilerLock);
gDvmlit.haltCompilerThread = false;
memset(gDvmJit.compilerWorkQueue, 0,
sizeof(CompilerWorkOrder) * COMPILER WORK QUEUE SIZE);

gDvmlit.compilerWorkEnqueuelndex = gDvmlit.compilerWorkDequeuelndex = 0;
gDvmlit.compilerQueueLength = 0;
gDvmlit.compilerHighWater =

COMPILER WORK_QUEUE _SIZE - (COMPILER. WORK_QUEUE_SIZE/4);
assert(gDvmlJit.compilerHighWater < COMPILER  WORK QUEUE SIZE);
if (dvmCreatelnternal Thread(&gDvmlit.compilerHandle, "Compiler",

compilerThreadStart, NULL)) {

dvmUnlockMutex(&gDvmlit.compilerLock);

goto fail;
}
gDvmJit.methodStatsTable = dvmHashTableCreate(32, NULL);
dvmUnlockMutex(&gDvmlit.compilerLock);
return true;

fail:

return false;

}
(2) FE RN A1 FH 2% 3 dvmCompilerShutdown(void), T ZACLUI T .

void dvmCompilerShutdown(void) {
void *threadReturn;
if (gDvmlit.compilerHandle) {
gDvmlit.haltCompilerThread = true;
dvmLockMutex(&gDvmlit.compilerLock);
pthread cond signal(&gDvmlit.compilerQueueActivity);
dvmUnlockMutex(&gDvmlit.compilerLock);
if (pthread_join(gDvmJit.compilerHandle, &threadReturn) != 0)
LOGW("Compiler thread join failed\n");
else
LOGD("Compiler thread has shut down\n");

}

(3) 1% compilerThreadStart(void *arg) %L . 1X j&— MR FERREL, #% dvmCompilerStartup()
WH, ERRWLEIT R — HAEAIILRE, while fEA WS AA RIS FH 2k, Wi,
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A dvmCompilerDoWork()%f Halb T4k, EEAUL W .

static void *compilerThreadStart(void *arg) {
dvmLockMutex(&gDvmlit.compilerLock);
dvmChangeStatus(NULL, THREAD VMWAIT);
while (!gDvmlit.haltCompilerThread) {
if (workQueueLength()== 0) {
int cc;
cc = pthread cond_signal(&gDvmlit.compilerQueueEmpty);
assert(cc == 0);
pthread cond wait(&gDvmlit.compilerQueueActivity,
&gDvmlit.compilerLock);
continue;
1 else {
do {
CompilerWorkOrder work = workDequeue();
dvmUnlockMutex(&gDvmlit.compilerLock);
/* Check whether there is a suspend request on me */
dvmCheckSuspendPending(NULL);
if (gDvmlit.jitTableEntriesUsed >
(gDvmlit.jitTableSize - gDvmlit.jitTableSize/4)) {
dvmlitResizelJitTable(gDvmlit.jitTableSize * 2);
}
if (gDvmlit.haltCompilerThread) {
LOGD("Compiler shutdown in progress - discarding request");
} else {
if (dvmCompilerDoWork(&work)) {
dvmlitSetCode Addr(work.pc, work.result.codeAddress,

work.result.instructionSet);

}

free(work.info);
dvmLockMutex(&gDvmlit.compilerLock);
} while (workQueueLength() != 0);

}
pthread cond_signal(&gDvmlit.compilerQueueEmpty);

dvmUnlockMutex(&gDvmlit.compilerLock);
LOGD("Compiler thread shutting down\n");
return NULL;

}

(4) 5 K% dvmCompilerSetupCodeCache(void), LhAE /-G 125 T, HARR
(EY RN

bool dvmCompilerSetupCodeCache(void) {
extern void dvmCompilerTemplateStart(void);
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extern void dmvCompilerTemplateEnd(void);
gDvmlit.codeCache = mmap(0, CODE_CACHE SIZE,
PROT READ | PROT WRITE | PROT EXEC,
MAP PRIVATE | MAP_ ANONYMOUS, -1, 0);
if (gDvmlit.codeCache == MAP_FAILED) {
LOGE("Failed to create the code cache: %s\n", strerror(errno));
return false;
}
int templateSize = (intptr t) dmvCompilerTemplateEnd -
(intptr_t) dvmCompilerTemplateStart;
memcpy((void *) gDvmlit.codeCache,
(void *) dvmCompilerTemplateStart,
templateSize);
gDvmlit.templateSize = templateSize;
gDvmlit.codeCacheByteUsed = templateSize;
cacheflush((intptr_t) gDvmlJit.codeCache,
(intptr_t) gDvmlJit.codeCache + CODE_CACHE SIZE, 0);

return true;

}

X b3 e AT T DY i

Q gDvmlit.codeCache: ] mmap 73 Hc[1024+ 10244 15 i 11N 2
Q gDvmlit.codeCacheByteUsed: codeCache I FH 1%

Q gDvmlit.codeCacheFull: codeCache /& 75 U\ 5

QO gDvmlit.pJitEntryTable: entry 3, #EA™ trace XN, —~ entry.

1043 4miFXHF

7534 vm/compiler/Frongend.c "€ X T AN 7L, 23 S8 T PRFN S 35 712
(1) L p%r dvmCompileMethod()SEHH method /53X, B AR E a7 v BT 04 T 4 196
SEIARES 4 R

bool dvmCompileMethod(const Method *method, JitTranslationInfo *info) {
const DexCode *dexCode = dvimGetMethodCode(method);
const u2 *codePtr = dexCode->insns;
const u2 *codeEnd = dexCode->insns + dexCode->insnsSize;
int blockID = 0;
unsigned int curOffset = 0;
BasicBlock *firstBlock = dvmCompilerNewBB(DALVIK BYTECODE);
firstBlock->id = blockID++;
BitVector *bbStartAddr = dvmAllocBitVector(dexCode->insnsSize+1, false);
dvmSetBit(bbStartAddr, 0);
while (codePtr < codeEnd) {
MIR *insn = dvmCompilerNew(sizeof(MIR), false);
insn->offset = curOffset;

int width = parselnsn(codePtr, &insn->dalvikInsn, false);

EE 313



Android ZEMLANEHEBR

bool isInvoke = false;

const Method *callee;

insn->width = width;

if (width == 0)
break;

dvmCompilerAppendMIR(firstBlock, insn);

unsigned int target = curOffset;

if (findBlockBoundary(method, insn, curOffset, &target, &islnvoke,

&callee)) {
dvmSetBit(bbStartAddr, curOffset + width);
if (target != curOffset) {
dvmSetBit(bbStartAddr, target);

}

codePtr += width;
curOffset += width;
H
int numBlocks = dvmCountSetBits(bbStartAddr);
if (dvmlIsBitSet(bbStartAddr, dexCode->insnsSize)) {
numBlocks--;
§
CompilationUnit cUnit;
BasicBlock **blockList;
memset(&cUnit, 0, sizeof(CompilationUnit));
cUnit.method = method;
blockList = cUnit.blockList =
dvmCompilerNew(sizeof(BasicBlock *) * numBlocks, true);
blockList[0] = firstBlock;
cUnit.numBlocks = 1;
int i;
for (i = 0; i <numBlocks; i++) {
MIR *insn;
BasicBlock *curBB = blockList[i];
curOffset = curBB->lastMIRInsn->offset;

for (insn = curBB->firstMIR Insn->next; insn; insn = insn->next) {
if (dvmIsBitSet(bbStartAddr, insn->offset)) {

int j;

for (j = 0; j < cUnit.numBlocks; j++) {
if (blockList[j]->firstMIRInsn->offset == insn->offset)

break;

}

if (j == cUnit.numBlocks) {
BasicBlock *newBB = dvmCompilerNewBB(DALVIK BYTECODE);
newBB->id = blockID++;
newBB->firstMIRInsn = insn;
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newBB->startOffset = insn->offset;

newBB->lastMIRInsn = curBB->lastMIRInsn;

curBB->lastMIRInsn = insn->prev;

insn->prev->next = NULL;

insn->prev = NULL;

if (!isUnconditionalBranch(curBB->lastMIRInsn)) {
curBB->fallThrough = newBB;

}

/* enqueue the new block */

blockList[cUnit.numBlocks++] = newBB;

break;

}

if (numBlocks != cUnit.numBlocks) {
LOGE("Expect %d vs %d basic blocks\n", numBlocks, cUnit.numBlocks);
dvmAbort();
}
dvmFreeBitVector(bbStartAddr);
for (i = 0; i <numBlocks; i++) {
BasicBlock *curBB = blockList[i];
MIR *insn = curBB->lastMIRInsn;
unsigned int target = insn->offset;
bool isInvoke;
const Method *callee;
findBlockBoundary(method, insn, target, &target, &islnvoke, &callee);
if (target != insn->offset) {
int j;
if (target > insn->offset) {
j=it1;
}else {
i=0;
}
for (; j <numBlocks; j++) {
if (blockList[j]->firstMIRInsn->offset == target) {
curBB->taken = blockList[j];
break;

}
if j ==numBlocks && !isInvoke) {

LOGE("Target not found for insn %x: expect target %x\n",
curBB->lastMIRInsn->offset, target);
dvmAbort();
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}

cUnit.instructionSet = dvmCompilerInstructionSet(&cUnit);
dvmCompilerMIR2LIR (&cUnit);
dvmCompilerAssembleLIR(&cUnit, info);
dvmCompilerDumpCompilationUnit(&cUnit);
dvmCompilerArenaReset();

return info->codeAddress != NULL;

}

(2) 1HIL % dvmCompileMethod()SEZHR trace 773, HIPA trace A PR #E4T9m1E (n] LAFE
PEERTH I N A B ), T AL methods SEIARAS 41T .

bool dvimCompileTrace(JitTraceDescription *desc, int numMaxInsts,
JitTranslationInfo *info) {
const DexCode *dexCode = dvimGetMethodCode(desc->method);
const JitTraceRun* currRun = &desc->trace[0];
unsigned int curOffset = currRun->frag.startOffset;
unsigned int numlInsts = currRun->frag.numInsts;
const u2 *codePtr = dexCode->insns + curOffset;
int traceSize = 0; // # of half-words
const u2 *startCodePtr = codePtr;
BasicBlock *startBB, *curBB, *lastBB;
int numBlocks = 0;
static int compilationld;
CompilationUnit cUnit;
CompilerMethodStats *methodStats;
compilationld++;
memset(&cUnit, 0, sizeof(CompilationUnit));
methodStats = analyzeMethodBody(desc->method);
cUnit.registerScoreboard.nullCheckedRegs =
dvmAllocBitVector(desc->method->registersSize, false);
cUnit.printMe = gDvmIJit.printMe;
cUnit.executionCount = gDvmlit.profile;
if (gDvmlJit.methodTable) {
int len = strlen(desc->method->clazz->descriptor) +
strlen(desc->method->name) + 1;
char *fullSignature = dvmCompilerNew(len, true);
strepy(fullSignature, desc->method->clazz->descriptor);
strcat(fullSignature, desc->method->name);
int hashValue = dvmComputeUtf8Hash(fullSignature);
bool methodFound =
dvmHashTableLookup(gDvmlJit.methodTable, hashValue,
fullSignature, (HashCompareFunc) stremp,
false) != NULL;
if (methodFound == false) {
int hashValue = dvmComputeUtf8Hash(desc->method->clazz->descriptor);
methodFound =
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dvmHashTableLookup(gDvmlJit.methodTable, hashValue,
(char *) desc->method->clazz->descriptor,
(HashCompareFunc) strcmp, false) !=
NULL;
if (methodFound == false) {
int hashValue = dvmComputeUtf8 Hash(desc->method->name);
methodFound =
dvmHashTableLookup(gDvmlJit.methodTable, hashValue,
(char *) desc->method->name,
(HashCompareFunc) stremp, false) |=
NULL;

}
if (gDvmlit.includeSelectedMethod != methodFound) {

cUnit.allSingleStep = true;
1 else {
if (gDvmlit.includeSelectedMethod == true) {
cUnit.printMe = true;

}
lastBB = startBB = curBB = dvmCompilerNewBB(DALVIK BYTECODE);

curBB->startOffset = curOffset;
curBB->id = numBlocks++;
if (cUnit.printMe) {
LOGD("-------- \nCompiler: Building trace for %s, offset 0x%x\n",
desc->method->name, curOffset);

}

while (1) {
MIR *insn;
int width;

insn = dvmCompilerNew(sizeof(MIR),false);
insn->offset = curOffset;
width = parselnsn(codePtr, &insn->dalvikInsn, cUnit.printMe);
assert(width);
insn->width = width;
traceSize += width;
dvmCompilerAppendMIR(curBB, insn);
cUnit.numlInsts++;
if (cUnit.numInsts >= numMaxInsts) {

break;
}
if (--numlnsts == 0) {

if (currRun->frag.runEnd) {

break;
}else {
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curBB = dvimCompilerNewBB(DALVIK BYTECODE);
lastBB->next = curBB,;
lastBB = curBB;
curBB->id = numBlocks++;
currRun++;
curOffset = currRun->frag.startOffset;
numlnsts = currRun->frag.numlinsts;
curBB->startOffset = curOffset;
codePtr = dexCode->insns + curOffset;

}

} else {
curOffset += width;
codePtr += width;

}

methodStats->compiledDalvikSize += traceSize * 2;
for (curBB = startBB; curBB; curBB = curBB->next) {
MIR *lastInsn = curBB->lastMIRInsn;
if (lastInsn == NULL) {
break;
b
curOffset = lastInsn->offset;
unsigned int targetOffset = curOffset;
unsigned int fallThroughOffset = curOffset + lastInsn->width;
bool isInvoke = false;
const Method *callee = NULL,;
findBlockBoundary(desc->method, curBB->lastMIRInsn, curOffset,
&targetOffset, &isInvoke, &callee);
BasicBlock *searchBB;
for (searchBB = curBB->next; searchBB; searchBB = searchBB->next) {
if (targetOffset == searchBB->startOffset) {
curBB->taken = searchBB;
}
if (fallThroughOffset == searchBB->startOffset) {
curBB->fallThrough = searchBB;

}
int flags = dexGetlnstrFlags(gDvm.instrFlags,
lastInsn->dalvikInsn.opCode);

curBB->needFallThroughBranch =

((flags & (kInstrCanBranch | kInstrCanSwitch | kInstrCanReturn |

kInstrInvoke)) == 0) ||

(lastInsn->dalvikInsn.opCode == OP_INVOKE DIRECT EMPTY);
if (curBB->taken == NULL &&

(isInvoke || (targetOffset != curOffset))) {

BasicBlock *newBB;
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if (islnvoke) {
if (callee) {
newBB = dvmCompilerNewBB(CHAINING _CELL_INVOKE_SINGLETON);
newBB->startOffset = 0;
newBB->containingMethod = callee;
} else {
newBB = dvmCompilerNewBB(CHAINING CELL INVOKE PREDICTED);
newBB->startOffset = 0;
}
}else {
newBB = dvmCompilerNewBB(flags & klnstrUnconditional ?
CHAINING_CELL HOT :
CHAINING CELL NORMAL);
newBB->startOffset = targetOffset;
}
newBB->id = numBlocks++;
curBB->taken = newBB;
lastBB->next = newBB;
lastBB = newBB;
}
if (!isUnconditionalBranch(lastInsn) && curBB->fallThrough == NULL) {
if (isInvoke || carBB->needFallThroughBranch) {
lastBB->next = dvmCompilerNewBB(CHAINING CELL HOT);
}else {
lastBB->next = dvmCompilerNewBB(CHAINING CELL NORMAL);
}
lastBB = lastBB->next;
lastBB->id = numBlocks++;
lastBB->startOffset = fallThroughOffset;
curBB->fallThrough = lastBB;

}
lastBB->next = dvmCompilerNewBB(PC_RECONSTRUCTION);

lastBB = lastBB->next;
lastBB->id = numBlocks++;
lastBB->next = dvmCompilerNewBB(EXCEPTION_HANDLING);
lastBB = lastBB->next;
lastBB->1d = numBlocks++;
if (cUnit.printMe) {
LOGD("TRACEINFO (%d): 0x%08x %s%s 0x%x %d of %d, %d blocks",
compilationld,
(intptr_t) desc->method->insns,
desc->method->clazz->descriptor,
desc->method->name,
desc->trace[0].frag.startOffset,
traceSize,
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dexCode->insnsSize,
numBlocks);
}
BasicBlock **blockList;
cUnit.method = desc->method;
cUnit.traceDesc = desc;
cUnit.numBlocks = numBlocks;
dvmlInitGrowableList(&cUnit.pcReconstructionList, 8);
blockList = cUnit.blockList =
dvmCompilerNew(sizeof(BasicBlock *) * numBlocks, true);
int 1;
for (i= 0, curBB = startBB; i < numBlocks; i++) {
blockList[i] = curBB;
curBB = curBB->next;
}
assert(curBB == NULL);
if (cUnit.printMe) {
dvmCompilerDumpCompilationUnit(&cUnit);
}
cUnit.instructionSet = dvmCompilerInstructionSet(&cUnit);
dvmCompilerMIR2LIR (&cUnit);
dvmCompilerAssembleLIR(&cUnit, info);
if (cUnit.printMe) {
if (cUnit.halvelnstCount) {
LOGD("Assembler aborted");

1 else {

dvmCompilerCodegenDump(&cUnit);

}

LOGD("End %s%s, %d Dalvik instructions",
desc->method->clazz->descriptor, desc->method->name,
cUnit.numlInsts);

}

dvmCompilerArenaReset();
dvmFreeBitVector(cUnit.registerScoreboard.nullCheckedRegs);
if (!cUnit.halvelnstCount) {

methodStats->nativeSize += cUnit.totalSize;

return info->codeAddress != NULL;

} else {
return dvmCompileTrace(desc, cUnit.numlnsts / 2, info);

}
(3) @IS parselnsn() PR EUEHT dex T 1505, SEIARESUIT

static inline int parselnsn(const u2 *codePtr, DecodedInstruction *decInsn,
bool printMe) {
u2 instr = *codePtr;
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OpCode opcode = instr & 0xff;

int insnWidth;

if (opcode == OP_NOP && instr !=0) {
return 0;

} else {
insnWidth = gDvm.instrWidth[opcode];
if (insnWidth < 0) {

insnWidth = -insnWidth;

}

dexDecodelnstruction(gDvm.instrFormat, codePtr, declnsn);
if (printMe) {

LOGD("%p: %#06x %s\n", codePtr, opcode, getOpcodeName(opcode));
}

return insnWidth;

(4) f§iF CompilerMethodStats *analyzeMethodBody(O)fi#tT#iB ERiL (117775, FIK HIE 7
WA, ST H A 4% (hot method). SEIARAS I T

static CompilerMethodStats *analyzeMethodBody(const Method *method)

{

const DexCode *dexCode = dvimGetMethodCode(method);

const u2 *codePtr = dexCode->insns;

const u2 *codeEnd = dexCode->insns + dexCode->insnsSize;

int insnSize = 0;

int hashValue = dvmComputeUtf8Hash(method->name);
CompilerMethodStats dummyMethodEntry; // For hash table lookup
CompilerMethodStats *realMethodEntry; // For hash table storage
dummyMethodEntry.method = method;

realMethodEntry = dvmHashTableLookup(gDvmJit.methodStatsTable, hashValue,

&dummyMethodEntry,
(HashCompareFunc) compareMethod,
false);
if (realMethodEntry != NULL) {
return realMethodEntry;
b
realMethodEntry =

(CompilerMethodStats *) calloc(1, sizeof(CompilerMethodStats));
realMethodEntry->method = method;
dvmHashTableLookup(gDvmJit.methodStatsTable, hashValue,

realMethodEntry,
(HashCompareFunc) compareMethod,
true);
while (codePtr < codeEnd) {
DecodedInstruction dalvikInsn;
int width = parselnsn(codePtr, &dalvikInsn, false);
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if (width == 0)
break;

insnSize += width;

codePtr += width;

H
realMethodEntry->dalvikSize = insnSize * 2;

return realMethodEntry;

10.4.4 BasicBlock 418

AF vm\compiler\IntermediateRep.c [{IZfEE, HIIE BasicBlock (GEARE) Z5[0], 212
MIR instruction (Middle-level Intermediate Representation, H[H]JZ37~7%[H]) # BasicBlock
B8 kA7 E PL & LIR instruction (Low-level Intermediate Representation, {I%/Z#/~%5[0]) #] LIR
BERPIINIE . FEAAMEW R,

#include "Dalvik.h"
#include "CompilerInternals.h"

BasicBlock *dvmCompilerNewBB(BBType blockType) {
BasicBlock *bb = dvmCompilerNew(sizeof(BasicBlock), true);
bb->blockType = blockType;
return bb;

}

void dvmCompilerAppendMIR(BasicBlock *bb, MIR *mir) {
if (bb->firstMIRInsn == NULL) {

assert(bb->firstMIRInsn == NULL);
bb->lastMIRInsn = bb->firstMIRInsn = mir;
mir->prev = mir->next = NULL;
} else {
bb->lastMIRInsn->next = mir;
mir->prev = bb->lastMIRInsn;
mir->next = NULL;
bb->lastMIRInsn = mir;

}
void dvmCompilerAppendLIR(CompilationUnit *cUnit, LIR *lir) {

if (cUnit->firstLIRInsn == NULL) {
assert(cUnit->lastLIRInsn == NULL);
cUnit->lastLIRInsn = cUnit->firstLIRInsn = lir;
lir->prev = lir->next = NULL;

} else {
cUnit->lastLIRInsn->next = lir;
lir->prev = cUnit->lastLIRInsn;
lir->next = NULL;
cUnit->lastLIRInsn = lir;
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}
void dvmCompilerInsertLIRBefore(LIR *currentLIR, LIR *newLIR) {

if (currentLIR->prev == NULL)
dvmAbort();

LIR *prevLIR = currentLIR->prev;

prevLIR->next = newLIR;

newLIR->prev = prevLIR;

newLIR->next = currentLIR;

currentLIR->prev = newLIR;

1045 AFIAL

A vm\compiler\Utility.c D REAE SN AEWIEAAL AR,  HARSRUA I F =A T fg:
QO SEIL Compilation Tasks PYAT 143 -

Q SEHLAT GrowableList [,

Q AL T Compilation Unit PHiR%E— R 51 T H R %L

SCAF Utility.c 193 ZARRS TR

#include "Dalvik.h"
#include "CompilerInternals.h"
static ArenaMemBlock *arenaHead, *currentArena;
static int numArenaBlocks;
bool dvmCompilerHeaplInit(void) {
assert(arenaHead == NULL);
arenaHead =
(ArenaMemBlock *) malloc(sizeof(ArenaMemBlock) + ARENA DEFAULT SIZE);
if (arenaHead == NULL) {
LOGE("No memory left to create compiler heap memory\n");
return false;
§
currentArena = arenaHead;
currentArena->bytesAllocated = 0;
currentArena->next = NULL;
numArenaBlocks = 1;
return true;
}
void * dvmCompilerNew(size t size, bool zero) {
size = (size + 3) & ~3;
retry:
if (size + currentArena->bytesAllocated <= ARENA DEFAULT SIZE) {
void *ptr;
ptr = &currentArena->ptr[currentArena->bytesAllocated];
currentArena->bytesAllocated += size;
if (zero) {
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memset(ptr, 0, size);
}
return ptr;
} else {
if (currentArena->next) {
currentArena = currentArena->next;
goto retry;

}
if (size > ARENA_DEFAULT SIZE) {

LOGE("Requesting %d bytes which exceed the maximal size allowed\n",
size);
return NULL;
}
ArenaMemBlock *newArena = (ArenaMemBlock *)
malloc(sizeof(ArenaMemBlock) + ARENA DEFAULT SIZE);
newArena->bytesAllocated = 0;
newArena->next = NULL;
currentArena->next = newArena;

currentArena = newArena;

numArenaBlocks++;
LOGD("Total arena pages for JIT: %d", numArenaBlocks);
goto retry;

H

return NULL;

}

void dvmCompilerArenaReset(void) {
ArenaMemBlock *block;
for (block = arenaHead; block; block = block->next) {
block->bytesAllocated = 0;
}

currentArena = arenaHead;
}
void dvmInitGrowableList(GrowableList *gList, size_t initLength) {
gList->numAllocated = initLength;
gList->numUsed = 0;
gList->elemList = (void **) dvmCompilerNew(sizeof(void *) * initLength,
true);
}
static void expandGrowableList(GrowableList *gList) {
int newLength = gList->numAllocated;
if (newLength < 128) {
newLength <<= 1;
} else {
newLength += 128;
}

void *newArray = dvmCompilerNew(sizeof(void *) * newLength, true);
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memcpy(newArray, gList->elemList, sizeof(void *) * gList->numAllocated);
gList->numAllocated = newLength;
gList->elemList = newArray;
}
void dvmInsertGrowableList(GrowableList *gList, void *elem) {
if (gList->numUsed == gList->numAllocated) {
expandGrowableList(gList);

}
gList->elemList[gList->numUsed++] = elem;
}
void dvimCompilerDumpCompilationUnit(CompilationUnit *cUnit) {
int i;
BasicBlock *bb;

LOGD("%d blocks in total\n", cUnit->numBlocks);
for (i = 0; i < cUnit->numBlocks; i++) {
bb = cUnit->blockList[i];
LOGD("Block %d (insn %04x - %04x%s)\n",
bb->id, bb->startOffset,
bb->lastMIRInsn ? bb->lastMIRInsn->offset : bb->startOffset,
bb->lastMIRInsn ? "" : " empty");
if (bb->taken) {
LOGD(" Taken branch: block %d (%04x)\n",
bb->taken->id, bb->taken->startOffset);
}
if (bb->fallThrough) {
LOGD(" Fallthrough : block %d (%04x)\n",
bb->fallThrough->id, bb->fall Through->startOffset);

}

static int dumpMethodStats(void *compilerMethodStats, void *totalMethodStats) {
CompilerMethodStats *methodStats =
(CompilerMethodStats *) compilerMethodStats;
CompilerMethodStats *totalStats =
(CompilerMethodStats *) totalMethodStats;
const Method *method = methodStats->method;
totalStats->dalvikSize += methodStats->dalvikSize;
totalStats->compiledDalvikSize += methodStats->compiledDalvikSize;
totalStats->nativeSize += methodStats->nativeSize;
/* Enable the following when fine-tuning the JIT performance */
#if O
int limit = (methodStats->dalvikSize >> 2) * 3;
/* If over 3/4 of the Dalvik code is compiled, print something */
if (methodStats->compiledDalvikSize >= limit) {
LOGD("Method stats: %s%s, %d/%d (compiled/total Dalvik), %d (native)",
method->clazz->descriptor, method->name,
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methodStats->compiledDalvikSize,
methodStats->dalvikSize,
methodStats->nativeSize);
§
#endif
return 0;

}

void dvmCompilerDumpStats(void) {

CompilerMethodStats totalMethodStats;

memset(&totalMethodStats, 0, sizeof(CompilerMethodStats));

LOGD("%d compilations using %d + %d bytes",
gDvmlJit.numCompilations,
gDvmlit.templateSize,
gDvmlit.codeCacheByteUsed - gDvmlit.templateSize);

LOGD("Compiler arena uses %d blocks (%d bytes each)",
numArenaBlocks, ARENA DEFAULT_SIZE);

LOGD("Compiler work queue length is %d/%d", gDvmlJit.compilerQueueLength,
gDvmlit.compilerMaxQueued);

dvmJitStats();

dvmCompilerArchDump();

dvmHashForeach(gDvmlJit.methodStatsTable, dumpMethodStats,

&totalMethodStats);

LOGD("Code size stats: %d/%d (compiled/total Dalvik), %d (native)",
totalMethodStats.compiledDalvikSize,
totalMethodStats.dalvikSize,
totalMethodStats.nativeSize);

10.4.6 xt JIT J5R3AY.E45

SRR T RIS g, Rtk N8 T — AR T . BT LR
SEHVANTN A E B JIT (R A

(1) AndroidRuntime::Start().

(2) startVm()o

(3) _JNIEnv::CallStaticVoidMethod().

(4) Check_CallStaticVoidMethod V().

(5) CallStaticVoidMethodV().

(6) dvmCallMethodV().

(7) dvminterpret().

(8) dvmMterpStd().

(9) dalvik_mterp().

(10) Dalvik java lang reflect Method invokeNative()o

(11> dvmlInvokeMethod()-

(12) dvmlnterpret().
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(13) dvmlJitCheckTraceRequest()-

(14) dvmjitLookupAndAdd().

MHE T IIT B ARG RRT, WIS 4 3 AN KITT I, 20l gnil 7 e, C

o A LA 2 Dalvik ik 2 Fr LK dalvik $0AE A —AN K J71, SRR =

Q JIT MMM TAERBOR, WA Z, 2| A riialor e TSR 5 7
A2 R R E IR .

Q BRI R, Google T 75— 3R i A 3| Dalvik B, A 181 5K 8241

Q 7£ Dalvik J5A5 G PR 15845, £445: dalvik/tools/ T [1] gdbjithelper I 55 dmtracedump
T H, dalvik/vm T /Y Debug.c X/, vm/mterp/armv5te ' ff] debug.c 14,
/dalvik/vm/compiler/Loop.c " H T KT eR £ BL A MIPS g K A5 FH ) assert() R 48

mE 327



45115 ART ik 2 Halhid#e

AR ATET I N B2 S T 50, Android RGH N H R P UERE & B Zygote HEFEZAE H
K, T Zygote HEFE X JE H init FEFE ST BN 7E)5 3l Zygote HEFERT 23— Dalvik JEFIHL
2, ART (Android RunTime) S5, 1 Dalvik MEWIRAHLL, ART AT MmER, Hms
P, AEARFEMAET, FIEH 8T E 3 ART BIHRAREFE .

N1 ETHERVRER

fE45 1) Dalvik JERINLILSZE— Java BAINL, A EHATIOAE CLASS 3CfF, 12
dex 3CfF. DKk, ART 847 I B AR 7 B2 5B —AS Java ERINLIIES, AR AT LA
TR 2% 5 ks Dalvik RN Hedsi. ART IS47 0 32 FL AT Dalvik RERUNL—FE, SEBL T —&5%
AHEFE Java BRINLIEE . O TP EHEE, BT R0 ART 21T RN ART RBERINL,
‘B Dalvik REFUIHL. Java SERIFLIISCR WA 11-1 For.

Java HERIAL

INI_GetDefaultlavaVMinitArgs
INI_CreatelavaVM

INI_GetCreatedlavaVMs

persist.sys.]jalvik.vm.lib

libdvm.so l l libart.so

INI_GetDefaultlavaVMinitArgs INI_GetDefaultJavaVMinitArgs
INI_CreatelavaVM INI_CreatelavaVM
INI_GetCreatedlavaVMs INI_GetCreatedlavaVMs
Dalvik DAL ART fERIHL

11-1 ART. Dalvik fll Java FEFUNLI %R
MK 11-1 A7 %1, Dalvik BEFUNLFT ART REFUIALARSEZIL T 40 F =ANH k% Java RERIHLIG
B,
(1) JNI GetDefaultJavaVMInitArgs: FREUEINLIIERIAWILEL S 5.
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(2) JNI_CreateJavaVM: 7EHEFE Q1 MR AU SEA o

(3) INI_GetCreatedJavaVMs: RIERE HH G 1R FUN LS4

7f Android i, Davik ERIFLSLZIAE libdvm.so SCIFH, ART MEAUNLELILLE libart.so
SO AR B, SCAF libdvmeso AISCAF: libart.so 3 HE T 40N =AM HAESR S AT .

U INI_GetDefaultJavaVMInitArgs.

U JNI_CreateJavaVM.

U INI_GetCreatedJavaVMs.

ItAk, Android RGTEIRME T — ARG JE M persist.sys.dalvik.vm.lib, HAH%F libdvm.s 5%
libart.so, FAABLHIUIT .

Q %% libdvm.so I, F7= i K52 Dalvik BEAUHL.

O 55T libartso I, Fos =i HIZE ART AL

T4 T Dalvik RBEFULATART RESUNLII L 2 AL, 28R EAT T2 1) B o 2k Je AN R 2 Ak
Dalvik SEFUHHATHIE dex 71915, ART RESUBNLHAT 2 A LA . XA Dalvik HEU
U EAT MRS, HIRPAT dex 7115, 2488, Android M 2.2 JH4h, WBEEA JIT, H
RAFIBAT N B A MK AT AR S 1) dex T BRI AD, AR )5 P T . 3 JIT,
WU LA Rt i Dalvik REAUBLEIPATRCR . (H2, 3 dex T AR A L8R A0 1 2
FEN R R e AT I AR P 1Y, IF H N AR oA — IR AT IR N i, #0324
B, RUERISRHA] T JIT, Dalvik REUNLAYSAATEREIL R ANRE S HAAT A ML) ART
FEFALAH L o

1.2 I&{T app_process HIE

JABHIEREM init.re SCAEITIR, AESCHF initre HHTIZX—ATRIR ) 3) zygote:

service zygote /system/bin/app_process -Xzygote /system/bin --zygote--start-system-server

init BEFEARYE L[ —47HUT app_process (frameworks/base/cmds/app_process/app_main.cpp)
PREL, HAlIE)JE 8l Zygote T o 4 Android R4 S & B1%— Zygote BERE, 154N HFEF
HIREFERE L 2%, I HAE)R 8 Zygote FEFERIE FErh & 64— Dalvik BEfUNL. Zygote JEFE & IH
TR E ORI B N HFR PR N, IX R Zygote HEREAH H U Dalvik REHIHLE
S5 R PRSIk T7 AT AR A o S R () R B, DR A 3 p 7 2l e 1 s —
AN R ERRAE 3 B B R AR 22 2260 — > Dalvik. $5E |, Zygote HEf#id B K HIM
77 AORBIEE N IR PR, 48 M AMUAE N TR P BERE G Dalvik SEAUALIIIS ], L HE4
2N R PR NS R SR R GBI I [R], PR AT IHE Zygote HEFE D & gt 1,
Jf BB 25IE A Dalvik FEAUAL— S MBI AR PR b 250 Xt & ART LT Dalvik )it
BRI T AE

Y Android R ZE)H ) init HEFEH4XIZ1T app process HERE, 7E S F/frameworks/base/cmds/
app_process/app_main.cpp "1E X T app process HUEFEHIHARSZIN, 7EFpREL main T2 H D)
Zygote, XF AL (R AHRLES 73 o
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}

if (niceName && *niceName) {
setArgvO(argv0, niceName);
set_process name(niceName);
§
runtime.mParentDir = parentDir;
if (zygote) {
runtime.start("'com.android.internal.os.Zygotelnit",
startSystemServer ? "start-system-server" : "");
} else if (className) {
runtime.mClassName = className;
runtime.mArgC = argc - i;
runtime.mArgV = argv + i;
runtime.start("'com.android.internal.os.Runtimelnit",
application ? "application" : "tool");
} else {
fprintf(stderr, "Error: no class name or --zygote supplied.\n");
app_usage();
LOG_ALWAYS FATAL("app_process: no class name or --zygote supplied.");
return 10;

76 RS, runtime /& AppRuntime [1)5545], AppRuntime 47K [H AndroidRuntime.
& AndroidRuntime 71 ¥] %X start 7£ 3 {4 frameworks/base/core/jni/AndroidRuntime.cpp H17E X,
HARSCHARS 4T

void AndroidRuntime::start(const char* className, const char* options)

{

330 BN

ALOGD("\n>>>>>> AndroidRuntime START %s <<<<<<\n",
className != NULL ? className : "(unknown)");
if (stremp(options, "start-system-server") == 0) {
const int LOG_BOOT PROGRESS START = 3000;
LOG_EVENT LONG(LOG BOOT PROGRESS START,
ns2ms(systemTime(SYSTEM_TIME MONOTONIC)));
}
const char* rootDir = getenv("ANDROID ROOT");
if (rootDir == NULL) {
rootDir = "/system";
if (thasDir("/system")) {
LOG_FATAL("No root directory specified, and /android does not exist.");
return;
}
setenv("ANDROID ROOT", rootDir, 1);
¥
/* start the virtual machine */

Jnilnvocation jni_invocation;
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jni_invocation.Init(NULL);
JNIEnv* env;
if (startVm(&mlJavaVM, &env) !=0) {
return;
H
onVmCreated(env);
/*
* Register android functions.
&
if (startReg(env) < 0) {
ALOGE("Unable to register all android natives\n");
return;
}
jclass stringClass;
jobjectArray strArray;
jstring classNameStr;
jstring optionsStr;
stringClass = env->FindClass("java/lang/String");
assert(stringClass != NULL);
strArray = env->NewODbjectArray(2, stringClass, NULL);
assert(strArray != NULL);
classNameStr = env->NewStringUTF(className);
assert(classNameStr != NULL);
env->SetObjectArrayElement(strArray, 0, classNameStr);
optionsStr = env->NewStringUTF(options);
env->SetObjectArrayElement(strArray, 1, optionsStr);
char* slashClassName = toSlashClassName(className);
jclass startClass = env->FindClass(slashClassName);
if (startClass == NULL) {
ALOGE("JavaVM unable to locate class '%s"\n", slashClassName);
} else {
jmethodID startMeth = env->GetStaticMethodID(startClass, "main",
"([Ljava/lang/String;)V");
if (startMeth == NULL) {
ALOGE("JavaVM unable to find main() in '%s"\n", className);
1 else {
env->CallStaticVoidMethod(startClass, startMeth, strArray);

#if 0
if (env->ExceptionCheck())
threadExitUncaughtException(env);
#endif
}
}
free(slashClassName);

ALOGD("Shutting down VM\n");
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if (mJavaVM->DetachCurrentThread() != JNI_OK)
ALOGW("Warning: unable to detach main thread\n");
if (mJavaVM->DestroyJavaVM() != 0)
ALOGW("Warning: VM did not shut down cleanly\n");

}

76 E R AR, “ Inilnvocation jni_invocation; ” FH T 75 B 2§ Inilnvocation [¥] 4% & ,
“ ini_invocation.Init(NULL); ” H T i A 2§ Jnilnvocation ' [ bR % Init. HH Mk Al W, 2K
AndroidRutime ¥ 71 PREL start fz 3= 22520 T 00 F B =N Difig.

Q A Inilnvocation 547, F HLUM A1) 2 BRI init SRATEAHL TNT PR .

Q 1] AndroidRutime J 151 bR 2 startVm SR AIEE— AR OGN INT $211,

BIGNEE— JavaVM 2 [ Fl—A> INIEnv £ H,

Q it Bk JavaVM 4 E1RT INIEnv $2 1145 Zygote BEFEH 2845 5E (1) class.

Horp, BIRZE 1 ATHREFEE 2 DN IhRe Mo lmoRBE M) B, 8 R ORIATR Lt e 1
XTI ) RS S B o

2% Jnilnvocation 7£ 3L “/libnativehelper/Inilnvocation.cpp” "5 3, PREL Init Y EARSZIY
AR

bool Jnilnvocation::Init(const char* library) {
#ifdef HAVE_ANDROID OS
char default_library[PROPERTY_ VALUE MAX];
property get("persist.sys.dalvik.vm.lib", default library, "libdvm.so");
#else
const char* default library = "libdvm.so";
#endif
if (library == NULL) {
library = default library;
¥
handle = dlopen(library, RTLD_NOW);
if (handle ==NULL) {
ALOGE("Failed to dlopen %s: %s", library, dlerror());
return false;
}
if (!FindSymbol(reinterpret cast<void**>(&JNI GetDefaultJavaVMInitArgs ),
"JNI_GetDefaultJavaVMInitArgs")) {
return false;
}
if (!FindSymbol(reinterpret _cast<void**>(&JNI CreateJavaVM ),
"JNI_CreateJavaVM")) {
return false;
}
if (!FindSymbol(reinterpret cast<void**>(&JNI_GetCreatedJavaVMs ),
"JNI_GetCreatedJavaVMs")) {
return false;
}
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return true;

}

LE_FIRARIS T, pREL Init B SCIEHIUAR G E T persist.sys.dalvik.vm.lib FI{H. KA RS
persist.sys.dalvik.vm.lib [FJ{H 24 5T libdvm.so, B2 4 55T libart.so. JIif LA#E T kil it i £5 dlopen
IR RER A 4 libdvm.so, ZEA & libart.so. LW TEM—A, #Eke S
JNI_GetDefaultJavaVMInitArgs. JNI CreateJavaVM F1 INI_GetCreatedJavaVMs iX =AMz,
I H 4> 5l & /2 /& Inilnvocation & ) = AN B 51 48 f&  INI_GetDefaultlavaVMInitArgs_
JNI_CreateJavaVM_Fl1 INI_GetCreatedJavaVMs_H1, 3 =AM 0 3t A2 A T FRAT T4 20 1 FH e il
% Java RN =442 .

1.3 HE&RBE)

[A] 31| p% %% AndroidRuntime::start, “if (startVm(&mlavaVM, &env) != 0) {” HT 1 H &L
startVm JA S ERNL. Wi, 25 Inilnvocation M) 03 PREL Init SZPr Lalt ZARYE RS0 &
persist.sys.dalvik.vm.lib Sk 454k Dalvik BEFUFLELE ART JERIMLIAEE . 28 AndroidRutime 1%
51 A% AndroidRuntime::startVm [ EARSZHACIL LI T o

int AndroidRuntime::startVm(JavaVM** pJavaVM, INIEnv** pEnv)
{
int result = -1;
JavaVMInitArgs initArgs;
JavaVMOption opt;
char propBuf[PROPERTY_ VALUE MAX];
char stackTraceFileBuffPROPERTY VALUE MAX];
char dexoptFlagsBuffPROPERTY_VALUE MAX];
char enableAssertBuf[sizeof("-ea:")-1 + PROPERTY VALUE MAX];
char jniOptsBuf[sizeof("-Xjniopts:")-1 + PROPERTY VALUE MAX];
char heapstartsizeOptsBuf[sizeof("-Xms")-1 + PROPERTY_ VALUE MAX];
char heapsizeOptsBuf[sizeof("-Xmx")-1 + PROPERTY VALUE MAX];
char heapgrowthlimitOptsBuf]sizeof("-XX:HeapGrowthLimit=")-1 +
PROPERTY VALUE MAX];
char heapminfreeOptsBuf[sizeof("-XX:HeapMinFree=")-1 + PROPERTY VALUE MAX];
char heapmaxfreeOptsBuf[sizeof("-XX:HeapMaxFree=")-1 + PROPERTY VALUE MAX];
char heaptargetutilizationOptsBuf[sizeof("-XX:HeapTargetUtilization=")-1 +
PROPERTY_ VALUE MAX];
char jitcodecachesizeOptsBufsizeof("-Xjitcodecachesize:")-1 + PROPERTY VALUE MAX];
char extraOptsBuf[PROPERTY VALUE MAX];
char* stackTraceFile = NULL;
bool checklJni = false;
bool checkDexSum = false;
bool logStdio = false;
enum {
kEMDefault,
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kEMIntPortable,
kEMIntFast,
kEMJitCompiler,

} executionMode = kEMDefault;

property get("dalvik.vm.checkjni", propBuf, "");

if (stremp(propBuf, "true") == 0) {
checkJni = true;

} else if (stremp(propBuf, "false") = 0) {
property get("ro.kernel.android.checkjni", propBuf, "");
if (propBuf[0] =="1") {

checklJni = true;

}

property get("dalvik.vm.execution-mode", propBuf, "");

if (stremp(propBuf, "int:portable") == 0) {
executionMode = kEMIntPortable;

} else if (stremp(propBuf, "int:fast") == 0) {
executionMode = kEMIntFast;

} else if (stremp(propBuf, "int:jit") == 0) {
executionMode = KEMJitCompiler;

§

property get("dalvik.vm.stack-trace-file", stackTraceFileBuf, "");

property get("dalvik.vm.check-dex-sum", propBuf, "");

if (stremp(propBuf, "true") == 0) {
checkDexSum = true;

}

property get("log.redirect-stdio", propBuf, "");

if (strcmp(propBuf, "true") == 0) {
logStdio = true;

}

strepy(enableAssertBuf, "-ea:");

property get("dalvik.vm.enableassertions", enableAssertBuf+4, "");

strepy(jniOptsBuf, "-Xjniopts:");

property get("dalvik.vm.jniopts", jniOptsBuf+10, "");

/* exit()ZRFEALER */

opt.extralnfo = (void*) runtime_exit;

opt.optionString = "exit";

mOptions.add(opt);

/* fprintf() ZE FE AL BE*/

opt.extralnfo = (void*) runtime vfprintf;

opt.optionString = "viprintf";

mOptions.add(opt);

/% UG FRAELE +/

opt.extralnfo = (void*) runtime isSensitiveThread,;

opt.optionString = "sensitiveThread";

mOptions.add(opt);
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opt.extralnfo = NULL;
opt.optionString = "-verbose:gc";
mOptions.add(opt);
/*
*ERTA TR S FIHE 1 5 K R
&
strepy(heapstartsizeOptsBuf, "-Xms");
property get("dalvik.vm.heapstartsize", heapstartsizeOptsBuft4, "4m");
opt.optionString = heapstartsizeOptsBuf;
mOptions.add(opt);
strepy(heapsizeOptsBuf, "-Xmx");
property get("dalvik.vm.heapsize", heapsizeOptsBuft+4, "16m");
opt.optionString = heapsizeOptsBuf;
mOptions.add(opt);
/IR AR IR AR I HERR R/ 6315322
opt.optionString = "-XX:mainThreadStackSize=24K";
mOptions.add(opt);
BN NT AEZAF RN T 0 R K4EH] JIT
strepy(jitcodecachesizeOptsBuf, "-Xjitcodecachesize:");
property get("dalvik.vm. jit.codecachesize", jitcodecachesizeOptsBuf+19, NULL);
if (jitcodecachesizeOptsBuf[ 19] I="0") {
opt.optionString = jitcodecachesizeOptsBuf;
mOptions.add(opt);
}
strepy(heapgrowthlimitOptsBuf, "-XX:HeapGrowthLimit=");
property get("dalvik.vm.heapgrowthlimit", heapgrowthlimitOptsBuf+20, "");
if (heapgrowthlimitOptsBuf[20] !="0") {
opt.optionString = heapgrowthlimitOptsBuf;
mOptions.add(opt);
}
strepy(heapminfreeOptsBuf, "-XX:HeapMinFree=");
property get("dalvik.vm.heapminfree", heapminfreeOptsBuf+16, "");
if (heapminfreeOptsBuf[16] !="0") {
opt.optionString = heapminfreeOptsBuf;
mOptions.add(opt);
}
strepy(heapmaxfreeOptsBuf, "-XX:HeapMaxFree=");
property get("dalvik.vm.heapmaxfree", heapmaxfreeOptsBuf+16, "");
if (heapmaxfreeOptsBuf[16] !="0") {
opt.optionString = heapmaxfreeOptsBuf;
mOptions.add(opt);
}
strepy(heaptargetutilizationOptsBuf, "-XX:HeapTargetUtilization=");
property get("dalvik.vm.heaptargetutilization", heaptargetutilizationOptsBuf+26, "");
if (heaptargetutilizationOptsBuf[26] !="0") {
opt.optionString = heaptargetutilizationOptsBuf;
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mOptions.add(opt);
}
property get("ro.config.low_ram", propBuf, "");
if (strcmp(propBuf, "true") == 0) {
opt.optionString = "-XX:LowMemoryMode";

mOptions.add(opt);
}
/*
* SR dexopt 5, 075 BRI AITE 51 GC 2777 28t
&l

property get("dalvik.vm.dexopt-flags", dexoptFlagsBuf, "");
if (dexoptFlagsBuf[0] !="0") {
const char* opc;

const char* val;

opc = strstr(dexoptFlagsBuf, "v="); /* verification */
if (opc !=NULL) {

switch (*(opct+2)) {

case'n:  val ="-Xverify:none"; break;

case'r':  val ="-Xverify:remote"; break;

case'a:  val="-Xverify:all"; break;
default: val =NULL; break;
}

if (val I=NULL) {
opt.optionString = val;

mOptions.add(opt);

}
opc = strstr(dexoptFlagsBuf, "o="); /* optimization */
if (opc '=NULL) {

switch (*(opct2)) {

case'n:  val ="-Xdexopt:none"; break;

case'v':  val ="-Xdexopt:verified"; break;

case'a:  val="-Xdexopt:all"; break;
case'f:  val ="-Xdexopt:full"; break;
default: val =NULL; break;
}

if (val I=NULL) {
opt.optionString = val;

mOptions.add(opt);

}

opc = strstr(dexoptFlagsBuf, "m=y"); /* register map */

336 HI



EFNE ARTitZRBIHTLE

if (opc !=NULL) {
opt.optionString = "-Xgenregmap";
mOptions.add(opt);

/* turn on precise GC while we're at it */
opt.optionString = "-Xgc:precise";
mOptions.add(opt);

§
AR REEE=Y, EE VM Y/
/* use android ADB transport */
opt.optionString =
"-agentlib:jdwp=transport=dt android adb,suspend=n,server=y";
mOptions.add(opt);
ALOGD("CheckJNI is %s\n", checkJni ? "ON" : "OFF");
if (checkJni) {
311 INT K2/
opt.optionString = "-Xcheck:jni";
mOptions.add(opt);
MR INT ARG L/
opt.optionString = "-Xjnigreflimit:2000";
mOptions.add(opt);
H
char lockProfThresholdBuf[sizeof("-Xlockprofthreshold:") + sizeof(propBuf)];
property get("dalvik.vm.lockprof.threshold", propBuf, "");
if (strlen(propBuf) > 0) {
strepy(lockProfThresholdBuf, "-Xlockprofthreshold:");
strcat(lockProfThresholdBuf, propBuf);
opt.optionString = lockProfThresholdBuf;
mOptions.add(opt);
}
/* Force interpreter-only mode for selected opcodes. Eg "1-0a,3¢c,f1-ff" */
char jitOpBuf[sizeof("-Xjitop:") + PROPERTY VALUE MAX];
property get("dalvik.vm.jit.op", propBuf, "");
if (strlen(propBuf) > 0) {
strepy(jitOpBuf, "-Xjitop:");
strcat(jitOpBuf, propBuf);
opt.optionString = jitOpBuf;
mOptions.add(opt);
}
/* Force interpreter-only mode for selected methods */
char jitMethodBuf[sizeof("-Xjitmethod:") + PROPERTY VALUE MAX];
property get("dalvik.vm.jit.method", propBuf, "");
if (strlen(propBuf) > 0) {
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strepy(jitMethodBuf, "-Xjitmethod:");
strcat(jitMethodBuf, propBuf);
opt.optionString = jitMethodBuf;
mOptions.add(opt);

H

if (executionMode == kKEMIntPortable) {
opt.optionString = "-Xint:portable";
mOptions.add(opt);

} else if (executionMode == kEMIntFast) {
opt.optionString = "-Xint:fast";
mOptions.add(opt);

} else if (executionMode == kEMJitCompiler) {
opt.optionString = "-Xint:jit";
mOptions.add(opt);

§

if (checkDexSum) {

/* perform additional DEX checksum tests */
opt.optionString = "-Xcheckdexsum";
mOptions.add(opt);

H

if (logStdio) {

/* convert stdout/stderr to log messages */
opt.optionString = "-Xlog-stdio";
mOptions.add(opt);

}

if (enableAssertBuf[4] !="0") {

/* accept "all" to mean "all classes and packages" */

if (strcmp(enableAssertBuf+4, "all") == 0)
enableAssertBuf[3] ="0'";

ALOGI("Assertions enabled: '%s"\n", enableAssertBuf);

opt.optionString = enableAssertBuf;

mOptions.add(opt);

} else {

ALOGV("Assertions disabled\n");

H

if (jniOptsBuf[10] !="0") {

ALOGI("JNI options: '%s"\n", jniOptsBuf);
opt.optionString = jniOptsBuf;
mOptions.add(opt);

}

if (stackTraceFileBuf[0] !="0") {
static const char* stfOptName = "-Xstacktracefile:";
stackTraceFile = (char*) malloc(strlen(stfOptName) +

strlen(stackTraceFileBuf) +1);



bail:

}
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strepy(stackTraceFile, stfOptName);
strcat(stackTraceFile, stackTraceFileBuf);
opt.optionString = stackTraceFile;
mOptions.add(opt);

H

/* extra options; parse this late so it overrides others */

property_get("dalvik.vm.extra-opts", extraOptsBuf, "");

parseExtraOpts(extraOptsBuf);

M BLEAMHEME */

{
char langOption[sizeof("-Duser.language=") + 3];
char regionOption[sizeof("-Duser.region=") + 3];
strcpy(langOption, "-Duser.language=");
strepy(regionOption, "-Duser.region=");
readLocale(langOption, regionOption);
opt.extralnfo = NULL;
opt.optionString = langOption;
mOptions.add(opt);
opt.optionString = regionOption;
mOptions.add(opt);

§

opt.optionString = "-Djava.io.tmpdir=/sdcard";

mOptions.add(opt);

initArgs.version = JNI VERSION 1 4;

initArgs.options = mOptions.editArray();

initArgs.nOptions = mOptions.size();

initArgs.ignoreUnrecognized = JNI FALSE;

/*

* Blhhtk VM.

=
if (JNI_CreateJavaVM(pJavaVM, pEnv, &initArgs) <0) {
ALOGE("JNI_CreateJavaVM failed\n");
goto bail;

}

result = 0;

free(stackTraceFile);

return result;

i _ER ARG AT %0, BREL AndroidRuntime::startVm 24314 INI_CreateJavaVM 4
. MAL IR INT CreateJavaVM 78 3CA4 art/runtime/jni_internal.cc & X, B AKSZHIAL

(1
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extern "C" jint INI_CreateJavaVM(JavaVM** p_vm, INIEnv** p_env, void* vm_args) {
const JavaVMInitArgs* args = static_cast<JavaVMInitArgs*>(vm_args);
if (IsBadJniVersion(args->version)) {
LOG(ERROR) << "Bad JNI version passed to CreateJavaVM: " << args->version;
return JNI EVERSION;
}
Runtime::Options options;
for (int i = 0; 1 < args->nOptions; ++i) {
JavaVMOption* option = &args->options][i];
options.push_back(std::make pair(std::string(option->optionString), option->extralnfo));
¥
bool ignore unrecognized = args->ignoreUnrecognized;
if ('Runtime::Create(options, ignore unrecognized)) {
return JNI_ERR;
}
Runtime* runtime = Runtime::Current();
bool started = runtime->Start();
if (!started) {
delete Thread::Current()->GetJniEnv();
delete runtime->GetJavaVM();
LOG(WARNING) << "CreateJavaVM failed";
return JNI ERR;
¥
*p_env = Thread::Current()->GetJniEnv();
*p_vm = runtime->GetJavaVM();

return JNI OK;
}

2K Inilnvocation [1i545 74 P %L GetJnilnvocation & [F] (148 2 §i 1 T8 ¥ Jnilnvocation
Sl A7 T IXAS Inilnvocation SEH 2 5, ARSI I K R 03 BR £ INT CreateJavaVM KA1 4
— > JavaVM 45 1 G 1) INTEny 4211

PR %Y GetInilnvocation & X {E 3C{F libnativehelper/Inilnvocation.cpp 1, HARSZILACHS
.

jint Jnilnvocation::JNI_CreateJavaVM(JavaVM** p_vm, INIEnv** p_env, void* vim_args) {
return JNI_CreateJavaVM_(p_vm, p_env, vm_args);

}

2K Inilnvocation % b1 4% & INI CreateJavaVM_ 5[] FJ 5 A2 B TH AT INE% Y libdvm.so B
libart.so TS H 82X INT_CreateJavaVM. 2 Jnilnvocation [1J% i3 BA %L INI_CreateJavaVM iR
[ 1) JavaVM £ [1$8 1] (1324 4 Dalvik ERIHL, 224 0E ART ERAL.

N4 BIZIEITLRI

7E At art/runtime/jni_internal.cc "', BR%L INI_ CreateJavaVM 2 i H bR % Create
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7 Runtime 5241, &% Create 78 344 art/runtime/runtime.cc "€ X, EARSCHACHLU T .

bool Runtime::Create(const Options& options, bool ignore unrecognized) {
// TODO: acquire a static mutex on Runtime to avoid racing.
if (Runtime::instance != NULL) {
return false;
}
InitLogging(NULL); //¥Jiifk Log FR4t.
instance = new Runtime; /€)% Runtime 524
if (linstance ->Init(options, ignore unrecognized)) {
delete instance ;
instance_ = NULL;
return false;/#J4H4 Runtime
}

return true;

}

FRR NI 2R % INT_ Create JavaVM 7, “Runtime* runtime = Runtime::Current();” H T3k
74 Runtime 477524, Runtime {fH B “bool started = runtime->Start();” T
Rl Start PR, 1ZPREE SO art/runtime/runtime.ce HE X, HARSEIAIS AT

bool Runtime::Start() {

VLOG(startup) << "Runtime::Start entering";
CHECK(host_prefix_.empty()) << host _prefix_;
Thread* self = Thread::Current();/3k 15 24 2T £ FE
self->TransitionFromRunnableToSuspended(kNative);// #i%ZFk 25 M Runnable Y]#%1 Suspend
started = true;
/I 5 Native BEURIHIIR L TAE
InitNativeMethods();
InitThreadGroups(self);
Thread::FinishStartup();
if (is_zygote ) {

if (!InitZygote()) {

return false;

§
} else {

DidForkFromZygote();
}
StartDaemonThreads();
system_class loader = CreateSystemClassLoader();
self->GetJniEnv()->locals.AssertEmpty();
VLOG(startup) << "Runtime::Start exiting";
finished starting = true;

return true;
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% %% Runtime::InitNativeMethods 7& 3} art/runtime/runtime.cc 1 5E X, EARSZIIACHT
wr.

void Runtime::InitNativeMethods() {

VLOG(startup) << "Runtime::InitNativeMethods entering";

Thread* self = Thread::Current();

INIEnv* env = self->GetIniEnv();/3RE INI 5

CHECK EQ(self->GetState(), kNative);

JniConstants::init(env);

WellKnownClasses::Init(env);

/1] RegisterRuntimeNativeMethods Bf%L5¢ i Native p&E1I7E M

RegisterRuntimeNativeMethods(env);

{
std::string mapped name(StringPrintf(OS_ SHARED LIB FORMAT STR, "javacore"));
std::string reason;
self->TransitionFromSuspendedToRunnable();
if (linstance ->java vm_->LoadNativeLibrary(mapped name, NULL, reason)) {

LOG(FATAL) << "LoadNativeLibrary failed for \"" << mapped name <<"\": " << reason;

}

self->TransitionFromRunnableToSuspended(kNative);
}
WellKnownClasses::Latelnit(env);
VLOG(startup) << "Runtime::InitNativeMethods exiting";

}

1.5 FEARASHE INI BREL

76 A art/runtime/runtime.cc "1 1) B 2% Runtime::InitNativeMethods "1, i ik Q547
“RegisterRuntimeNativeMethods(env);” i F B4 %1 RegisterRuntimeNativeMethods K1/} Native
PREL, PREL RegisterRuntimeNativeMethods ELARSZIUACHIS U R,

void Runtime::RegisterRuntimeNativeMethods(JNIEnv* env) {

#define REGISTER(FN) extern void FN(JNIEnv*); FN(env)
REGISTER(register java lang Throwable);
REGISTER(register dalvik system DexFile);
REGISTER(register dalvik system VMDebug);
REGISTER(register dalvik system VMRuntime);
REGISTER(register_dalvik system VMStack);
REGISTER(register_dalvik system Zygote);
REGISTER(register java lang Class);
REGISTER(register java lang DexCache);
REGISTER(register java lang Object);
REGISTER(register java lang Runtime);
REGISTER(register_java lang_String);
REGISTER(register_java lang System);
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REGISTER(register java lang Thread);
REGISTER(register java lang VMClassLoader);
REGISTER(register java lang reflect Array);
REGISTER(register java lang reflect Constructor);
REGISTER(register java lang reflect Field);
REGISTER(register java lang reflect Method);
REGISTER(register_java lang_reflect Proxy);
REGISTER(register java util concurrent atomic AtomicLong);
REGISTER(register org apache harmony dalvik ddmc DdmServer);
REGISTER(register_org_apache_harmony_dalvik_ddmc_DdmVminternal);
REGISTER(register sun _misc_Unsafe);

#undef REGISTER

}

e RS TR A T BN R R, A% BB R B AR SIS S HAT AT
#4n register java lang Throwable 7E 3/} runtime/native/java_lang_ Throwable.cc H15€ X, HAk
SEPARAL IR

void register java lang Throwable(JNIEnv* env) {
REGISTER NATIVE METHODS("java/lang/Throwable");
H

.6 BaIFIFHIZ

FEYGR A %) Runtime:: Start B%, “if (!InitZygote()) { AN 47 T InitZygote ¢
WSS RS R T AE. ARG “ StartDaemonThreads(); ” 8469 47 1 H
java.lang.Daemons.start() b8 £ 3 8)) 57 7 HEFE . A4 StartDaemonThreads() ¥ 2 A4 SZIRARHS
ks

void Runtime::StartDaemonThreads() {
VLOG(startup) << "Runtime::StartDaemonThreads entering";
Thread* self = Thread::Current();
CHECK EQ(self->GetState(), kNative);
INIEnv* env = self->GetJniEnv();
env->CallStaticVoidMethod(WellKnownClasses::java lang Daemons,
WellKnownClasses::;java_lang Daemons_start);
if (env->ExceptionCheck()) {
env->ExceptionDescribe();
LOG(FATAL) << "Error starting java.lang.Daemons";
}
VLOG(startup) << "Runtime::StartDaemonThreads exiting";

}

ZE Lk, Android 2GR ART IZATIHI G B —A Java [EFUNL, DUAGHIE RS PE

persist.sys.dalvik.vm.lib Fl—/M&ERCE Inilnvocation, 5t n] LLJC4% UK Dalvik ML 44
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ART E1TH . XANFH FER AR 50, R KA AE oS AR D . 35 KR HAK
FZWE 11-2 Fis.

= — —
+start() T T
AppRuntime
[ Ao )
[T
Runtime
+class_linker_: ClassLinker*
+heap_: Heap* JavaVMExt JINIEnVEXt Thread
Er?:taa;\g:_ ;ﬁ‘r’;‘rinrgiﬂ +runtime: Runtime™® +self: Thread™® +jni_env_: INIEnvExt™
e a:ass foacedt tobjoct ——————==f +unchecked_functions: JNIInvokelInterface™ |————<= +vm: JavaVMExt™ te————————{ +self_: Thread™
e __Iist_: Threadiist® HoadNatvelibraryQ +unchecked_functions: ININativeInterface’ prmem—
start) +FindCodeForNativeMethod() +Current()
+Init)
+Create()
JNIInvokelnterface ININativelnterface
| ————
Efssreeeame
e W | e
ClassLinker ) d '
<<implement>#% i -
+dex_caches: vector <DexCache™®> <<implement > L
+oat_files_: vector <OatFile*>
+class_table_: Table
BTl anx CheckINT
+DestroyJavaVMQ +GetVersion() +GetVersion()
+AttachCurrentThread( +DefineClass() +DefineClass()
+DetachCurrentThread() +FindClassQ +FindClassQ
+GetEnv() +CallStaticVoidMethod ) +CallStaticVoidMethod ()
+AttachCurrentThreadAsDaemon() +.0 +..0

11-2  J8%) ART ¥ 2 192K

N7 BBTSH

TERA#Y INI CreateJavaVM(O)'', 5G] Create() e 61%E Runtime. Runtime J&—> #4451,
B8 f5 2 5 i FH S art/runtime/runtime.ce H ) Init() PR,  BAZL InitO I DhRE 2T S48,
WItHtk Heap HI JavaVMExt 45i#4), SCHLZERERIE 5407, JEGI4E ClassLinker 55, K%K Init()
(R HARSIACHS T

bool Runtime::Start() {
VLOG(startup) << "Runtime::Start entering";
CHECK((host_prefix_.empty()) << host_prefix_;
Thread* self = Thread::Current();
self->TransitionFromRunnableToSuspended(kNative);
started = true;
InitNativeMethods();
InitThreadGroups(self);
Thread::FinishStartup();
if (is_zygote ) {
if (!InitZygote()) {
return false;
b
} else {
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DidForkFromZygote();
}
StartDaemonThreads();
system_class loader = CreateSystemClassLoader();
self->GetJniEnv()->locals. AssertEmpty();
VLOG(startup) << "Runtime::Start exiting";
finished starting = true;

return true;

}

E 3 A4 /art/runtime/runtime.cc ', 18 i B 2 Runtime::ParsedOptions* Runtime::Parsed
Options::Creat fi#t T = %, ¥ raw options 1 [ Z £ it A\ parsed , W1 X%f 3 55 A% &
BOOTCLASSPATH F1 CLASSPATH [f) 4 ¥ . P& % Runtime::ParsedOptions* Runtime::
ParsedOptions::Creat [¥] HARSZHACAG U T o

Runtime::ParsedOptions* Runtime::ParsedOptions::Create(const Options& options, bool ignore

unrecognized) {

UniquePtr<ParsedOptions> parsed(new ParsedOptions());

const char* boot class path string = getenv("BOOTCLASSPATH");

if (boot_class_path_string != NULL) {

parsed->boot class path string = boot class path_string;

}

const char* class_path_string = getenv("CLASSPATH");

if (class_path_string != NULL) {

parsed->class_path_string = class_path_string;

}

parsed->check jni_ = klsDebugBuild;

parsed->heap _initial size = gc::Heap::kDefaultlnitialSize;

parsed->heap maximum_size = gc::Heap::kDefaultMaximumSize;

parsed->heap min_free = gc::Heap::kDefaultMinFree;

parsed->heap max free = gc::Heap::kDefaultMaxFree;

parsed->heap_target utilization = gc::Heap::kDefaultTargetUtilization;

parsed->heap growth limit = 0;

parsed->parallel gc threads = sysconf( SC_ NPROCESSORS CONF) - 1;

parsed->conc_gc threads =0;

parsed->stack size = 0;

parsed->low_memory mode = false;

SRIGHIUEA Monitor (#H124T mutex+conditional variable, 7] T Z AL ) MR
BEREE, RS EEN Heap M GC MWtk TAE. A ge:Heap Thfigil it S
art/runtime/gc/heap.cc " 1) PR %1 Heap::Heap SEHL, EARSZIACHS LI T o

Heap::Heap(size t initial size, size t growth limit, size t min_free, size t max_free,
double target utilization, size t capacity, const std::string& original image file name,
bool concurrent gc, size t parallel gc threads, size t conc gc threads,
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bool low_memory mode, size tlong pause log threshold, size tlong gc log threshold,
bool ignore_max_footprint)

:alloc_space (NULL),
card table (NULL),
concurrent_gc (concurrent gc),
parallel gc threads (parallel gc threads),
conc_gc threads (conc_gc threads),
low_memory mode (low memory mode),
long_pause log threshold (long pause log threshold),
long_gc log threshold (long gc log threshold),
ignore max_footprint (ignore max_footprint),
have zygote space (false),
soft ref queue lock (NULL),
weak ref queue lock (NULL),
finalizer ref queue lock (NULL),
phantom_ref queue lock (NULL),
is_gc running_ (false),
last_gc type (collector::kGeTypeNone),
next_gc type (collector::kGcTypePartial),
capacity (capacity),
growth limit (growth limit),
max_allowed footprint (initial size),
native footprint gc watermark (initial size),
native_footprint limit (2 * initial size),
activity thread class (NULL),
application_thread class (NULL),
activity thread (NULL),
application thread (NULL),
last_process_state id (NULL),
care_about pause times_(true),
concurrent_start bytes (concurrent gc ? initial size - kMinConcurrentRemainingBytes

std::numeric_limits<size t>::max()),

total bytes freed ever (0),
total objects freed ever (0),
large object threshold (3 * kPageSize),
num_bytes allocated (0),
native_bytes_allocated (0),
gc_memory overhead (0),
verify missing card marks (false),
verify system weaks (false),
verify pre gc heap (false),
verify post_gc heap (false),
verify mod union_table (false),
min_alloc_space size for sticky gc (2 * MB),
min_remaining_space_for_sticky gc (1 * MB),

last_trim_time _ms_(0),

346 HI



EFNE ARTitZRBIHTLE

allocation_rate (0),
max_allocation_stack size (kGCALotMode ? kGcAlotInterval
: (kDesiredHeapVerification > kNoHeap Verification) ? KB : MB),
reference referent offset (0),
reference_queue_offset (0),
reference _queueNext offset (0),
reference_pendingNext offset (0),
finalizer reference zombie offset (0),
min_free (min_free),
max_free (max_free),
target_utilization_(target utilization),
total wait time (0),
total allocation_time (0),
verify object mode (kHeapVerificationNotPermitted),
running_on_valgrind (RUNNING ON VALGRIND) {
if (VLOG IS ON(heap) || VLOG IS ON(startup)) {
LOG(INFO) << "Heap() entering";
}
live_bitmap_.reset(new accounting::HeapBitmap(this));
mark bitmap_.reset(new accounting::HeapBitmap(this));
byte* requested alloc space begin = NULL;
std::string image_file_name(original image file name);
if (limage file name.empty()) {
space::ImageSpace* image_space = space::ImageSpace::Create(image file name);
CHECK(image space != NULL) << "Failed to create space for " <<image file name;
AddContinuousSpace(image _space);
byte* oat _file end addr=image space->GetlmageHeader().GetOatFileEnd();
CHECK GT(oat file end addr, image space->End());
if (oat_file end addr > requested alloc space begin) {
requested alloc_space begin =
reinterpret_cast<byte*>(RoundUp(reinterpret cast<uintptr_t>(oat file end addr),
kPageSize));

alloc_space = space::DIMallocSpace::Create(Runtime::Current()->IsZygote() ? "zygote space" :
"alloc space",
initial size,
growth_limit, capacity,
requested alloc_space begin);
CHECK(alloc_space !=NULL) << "Failed to create alloc space";
alloc_space ->SetFootprintLimit(alloc_space ->Capacity());
AddContinuousSpace(alloc_space );
const bool kUseFreeListSpaceForLOS = false;
if (kUseFreeListSpaceForLOS) {
large object space = space::FreeListSpace::Create("large object space", NULL, capacity);
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} else {

large object space = space::LargeObjectMapSpace::Create("large object space");
}
CHECK(large object space !=NULL) << "Failed to create large object space";
AddDiscontinuousSpace(large_object_space );
byte* heap begin = continuous_spaces_.front()->Begin();
size t heap capacity = continuous_spaces_.back()->End() - continuous_spaces_.front()->Begin();
if (continuous_spaces .back()->IsDIMallocSpace()) {

heap capacity += continuous_spaces_.back()->AsDIMallocSpace()->NonGrowthLimitCapacity();
}
card table .reset(accounting::CardTable::Create(heap begin, heap capacity));
CHECK(card_table .get() != NULL) << "Failed to create card table";
image mod union table .reset(new accounting::ModUnionTableToZygoteAllocspace(this));
CHECK(image mod union_table .get() != NULL) << "Failed to create image mod-union table";
zygote mod union table .reset(new accounting::ModUnionTableCardCache(this));
CHECK(zygote mod union_table .get() != NULL) << "Failed to create Zygote mod-union table";
num_bytes allocated = 0;
static const size t default mark stack size = 64 * KB;
mark stack .reset(accounting::ObjectStack::Create("mark stack", default_mark stack size));
allocation_stack .reset(accounting::ObjectStack::Create("allocation stack",

max_allocation stack size ));
live stack .reset(accounting::ObjectStack::Create("live stack",
max_allocation_stack size ));
gc_complete lock = new Mutex("GC complete lock");
gc_complete cond .reset(new ConditionVariable("GC complete condition variable",
*gc_complete lock ));

soft ref queue lock =new Mutex("Soft reference queue lock™);
weak ref queue lock = new Mutex("Weak reference queue lock");
finalizer ref queue lock =new Mutex("Finalizer reference queue lock");
phantom_ref queue lock = new Mutex("Phantom reference queue lock");
last_gc time ns_= NanoTime();
last gc size = GetBytesAllocated();
if (ignore_max_footprint ) {

SetldealFootprint(std::numeric_limits<size t>::max());

concurrent start _bytes = max_allowed footprint ;

}
for (size ti=0;1<2;++H) {
const bool concurrent =1 != 0;
mark sweep_collectors .push_back(new collector::MarkSweep(this, concurrent));
mark sweep_collectors_.push_back(new collector::PartialMarkSweep(this, concurrent));
mark sweep collectors .push back(new collector::StickyMarkSweep(this, concurrent));
}
CHECK NE(max_ allowed footprint , OU);
if (VLOG_IS_ON(heap) || VLOG_IS_ON(startup)) {
LOG(INFO) << "Heap() exiting";
}
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7 FIRACS R 3 ImageSpace::Create() 23 K M| image SCAH, Wi S %A w8 H
Generatelmage() K A& . 1EFA Fd#AESRE, Frbl log P A SA W NG R

[/art ( 161): Generatelmage: /system/bin/dex2oat--image=/data/dalvik-cache/system@framework
@boot.art --runtime-arg -Xms64m--runtime-arg -Xmx64m --dex-file=/system/framework/core-libart.jar
--oat-file=/data/dalvik-cache/system@framework(@ boot.oat  --base=0x60000000--image-classes-zip=/system/
framework/framework...

IR FE A T dex2oat B, 8 BOOTCLASSPATH HLA{U$] il image 1, EfAss
2B AN SO boot.art Al boot.oat. HHHTE /& image A, JEE & elf AF. XA image A
YR AT Heap o TERAEL Heap::Heap W, RSN —Lefidn gty sricasml, G
SFhE A GCo Hi MarkSweep. PartialMarkSweep Al StickyMarkSweep #if /2:
art::gc::collector::GarbageCollector 444, HLAF2ENH T Template Method #25X. 75K
4 GarbageCollector:Run() "' 5L B T F 2 87k, 16 oK H A5 SC A art/runtime/ge/collector/
garbage collector.cc "5 X, HAKSZHARIL AT .

void GarbageCollector::Run() {
ThreadList* thread list = Runtime::Current()->GetThreadList();
uint64 t start time = NanoTime();
pause_times_.clear();
duration ns_=0;
InitializePhase();
if ({IsConcurrent()) {
uint64 t pause_start = NanoTime();
ATRACE_BEGIN("Application threads suspended");
thread_list->SuspendAll();
MarkingPhase();
ReclaimPhase();
thread_list->ResumeAll();
ATRACE_END();
uint64 _t pause_end = NanoTime();
pause_times .push_back(pause end - pause_start);
} else {
Thread* self = Thread::Current();
{
ReaderMutexLock mu(self, *Locks::mutator lock );
MarkingPhase();
}
bool done = false;
while (!done) {
uint64 t pause start = NanoTime();
ATRACE BEGIN("Suspending mutator threads");
thread_list->SuspendAll();
ATRACE _END();
ATRACE BEGIN("All mutator threads suspended");
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done = HandleDirtyObjectsPhase();
ATRACE END();
uint64 t pause end = NanoTime();
ATRACE BEGIN("Resuming mutator threads");
thread_list->ResumeAll();
ATRACE_END();
pause_times_.push_back(pause end - pause_start);
}
{

ReaderMutexLock mu(self, *Locks::mutator_lock );
ReclaimPhase();
}
}

uint64 tend time = NanoTime();
duration ns =end time - start time;
FinishPhase();

H

76 LA i T InitializePhase(). MarkingPhase(). ReclaimPhase()! FinishPhase()Z
RERREL, X LA R PR EE MarkSweep 25 ) LA T2 A7 HARSZIN

FHR A 21 p% % Runtime::Init(), 1840 N LIS S ClassLinker WG4, 2T RE
JE 1A ] CreateFromImage() B £ ST o

ClassLinker* ClassLinker::CreateFromImage(InternTable* intern_table) {
UniquePtr<ClassLinker> class_linker(new ClassLinker(intern_table));
class_linker->InitFromImage();
return class_linker.release();

}

7E3CA art\art\runtime\class_linker.cc 11, 18id P& % InitFromIlmage()M\ Heap 11753 image
M7= a], SRJE195] dex caches (41, FAH dex caches FWAIXI NI dex file fi By 2|
BootClassPath W2, A% InitFromImage() it HARSZIACHL I .

void ClassLinker::InitFromImage() {
VLOG(startup) << "ClassLinker::InitFromImage entering";
CHECK(!init_done );
gc::Heap* heap = Runtime::Current()->GetHeap();
ge::space::ImageSpace* space = heap->GetlmageSpace();
dex_cache image class lookup required = true;
CHECK(space != NULL);
OatFile& oat file = GetImageOatFile(space);
CHECK EQ(oat_file.GetOatHeader().GetlmageFileLocationOatChecksum(), 0U);
CHECK _EQ(oat_file.GetOatHeader().GetImageFileLocationOatDataBegin(), 0U);
CHECK(oat_file.GetOatHeader().GetImageFileLocation().empty());
portable resolution_trampoline = oat_file.GetOatHeader(). GetPortableResolution Trampoline();
quick resolution trampoline = oat file.GetOatHeader().GetQuickResolutionTrampoline();
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mirror::Object* dex_caches_object = space->GetlmageHeader().GetlmageRoot(ImageHeader::kDexCaches);

mirror::ObjectArray<mirror::DexCache>* dex caches =
dex_caches_object->AsObjectArray<mirror::DexCache>();
mirror::ObjectArray<mirror::Class>* class roots =

space->GetImageHeaden(). GetlmageRoot(ImageHeader::kClassRoots)->AsObjectArray<mirror::Class>();

class _roots = class_roots;
mirror::String::SetClass(GetClassRoot(kJavaLangString));
CHECK EQ(oat file.GetOatHeader().GetDexFileCount(),
static_cast<uint32 t>(dex_caches->GetLength()));
Thread* self = Thread::Current();
for (int32_ti=0;1<dex caches->GetLength(); it++) {
SirtRef<mirror::DexCache> dex_cache(self, dex caches->Get(i));

const std::string& dex_file location(dex_cache->GetLocation()->ToModifiedUtf8());

const OatFile::OatDexFile* oat dex file = oat file.GetOatDexFile(dex file location, NULL);

CHECK(oat dex file !=NULL) << oat_file.GetLocation() <<"" << dex file location;

const DexFile* dex_file = oat_dex_file->OpenDexFile();
if (dex_file==NULL) {
LOG(FATAL) << "Failed to open dex file " << dex_file location

<< " from within oat file " << oat_file.GetLocation();

}

CHECK EQ(dex_file->GetLocationChecksum(), oat dex_file->GetDexFileLocationChecksum());

AppendToBootClassPath(*dex_file, dex cache);
H
mirror:: ArtMethod::SetClass(GetClassRoot(kJavaLangReflectArtMethod));
if (Runtime::Current()->Getlnstrumentation()->InterpretOnly()) {
ReaderMutexLock mu(self, *Locks::heap bitmap lock );
heap->FlushAllocStack();
heap->GetLiveBitmap()->Walk(InitFromImagelnterpretOnlyCallback, this);
H
mirror::Class::SetClassClass(class_roots->Get(kJavaLangClass));
class roots = class_roots;
array_iftable = GetClassRoot(kObjectArrayClass)->GetlfTable();
DCHECK(array _iftable == GetClassRoot(kBooleanArrayClass)->GetlfTable());
mirror::ArtField::SetClass(GetClassRoot(kJavaLangReflectArtField));
mirror::BooleanArray::SetArrayClass(GetClassRoot(kBooleanArrayClass));
mirror::ByteArray::SetArrayClass(GetClassRoot(kByteArrayClass));
mirror::CharArray::SetArrayClass(GetClassRoot(kCharArrayClass));
mirror::DoubleArray::SetArrayClass(GetClassRoot(kDoubleArrayClass));
mirror::FloatArray::SetArrayClass(GetClassRoot(kFloatArrayClass));
mirror::IntArray::SetArrayClass(GetClassRoot(kIntArrayClass));
mirror::LongArray::SetArrayClass(GetClassRoot(kLongArrayClass));
mirror::ShortArray::SetArrayClass(GetClassRoot(kShortArrayClass));
mirror:: Throwable::SetClass(GetClassRoot(kJavaLangThrowable));
mirror::StackTraceElement::SetClass(GetClassRoot(kJavaLangStack TraceElement));
FinishInit();
VLOG(startup) << "ClassLinker::InitFromImage exiting";
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7t X fF  art\art\runtime\class_linkercc ", 18 i B8 %0 AppendToBootClassPath() F/l
RegisterDexFileLocked()¥f dex cache HI dex file XK, [FIHFHE dex file ¥EM 2] boot
class path_, ¥ dex cache {¥:/i} #] dex_caches . i%{ AppendToBootClassPath()#! RegisterDexFile
Locked() i) HARSEHACAL 41T

void ClassLinker::AppendToBootClassPath(const DexFile& dex file, SirtRef<mirror::DexCache>&
dex_cache) {
CHECK(dex_cache.get() != NULL) << dex_file.GetLocation();
boot class path .push back(&dex file);
RegisterDexFile(dex file, dex cache);
§
void ClassLinker::RegisterDexFileLocked(const DexFile& dex file, SirtRef<mirror::DexCache>&
dex_cache) {
dex_lock .AssertExclusiveHeld(Thread::Current());
CHECK(dex_cache.get() != NULL) << dex_file.GetLocation();
CHECK(dex_cache->GetLocation()->Equals(dex_file.GetLocation()))
<< dex_cache->GetLocation()->ToModifiedUtf8() << " " << dex _file.GetLocation();
dex caches .push back(dex cache.get());
dex_cache->SetDexFile(&dex_file);
dex_caches dirty = true;

}

MEM EIRME B, 7E ClassLinker 1 H FindClass() AT F 2. $04T5¢ Runtime 1)
PREL Create)RI A% Init())ii, 7E JNI CreateJavaVM pR%C Runtime 1) Start()p&EC# A H, 4%
T 58 AE M RAE I R

N8 sk, AN

XA runtime.cc 7 P % InitNativeMethods() 73~ 1] i F 28 2 IniConstants::init() F1 5§ %
WellKnownClasses::Init(). PA% InitNativeMethods() Ff) H AR SEIARAS a1 T .

void Runtime::InitNativeMethods() {

VLOG(startup) << "Runtime::InitNativeMethods entering";

Thread* self = Thread::Current();

INIEnv* env = self->GetJniEnv();

CHECK EQ(self->GetState(), kNative);

JniConstants::init(env);

WellKnownClasses::Init(env);

RegisterRuntimeNativeMethods(env);

{
std::string mapped name(StringPrintf(OS SHARED LIB FORMAT STR, "javacore"));
std::string reason;
self->TransitionFromSuspendedToRunnable();
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if (linstance_->java_vm_->LoadNativeLibrary(mapped name, NULL, reason)) {
LOG(FATAL) << "LoadNativeLibrary failed for \"" << mapped name <<"\": " << reason;
}

self->TransitionFromRunnableToSuspended(kNative);
H
WellKnownClasses::Latelnit(env);
VLOG(startup) << "Runtime::InitNativeMethods exiting";

}

PR % IniConstants::init() £ 3 £ libnativehelper/IniConstants.cpp ' & X, WellKnown
Classes::Init()7E 3Cf} art/runtime/well_known_classes.cc H1 7€ X, XA pR AL H AR SZIAR
k.

void JniConstants::init(JNIEnv* env) {
bidiRunClass = findClass(env, "java/text/Bidi$Run");
bigDecimalClass = findClass(env, "java/math/BigDecimal");
booleanClass = findClass(env, "java/lang/Boolean");
byteClass = findClass(env, "java/lang/Byte");
byteArrayClass = findClass(env, "[B");
calendarClass = findClass(env, "java/util/Calendar");
characterClass = findClass(env, "java/lang/Character");
charsetICUClass = findClass(env, "java/nio/charset/CharsetICU");
constructorClass = findClass(env, "java/lang/reflect/Constructor");
floatClass = findClass(env, "java/lang/Float");
deflaterClass = findClass(env, "java/util/zip/Deflater");
doubleClass = findClass(env, "java/lang/Double");
errnoExceptionClass = findClass(env, "libcore/io/ErrnoException");
fieldClass = findClass(env, "java/lang/reflect/Field");
fieldPositionlteratorClass = findClass(env, "libcore/icu/NativeDecimalFormat$FieldPositionlterator");
fileDescriptorClass = findClass(env, "java/io/FileDescriptor");
gaiExceptionClass = findClass(env, "libcore/io/GaiException");
inet6 AddressClass = findClass(env, "java/net/Inet6 Address");
inetAddressClass = findClass(env, "java/net/InetAddress");
inetSocketAddressClass = findClass(env, "java/net/InetSocketAddress");
inetUnixAddressClass = findClass(env, "java/net/InetUnixAddress");
inflaterClass = findClass(env, "java/util/zip/Inflater");
inputStreamClass = findClass(env, "java/io/InputStream");
integerClass = findClass(env, "java/lang/Integer");
localeDataClass = findClass(env, "libcore/icu/LocaleData");
longClass = findClass(env, "java/lang/Long");
methodClass = findClass(env, "java/lang/reflect/Method");
mutableIntClass = findClass(env, "libcore/util/Mutablelnt");
mutableLongClass = findClass(env, "libcore/util/MutableLong");
objectClass = findClass(env, "java/lang/Object");
objectArrayClass = findClass(env, "[Ljava/lang/Object;");
outputStreamClass = findClass(env, "java/io/OutputStream");
parsePositionClass = findClass(env, "java/text/ParsePosition");
patternSyntaxExceptionClass = findClass(env, "java/util/regex/PatternSyntaxException");
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}

realToStringClass = findClass(env, "java/lang/RealToString");
referenceClass = findClass(env, "java/lang/ref/Reference");
shortClass = findClass(env, "java/lang/Short");

socketClass = findClass(env, "java/net/Socket");

socketlmplClass = findClass(env, "java/net/SocketImpl");
stringClass = findClass(env, "java/lang/String");
structAddrinfoClass = findClass(env, "libcore/io/StructAddrinfo");
structFlockClass = findClass(env, "libcore/io/StructFlock");
structGroupReqClass = findClass(env, "libcore/io/StructGroupReq");
structLingerClass = findClass(env, "libcore/io/StructLinger");
structPasswdClass = findClass(env, "libcore/io/StructPasswd");
structPollfdClass = findClass(env, "libcore/io/StructPollfd");
structStatClass = findClass(env, "libcore/io/StructStat");
structStatV{sClass = findClass(env, "libcore/io/StructStatV{s");
structTimevalClass = findClass(env, "libcore/io/StructTimeval");
structUcredClass = findClass(env, "libcore/io/StructUcred");
structUtsnameClass = findClass(env, "libcore/io/StructUtsname");

void WellKnownClasses::Init(JNIEnv* env) {

com_android dex Dex = CacheClass(env, "com/android/dex/Dex");

dalvik system PathClassLoader = CacheClass(env, "dalvik/system/PathClassLoader");
java_lang_ClassLoader = CacheClass(env, "java/lang/ClassLoader");

java_lang ClassNotFoundException = CacheClass(env, "java/lang/ClassNotFoundException");
java_lang Daemons = CacheClass(env, "java/lang/Daemons");

java_lang_Object = CacheClass(env, "java/lang/Object");

java_lang Error = CacheClass(env, "java/lang/Error");

java lang reflect AbstractMethod = CacheClass(env, "java/lang/reflect/AbstractMethod");
java_lang_reflect ArtMethod = CacheClass(env, "java/lang/reflect/ ArtMethod");
java_lang_ reflect Constructor = CacheClass(env, "java/lang/reflect/Constructor");

java lang reflect Field = CacheClass(env, "java/lang/reflect/Field");

java_lang_reflect Method = CacheClass(env, "java/lang/reflect/Method");

java lang reflect Proxy = CacheClass(env, "java/lang/reflect/Proxy");

java_lang RuntimeException = CacheClass(env, "java/lang/RuntimeException");
java_lang_StackOverflowError = CacheClass(env, "java/lang/StackOverflowError");
java_lang System = CacheClass(env, "java/lang/System");

java lang Thread = CacheClass(env, "java/lang/Thread");

java_lang_Thread$UncaughtExceptionHandler = CacheClass(env, "java/lang/Thread$Uncaught

ExceptionHandler");

DdmServer");

java_lang ThreadGroup = CacheClass(env, "java/lang/ThreadGroup");
java_lang Throwable = CacheClass(env, "java/lang/Throwable");
java_nio_DirectByteBuffer = CacheClass(env, "java/nio/DirectByteBuffer");

org_apache harmony dalvik ddmc Chunk = CacheClass(env, "org/apache/harmony/dalvik/ ddmc/Chunk");
org_apache harmony dalvik ddmc DdmServer = CacheClass(env, "org/apache/harmony/dalvik/ ddmc/

com_android dex Dex create = CacheMethod(env, com android dex Dex, true, "create", "(Ljava/

nio/ByteBuffer;)Lcom/android/dex/Dex;");

java_lang ClassNotFoundException init = CacheMethod(env, java lang ClassNotFoundException,

false, "<init>", "(Ljava/lang/String;Ljava/lang/Throwable;)V");
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"(Ljava/lang/String;)Ljava/lang/Class;");

java lang Daemons requestGC = CacheMethod(env, java_lang Daemons, true, "requestGC", "()V");

java lang Daemons_requestHeapTrim = CacheMethod(env, java lang Daemons, true, "requestHeap
Trim", "()V");

java lang Daemons_start = CacheMethod(env, java_lang Daemons, true, "start", "()V");

ScopedLocalRef<jclass> java lang ref FinalizerReference(env, env->FindClass("java/lang/ref/ Finalizer
Reference"));

java lang ref FinalizerReference add = CacheMethod(env, java lang ref FinalizerReference.get(),
true, "add", "(Ljava/lang/Object;)V");

ScopedLocalRef<jclass>java lang ref ReferenceQueue(env, env->FindClass("java/lang/ref/Reference Queue"));

java_lang ref ReferenceQueue add = CacheMethod(env, java lang ref ReferenceQueue.get(), true,
"add", "(Ljava/lang/ref/Reference;)V");

java_lang reflect Proxy invoke = CacheMethod(env, java lang reflect Proxy, true, "invoke",
"(Ljava/lang/reflect/Proxy;Ljava/lang/reflect/ArtMethod;[Ljava/lang/Object;)Ljava/lang/Object;");

java lang Thread init = CacheMethod(env, java lang Thread, false, "<init>", "(Ljava/lang/
ThreadGroup;Ljava/lang/String;1Z)V");

java_lang Thread run = CacheMethod(env, java_lang Thread, false, "run", "()V");

java_lang_Thread$UncaughtExceptionHandler uncaughtException = CacheMethod(env, java lang
Thread$UncaughtExceptionHandler, false, "uncaughtException", "(Ljava/lang/Thread;Ljava/lang/Throwable;)V");

java_lang ThreadGroup removeThread = CacheMethod(env, java lang ThreadGroup, false,
"removeThread", "(Ljava/lang/Thread;)V");

java nio_DirectByteBuffer init = CacheMethod(env, java nio DirectByteBuffer, false, "<init>", "(J[)V");

org_apache harmony dalvik ddmc DdmServer broadcast = CacheMethod(env, org apache harmony
dalvik ddmc DdmServer, true, "broadcast", "()V");

org_apache harmony dalvik ddmc DdmServer dispatch = CacheMethod(env, org apache harmony
dalvik ddmc DdmServer, true, "dispatch", "(I[BII)Lorg/apache/harmony/dalvik/ddme/ Chunk;");

java lang Thread daemon = CacheField(env, java lang Thread, false, "daemon", "Z");

java_lang Thread group = CacheField(env, java lang Thread, false, "group", "Ljava/lang/
ThreadGroup;");

java lang Thread lock = CacheField(env, java lang Thread, false, "lock", "Ljava/lang/Object;");

java_lang Thread name = CacheField(env, java lang Thread, false, "name", "Ljava/lang/String;");

java_lang Thread priority = CacheField(env, java lang Thread, false, "priority", "I");

java lang Thread uncaughtHandler = CacheField(env, java lang Thread, false, "uncaughtHandler",
"Ljava/lang/Thread$UncaughtExceptionHandler;");

java_lang Thread nativePeer = CacheField(env, java lang Thread, false, "nativePeer", "I");

java lang ThreadGroup mainThreadGroup = CacheField(env, java lang ThreadGroup, true,
"mainThreadGroup", "Ljava/lang/ThreadGroup;");

java_lang ThreadGroup name = CacheField(env, java lang ThreadGroup, false, "name", "Ljava/
lang/String;");

java_lang ThreadGroup_ systemThreadGroup = CacheField(env, java lang ThreadGroup, true,
"systemThreadGroup", "Ljava/lang/ThreadGroup;");

java lang reflect AbstractMethod artMethod = CacheField(env, java lang reflect AbstractMethod,
false, "artMethod", "Ljava/lang/reflect/ArtMethod;");

java lang reflect Field artField = CacheField(env, java lang reflect Field, false, "artField",
"Ljava/lang/reflect/ArtField;");

java lang reflect Proxy h= CacheField(env, java lang reflect Proxy, false, "h", "Ljava/lang/reflect/ Invocation
Handler;");

java nio DirectByteBuffer capacity = CacheField(env, java nio DirectByteBuffer, false, "capacity", "I");

java_nio_DirectByteBuffer effectiveDirectAddress = CacheField(env, java nio DirectByteBuffer,
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false, "effectiveDirectAddress", "J");

org_apache harmony dalvik ddmc Chunk data =  CacheField(env, org apache harmony
dalvik ddmc Chunk, false, "data", "[B");

org apache harmony_ dalvik ddmc Chunk length = CacheField(env, org apache harmony dalvik
ddmc_Chunk, false, "length", "I");

org apache harmony dalvik ddmc Chunk offset = CacheField(env, org apache harmony dalvik
ddmc_Chunk, false, "offset", "I");

org_apache harmony dalvik ddmc Chunk type = CacheField(env, org apache harmony dalvik
ddmc Chunk, false, "type", "I");

java_lang Boolean valueOf = CachePrimitiveBoxingMethod(env, 'Z', "java/lang/Boolean");

java_lang Byte valueOf = CachePrimitiveBoxingMethod(env, 'B', "java/lang/Byte");

java lang Character valueOf = CachePrimitiveBoxingMethod(env, 'C', "java/lang/Character");

java_lang Double valueOf = CachePrimitiveBoxingMethod(env, 'D', "java/lang/Double");

java_lang Float valueOf = CachePrimitiveBoxingMethod(env, 'F', "java/lang/Float");

java lang Integer valueOf = CachePrimitiveBoxingMethod(env, 'T', "java/lang/Integer");

java_lang Long valueOf = CachePrimitiveBoxingMethod(env, 'J', "java/lang/Long");

java_lang Short valueOf = CachePrimitiveBoxingMethod(env, 'S', "java/lang/Short");

}

JEE FIRACRE AT %n, 435l FindClass(). GetStaticFieldID()F GetStaticMethodID()%5 B4
B mWIaI T RGIEARIE, Tk, XSRS A,
SR i RegisterRuntimeNativeMethods() R EE M T R 5 RIS 1) Native pRAE .

void Runtime::RegisterRuntimeNativeMethods(JNIEnv* env) {
#define REGISTER(FN) extern void FN(JNIEnv*); FN(env)
REGISTER(register java lang Throwable);

B B4 InitNativeMethods() 22\ libjavacore.so IXANEE, HMENER A EAGAE T
System.loadLibrary() BRI S, AFei N2 B 256 )

if (linstance ->java vm_->LoadNativeLibrary(mapped name, NULL, reason)) {

TR 2] Runtime:: Start() bR BT L FEWI UG, TRHIWTZ TN Zygote HERE. B2 1
H nitZygote OREATHILAN, (FLEHEE LSRG #4E, 5V DidForkFromZygote()
PB4l %L DidForkFromZygote() 2 g 26 FEit, flfd signalcatcher ZEFEA1)5 2l IDWP k2
FE)o XNPRAECEZ TAEEAH Heap X% 1 CreateThreadPool() R EK A £k Rt . pR%R
DidForkFromZygote 7£ 34 Runtime:.cc H & X, HARSZHARL U T,

void Runtime::DidForkFromZygote() {
is_zygote = false;
heap ->CreateThreadPool();
StartSignalCatcher();
Dbg::StartJdwp();

}

I, StartOPAECT UM T StartDaemonThreads()eA%. 1XANPAEU TAEAZ VA Java 28
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Daemons [ start() /75K 5 8 —2esp 4P 4efe, XA FESERs EFD Dalvik MEAUALIE Bl 58 BT
I Ja I TAEAHIR]. %L Runtime:: 75 3£ Runtime.ce g X, HARSZHACH @R,

void Runtime::StartDaemonThreads() {
VLOG(startup) << "Runtime::StartDaemonThreads entering";
Thread* self = Thread::Current();
CHECK_EQ(self->GetState(), kNative);
INIEnv* env = self->GetJniEnv();
env->CallStaticVoidMethod(WellKnownClasses::java_lang_Daemons,
WellKnownClasses::java lang Daemons_start);
if (env->ExceptionCheck()) {
env->ExceptionDescribe();

LOG(FATAL) << "Error starting java.lang.Daemons";
}

VLOG(startup) << "Runtime::StartDaemonThreads exiting";

}

SRIG RSNG4 FE, #RJAH INI 1 H] java.lang.ClassLoader.getSystemClassLoader() {5 2 &
4[] ClassLoader ( H createSystemClassLoader()f % ), —% i H com.android.internal.os.
Zygotelnit.main()I F R0 E

StartDaemonThreads();
system_class loader = CreateSystemClassLoader();

M StartVM()iR [F 5, AndroidRuntime $41T startReg()7E B LEFENT IT—> hook PAZL, X
FERFAN R REIZ AT 2356 24047 AndroidRuntime::javaThreadShell(), 1M %R AW Java JiE
PIMLIREE, XAEH ARt ol L Java J2 T BR4K startReg 78 3CfF AndroidRuntime.cpp
HoE S, HARSEIARES R

int AndroidRuntime::startReg(JNIEnv* env)

{
androidSetCreateThreadFunc((android_create thread fn) javaCreateThreadEtc);
ALOGV("--- registering native functions ---\n");
env->PushLocalFrame(200);
if (register_jni_procs(gRegJNI, NELEM(gRegINI), env) < 0) {
env->PopLocalFrame(NULL);
return -1;
}
env->PopLocalFrame(NULL);
return 0;
}
AndroidRuntime* AndroidRuntime::getRuntime()
{
return gCurRuntime;
}
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B A1k, AndroidRuntime " (1) start() B £ AT I FE AT IR C e . D g AT RAZ
K 11-3 fior.
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SEHC ART HFEARYIIEA TAEE RS, B P RITIRPAT Lk s, HARDERMT .

Q sl FindClassO)$R SN 12K,

Q MRJ51ET GetStaticMethodID() & 2 AH N ) J77%

Q fJ5H CallStaticVoidMethod()E Java JZHATFEE AN TAE.

EA TN R T, K LD Zygote #4610 8 4F 1 347 UF Mg, bR AN
com.android.internal.os.Zygotelnit, /7754 main, ¥EN 0 HTHAT ART E 50 B4Rt #2, b
L NS JE AR 57 ) F1 T AR

121 3# )\ main FERZEL

FE A frameworks/base/core/jni/AndroidRuntime.cpp ', i AndroidRuntime::start PR%Y
PR AT startVMQ) BB IUAL, ARG T startReg(OvE T INT J7 vk, 9

com.android.internal.os.Zygotelnit Z5¥) main F&%L.

/*
* iR VM
&
char* slashClassName = toSlashClassName(className);
jclass startClass = env->FindClass(slashClassName);
if (startClass == NULL) {
ALOGE("JavaVM unable to locate class '%s"\n", slashClassName);
PRFBEEATY/
} else {
jmethodID startMeth = env->GetStaticMethodID(startClass, "main",
"([Ljava/lang/String;)V");
if (startMeth == NULL) {
ALOGE("JavaVM unable to find main() in '%s"n", className);
% FFEEEAT ¥/
1 else {
env->CallStaticVoidMethod(startClass, startMeth, strArray);

#if 0
if (env->ExceptionCheck())
threadExitUncaughtException(env);
#endif



Android ZEMLANEHEBR

}
}

7 BRI M T =A% . FindClass() . GetStaticMethodID() 1 CallStaticVoid
Method(). %% FindClass()7E 3 f-/art/runtime/jni_internal.cc " SZE, FHARSZEARAG T .

static jclass FindClass(JNIEnv* env, const char* name) {

CHECK NON NULL ARGUMENT(FindClass, name);
Runtime* runtime = Runtime::Current();
ClassLinker* class_linker = runtime->GetClassLinker();
std::string descriptor(NormalizeJniClassDescriptor(name));
ScopedObjectAccess soa(env);
Class* ¢ =NULL;
if (runtime->IsStarted()) {

ClassLoader* cl = GetClassLoader(soa);

¢ = class_linker->FindClass(descriptor.c_str(), cl);
} else {

¢ = class_linker->FindSystemClass(descriptor.c_str());
}
return soa.AddLocalReference<jclass>(c);

}

PR # GetClassLoader()t /& 7E L art/runtime/jni_internal.cc "' 5€ X, ZhAE & 1 H
GetSystemClassLoader()15 2| §i [ 1 4540 4 (1) &2 4t ClassLoader, HARSCIACAG 41T o

360 EN

static ClassLoader* GetClassLoader(const ScopedObjectAccess& soa)

SHARED LOCKS REQUIRED(Locks::mutator lock ) {
ArtMethod* method = soa.Self()->GetCurrentMethod(NULL);
if (method == soa.DecodeMethod(WellKnownClasses::java_lang Runtime nativeLoad)) {
return soa.Self()->GetClassLoaderOverride();
¥
if (method !=NULL) {
return method->GetDeclaringClass()->GetClassLoader();
}
ClassLoader* class_loader = soa.Decode<ClassLoader*>(Runtime::Current()->GetSystem
ClassLoader());
if (class_loader != NULL) {
return class_loader;
}
class_loader = soa.Self()->GetClassLoaderOverride();
if (class_loader != NULL) {
CHECK (Runtime::Current()->UseCompileTimeClassPath());
return class_loader;

}
return NULL;
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12.2 ETEBEWMRE

UG ClassLinker [p84% FindClass() 24k H bR, 1EIX—idFErhab K i OB ek 400
LookupClass()~ DefineClass(). InsertClass(). LoadClass()! LinkClass(), I 8 & %5 (1 H Ak
BLAIR

12.21 E %5 LookupClass(

PR % LookupClass()£E 34 art/runtime/class_linker.cc H13€ X, JG7E ClassLinker [ 5374 &
class_table HHFFER, FLERIRM], HABNKTEF LT ZAE Image 114k (class_loader
NULL H dex cache image class lookup required J true ) . Wl F 7 2 #t H H
LookupClassFromImage()7F Image 47854k, 2| T HLIAR InsertClass()Ks #2112 2]
class_table M7 fH XK.

PR £1 LookupClass() 1 HARSEIACRS a1 T o

mirror::Class* ClassLinker::FindClass(const char* descriptor, mirror::ClassLoader* class loader) {
DCHECK NE(*descriptor, \0') << "descriptor is empty string";
Thread* self = Thread::Current();
DCHECK(self !=NULL);
self->AssertNoPendingException();
if (descriptor[1] =="\0") {
return FindPrimitiveClass(descriptor[0]);
}
IHEINE IR AR
mirror::Class* klass = LookupClass(descriptor, class loader);
if (klass != NULL) {
return EnsureResolved(self, klass);
}
AR
if (descriptor[0] =="T") {
return Create ArrayClass(descriptor, class_loader);
} else if (class_loader == NULL) {
DexFile::ClassPathEntry pair = DexFile::FindInClassPath(descriptor, boot class path );
if (pair.second != NULL) {
return DefineClass(descriptor, NULL, *pair.first, *pair.second);
b
} else if (Runtime::Current()->UseCompileTimeClassPath()) {
if (IsinBootClassPath(descriptor)) {
mirror::Class* system_class = FindSystemClass(descriptor);
CHECK(system_class != NULL);

return system_class;
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}

const std::vector<const DexFile*>* class_path;
{
ScopedObjectAccessUnchecked soa(self);
ScopedLocalRef<jobject> jclass_loader(soa.Env(), soa.AddLocalReference<jobject>
(class_loader));
class_path = &Runtime::Current()->GetCompileTimeClassPath(jclass_loader.get());
}
DexFile::ClassPathEntry pair = DexFile::FindInClassPath(descriptor, *class_path);
if (pair.second != NULL) {
return DefineClass(descriptor, class loader, *pair.first, *pair.second);
§
} else {
ScopedObjectAccessUnchecked soa(self->GetJniEnv());
ScopedLocalRef<jobject> class_loader object(soa.Env(),
soa.AddLocalReference<jobject>(class_loader));
std::string class name_string(DescriptorToDot(descriptor));
ScopedLocalRef<jobject> result(soa.Env(), NULL);
{
ScopedThreadStateChange tsc(self, kNative);
ScopedLocalRef<jobject> class_name_object(soa.Env(),
soa.Env()->NewStringUTF(class_name_string.c_str()));
if (class_name object.get(}==NULL) {
return NULL;
b
CHECK(class_loader_object.get() != NULL);
result.reset(soa.Env()->CallObjectMethod(class_loader object.get(),
WellKnownClasses::java lang ClassLoader loadClass,
class_name_object.get()));
}
if (soa.Self()->IsExceptionPending()) {
return NULL;
} else if (result.get()== NULL) {
ThrowNullPointerException(NULL, StringPrintf("ClassLoader.loadClass returned null for %s",
class name string.c str()).c_str());
return NULL;
} else {
/1723 9] mirror::Class*
return soa.Decode<mirror::Class*>(result.get());

}
ThrowNoClassDefFoundError("Class %s not found", PrintableString(descriptor).c_str());

return NULL;
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PRE LookupClassFromImage() W 7E CfF art/runtime/class_linker.cc H5E S, HARSZIIARHY
k.

mirror::Class* ClassLinker::LookupClassFromImage(const char* descriptor) {
Thread* self = Thread::Current();
const char* old no_suspend cause =
self->StartAssertNoThreadSuspension("Image class lookup");
mirror::ObjectArray<mirror::DexCache>* dex caches = GetlmageDexCaches();
for (int32_ti=0;1<dex caches->GetLength(); ++i) {
mirror::DexCache* dex_cache = dex_caches->Get(i);
const DexFile* dex file = dex cache->GetDexFile();
/1 BRSSOt B R
if (descriptor[0] =="L") {
const DexFile::Stringld* descriptor_string id = dex_file->FindStringld(descriptor);
if (descriptor_string id != NULL) {
const DexFile::Typeld* type id =
dex_file->FindTypeld(dex_file->GetIndexForStringld(*descriptor_string_id));
if (type_id !=NULL) {
mirror::Class* klass = dex cache->GetResolvedType(dex_file->GetIndexForTypeld
(*type_id));
if (klass != NULL) {
self->EndAssertNoThreadSuspension(old no_suspend cause);

return klass;

b
I FR TR R PRI RS
const DexFile::Stringld* string_id = dex_file->FindStringld(descriptor);
if (string_id !=NULL) {
const DexFile:: Typeld* type id =
dex_file->FindTypeld(dex_file->GetlndexForStringld(*string_id));
if (type_id !=NULL) {
uintl6_t type idx = dex_file->GetIndexForTypeld(*type_id);
mirror::Class* klass = dex cache->GetResolvedType(type idx);
if (klass != NULL) {
self->EndAssertNoThreadSuspension(old no suspend cause);

return klass;
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self->EndAssertNoThreadSuspension(old no suspend cause);
return NULL;

12.2.2 %5 DefineClass(

P4 DefineClass()7E 3CAF art/runtime/class_linker.cc i X, SEH LoadClass(), InsertClass()
A LinkClass()58hE. M, LoadClass()iiFH LoadField()f! LoadMethod()%5 & £ 42 )45
HFITTEAE N dex SCIFP 2K, N Class 4514

PRI 4 DefineClass() i) HARSEHACAS 41T

mirror::Class* ClassLinker::DefineClass(const char* descriptor,
mirror::ClassLoader* class_loader,
const DexFile& dex file,
const DexFile::ClassDef& dex_class_def) {
Thread* self = Thread::Current();
SirtRef<mirror::Class> klass(self, NULL);
M Dex SCAFINEZR
if (UNLIKELY(!init done )) {
if (stremp(descriptor, "Ljava/lang/Object;") == 0) {
klass.reset(GetClassRoot(kJavaLangObject));
} else if (stremp(descriptor, "Ljava/lang/Class;") == 0) {
klass.reset(GetClassRoot(kJavaLangClass));
} else if (stremp(descriptor, "Ljava/lang/String;") == 0) {
klass.reset(GetClassRoot(kJavaLangString));
} else if (stremp(descriptor, "Ljava/lang/DexCache;") == 0) {
klass.reset(GetClassRoot(kJavaLangDexCache));
} else if (stremp(descriptor, "Ljava/lang/reflect/ArtField;") == 0) {
klass.reset(GetClassRoot(kJavaLangReflectArtField));
} else if (stremp(descriptor, "Ljava/lang/reflect/ ArtMethod;") == 0) {
klass.reset(GetClassRoot(kJavaLangReflectArtMethod));
} else {
klass.reset(AllocClass(self, SizeOfClass(dex_file, dex_class_def)));
}
} else {
klass.reset(AllocClass(self, SizeOfClass(dex file, dex class def)));
H
if (UNLIKELY (klass.get()== NULL)) {
CHECK(self->IsExceptionPending()); // Expect an OOME.
return NULL;
}
klass->SetDexCache(FindDexCache(dex_file));
LoadClass(dex_file, dex class_def, klass, class_loader);

if (self->IsExceptionPending()) {
364 EN
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klass->SetStatus(mirror::Class::kStatusError, self);
return NULL;
}
ObjectLock lock(self, klass.get());
klass->SetClinitThreadld(self->GetTid());
{
mirror::Class* existing = InsertClass(descriptor, klass.get(), Hash(descriptor));
if (existing != NULL) {

return EnsureResolved(self, existing);

}

CHECK('klass->IsLoaded());

if (!LoadSuperAndInterfaces(klass, dex_file)) {
ik ¥ N
klass->SetStatus(mirror::Class::kStatusError, self);
return NULL;

H

CHECK(klass->IsLoaded());

/I Link the class (if necessary)

CHECK('klass->IsResolved());

if (!LinkClass(klass, NULL, self)) {
11 IR
klass->SetStatus(mirror::Class::kStatusError, self);
return NULL;

}

CHECK(klass->IsResolved());

Dbg::PostClassPrepare(klass.get());

return klass.get();

}
bR $ LoadClass() 42 7E SCF art/runtime/class_linker.cc F1 5 SCIF), FARSZIARIS R .

void ClassLinker::LoadClass(const DexFile& dex file,
const DexFile::ClassDef& dex_class_def,
SirtRef<mirror::Class>& klass,
mirror::ClassLoader* class loader) {
CHECK(klass.get() = NULL);
CHECK (klass->GetDexCache() = NULL);
CHECK EQ(mirror::Class::kStatusNotReady, klass->GetStatus());
const char* descriptor = dex_file.GetClassDescriptor(dex_class_def);
CHECK(descriptor != NULL);
klass->SetClass(GetClassRoot(kJavaLangClass));
uint32 taccess flags = dex class_def.access flags ;
CHECK EQ(access_{flags & ~kAcclavaFlagsMask, 0U);
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klass->SetAccessFlags(access flags);
klass->SetClassLoader(class_loader);
DCHECK EQ(klass->GetPrimitiveType(), Primitive::kPrimNot);
klass->SetStatus(mirror::Class::kStatusIldx, NULL);
klass->SetDexClassDefIndex(dex_file.GetIndexForClassDef(dex class_def));
klass->SetDexTypelndex(dex class_def.class_idx );
const byte* class_data = dex_file.GetClassData(dex class_def);
if (class_data==NULL) {
return;
}
ClassDataltemlterator it(dex file, class data);
Thread* self = Thread::Current();
if (it. NumStaticFields() !=0) {
mirror::ObjectArray<mirror:: ArtField>* statics = AllocArtFieldArray(self, it. NumStaticFields());
if (UNLIKELY (statics == NULL)) {
CHECK(self->IsExceptionPending()); // OOME ({7 HAH157)
return;
}
klass->SetSFields(statics);
}
if (it. NumlInstanceFields() != 0) {
mirror::ObjectArray<mirror:: ArtField>* fields =
AllocArtFieldArray(self, it. NumInstanceFields());
if (UNLIKELY (fields == NULL)) {
CHECK(self->IsExceptionPending()); // OOME.
return;
H
klass->SetIFields(fields);
}
for (size_t i = 0; it. HasNextStaticField(); i++, it.Next()) {
SirtRef<mirror:: ArtField> sfield(self, AllocArtField(self));
if (UNLIKELY (sfield.get()== NULL)) {
CHECK(self->IsExceptionPending()); // OOME.
return;
§
klass->SetStaticField(i, sfield.get());
LoadField(dex file, it, klass, sfield);
H
for (size t 1= 0; it. HasNextInstanceField(); i++, it.Next()) {
SirtRef<mirror::ArtField> ifield(self, AllocArtField(self));
if (UNLIKELY (ifield.get()== NULL)) {
CHECK(self->IsExceptionPending()); // OOME.

return;
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klass->SetInstanceField(i, ifield.get());
LoadField(dex file, it, klass, ifield);
H
UniquePtr<const OatFile::OatClass> oat_class;
if (Runtime::Current()->IsStarted() && !Runtime::Current()->UseCompileTimeClassPath()) {
oat_class.reset(GetOatClass(dex_file, klass->GetDexClassDefIndex()));
}
if (it. NumDirectMethods() = 0) {
mirror::ObjectArray<mirror:: ArtMethod>* directs =
AllocArtMethodArray(self, it. NumDirectMethods());
if (UNLIKELY (directs == NULL)) {
CHECK(self->IsExceptionPending()); // OOME.
return;

}

klass->SetDirectMethods(directs);
H
if (it NumVirtualMethods() != 0) {
mirror::ObjectArray<mirror:: ArtMethod>* virtuals =
AllocArtMethodArray(self, it. NumVirtualMethods());
if (UNLIKELY (virtuals == NULL)) {
CHECK(self->IsExceptionPending()); // OOME.
return;

§
klass->SetVirtualMethods(virtuals);

}
size tclass_def method index = 0;
for (size_t 1= 0; it. HasNextDirectMethod(); i++, it.Next()) {
SirtRef<mirror::ArtMethod> method(self, LoadMethod(self, dex file, it, klass));
if (UNLIKELY (method.get()== NULL)) {
CHECK(self->IsExceptionPending()); // OOME.
return;
}
klass->SetDirectMethod(i, method.get());
if (oat_class.get() = NULL) {
LinkCode(method, oat class.get(), class_def method index);
§
method->SetMethodIndex(class_def method index);
class_def method index++;
H
for (size_t 1= 0; it. HasNextVirtualMethod(); i++, it.Next()) {
SirtRef<mirror::ArtMethod> method(self, LoadMethod(self, dex file, it, klass));
if (UNLIKELY (method.get()== NULL)) {
CHECK(self->IsExceptionPending()); // OOME.

return;
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§

klass->SetVirtualMethod(i, method.get());

DCHECK EQ(class def method index, it. NumDirectMethods() + 1);
if (oat_class.get() != NULL) {

LinkCode(method, oat_class.get(), class def method index);
}

class_def method index++;

}
DCHECK(!it.HasNext());

}

12.2.3 E % InsertClass(

PR %7 InsertClass() £F 3+ art/runtime/class linker.cc & X, T IIRERIIZK G A
class table 17 {H FIREHK . K%L InsertClass() [ ARSI @I R .

mirror::Class* ClassLinker::InsertClass(const char* descriptor, mirror::Class* klass,
size t hash) {

if (VLOG IS ON(class_linker)) {
mirror::DexCache* dex cache = klass->GetDexCache();
std::string source;
if (dex_cache = NULL) {
source +=" from ";
source += dex_cache->GetLocation()->ToModifiedUtf8();

}

LOG(INFO) << "Loaded class " << descriptor << source;
}
WriterMutexLock mu(Thread::Current(), *Locks::classlinker classes_lock );
mirror::Class* existing =
LookupClassFromTableLocked(descriptor, klass->GetClassLoader(), hash);
if (existing != NULL) {
return existing;
H
if (kIsDebugBuild && klass->GetClassLoader()== NULL && dex_cache image class lookup
required ) {
existing = LookupClassFromImage(descriptor);
if (existing != NULL) {
CHECK((klass == existing);
}

H
Runtime::Current()->GetHeap()->VerifyObject(klass);

class_table .insert(std::make pair(hash, klass));
class_table dirty = true;
return NULL;
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12.24 % %5 LinkClass)

PREL LinkClass()#E (4 art/runtime/class_linke.cc H3E S, TIREEBNAYNE HE A E U2 1]
PR T, HARMA AT,

LinkSuperClass() / Q2.

LinkMethods()

LinkVirtualMethods() // 456 ST ERES8E, HE Class 11 AR viable_.

LinkInterfaceMethods() /&b 12K 015 & iftable o VERIEE LIZEH K A2 pR B0 258 W 2 pR 2R
J/IRI 45 BT viable o

LinkInstanceFields() & LinkStaticFields() / SR 5 B, W 1) Offset FIZEINT G AN,

PRI LinkClass() ) AR SZEACHS 41 F o

bool ClassLinker::LinkClass(SirtRef<mirror::Class>& klass,
mirror::ObjectArray<mirror::Class>* interfaces, Thread* self) {
CHECK EQ(mirror::Class::kStatusLoaded, klass->GetStatus());
if (!LinkSuperClass(klass)) {
return false;
}
if (!LinkMethods(klass, interfaces)) {
return false;
}
if (!LinkInstanceFields(klass)) {
return false;
}
if (!LinkStaticFields(klass)) {
return false;
}
CreateReferencelnstanceOffsets(klass);
CreateReferenceStaticOffsets(klass);
CHECK EQ(mirror::Class::kStatusLoaded, klass->GetStatus());
klass->SetStatus(mirror::Class::kStatusResolved, self);
return true;
}

YT RRIEL FindClassOk i, AL A TWEI, B, REEAHLAMSS. HrhNER
JEEAK, ﬂ“m%ﬂﬁ‘%{ﬁ?ﬁﬁﬂ?ﬁiﬁ?ﬁ’ﬂ (4 WellKnownClasses A1 JniConstants HL [ 4 B 2%),
‘BATAT BLIE S LookupClassFromImage() bR £ 4k 3] JH 32827 BOOTCLASSPATH HLI)2E,
FeMERshak, LliX il %A ClassLoader. BRFEmim M W &35, HAeMET
DexFile::FindInClassPath() 21 #8754 21| . 10 5 48 S F L Ah 28 (g 8ot R 2 R0, A 2 d ick
ClassLoader [t loadClass 777%, DX AILETHI# MRk 1) SystemClassLoader HEATH1%k. i
T ANERIN B R 3K, — R 12-1 Jos.

HE 369



Android ZEMLANEHEBR
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Classloader

e —] Class E—
= | —
tdlass_loader_: ClassLoader™
“tdex_cache_: DexCache™ DexFile
+ifields: ObjectArray<ArtField >= =
S0y +sfields_: ObjectArray<ArtField = Farg DexCache +begin_: byte’
Hftable_: IfTable* = +ocation__: string
“+name_: String® +dex_: Object’ +string_ids_: Stringld*
ClassHelper T ettt Hinitializzd_static_storage: ObjectAray <StaticStorateBase* el AT
: - +vtable_: ObjectArray<ArtMethod»= oo b : Hield_ids _: Fieldld™
tcasslnker s Casslnker=| TSRS SRCE :Oybjecmrray<ArMELﬁUd>‘ . |+resolved fields : Objectrray <ArtField>= +method Jds_: Methodld™
:i;x_cajﬁ?_l JeEars Mg +resolved_methods: ObjectArray <ArtMethod »* +proto_ids_: Protold*
lass_: Class Bh e +resolved_types_: ObjectArray <Class>* +class_defs_; ClassDef
e —— +dex_fie_: uint32_t +mem_map_: UniquePtr <MemMap =
t5etiTable()
+5etIfTable() +Hnit() +FindInClassPath()
+GetSFields() +Foupl) +0pen()
+GetTFields() +Getl ocation()
+GetfTable) +FindClassDef)
+GetSuperClass()
+GetlirtualMethods()
Dekdticner ArtField ArtMethod Methodhelper

+class_linker_: ClassLinker*
+dex_cache ; DexCache™
+dex_file_: DexFile=
+filed_: ArtField*

+dedaring_dass: Class®
+access_flags: uint32_t
+offset_: uint32_t

+entry_point_from_compiled_code_: void*

+dedaring_dass_: Class®

+native_method: void®

“Hmapping_table_: uint32_t*

“tentry_point_from_jnterpreter_: EntryPointFrominterpreter™ ]

+dlass_linker_: ClassLinker =
+dex_cache_: DexCache™
+dex_file_: DexFile™
+method_: ArtMethod™
+shorty_: char®

122 REHER

123 KIR{E

kA1 3] FindClassO %, B 76 Zygotelnit.main()F, T 77 (6 3516 4] 4h Ak I #
OB 17, T LA A AN I 12-1 Fros Rt AT, i E el INT i A
ClassLoader.loadClass()1EAT 358, o 56 il i ¥ He 2 1) 28 54 0 jelass 2 [9]45  AndroidRuntime.
5 1A A R AR &5 R m] LR A N () 77 7% GetStaticMethodID 431 ] FindMethodID() i

B, CHEZRBATRAE, RUERX AR 1K, P Al e
Hmadk.

AT H b bR

Hr b5 4 GetStaticMethodID()ZESCLF jni_internal.cc 715 X, REWOK AW UL IZEMI IR 1L,

SR R main 11 1D HAARSEIARRS IR

static jmethodID GetStaticMethodID(JNIEnv* env, jclass java_class, const char* name,

const char* sig) {
CHECK NON NULL ARGUMENT(GetStaticMethodID, java class);
CHECK NON NULL ARGUMENT(GetStaticMethodID, name);
CHECK NON NULL ARGUMENT(GetStaticMethodID, sig);
ScopedObjectAccess soa(env);
return FindMethodID(soa, java_class, name, sig, true);

}
FindMethodID() & £ 7E SC4F: jni_internal.cc H 58 X, HARSZHARAL A1 T o

static jmethodID FindMethodID(ScopedObjectAccess& soa, jclass jni_class,
const char* name, const char* sig, bool is_static)
SHARED LOCKS REQUIRED(Locks::mutator lock ) {
Class* ¢ = soa.Decode<Class*>(jni_class);
if ('Runtime::Current()->GetClassLinker()->Ensurelnitialized(c, true, true)) {
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return NULL;

ArtMethod* method = NULL;
if (is_static) {
method = c->FindDirectMethod(name, sig);
} else {
method = c->FindVirtualMethod(name, sig);
if (method == NULL) {
method = c->FindDeclaredDirectMethod(name, sig);
b

}
if (method == NULL || method->IsStatic() !=is_static) {

ThrowNoSuchMethodError(soa, ¢, name, sig, is_static ? "static" : "non-static");

return NULL;
}

return soa.EncodeMethod(method);

}

TR FIARSEIARRE AT A, SRS R 1 T SR PAT AR R R 2, HARBERA W

Q R TEAEE R GetStaticMethodID(/f&# EFAS %L, WA FindDirectMethod()
BRI R H A AR 3 GBI Class [ p% 5248 & direct_methods )

Q FIHH FindVirtualMethod() & $£1% 28 M HACKI ki £ Gl Class (/) 01 AL
virtual methods ) , WA LR FI1EF A H FindDeclaredDirectMethod() £ $k1Z25 1) 4F
RERREL. BB S E A R A R R AU AR, WX B2 “main” Al “(Ljava/lang/
String;)V” . HENHARREUE, ol LIPAT 1.

PRI %0 FindDirectMethod ()] 445 XARAL U R

Method* Class::FindDirectMethod(const StringPiece& name,
const StringPiece& signature) {
for (Class* klass = this; klass !|= NULL; klass = klass->GetSuperClass()) {
Method* Class::FindDeclaredDirectMethod(const DexCache* dex cache, uint32 t dex method idx) const {
if (GetDexCache()== dex_cache) {
for (size_ti=0; 1< NumbDirectMethods(); ++i) {
Method* method = GetDirectMethod(i);
if (method->GetDexMethodIndex()== dex_method_idx) {

return method;

}
return NULL;

}
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PR % FindDeclaredDirectMethod() ) H A 52 XA U T .

Method* Class::FindDeclaredDirectMethod(const StringPiece& name,
const StringPiece& signature) {
Method* Class::FindInterfaceMethod(const DexCache* dex cache, uint32 t dex method idx) const {
/R EEET, A AT
Method* method = FindDeclaredVirtualMethod(dex_cache, dex method idx);
if (method !=NULL) {

return method;

}
int32 tiftable count = GetlfTableCount();

ObjectArray<InterfaceEntry>* iftable = GetIfTable();

for (int32_ti=0;i<iftable count;i++) {
method = iftable->Get(i)->Getlnterface()->FindVirtualMethod(dex cache, dex method idx);
if (method !=NULL) {

return method;

}
return NULL;

12.4 SCIEEIRIE

HEPATFLE EAE, BREL InvokeMain() 2> %6 1UE Java [ main J572%, F8 2 H CallStatic Void
Method PREKIZIT main /7%, CallStaticVoidMethod (jnih) fE45H4 INIEnv scBl, pR%k
CallStaticVoidMethod()ZF 3 jni_internal.cc FHiE X, BARSZIACHS A1 .

static void CallStaticVoidMethod(JNIEnv* env, jclass, jmethodID mid, ...) {
va_list ap;
va_start(ap, mid);
CHECK NON NULL ARGUMENT(CallStaticVoidMethod, mid);
ScopedObjectAccess soa(env);
InvokeWithVarArgs(soa, NULL, mid, ap);
va_end(ap);

}

76 LRI, va list HTAAEIAESEL, function &7~ ININativelnterface &5 H R,
FITORAF INL 2 e %, B3 ] method BR#55
B #% CallStatic VoidMethodV 7E S/ INI interl.cc 7 5E X, HARSZEUCHL LI .

static void CallStaticVoidMethodV(JNIEnv* env, jclass, jmethodID mid, va_list args) {
CHECK _NON_NULL ARGUMENT(CallStaticVoidMethodV, mid);
ScopedObjectAccess soa(env);
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InvokeWithVarArgs(soa, NULL, mid, args);
}

PR %L InvokeWithArgArray )t 7E SCH4F INI interl.cc H15E 3, HARSEIARAS a1 T .

void InvokeWithArgArray(const ScopedObjectAccess& soa, ArtMethod* method,
ArgArray* arg_array, JValue* result, char result_type)
SHARED LOCKS REQUIRED(Locks::mutator lock ) {
uint32_t* args = arg_array->GetArray();
if (UNLIKELY (soa.Env()->check jni)) {
CheckMethodArguments(method, args);
}

method->Invoke(soa.Self(), args, arg_array->GetNumBytes(), result, result type);

}
B2 N RPAT A art/runtime/mirrorart method.cc 7 BRI %L invoke, HARSZIIARAL AN .

void ArtMethod::Invoke(Thread* self, uint32 t* args, uint32 t args size, JValue* result,
char result_type) {
if (kIsDebugBuild) {
self->AssertThreadSuspensionIsAllowable(); /¥ 5 debug I £ FE 0] DL hold
CHECK EQ(kRunnable, self->GetState());
H
ManagedStack fragment;
self->PushManagedStackFragment(&fragment); /5 ¥EkRMi: this JBN fragment, this #5745, TRAFEIY)
Runtime* runtime = Runtime::Current();
if (UNLIKELY (!runtime->IsStarted())) {
LOG(INFO) << "Not invoking " << PrettyMethod(this) <<" for a runtime that isn't started";
if (result I=NULL) {

result->SetJ(0);
H
} else {
const bool kLogInvocationStartAndReturn = false;
if (GetEntryPointFromCompiledCode() != NULL) { IAFAERE R 1] code

if (kLogInvocationStartAndReturn) {
LOG(INFO) << StringPrintf("Invoking '%s' code=%p", PrettyMethod(this).c_str(),
GetEntryPointFromCompiledCode());

}
#ifdef ART USE_PORTABLE COMPILER

(*art_portable invoke stub)(this, args, args_size, self, result, result_type);
#else
(*art_quick invoke stub)(this, args, args_size, self, result, result type);
#Hendif
if (UNLIKELY (reinterpret_cast<int32_t>(self->GetException(NULL)) ==-1)) {
// Unusual case where we were running LLVM generated code and an
MMivm ARSI R P S H B AR
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self->ClearException();
ShadowFrame* shadow_frame = self->GetAndClearDeoptimizationShadowFrame(result);
self->SetTopOfStack(NULL, 0);
self->SetTopOfShadowStack(shadow frame);  //stack & shadow frame ¥ E.
interpreter::EnterInterpreterFromDeoptimize(self, shadow_frame, result);  /ZEMRRARAREEHAT
}
if (kLogInvocationStartAndReturn) {
LOG(INFO) << StringPrintf("Returned '%s' code=%p", PrettyMethod(this).c_str(),
GetEntryPointFromCompiledCode());
}
} else {
LOG(INFO) << "Not invoking " << PrettyMethod(this)
<<"'code=" << reinterpret_cast<const void*>(GetEntryPointFromCompiledCode());
if (result != NULL) {
result->SetJ(0);

}

// Pop transition.
self->PopManagedStackFragment(fragment); /% 2 3%
}

75 BRI, F G 20 S T RHEE AR AR I DR AE R T A
T RN AR 4% 1B 2L EnterInterpreterFromDeoptimize(), HAASEIACHS417F

void EnterInterpreterFromDeoptimize(Thread* self, ShadowFrame* shadow_frame, JValue* ret val)
SHARED LOCKS REQUIRED(Locks::mutator lock ) {
JValue value;
value.Setl(ret_val->GetJ()); // Set value to last known result in case the shadow frame chain is empty.
MethodHelper mh; //method #1ET class
while (shadow_frame !=NULL) {
self->SetTopOfShadowStack(shadow_frame);

mh.ChangeMethod(shadow_frame->GetMethod()); /3REY method
const DexFile::Codeltem* code item = mh.GetCodeltem(); /lcode i

value = Execute(self, mh, code_item, *shadow_frame, value); /AT R 2

ShadowFrame* old frame = shadow_frame;

shadow_frame = shadow_frame->GetLink(); /[T —A frame MRE4T shadow_frame
delete old_frame; /IIHFRT— frame

}

ret_val->Setl(value.GetJ());

}
PR % Execute()E 1 interpretor.cc H15E X, HAKRSZHRAL 41 F o

static inline JValue Execute(Thread* self, MethodHelper& mh, const DexFile::Codeltem* code_item,
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ShadowFrame& shadow_frame, JValue result register) {
DCHECK(shadow_frame.GetMethod()== mh.GetMethod() ||
shadow_frame.GetMethod()->GetDeclaringClass()->IsProxyClass());

DCHECK(!shadow_frame.GetMethod()->IsAbstract());
DCHECK(!shadow_frame.GetMethod()->IsNative());
if (shadow_frame.GetMethod()->IsPreverified()) {
/R PERTHGL method access verify

return Executelmpl<false>(self, mh, code item, shadow_frame, result_register);

IBENEARSCILRREL, nTLURBLRAS C i SR 4%
} else {

// Enter the "with access check" interpreter.

return ExecuteImpl<true>(self, mh, code item, shadow_frame, result register);

JBEN BARSZI R #, > CiE S iR

}
PRI 2 AT SCAF “ art/runtime/mirrorart_method.cc” [ %Y invoke.

const bool kLoglInvocationStartAndReturn = false;
if (GetEntryPointFromCompiledCode() != NULL) { IAFAER W code
if (kLogInvocationStartAndReturn) {
LOG(INFO) << StringPrintf("Invoking '%s' code=%p", PrettyMethod(this).c_str(),
GetEntryPointFromCompiledCode());

}
#ifdef ART USE PORTABLE_COMPILER //portable ZmiFas

(*art_portable invoke stub)(this, args, args_size, self, result, result_type);
#else
(*art_quick invoke stub)(this, args, args size, self, result, result_type);
#endif
if (UNLIKELY (reinterpret cast<int32 t>(self->GetException(NULL)) == -1)) {
Mivm A A RE 57 3 AR

IR BAS 43 323 AR R 1) BRI 2L art_portable_invoke stub() Fl1 art_quick_invoke_stub(),
il ART USE_PORTABLE COMPILER J& — /> H ] %%

TEPATFEEARS T, BN A Ak . X8kl ManagedStack HIRK G link JEA—A™
FNE IR . HPATRIEEAL S, DR R BN AR A e S R ED Ay . Hp )
& AR AT, EAEBRA H AR R EUATTIC F5 25T L8 ABL JE 1 BRSO BRARAS, 1X
BHACHEFR Ny stube 150442 ART USE PORTABLE COMPILER K k5 /& art_quick invok
stub I /2 art_portable_invok stub. H T 'EA & B 4w S B, TG40, Fr AR MA R S50 (x86.
ARM. MPS) #BAHSIHL. LL x86 /A FR M, art portable invoke stub & X AESCA} portable
entrypoints_x86.S 11, HAKSZIUARL U,

DEFINE FUNCTION art_portable invoke stub

PUSH ebp
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PUSH ebx
mov %esp, %ebp
.cfi_def cfa register ebp
mov 20(%ebp), %eebx
addl LITERAL(28), %ebx
andl LITERAL(OxFFFFFFF0), %ebx
subl LITERAL(12), %ebx
subl %ebx, Y%esp
lea 4(%esp), Y%oeax
pushl 20(%ebp)
pushl 16(%ebp)
pushl %eax
call SYMBOL(memcpy)
addl LITERAL(12), %esp
mov 12(%ebp), Y%eax
mov %eax, (%esp)
call *METHOD_CODE_OFFSET(%eax)
mov %ebp, Yoesp
POP ebx
POP ebp
mov 20(%esp), Y%oecx
cmpl LITERAL(68), 24(%esp)
jereturn_double portable
cmpl LITERAL(70), 24(%esp)
jereturn_float portable
mov %eax, (%oecx)
mov %edx, 4(%ecx)
ret
return_double portable:
fstpl (%oecx)
ret
return_float portable:
fstps (%ecx)
ret
END_FUNCTION art_portable invoke stub

XJE x86 AR EH IR . HRIRAFRRWIEEE R, RS SRR,
AT call $54BEEL 2 ZHATIH H AR %. METHOD CODE_OFFSET #8[f] ArtMethod F[f]
% 3 A% 5 entry point_from compiled code , WELZ PRI Hbrea gk, Bk, w2
EHMRRESATIE, RIEIE BT CRAFIRIEME, 5B fFHAT ret Fa-2 ik ml. A4k H br ek 250M
PATI S FE LR A, Wl 12-3 fioR.
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[}
[*1]
]
[

AndroidRuntime IMIEn

1 : GetStaticMethodID 2 ;

;i.Find}WeﬂwndIDD ;

3 : FindOirectMethod

DEdarlEdDirecﬁ\‘IEﬂ'mdD

| p— =

=3
MRt dnit s e 5 : ArtMethod
&6 : jmethodID T

1: CaIIStaﬁcvnidMemnc.@ ;

ArtMethod

a: ]ngkﬂhﬁﬂﬁﬂar.ﬁ.rgs 0

b £ IpvokeWithArgArray ()
-

10 : Invoke()

¥
A

12-3 B EARR BRI PAT I IS

BM 1L, PATFEFEEARY IR IA] 2] AndroidRuntimie::start() K48, 18 FH % DetachCurrent Thread()
R %L DestroyJavaVMO)RAGE EE TAE, JFORPRERIML, 5EREEAN TR R

ALOGD("Shutting down VM\n");
if (mJavaVM->DetachCurrentThread() != JNI_OK)
ALOGW("Warning: unable to detach main thread\n");
if (mJavaVM->DestroyJavaVM() != 0)
ALOGW("Warning: VM did not shut down cleanly\n");

A% DetachCurrentThread ()1 8 4% DestroyJavaVM(){E CAF: jni_internal.cc W15 X, HAKSE
AU

static jint DetachCurrentThread(JavaVM* vm) {
if (vm == NULL || Thread::Current()== NULL) {
return JNI ERR;
}
JavaVMEXt* raw_vm = reinterpret_cast<JavaVMExt*>(vm);
378 N



#1288 ART{i{tZRITERFE

Runtime* runtime = raw_vm->runtime;
runtime->DetachCurrentThread();
return JNI OK;;
}
public:
static jint DestroyJavaVM(JavaVM* vm) {
if (vm ==NULL) {
return JNI_ERR;
§

JavaVMEXt* raw_vm = reinterpret_cast<JavaVMExt*>(vm);
delete raw_vm->runtime;
return JNI_ OK;;
}
1E Android REGH, M7E— PR MM AttachCurrentThread pREL, RS WG — €
%2 H DetachCurrentThread pREALEE, 5 NZFRTCIEIEH B
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LRGN PR SO ) e &+ X Je Android 223549, (Android package, APK) (1,
Android B RS (Package Manager Service, PMS) 7E Android R 44 4157 APK £ 157 £
DL N R P B 2 e FN D 4 T A, Rl 4 A APK A HAH A B A W DhRE . {EAE4E) Dalvik
JEABLERAEE R, A8 R N B P 2 g AT B2 5, 2 — M dex 7151 APK
Ao TMAE ART IEE N {7 28T FE AN LES 05, BT LU ZI/E N AR P 2], dliid dex2oat
TR dex F iR AL 6D . (AT RN T, HTE4 7B (E Dalvik UL
IRBE T e3¢ APK N AR P It 72

13.1 PackageManagerService Bk

7EJ3)) Android RGN 25 8)— AN H R PR %S PackageManagerService, X AMARSS
ST R G TR E I H 3%, S ERBLIHIN APK A% 31 R R SO, SR 5 03X 28 S AT
732N FHRE R A OGS L, TR B 58 N IR P R e 7

L BE N R IR, YRR P HILAR 55 PackageManagerService A FEfEHT T W H R
JPRCE SCMF AndroidManifest.xml, M EAF RN R AHDCAE B, BIWfe 20 T it
N HFEF I Activity. Service. Broadcast Receiver fll Content Provider 2545 L. AR #IX 4615 &,
1T ActivityManagerService JIl 25wl o] AYE R 48 1E 3 M A IR 26 R T T .

7£ Android R4, M ARG A SN H SystemServer 244 )5 8)) PackageManagerService 1 H]
PP RIS, JABaSPAT VR P22l i AT AT, KM SystemServer JH
%) PackageManagerService 45 (1 B2 46, TEA IR (L Android FREEH 228 N FHRR P 72

13.2  FEERKE main

{E Android R4, H4ilid Zygote #2538l SystemServer ZH14FI 218 RS04 TR 5L
main, PR EAE UL frameworks/base/services/java/com/android/server/SystemServer.java H1iE X,
Difie & INL 77 3R SEIL— 2 RV TR TAF . B2 main ) FARSCEACS T .

public static void main(String[] args) {
if (System.currentTimeMillis() < EARLIEST SUPPORTED_TIME) {
Slog.w(TAG, "System clock is before 1970; setting to 1970.");
SystemClock.setCurrentTimeMillisCcEARLIEST SUPPORTED_TIME);

}
if (SamplingProfilerIntegration.isEnabled()) {
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SamplingProfilerIntegration.start();
timer = new Timer();
timer.schedule(new TimerTask() {
@Override
public void run() {
SamplingProfilerIntegration.writeSnapshot("'system_server", null);

}
}, SNAPSHOT INTERVAL, SNAPSHOT INTERVAL);

§

dalvik.system. VMRuntime.getRuntime().clearGrowthLimit();
VMRuntime.getRuntime().setTargetHeapUtilization(0.8f);
Environment.setUserRequired(true);
System.loadLibrary("android_servers");

Slog.i(TAG, "Entered the Android system server!");
nativelnit();

ServerThread thr = new ServerThread();

thr.initAndLoop();

}
ML BRI, Ay E G nativelnit()SEIUA AT IG1E o

13.3 AR LERE

PRI nativelnit()/2& — A INI e, 7E3CfF frameworks/base/services/jni/com_android
server_SystemServer.cpp H1E 3, BARSIARUIE

static void android_server SystemServer nativelnit(JNIEnv* env, jobject clazz) {
char propBuf[PROPERTY_ VALUE MAX];
property get("system_init.startsensorservice", propBuf, "1");
if (stremp(propBuf, "1") == 0) {
1A B ISR 55

SensorService::instantiate();

}
/*
* JNI registration.
<Y
static JNINativeMethod gMethods[] = {
/* name, signature, funcPtr */
{ "nativelnit", "()V", (void*) android_server SystemServer nativelnit },

1
int register android server SystemServer(JNIEnv* env)
{
return jniRegisterNativeMethods(env, "com/android/server/SystemServer",
gMethods, NELEM(gMethods));
}
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}; // Android fir 44 5 [f]

R R EACRS AR R, U T systeminit.startsensorservice BRECKIE— S HATHRAE.
PRHL system_init 7E libsystem server FEHSEHL, HJGACIDLE CF frameworks/base/cmds/
system_server/library/system_init.cpp & X, HARSZIACHE W .

extern "C" status_t system_init()

{

}

LOGI("Entered system_init()");
sp<ProcessState> proc(ProcessState::self());
sp<IServiceManager> sm = defaultServiceManager();
LOGI("ServiceManager: %p\n", sm.get());
sp<GrimReaper> grim = new GrimReaper();
sm->asBinder()->linkToDeath(grim, grim.get(), 0);
char propBuf[PROPERTY_ VALUE MAX];
property get("system_init.startsurfaceflinger", propBuf, "1");
if (stremp(propBuf, "1") == 0) {
EE L]
SurfaceFlinger::instantiate();
}
SensorService::instantiate();
if (!proc->supportsProcesses()) {
/I JA %)) AudioFlinger
AudioFlinger::instantiate();
A BBAARRTBUR 55
MediaPlayerService::instantiate();
1A SN UIRSS
CameraService::instantiate();
/A Bl E RS R 55
AudioPolicyService::instantiate();
}
LOGI("System server: starting Android runtime.\n");
AndroidRuntime* runtime = AndroidRuntime::getRuntime();
LOGI("System server: starting Android services.\n");
runtime->callStatic("'com/android/server/SystemServer", "init2");
if (proc->supportsProcesses()) {
LOGI("System server: entering thread pool.\n");
ProcessState::self()->startThreadPool();
IPCThreadState::self()->joinThreadPool();
LOGI("System server: exiting thread pool.\n");

}
return NO_ERROR;

76 FIMRISH, B WIEA1E SurfaceFlinger. SensorService. AudioFlinger. MediaPlayerService.
CameraService Fl AudioPolicyService 55155, S8 J5 1 BG4 JRME— 1) ART 55491748 & runtime
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] callStatic 2K SystemServer HJ init2 B&#.
P41 AndroidRuntime::callMain()7E 3} frameworks/base/core/jni/AndroidRuntime.cpp ' 5E
X, BARSEHACHE T

status_t AndroidRuntime::callMain(const char* className,
jclass clazz, int arge, const char* const argv[])

INIEnv* env;
jmethodID methodlId,;
ALOGD("Calling main entry %s", className);
env = getINIEnv();
if (clazz==NULL || env == NULL) {
return UNKNOWN_ERROR;
}
methodld = env->GetStaticMethodID(clazz, "main", "([Ljava/lang/String;)V");
if (methodld == NULL) {
ALOGE("ERROR: could not find method %s.main(String[])\n", className);
return UNKNOWN_ERROR;
}
/*
* We want to call main() with a String array with our arguments in it.
* Create an array and populate it.
&
jclass stringClass;
jobjectArray strArray;
stringClass = env->FindClass("java/lang/String");
strArray = env->NewObjectArray(argc, stringClass, NULL);
for (int i = 0; i < argc; i++) {
jstring argStr = env->NewStringUTF (argv[i]);
env->SetObjectArrayElement(strArray, i, argStr);
}
env->CallStaticVoidMethod(clazz, methodld, strArray);
return NO_ERROR;

}

e LIRS, JEL 24 className F83E T java RIER SRR REL,  FIEERIIS
className [¥J{E 4 “com/android/server/SystemServer”, #% F R 1HH SystemServer 25 run
PRIAL

PR ServerThread.run 7E3Cf} frameworks/base/services/java/com/android/server/SystemServer.
java "E S, HARSEIAIS I T

public void run() {
android.os.Process.setThreadPriority(
android.os.Process. THREAD PRIORITY DISPLAY);
android.os.Process.setCanSelfBackground(false);
if (StrictMode.conditionallyEnableDebugLogging()) {
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Slog.i(TAG, "Enabled StrictMode logging for WM Looper");

LA ER T A 3l PackageManagerService x5 48, B JH8h TR 2 HAB M RS, il
ActivityManagerService 55

13.4 Bl PackageManagerService RS

7E 3 #f  frameworks\base\services\java\com\android\server\pm\PackageManagerService.java
o, W % main 68— PackageManagerService R4S SZH, SR 5 X AN AR 455 N £
ServiceManager "' 2% . ServiceManager #& Android & %; Binder #EF% [AJE G MR sF P 3FE, 1
TE MRS TR Binder X} % . A% PackageManagerService.main L ARSZIARAL 41 T,

public static final [PackageManager main(Context context, Installer installer,

boolean factoryTest, boolean onlyCore) {
PackageManagerService m = new PackageManagerService(context, installer,

factoryTest, onlyCore);
ServiceManager.addService("package", m);
return m;

}

RIS AE QI IX S PackageManagerService A% 5L, 45fF PackageManagerService
IR R BT AT 2 e IR PP R R, 723 PackageManagerService.java 1 (1%
SIS IR

class PackageManagerService extends [PackageManager.Stub {

synchronized (mlInstallLock) {
synchronized (mPackages) {

File dataDir = Environment.getDataDirectory();

mAppDataDir = new File(dataDir, "data");
mSecureAppDataDir = new File(dataDir, "secure/data");
mDrmAppPrivatelnstallDir = new File(dataDir, "app-private");
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mFrameworkDir = new File(Environment.getRootDirectory(), "framework");
mDalvikCacheDir = new File(dataDir, "dalvik-cache");

mFrameworkInstallObserver = new AppDirObserver(
mFrameworkDir.getPath(), OBSERVER EVENTS, true);
mFrameworkInstallObserver.start Watching();
scanDirLI(mFrameworkDir, PackageParser.PARSE IS SYSTEM
| PackageParser.PARSE IS _SYSTEM _DIR,
scanMode | SCAN_NO_DEX, 0);

mSystemAppDir = new File(Environment.getRootDirectory(), "app");
mSystemlInstallObserver = new AppDirObserver(
mSystemAppDir.getPath(), OBSERVER EVENTS, true);
mSystemlInstallObserver.start Watching();
scanDirLI(mSystemAppDir, PackageParser. PARSE IS SYSTEM
| PackageParser.PARSE IS SYSTEM DIR, scanMode, 0);

mVendorAppDir = new File("/vendor/app");
mVendorlnstallObserver = new AppDirObserver(
mVendorAppDir.getPath(), OBSERVER EVENTS, true);
mVendorInstallObserver.startWatching();
scanDirLI(mVendorAppDir, PackageParser.PARSE IS SYSTEM
| PackageParser.PARSE IS SYSTEM DIR, scanMode, 0);
mApplnstallObserver = new AppDirObserver(
mApplnstallDir.getPath(), OBSERVER EVENTS, false);
mApplnstallObserver.startWatching();
scanDirLI(mApplnstallDir, 0, scanMode, 0);
mDrmApplnstallObserver = new AppDirObserver(
mDrmAppPrivatelnstallDir.getPath(), OBSERVER EVENTS, false);
mDrmApplnstallObserver.startWatching();
scanDirLI(mDrmAppPrivatelnstallDir, PackageParser, PARSE FORWARD LOCK,
scanMode, 0);

15 RS, 25 eR £ scanDirL L SKAT3#% ) e h i~ 14~ B P i) APK S0
O /system/framework .
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U /system/app.

U /vendor/app.

U /data/app.

U /data/app-private.

13.5 {3mFFERAT

PREI PackageManagerService.scanDirLl 7E 3 frameworks/base/services/java/com/android/
server/PackageManagerService java "1 & X, HARSZHCHSU1F o

private void scanDirLI(File dir, int flags, int scanMode, long currentTime) {
String[] files = dir.list();
if (files == null) {
Log.d(TAG, "No files in app dir " + dir);
return;
b
if (DEBUG_PACKAGE SCANNING) {
Log.d(TAG, "Scanning app dir " + dir + " scanMode=" + scanMode
+ " flags=0x" + Integer.toHexString(flags));
}
int 1;
for (i=0; i<files.length; i++) {
File file = new File(dir, files[i]);
if (lisPackageFilename(files[i])) {
11 RBEAZE APK A% 4% H A B
continue;
}
PackageParser.Package pkg = scanPackageLI(file,
flags|PackageParser. PARSE MUST BE APK, scanMode, currentTime, null);
HANEERL IR GE 73 DX N R e
if (pkg == null && (flags & PackageParser.PARSE IS SYSTEM)==0 &&
mLastScanError == PackageManager. INSTALL_FAILED INVALID APK) {
/MR APK
Slog.w(TAG, "Cleaning up failed install of " + file);
file.delete();

}

Wk FIRSEIACES, X H s AN SO “apk” VRN RERA, IS4 k  FH R A
scanPackageLl KX ‘& AT ENT A %%% . A% PackageParser.parsePackage 7F ({4} frameworks/
base/core/java/android/content/pm/PackageParser.java H 5E X, B 5GS AN L) APK SCH-R)
i —™ PackageParser 541, 84X i VA FH IX AN 51451 [¥) parsePackage PR UM IX A~ APK SCAFREAT AT o
B W 5 A — A WA scanPackagell & A A BT Jim 73 21 16 3 H B2 345 B AR A7 A
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PackageManagerService 1. A%} PackageParser.parsePackage ) HARSZIIARAL 4 T .

private PackageParser.Package scanPackageLI(File scanFile,
int parseFlags, int scanMode, long currentTime, UserHandle user) {
mLastScanError = PackageManager.INSTALL SUCCEEDED;
String scanPath = scanFile.getPath();
if (DEBUG INSTALL) Slog.d(TAG, "Parsing: " + scanPath);
parseFlags |= mDefParseFlags;
PackageParser pp = new PackageParser(scanPath);
pp-setSeparateProcesses(mSeparateProcesses);
pp-setOnlyCoreApps(mOnlyCore);
final PackageParser.Package pkg = pp.parsePackage(scanFile,
scanPath, mMetrics, parseFlags);
if (pkg ==null) {
mLastScanError = pp.getParseError();
return null;
H
PackageSetting ps = null;
PackageSetting updatedPkg;
1/BEHR
synchronized (mPackages) {
String oldName = mSettings.mRenamedPackages.get(pkg.packageName);
if (pkg.mOriginalPackages != null && pkg.mOriginalPackages.contains(oldName)) {
ps = mSettings.peckPackagel Pr(oldName);
}
if (ps == null) {
ps = mSettings.peekPackagel Pr(pkg.packageName);
}
updatedPkg = mSettings.getDisabledSystemPkgl Pr(ps !=null ? ps.name : pkg.packageName);
if (DEBUG_INSTALL && updatedPkg != null) Slog.d(TAG, "updatedPkg =" + updatedPkg);
}
if (updatedPkg != null && (parseFlags&PackageParser.PARSE IS SYSTEM) !=0) {
if (ps !=null && !ps.codePath.equals(scanFile)) {
if (DEBUG_INSTALL) Slog.d(TAG, "Path changing from " + ps.codePath);
if (pkg.mVersionCode < ps.versionCode) {
Log.i(TAG, "Package " + ps.name + " at " + scanFile
+ " ignored: updated version " + ps.versionCode
+ " better than this " + pkg.mVersionCode);
if (lupdatedPkg.codePath.equals(scanFile)) {
Slog.w(PackageManagerService. TAG, "Code path for hidden system pkg : "
+ ps.name + " changing from " + updatedPkg.codePathString
+"to " + scanFile);
updatedPkg.codePath = scanFile;
updatedPkg.codePathString = scanFile.toString();
if (locationIsPrivileged(scanFile)) {
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updatedPkg.pkgFlags |= Applicationlnfo.FLAG PRIVILEGED;

H

updatedPkg.pkg = pkg;

mLastScanError = PackageManager.INSTALL FAILED DUPLICATE PACKAGE;

return null;

}else {
synchronized (mPackages) {
mPackages.remove(ps.name);

b

Slog. w(TAG, "Package " + ps.name + " at " + scanFile
+ "reverting from " + ps.codePathString
+ ": new version " + pkg.mVersionCode

+ " better than installed " + ps.versionCode);

InstallArgs args = createlnstall Args(packageFlagsTolnstallFlags(ps),
ps.codePathString, ps.resourcePathString, ps.nativeLibraryPathString);
synchronized (mInstallLock) {
args.cleanUpResourcesLI();
H
synchronized (mPackages) {
mSettings.enableSystemPackageLPw(ps.name);

}
if (updatedPkg !=null) {
parseFlags |= PackageParser.PARSE IS SYSTEM;
H
if (!collectCertificatesLI(pp, ps, pkg, scanFile, parseFlags)) {
Slog.w(TAG, "Failed verifying certificates for package:" + pkg.packageName);
return null;
H
boolean shouldHideSystemApp = false;
if (updatedPkg == null && ps !=null
&& (parseFlags & PackageParser. PARSE IS SYSTEM DIR) |= 0 && !isSystemApp(ps)) {
if (compareSignatures(ps.signatures.mSignatures, pkg.mSignatures)
!= PackageManager.SIGNATURE MATCH) {
if (DEBUG _INSTALL) Slog.d(TAG, "Signature mismatch!");
deletePackageLI(pkg.packageName, null, true, null, null, 0, null, false);
ps =null;
1 else {
if (pkg.mVersionCode < ps.versionCode) {
shouldHideSystemApp = true;
} else {
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Slog.w(TAG, "Package " + ps.name + " at " + scanFile + "reverting from "
+ ps.codePathString + ": new version " + pkg.mVersionCode
+ " better than installed " + ps.versionCode);
InstallArgs args = createlnstall Args(packageFlagsTolnstallFlags(ps),
ps.codePathString, ps.resourcePathString, ps.nativeLibraryPathString);
synchronized (mInstallLock) {
args.cleanUpResourcesLI();

if ((parseFlags & PackageParser.PARSE IS SYSTEM DIR)==0) {
if (ps !=null && !ps.codePath.equals(ps.resourcePath)) {
parseFlags |= PackageParser. PARSE FORWARD LOCK;

}

String codePath = null;
String resPath = null;
if ((parseFlags & PackageParser.PARSE FORWARD LOCK) !=0) {
if (ps = null && ps.resourcePathString !=null) {
resPath = ps.resourcePathString;
1 else {
IRE AR
Slog.e(TAG, "Resource path not set for pkg : " + pkg.packageName);
}
} else {
resPath = pkg.mScanPath;
b
codePath = pkg.mScanPath;
JIIRFBE L I RE PP 2 ()
setApplicationInfoPaths(pkg, codePath, resPath);
PackageParser.Package scannedPkg = scanPackageLI(pkg, parseFlags, scanMode
| SCAN_UPDATE SIGNATURE, currentTime, user);
if (shouldHideSystemApp) {
synchronized (mPackages) {
grantPermissionsLPw(pkg, true);
mSettings.disableSystemPackagel Pw(pkg.packageName);

}

return scannedPkg;

}
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private Package parsePackage(

Resources res, XmlResourceParser parser, int flags, String[] outError)

throws XmlPullParserException, IOException {

AttributeSet attrs = parser;

mParselnstrumentationArgs = null;

mParseActivityArgs = null;

mParseServiceArgs = null;

mParseProviderArgs = null;

String pkgName = parsePackageName(parser, attrs, flags, outError);

if (pkgName == null) {
mParseError = PackageManager.INSTALL PARSE FAILED BAD PACKAGE NAME;
return null;

}

int type;

if (mOnlyCoreApps) {
boolean core = attrs.getAttributeBooleanValue(null, "coreApp", false);

if (Icore) {
mParseError = PackageManager.INSTALL _SUCCEEDED;
return null;

}

}
final Package pkg = new Package(pkgName);

boolean foundApp = false;
TypedArray sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifest);
pkg.mVersionCode = sa.getInteger(
com.android.internal.R.styleable. AndroidManifest_versionCode, 0);
pkg.mVersionName = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifest_versionName, 0);
if (pkg.mVersionName != null) {
pkg.mVersionName = pkg.mVersionName.intern();
¥
String str = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifest _sharedUserld, 0);
if (str = null && str.length() > 0) {
String nameError = validateName(str, true);
if (nameError != null && !"android".equals(pkgName)) {
outError[0] = "<manifest> specifies bad sharedUserld name \""
+ str + "\": " + nameError;
mParseError = PackageManager.INSTALL PARSE FAILED BAD SHARED USER ID;
return null;
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pkg.mSharedUserld = str.intern();
pkg.mSharedUserLabel = sa.getResourceld(
com.android.internal.R.styleable. AndroidManifest sharedUserLabel, 0);
}
sa.recycle();
pkg.installLocation = sa.getInteger(
com.android.internal.R.styleable. AndroidManifest installLocation,
PARSE DEFAULT INSTALL LOCATION);
pkg.applicationInfo.installLocation = pkg.installLocation;
/¥ B4 )R] "forward lock"Rdi*/
if ((flags & PARSE FORWARD_LOCK) !=0) {
pkg.applicationInfo.flags |= Applicationlnfo.FLAG_FORWARD LOCK;
}
[*BEE 42 JR"on SD card" AR ki */
if ((flags & PARSE ON SDCARD) !=0) {
pkg.applicationInfo.flags |= ApplicationInfo.FLAG EXTERNAL STORAGE;
¥
// Resource boolean are -1, so 1 means we don't know the value.
int supportsSmallScreens = 1;
int supportsNormalScreens = 1;
int supportsLargeScreens = 1;
int supportsXLargeScreens = 1;
int resizeable = 1;
int anyDensity = 1;
int outerDepth = parser.getDepth();
while ((type = parser.next()) != XmlPullParser. END DOCUMENT
&& (type = XmlPullParser.END TAG || parser.getDepth() > outerDepth)) {
if (type == XmlPullParser.END TAG || type == XmlPullParser.TEXT) {
continue;
}
String tagName = parser.getName();
if (tagName.equals("application")) {
if (foundApp) {
if (RIGID_PARSER) {
outError[0] = "<manifest> has more than one <application>";
mParseError = PackageManager.INSTALL PARSE FAILED MANIFEST
MALFORMED;
return null;
} else {
Slog.w(TAG, "<manifest> has more than one <application>");
XmlUtils.skipCurrentTag(parser);

continue;

}
foundApp = true;
if (!parseApplication(pkg, res, parser, attrs, flags, outError)) {
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return null;
}
} else if (tagName.equals("keys")) {
if (!parseKeys(pkg, res, parser, attrs, outError)) {
return null;
}
} else if (tagName.equals("permission-group")) {
if (parsePermissionGroup(pkg, flags, res, parser, attrs, outError) == null) {
return null;
}
} else if (tagName.equals("permission")) {
if (parsePermission(pkg, res, parser, attrs, outError) == null) {
return null;
}
} else if (tagName.equals("permission-tree")) {
if (parsePermissionTree(pkg, res, parser, attrs, outError) == null) {
return null;
}
} else if (tagName.equals("uses-permission")) {
if (!parseUsesPermission(pkg, res, parser, attrs, outError)) {
return null;
}
} else if (tagName.equals("uses-configuration")) {
ConfigurationInfo cPref = new ConfigurationInfo();
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestUsesConfiguration);
cPref.reqTouchScreen = sa.getInt(
com.android.internal R styleable. AndroidManifestUsesConfiguration_reqTouchScreen,
Configuration. TOUCHSCREEN UNDEFINED);
cPref.reqKeyboardType = sa.getInt(
com.android.internal R styleable. AndroidManifestUsesConfiguration_reqKeyboardType,
Configuration. KEYBOARD UNDEFINED);
if (sa.getBoolean(
com.android.internal R styleable. AndroidManifestUsesConfiguration_reqHardKeyboard,
false)) {
cPref.reqInputFeatures |= Configurationinfo.INPUT FEATURE HARD KEYBOARD;
}
cPref.reqNavigation = sa.getInt(
com.android.internal R styleable. AndroidManifestUsesConfiguration reqNavigation,
Configuration. NAVIGATION_UNDEFINED);
if (sa.getBoolean(
com.android.internal R styleable. AndroidManifestUsesConfiguration_reqFiveWayNav,
false)) {
cPref.reqInputFeatures |= ConfigurationInfo.INPUT FEATURE FIVE WAY NAV;
}

sa.recycle();
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pkg.configPreferences.add(cPref);
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("uses-feature")) {
Featurelnfo fi = new Featurelnfo();
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestUsesFeature);
fi.name = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestUsesFeature name);
if (fi.name == null) {
fi.reqGIEsVersion = sa.getInt(
com.android.internal.R styleable. AndroidManifestUsesFeature glEsVersion,
FeatureInfo.GL_ES VERSION UNDEFINED);

}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestUsesFeature required,
true)) {
fi.flags |= FeatureInfo.FLAG REQUIRED;
}

sa.recycle();
if (pkg.reqFeatures == null) {
pkg.reqFeatures = new ArrayList<FeatureInfo>();

}
pkg.reqFeatures.add(fi);

if (fi.name == null) {
ConfigurationInfo cPref = new ConfigurationInfo();
cPref.reqGlEsVersion = fi.reqGlEsVersion;
pkg.configPreferences.add(cPref);

XmlUtils.skipCurrentTag(parser);
} else if (tagName.equals("uses-sdk")) {
if (SDK_VERSION > 0) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestUsesSdk);
int minVers = 0;
String minCode = null;
int targetVers = 0;
String targetCode = null;
TypedValue val = sa.peekValue(
com.android.internal.R styleable. AndroidManifestUsesSdk minSdkVersion);
if (val !=null) {
if (val.type == TypedValue. TYPE STRING && val.string !=null) {
targetCode = minCode = val.string.toString();
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} else {
/I If it's not a string, it's an integer.
targetVers = minVers = val.data;

}

val = sa.peekValue(
com.android.internal.R styleable. AndroidManifestUsesSdk targetSdkVersion);
if (val !=null) {
if (val.type == TypedValue. TYPE STRING && val.string !=null) {
targetCode = minCode = val.string.toString();
} else {
// If it's not a string, it's an integer.

targetVers = val.data;

b
sa.recycle();
if (minCode !=null) {
if (!minCode.equals(SDK_CODENAME)) {
if (SDK_CODENAME != null) {
outError[0] = "Requires development platform " + minCode
+ " (current platform is " + SDK_ CODENAME +")";
1 else {
outError[0] = "Requires development platform " + minCode
+ " but this is a release platform.";
}
mParseError = PackageManager.INSTALL FAILED OLDER SDK;
return null;
}
} else if (minVers > SDK_VERSION) {
outError[0] = "Requires newer sdk version #" + minVers
+ " (current version is #" + SDK_VERSION +")";
mParseError = PackageManager INSTALL FAILED OLDER SDK;
return null;
b
if (targetCode !=null) {
if (!targetCode.equals(SDK_ CODENAME)) {
if (SDK_CODENAME != null) {
outError[0] = "Requires development platform " + targetCode
+ " (current platform is " + SDK_ CODENAME + ")";
1 else {
outError[0] = "Requires development platform " + targetCode
+ " but this is a release platform.";
}
mParseError = PackageManager.INSTALL FAILED OLDER SDK;

return null;
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/I If the code matches, it definitely targets this SDK.
pkg.applicationInfo.targetSdkVersion
= android.os.Build. VERSION_CODES.CUR_DEVELOPMENT;
} else {
pkg.applicationInfo.targetSdk Version = targetVers;

}
XmlUtils.skipCurrentTag(parser);
} else if (tagName.equals("supports-screens")) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestSupportsScreens);
pkg.applicationInfo.requiresSmallestWidthDp = sa.getInteger(
com.android.internal.R.styleable. AndroidManifestSupportsScreens
requiresSmallestWidthDp,
0);
pkg.applicationInfo.compatibleWidthLimitDp = sa.getInteger(
com.android.internal.R..styleable. AndroidManifestSupportsScreens
compatibleWidthLimitDp,
0);
pkg.applicationInfo.largestWidthLimitDp = sa.getInteger(
com.android.internal.R.styleable. AndroidManifestSupportsScreens
largestWidthLimitDp,
0);
supportsSmallScreens = sa.getInteger(
com.android.internal.R styleable. AndroidManifestSupportsScreens_smallScreens,
supportsSmallScreens);
supportsNormalScreens = sa.getInteger(
com.android.internal.R styleable. AndroidManifestSupportsScreens _normalScreens,
supportsNormalScreens);
supportsLargeScreens = sa.getInteger(
com.android.internal.R styleable. AndroidManifestSupportsScreens_largeScreens,
supportsLargeScreens);
supportsXLargeScreens = sa.getInteger(
com.android.internal.R styleable. AndroidManifestSupportsScreens_xlargeScreens,
supportsXLargeScreens);
resizeable = sa.getInteger(
com.android.internal.R.styleable. AndroidManifestSupportsScreens_resizeable,
resizeable);
anyDensity = sa.getInteger(
com.android.internal.R.styleable. AndroidManifestSupportsScreens _anyDensity,
anyDensity);
sa.recycle();
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("protected-broadcast")) {
sa = res.obtainAttributes(attrs,
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com.android.internal.R.styleable. AndroidManifestProtectedBroadcast);
String name = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestProtectedBroadcast name);
sa.recycle();
if (name != null && (flags&PARSE IS _SYSTEM) !=0) {
if (pkg.protectedBroadcasts == null) {
pkg.protectedBroadcasts = new ArrayList<String>();
}
if (!pkg.protectedBroadcasts.contains(name)) {
pkg.protectedBroadcasts.add(name.intern());

}
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("instrumentation")) {
if (parselnstrumentation(pkg, res, parser, attrs, outError) == null) {
return null;
¥
} else if (tagName.equals("original-package")) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestOriginalPackage);
String orig =sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestOriginalPackage name, 0);
if (!pkg.packageName.equals(orig)) {
if (pkg.mOriginalPackages == null) {
pkg.mOriginalPackages = new ArrayList<String>();
pkg.mRealPackage = pkg.packageName;
}
pkg.mOriginalPackages.add(orig);
¥
sa.recycle();
XmlUtils.skipCurrentTag(parser);
} else if (tagName.equals("adopt-permissions")) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestOriginalPackage);
String name = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestOriginalPackage name, 0);
sa.recycle();
if (name !=null) {
if (pkg.mAdoptPermissions == null) {
pkg.mAdoptPermissions = new ArrayList<String>();
¥
pkg.mAdoptPermissions.add(name);

}
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("uses-gl-texture")) {
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XmlUtils.skipCurrentTag(parser);
continue;

} else if (tagName.equals("compatible-screens")) {
XmlUtils.skipCurrentTag(parser);
continue;

} else if (tagName.equals("supports-input")) {
XmlUtils.skipCurrentTag(parser);
continue;

} else if (tagName.equals("eat-comment")) {
XmlUtils.skipCurrentTag(parser);
continue;

} else if (RIGID_PARSER) {
outError[0] = "Bad element under <manifest>: "

+ parser.getName();

mParseError = PackageManager.INSTALL _PARSE _FAILED MANIFEST MALFORMED;
return null;

} else {
Slog.w(TAG, "Unknown element under <manifest>: " + parser.getName()

+ " at" + mArchiveSourcePath + " "
+ parser.getPositionDescription());

XmlUtils.skipCurrentTag(parser);

continue;

}
if (foundApp && pkg.instrumentation.size()== 0) {
outError[0] = "<manifest> does not contain an <application> or <instrumentation>";
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST EMPTY;
}
final int NP = PackageParser. NEW_PERMISSIONS.length;
StringBuilder implicitPerms = null;
for (int ip=0; ip<NP; ip++) {
final PackageParser.NewPermissionInfo npi
= PackageParser. NEW_PERMISSIONSJip];
if (pkg.applicationInfo.targetSdkVersion >= npi.sdkVersion) {
break;
}
if (!pkg.requestedPermissions.contains(npi.name)) {
if (implicitPerms == null) {
implicitPerms = new StringBuilder(128);
implicitPerms.append(pkg.packageName);
implicitPerms.append(": compat added ");
}else {
implicitPerms.append(' ');
}
implicitPerms.append(npi.name);
pkg.requestedPermissions.add(npi.name);
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pkg.requestedPermissionsRequired.add(Boolean. TRUE);

}
if (implicitPerms != null) {
Slog.i(TAG, implicitPerms.toString());
}
final int NS = PackageParser.SPLIT_PERMISSIONS.length;
for (int is=0; is<NS; is++) {
final PackageParser.SplitPermissionInfo spi
= PackageParser.SPLIT PERMISSIONS]is];
if (pkg.applicationInfo.targetSdkVersion >= spi.targetSdk
|| 'pkg.requestedPermissions.contains(spi.rootPerm)) {
continue;
}
for (int in=0; in<spi.newPerms.length; in++) {
final String perm = spi.newPerms[in];
if (!pkg.requestedPermissions.contains(perm)) {
pkg.requestedPermissions.add(perm);
pkg.requestedPermissionsRequired.add(Boolean. TRUE);

}

if (supportsSmallScreens < 0 || (supportsSmallScreens > 0
&& pkg.applicationInfo.targetSdkVersion
>= android.os.Build. VERSION CODES.DONUT)) {
pkg.applicationInfo.flags |= Applicationlnfo.FLAG_SUPPORTS SMALL SCREENS;
}
if (supportsNormalScreens != 0) {
pkg.applicationInfo.flags |= ApplicationInfo.FLAG_SUPPORTS NORMAL SCREENS;
}
if (supportsLargeScreens < 0 || (supportsLargeScreens > 0
&& pkg.applicationInfo.targetSdkVersion
>= android.os.Build. VERSION CODES.DONUT)) {
pkg.applicationInfo.flags |= ApplicationInfo.FLAG SUPPORTS LARGE SCREENS;
¥
if (supportsXLargeScreens < 0 || (supportsXLargeScreens > 0
&& pkg.applicationInfo.targetSdkVersion
>= android.os.Build. VERSION CODES.GINGERBREAD)) {
pkg.applicationInfo.flags |= ApplicationInfo.FLAG SUPPORTS XLARGE SCREENS;
}
if (resizeable < 0 || (resizeable > 0
&& pkg.applicationInfo.targetSdkVersion
>= android.os.Build. VERSION CODES.DONUT)) {
pkg.applicationInfo.flags |= Applicationlnfo.FLAG _RESIZEABLE FOR SCREENS;

}
if (anyDensity < 0 || (anyDensity > 0
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&& pkg.applicationInfo.targetSdkVersion
>= android.os.Build. VERSION CODES.DONUT)) {
pkg.applicationInfo.flags |= ApplicationInfo.FLAG _SUPPORTS SCREEN DENSITIES;
}
if (pkg.applicationInfo.targetSdkVersion < Build. VERSION_ CODES.JELLY BEAN MR?2) {
for (int i = 0; 1 < pkg.requestedPermissionsRequired.size(); i++) {
pkg.requestedPermissionsRequired.set(i, Boolean. TRUE);

}
return pkg;

}

I& parsePackage PR SEHLACHS LLAR A%, HAZ O IIBEEX S AndroidManifest.xml
RS AR REAT AT, & AR AR B AR B 7 SR TR 64T T 9H#E . http:/developer.
android.com/guide/topics/manifest/manifest-intro.html. {4 U1 application Fr%5 ¥ g AT 2 B & 1l ik
1 F SCAF frameworks/base/core/java/android/content/pm/PackageParser.java "1} R % parse Application
SEHLR, ARSI IR .

private boolean parseApplication(Package owner, Resources res,
XmlPullParser parser, AttributeSet attrs, int flags, String[] outError)
throws XmlPullParserException, IOException {
final ApplicationInfo ai = owner.applicationInfo;
final String pkgName = owner.applicationInfo.packageName;
TypedArray sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestApplication);

String name = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication name, 0);

if (name != null) {

ai.className = buildClassName(pkgName, name, outError);
if (ai.className == null) {
sa.recycle();
mParseError = PackageManager.INSTALL PARSE FAILED MANIFEST MALFORMED;
return false;
}

}

String manageSpaceActivity = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication manageSpaceActivity,
Configuration.NATIVE CONFIG VERSION);

if (manageSpaceActivity !=null) {

ai.manageSpaceActivityName = buildClassName(pkgName, manageSpaceActivity,
outError);

}

boolean allowBackup = sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication allowBackup, true);

if (allowBackup) {
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ai.flags |= ApplicationInfo.FLAG_ALLOW_BACKUP;
String backupAgent = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication backupAgent,
Configuration.NATIVE CONFIG_ VERSION);
if (backupAgent !=null) {
ai.backupAgentName = buildClassName(pkgName, backupAgent, outError);
if (DEBUG_BACKUP) {
Slog.v(TAG, "android:backupAgent =" + ai.backupAgentName
+ " from " + pkgName + "+" + backupAgent);
}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_killAfterRestore,

true)) {
ai.flags |= ApplicationInfo.FLAG KILL AFTER RESTORE;

}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_restoreAnyVersion,
false)) {
ai.flags |= ApplicationInfo.FLAG_RESTORE_ANY_VERSION;
}

TypedValue v = sa.peekValue(
com.android.internal.R.styleable. AndroidManifestApplication_label);
if (v = null && (ai.labelRes=v.resourceld) == 0) {
ai.nonLocalizedLabel = v.coerceToString();
}
ai.icon = sa.getResourceld(
com.android.internal.R.styleable. AndroidManifestApplication_icon, 0);
ai.logo = sa.getResourceld(
com.android.internal.R.styleable. AndroidManifestApplication_logo, 0);
ai.theme = sa.getResourceld(
com.android.internal.R.styleable. AndroidManifestApplication theme, 0);
ai.descriptionRes = sa.getResourceld(
com.android.internal.R.styleable. AndroidManifestApplication_description, 0);
if (flags&PARSE IS SYSTEM) !=0) {
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication persistent,
false)) {
ai.flags |= ApplicationInfo.FLAG PERSISTENT;

}
}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication requiredForAllUsers,
false)) {
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owner.mRequiredForAllUsers = true;
}
String restricted AccountType = sa.getString(com.android.internal.R.styleable
.AndroidManifestApplication_restrictedAccountType);
if (restrictedAccountType != null && restricted AccountType.length() > 0) {
owner.mRestrictedAccountType = restrictedAccountType;
}
String requiredAccountType = sa.getString(com.android.internal.R.styleable
.AndroidManifestApplication_requiredAccountType);
if (requiredAccountType != null && requiredAccountType.length() > 0) {
owner.mRequiredAccountType = requiredAccountType;

}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_debuggable,
false)) {
ai.flags |= ApplicationInfo.FLAG DEBUGGABLE;
¥
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_vmSafeMode,
false)) {
ai.flags |= ApplicationInfo.FLAG_VM_SAFE _MODE;
}

boolean hardwareAccelerated = sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication hardwareAccelerated,
owner.applicationInfo.targetSdk Version>=Build. VERSION_CODES.ICE_CREAM
SANDWICH);
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication _hasCode,
true)) {
ai.flags |= ApplicationInfo.FLAG HAS CODE;

}
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication _allowTaskReparenting,
false)) {
ai.flags |= ApplicationInfo.FLAG ALLOW_TASK REPARENTING;
}
if (sa.getBoolean(
com.android.internal.R..styleable. AndroidManifestApplication_allowClearUserData,
true)) {
ai.flags [= ApplicationInfo.FLAG ALLOW_CLEAR USER DATA;
¥
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_testOnly,
false)) {
ai.flags |= ApplicationInfo.FLAG TEST ONLY;
}
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if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication largeHeap,
false)) {
ai.flags |= ApplicationInfo.FLAG LARGE HEAP;
¥
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_supportsRtl,
false /* default is no RTL support*/)) {
ai.flags |= ApplicationInfo.FLAG SUPPORTS RTL;
}
String str;
str = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication_permission, 0);
ai.permission = (str != null && str.length() > 0) ? str.intern() : null;
if (owner.applicationInfo.targetSdkVersion >= Build. VERSION CODES.FROYO) {
str = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication_taskAffinity,
Configuration.NATIVE_CONFIG_VERSION);
} else {
str = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestApplication taskAffinity);
}
ai.taskAffinity = buildTaskAffinityName(ai.packageName, ai.packageName,
str, outError);
if (outError[0] == null) {
CharSequence pname;
if (owner.applicationInfo.targetSdkVersion >= Build. VERSION CODES.FROYO) {
pname = sa.getNonConfigurationString(
com.android.internal.R.styleable. AndroidManifestApplication_process,
Configuration. NATIVE _CONFIG_VERSION);
1 else {
pname = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestApplication _process);
}
ai.processName = buildProcessName(ai.packageName, null, pname,

flags, mSeparateProcesses, outError);

ai.enabled = sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication _enabled, true);
if (false) {
if (sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestApplication_cantSaveState,
false)) {
ai.flags |= ApplicationInfo.FLAG _CANT SAVE STATE;

if (ai.processName !=null && ai.processName != ai.packageName) {
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outError[0] = "cantSaveState applications can not use custom processes';

}
ai.uiOptions = sa.getInt(
com.android.internal.R.styleable. AndroidManifestApplication uiOptions, 0);

sa.recycle();

if (outError[0] != null) {
mParseError = PackageManager.INSTALL PARSE FAILED MANIFEST MALFORMED;
return false;

}

final int innerDepth = parser.getDepth();

int type;
while ((type = parser.next()) != XmlIPullParser. END DOCUMENT
&& (type = XmlPullParser.END TAG || parser.getDepth() > innerDepth)) {
if (type == XmlPullParser. END_TAG || type == XmlIPullParser. TEXT) {
continue;
}
String tagName = parser.getName();
if (tagName.equals("activity")) {
Activity a = parseActivity(owner, res, parser, attrs, flags, outError, false,
hardwareAccelerated);
if (a ==null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED;
return false;

}

owner.activities.add(a);

} else if (tagName.equals("receiver")) {
Activity a = parseActivity(owner, res, parser, attrs, flags, outError, true, false);
if (a==null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED:;

return false;
}
owner.receivers.add(a);
} else if (tagName.equals("service")) {
Service s = parseService(owner, res, parser, attrs, flags, outError);
if (s ==null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED;

return false;
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owner.services.add(s);
} else if (tagName.equals("provider")) {
Provider p = parseProvider(owner, res, parser, attrs, flags, outError);
if (p ==null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED;
return false;
}
owner.providers.add(p);
} else if (tagName.equals("activity-alias")) {
Activity a = parseActivityAlias(owner, res, parser, attrs, flags, outError);
if (a==null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED;
return false;
}
owner.activities.add(a);
} else if (parser.getName().equals("meta-data")) {
if ((owner.mAppMetaData = parseMetaData(res, parser, attrs, owner.mAppMetaData,
outError)) == null) {
mParseError = PackageManager INSTALL PARSE FAILED MANIFEST
MALFORMED:;
return false;
}
} else if (tagName.equals("library")) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestLibrary);
String Iname = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestLibrary name);
sa.recycle();
if (Iname != null) {
if (owner.libraryNames == null) {
owner.libraryNames = new ArrayList<String>();
}
if (lowner.libraryNames.contains(Iname)) {
owner.libraryNames.add(Iname.intern());

}
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("uses-library")) {
sa = res.obtainAttributes(attrs,
com.android.internal.R.styleable. AndroidManifestUsesLibrary);
String Iname = sa.getNonResourceString(
com.android.internal.R.styleable. AndroidManifestUsesLibrary name);
boolean req = sa.getBoolean(
com.android.internal.R.styleable. AndroidManifestUsesLibrary required,

true);
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sa.recycle();
if (Iname !=null) {
if (req) {
if (owner.usesLibraries == null) {
owner.usesLibraries = new ArrayList<String>();
}
if (lowner.usesLibraries.contains(lname)) {
owner.usesLibraries.add(Iname.intern());
}
} else {
if (owner.usesOptionalLibraries == null) {
owner.usesOptionalLibraries = new ArrayList<String>();
}
if (lowner.usesOptionalLibraries.contains(lname)) {
owner.usesOptionalLibraries.add(Iname.intern());

}
XmlUtils.skipCurrentTag(parser);

} else if (tagName.equals("uses-package")) {
XmlUtils.skipCurrentTag(parser);
1 else {
if ('RIGID_PARSER) {
Slog.w(TAG, "Unknown element under <application>: " + tagName
+ " at " + mArchiveSourcePath + " "
+ parser.getPositionDescription());
XmlUtils.skipCurrentTag(parser);
continue;
}else {
outError[0] = "Bad element under <application>: " + tagName;
mParseError = PackageManager.INSTALL _PARSE FAILED MANIFEST
MALFORMED;
return false;

}

return true;

}

TR IR PR B SEIARED, % SC2E AndroidManifest.xml F () application ARZHE T T ffdT.
FHZIT application #3254 activity. service. receiver Al provider 55, & MR EAAKS XE R,
BEE T LAS 2 7 CRY:  http:/developer.android.com/guide/topics/manifest/manifest- intro.html.

13.6 REGENER

252 AT TAE G, 3R [0 2§51 A4 4% 8 £ scanPackageLl H, i S0 frameworks/base/
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services/java/com/android/server/pm/PackageManagerService.java 1 ) B £ scanPackage LI 5 fi# A
JETS R N R 5 BRAE T oK. B8 PackageManagerService.scanPackageLl ff) 1= 22 S HIARAD
wrr.

class PackageManagerService extends [PackageManager.Stub {

final HashMap<String, PackageParser.Package> mPackages =
new HashMap<String, PackageParser.Package>();

final ActivityIntentResolver mActivities =

new ActivityIntentResolver();

final ActivityIntentResolver mReceivers =
new ActivitylntentResolver();

final ServicelntentResolver mServices = new ServicelntentResolver();

final HashMap<ComponentName, PackageParser.Provider> mProvidersByComponent =
new HashMap<ComponentName, PackageParser.Provider>();

private PackageParser.Package scanPackageLI(PackageParser.Package pkg,

int parseFlags, int scanMode, long currentTime) {

int N = pkg.providers.size();
int i;
for (i=0; i<N; i++) {
PackageParser.Provider p = pkg.providers.get(i);
p-info.processName = fixProcessName(pkg.applicationInfo.processName,
p.info.processName, pkg.applicationInfo.uid);
mProvidersByComponent.put(new ComponentName(p.info.packageName,
p.info.name), p);

N = pkg.services.size();
for (i=0; i<N; i++) {
PackageParser.Service s = pkg.services.get(i);
s.info.processName = fixProcessName(pkg.applicationInfo.processName,
s.info.processName, pkg.applicationInfo.uid);

mServices.addService(s);
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}

N = pkg.receivers.size();
r=null;
for (i=0; i<N; i++) {
PackageParser.Activity a = pkg.receivers.get(i);
a.info.processName = fixProcessName(pkg.applicationInfo.processName,
a.info.processName, pkg.applicationInfo.uid);
mReceivers.addActivity(a, "receiver");

N = pkg.activities.size();
for (i=0; i<N; i++) {
PackageParser.Activity a = pkg.activities.get(i);
a.info.processName = fixProcessName(pkg.applicationInfo.processName,
a.info.processName, pkg.applicationInfo.uid);
mActivities.addActivity(a, "activity");

R AR () 1) B A K 1 TR BT S R P A3 2 ) package. provider. service. receiver Fll
activity Z5pR28 (5 B LRA7 1 PackageManagerService Jt45H

FUE A1k, /& Android RS BN 22 N R I RE IR 2 R o IS IX L R IR
7 A 4 T-1E PackageManagerService R4 58 i THEM,  WHARARELAE Android 51 -5 2
IXUER R, 8T 2l Home M HFE/ 7 M PackageManagerService Il 55 X L6 22351 1)
IR R, I H ORI 77 2 S i BB R, 49 ol s DA i Bt BT b 1 o7 =Xk
TR,
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(EAP S AR, CZSEMYHR T 75 Dalvik HEWHLIRHE T 24 APK RiFIRLF i)
WEds AR, TR T 1553 APK 2§ I AUL & FERANIR. (EATEN A0, 471 56 240 5>
BitE ART FRBEF 525 APK RiFFLF R, 4801 EAITHT ART 25R19 dex2oat Flfefl
AR

14.1 Android 23 APK 54

7t Android R4, KT APK “LHetukl, ke 2T (Application, K APP) [f]
EET AW

Q RGAzhN .

Q adb g @,

QO Google Play I #2235,

Q ifid Packagelnstaller %2,

76 iR 237 s i % 0 7750 scanPackageLl(), _Fid 2235y =0 5 Al R HH X AN R
HOEM R TAE, ARy X DONTE TRt 2 BT AR B FEAN ] o

7t Android R4, APK AR 58 5 1 N AL AR W R i) H sk

O /data/app, apk fl.

O /data/app-lib, native lib,

Q /data/data, s Ha%, A lib 048 Lk /data/app-lib H 5%,

Q /data/dalvik-cache/data@app@<package-name>.apk@classes.dex, PLALEZii¥ 51 Java
bytecode.

142 BEhiy&dE

Android JA BN 248 AT APP 223&— ki, HEAS LR F 85 W R i) =350 .

Q BEHZRAE .

Q Hfiwes.

Q Sl 2eefE .

FErP SO 5 (0] 3 B B0 T2 O, 1R85 BRIE T R 8805 APP 5 E—Ik
JAENIN 8, SRR H 3 NI APK Jf223% . Android 1) APK 20 4i7E L T
JUANH K, B JA I EE R R 2SN H k.

Q R0 N H: /system/priv-appe.
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O R4 APP H%: /system/app.

Q JERG APP Hoik: /data/app (3T TFHIAEMAM—M APP) Hi/mnt/asec/<pkgname-
number>/ pkg.apk (sdcard 5%, forward-locked)

O %2 DRM {711 APP H%: /data/app-private.

Q vendor-specific ] APP: /vendor/app.

Q PYEM APP Hxk: /system/frameworko

Android i Bl %% APK FHAR WA 14-1 Fios.

System PMS UserManagerService Settings PackageSetting
Server

' 11 main } . | ; :
) [ <<create>> ! ] !

E I:I - s <creates> E ;
i 3 o 5
: : Lol :
! 4 c:«:create::b:b I—I '
i 5 readﬂermissiuns{) E i E
E [ 61 reaulILF‘w{]l E E
i i P i
' E 7 :d(ageLPwDE
i i 2 | addPg d(ageLPw[i
] | g <<creafe>>
! ! : add serIdLﬂ)
11: eadF‘%rmissionsLPwO
13: eadSEIaredUserLP'.-\'O
E}anDlrLIO PackageParser Package
14 :=s-'::a PackagelI() : : :
‘ 15 <:<:create:>i : , E

14-1  Jazhint2eds
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16 : parsePackage L-l
p ge() s

1% : éér};eF‘ad{ageD

18 <<reate>>

e

=
39 : Package

: parsgApplication

21 : Package

:

3 : scanPackagell)

231y Ermissiu:unsLF'wD

25 : writelPr()

i L

14-1 B3 2eds (4

AR System Server JHf, {E3CA}/frameworks/base/services/java/com/android/
server/SystemServerjava H1iE 3, HARSLIACH U

pm = PackageManagerService.main(context, installer,
factoryTest = SystemServer. FACTORY TEST OFF,
onlyCore);

WH PMS %L main(), 7 Cf}/frameworks/base/services/java/com/android/server/pm/
PackageManagerService.java "5 X, HARSZIAAS T .

public static final [PackageManager main(Context context, Installer installer,
boolean factoryTest, boolean onlyCore) {
PackageManagerService m = new PackageManagerService(context, installer,
factoryTest, onlyCore);
ServiceManager.addService("package", m);

return m;
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TEUEAIE T PMS Ff 013 ServiceManager T, X FEHAR AL AF 58 o] LIRSS T - 720
T PMS FIR) PTG 2] PMS B T E RSN, S 1Y PackageManager [ L
((BE7P

mSettings = new Settings(context); / il FAERFEAEBhA 2305 B, EARME, 20 uid, permission 2.
mlnstaller = installer; // installd daemon ] proxy 2.

mHandlerThread.start(); / JH2)) PMS [f) TAEZFL.

mHandler = new PackageHandler(mHandlerThread.getLooper()); // PMS 4l id mHandler 545

NTARLRR

File dataDir = Environment.getDataDirectory(); // /data {3

mAppDataDir = new File(dataDir, "data"); // /data/data £

mApplnstallDir = new File(dataDir, "app"); // /data/app

mAppLiblnstallDir = new File(dataDir, "app-lib"); // /data/app-lib £

PackageManager 1) T{EZ&HE 3 2LE HAE HAth e 07 =0, BN B Sh&A T2 P A8 |,
HAR AT ER TS EG .

final HandlerThread mHandlerThread = new HandlerThread("PackageManager",
Process. THREAD PRIORITY BACKGROUND);

H AR IR A5 L PR A7 1E fetc/permissions  H 3k 71, [ readPermissions() B ZL 12 ML, FRAFAE
Settings H'[1) mPermissions 1. 4% FKAE PMS 4t ik £ I readLPw()>KA#HT packages.xml
SRR IR 2B B

mRestoredSettings = mSettings.readLPw(this, sUserManager.getUsers(false),
mSdkVersion, mOnlyCore);

Android 758 I BRI L HENAT APP, K 1 B ik S b s BAFAE, A T RerEFH 2
RGN R E VS ORF APP W2 AW, b T EGE LA APP (12385 B, R IR
W CAE SCF/data/system/packages.xml HL, 1 Settings KA P . 5 #ME/data/system/packages.list
ARk T APP 1) UID FEs 5125505 B BEL readLPwOH TP IX 265 5, RS
WA T Hrameworks/base/services/java/com/android/server/pm/Settings.java /41, %L readLPw()
SEFT I A packages.xml, PSS XmlPullParser SKAFHTILNZE, © AR A R AR 250 H
EINRE R (S PRSI

String tagName = parser.getName();

if (tagName.equals("package")) {
readPackageLPw(parser);

} else if (tagName.equals("permissions")) {
readPermissionsLPw(mPermissions, parser);

} else if (tagName.equals("permission-trees")) {
readPermissionsLPw(mPermissionTrees, parser);

} else if (tagName.equals("shared-user")) {
readSharedUserLPw(parser);
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} else if (tagName.equals("preferred-packages")) {

} else if (tagName.equals("preferred-activities")) {
readPreferredActivitiesLPw(parser, 0);

} else if (tagName.equals("updated-package")) {
readDisabledSysPackageLPw(parser);

#E 31 packages.xml 71, — APK £ W [ package 45 #4 K AR

<package name=""codePath="" nativeLibraryPath="" sharedUserld=""or userld="">

</package>

H:Ar readPackageLPw() i addPackageLPw()iF: /it APP {5 K 24 & mPackages ', JE/}
UID {5 58] mUserlds/mOtherUserlds 1. Rt 23, NazftixEefs MO E R 2. K%L
addPackageLPw()2>fill# PackageSetting 28, 1%Hliid T 1% APK B %445 Ko

p = new PackageSetting(name, realName, codePath, resourcePath, nativeLibraryPathString,
ve, pkgFlags);
p-appld = uid;
if (addUserldLPw(uid, p, name)) {
mPackages.put(name, p);
return p;

}

TEM AT ST, Android APP 1 UID [ [H X [A] & N FIRST_APPLICATION_UID %
LAST APPLICATION UID, HJ 10000 ~ 99999, FIRST APPLICATION UID 2 FHI% &%t
W o

T4, BRI APP O T HERR ML= UID K1, @ik —A> APP 4]
L= UID, T2 APK [ AndroidManifest.xml SCF:H HHBH “android:sharedUserId="..."”, iX
I a2 4 FLA 73 PendingPackage (F 2 238X, JRR RIS UID Xk, ik
%l mPendingPackages "', 7E 1 packages.xml H ISR PR RO R ITAE A

<shared-user name="" userld="">

</shared-user>

B readSharedUserLPw() [T KALTE APP 225 S b (f 365 FIL P4 e 1 FHT R 6
addSharedUserLPw() KA LA . pi% addSharedUserLPw() A3t H] F j3# SharedUserSetting
2% (SharedUserSetting {475 T — PackageSetting 45 ), i H addUserldLPw()p& H0: i
#| mUserlds "1 (8¢ mOtherUserlds), 1% 45 A% mSharedUsers o

s = new SharedUserSetting(name, pkgFlags);
s.userld = uid;
if (addUserIdLPw(uid, s, name)) {
mSharedUsers.put(name, s);
return s;
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1ESCAF packages.xml HHRAFE T APP {52 Hil 222 I FTC LA R o 24—~ APP #1805 2 MR
SCAF packages.xml H 1% APP [R{5 B o S EI LA — e[ — A APP I BUH AL s B

[ 3] readLPw() BR £k, AP T TRDIBLE R ] 7 AL= H A AL BE ) APP, 2 mPending
Packages "N 2. 520G P12 PackageManagerService(). fE mSharedLibraries 7147 i) /&
— LSS Java iE, TEUMES T dexoptO)EET EATTEATIL .

if (dalvik.system.DexFile.isDexOptNeeded(lib)) {
alreadyDexOpted.add(lib);
mlinstaller.dexopt(lib, Process.SYSTEM_UID, true);
didDexOpt = true;

}

alreadyDexOpted PR T B 42171 dexopt S0, 14880288 L 2E .
TH AR A1 5% framework HP )AL FIZRHEATARAK, o

for (int i=0; i<frameworkFiles.length; i++) {

if (dalvik.system.DexFile.isDexOptNeeded(path)) {
mlinstaller.dexopt(path, Process.SYSTEM UID, true);

B N ORAARID IR 4 /system/framework H 3¢ F-F14#1% H 5% .

mFrameworkInstallObserver = new AppDirObserver(
frameworkDir.getPath(), OBSERVER EVENTS, true, false);

AR Observer BEACK AL H 5485, XAHMT Linux WAZERHEH) Inotify AL, HA%
SEP A A S A /frameworks/base/core/java/android/os/FileObserver.java 13 #}:/frameworks/
base/core/jni/android_util FileObserver.cpp "o X TH4kE&ZE (Wl AppDirObserver), L EESIIL
onEvent() B HCk Ak BESCAF B H sk A2 BRI AT o 451 41 6 21 onEvent() 7E 3C f/frameworks/base/
services/java/com/android/server/pm/PackageManagerService.java H i SEEE,  HARCIS T .

public void onEvent(int event, String path) {

p = scanPackageLI(fullPath, flags,
SCAN_MONITOR | SCAN_NO_PATHS | SCAN_UPDATE TIME,
System.currentTimeMillis(), UserHandle.ALL);

synchronized (mPackages) {

updatePermissionsLPw(p.packageName, p,

p-permissions.size() > 0 ? UPDATE _PERMISSIONS ALL : 0);
}

synchronized (mPackages) {
mSettings.writeLPr();
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}
}

FAHZ H i) H 222 HUA ) APP A1, 2SR 02 scanDirLI().

scanDirLI(frameworkDir, PackageParser. PARSE IS SYSTEM
| PackageParser.PARSE IS SYSTEM DIR
| PackageParser.PARSE IS PRIVILEGED,
scanMode | SCAN NO_DEX, 0);

XAl JLAS H 3% (/system/priv-app- /system/app- /vendor/app-. /data/app. /data/app-private)
IR FR R —FE 1

mApplnstallObserver = new AppDirObserver(
mApplnstallDir.getPath(), OBSERVER EVENTS, false, false);
mApplnstallObserver.startWatching();
scanDirLI(mApplnstallDir, 0, scanMode, 0);

>

il s e, AT LLRDEA RS BOF H5 [l 2255 .

updatePermissionsLPw(null, null, UPDATE PERMISSIONS ALL
| (regrantPermissions
? (UPDATE PERMISSIONS REPLACE PKG|UPDATE PERMISSIONS
REPLACE_ALL) : 0));

H/A] VAR R AT
mSettings.writeLPr();

XFE A B 224 APP I FE TARREAZ B T, Horh H s R 22 55 k%00 TAE 2
T scanDirLI() e LI o

scanDirLI()
scanPackageLI(file, flags|PackageParser. PARSE MUST BE APK, scanMode, currentTime, null);
PackageParser pp = new PackageParser(scanPath);
final PackageParser.Package pkg = pp.parsePackage(scanFile, scanPath, mMetrics, parseFlags);
assmgr = new AssetManager();
parser = assmgr.openXmlResourceParser(cookie, ANDROID MANIFEST FILENAME);
pkg = parsePackage(res, parser, flags, errorText);

PackageParser.Package scannedPkg = scanPackageLI(pkg, parseFlags, scanMode |
SCAN_UPDATE SIGNATURE, currentTime, user);

AT LA 31, scanPackageL1()Fl parsePackage() B3 T2 A « N JZ 1) parsePackage(res, ...)
PR HOH T###1 AndroidManifest.xml SCAF, I pR 0 7E SC A /frameworks/base/core/java/android/
content/pm/PackageParser.java " 523 . ] AndroidManifest.xml /& APK HAANT] /b [ fc & S0,
UNARBA APK SCAFIITEIRAE Android 2232
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String tagName = parser.getName();
if (tagName.equals("application™)) {
if (foundApp) {
if (RIGID_PARSER) {
outError[0] = "<manifest> has more than one <application>";
mParseError = PackageManager.INSTALL PARSE FAILED MANIFEST MALFORMED;
return null;
1 else {
Slog.w(TAG, "<manifest> has more than one <application>");
XmlUtils.skipCurrentTag(parser);

continue;

}
foundApp = true;

if (!parseApplication(pkg, res, parser, attrs, flags, outError)) {
return null;
¥
} else if (tagName.equals("keys")) {
if (!parseKeys(pkg, res, parser, attrs, outError)) {
return null;
}
} else if (tagName.equals("permission-group")) {
if (parsePermissionGroup(pkg, flags, res, parser, attrs, outError) == null) {
return null;
}
} else if (tagName.equals("permission")) {
if (parsePermission(pkg, res, parser, attrs, outError) == null) {
return null;
¥
} else if (tagName.equals("permission-tree")) {
if (parsePermissionTree(pkg, res, parser, attrs, outError) == null) {
return null;
}
} else if (tagName.equals("uses-permission")) {
if (!parseUsesPermission(pkg, res, parser, attrs, outError)) {

return null;

}

PR %L parseApplication()FH Tt APP br25 HLME S, APP bR HALE T Android P4 K4
f CActivity. Receiver. Service. Content Provider) [1J{5 S S5(E Bl T 5 IR Bl 45 3
PackageParser.Package % PKG, MRIEA Fitl 7 T AndroidManifest.xml SCEFHIAE
$E oK scanPackagell (pkg, ...) #UA, ATHHREIPIFFNT 4L PKG # ESEEAN . ik
scanPackageLl (pkg, ..) M TAbHHL=H P FEMEE R, A NativeLibraryHelper F1
Installer FJAHR PRI T 2256
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iz APP A TR P, WA getSharedUserLPw() bR 03k B JL 52 UID 1
SharedUserSetting. WA FIEEHTE, X540 UID.

SharedUserSetting getSharedUserL Pw(String name,
int pkgFlags, boolean create) {
SharedUserSetting s = mSharedUsers.get(name);
if (s ==null) {
if (!create) {
return null;
¥
s = new SharedUserSetting(name, pkgFlags);
s.userld = newUserldLPw(s);
Log.i(PackageManagerService. TAG, "New shared user " +name + ": id=" + s.userld);
if (s.userld >= 0) {
mSharedUsers.put(name, s);

return s;

}

TEPREL scanPackageLl (pkg, ...) H, i pR%l getPackagel Pw()#321i% APK 1[1] PackageSetting
JOE

pkgSetting = mSettings.getPackagel Pw(pkg, origPackage, realName, suid, destCodeFile,
destResourceFile, pkg.applicationInfo.nativeLibraryDir,
pkg.applicationInfo.flags, user, false);

PR %L getPackageLPw()7E X f-/frameworks/base/services/java/com/android/server/pm/Settings.
java SEEL,  HARAL W,

private PackageSetting getPackageLPw(String name, PackageSetting origPackage,
String realName, SharedUserSetting sharedUser, File codePath, File resourcePath,
String nativeLibraryPathString, int vc, int pkgFlags,
UserHandle installUser, boolean add, boolean allowInstall) {
p = new PackageSetting(name, realName, codePath, resourcePath,
nativeLibraryPathString, vc, pkgFlags);
p-appld = newUserldLPw(p);

BRI newUserldLPw()H T4 APP 43/t UID, X AEZAY HDG R K UID st B4 T o
[ 1] pK 3] scanPackageLl(), FFURdEIES, HRELBIAE A .
pkg.applicationInfo.processName = fixProcessName(
pkg.applicationInfo.packageName,

pkg.applicationInfo.processName,
pkg.applicationInfo.uid);
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X R AP 2 — B APP T, 2 PR 204 APP (S H oK.

private int createDataDirsLI(String packageName, int uid, String seinfo) {
int[] users = sUserManager.getUserlds();
int res = mInstaller.install(packageName, uid, uid, seinfo);
for (int user : users) {
if (user 1= 0) {
res = mInstaller.createUserData(packageName,
UserHandle.getUid(user, uid), user);

Installer /& —MREESE, ‘B2 FG 11 installd {5 FF il installd ¢ AR T4E . installd [
SEEAT TS frameworks/native/cmds/installd/commands.c 7', BRI install )2 )& APP H 3%
(/data/data/<package-name>), F:AF lib H s (W54, Wi /data/data/xxx/lib -> /data/app-lib/xxx "

B FoRBEE MR H 3% 4y/data/data/<package-name>/lib, ‘& fgn)/data/app-lib, & J5 FF4°
JRAEPESCAE CanRA D) R RZH T

if (pkgSetting.nativeLibraryPathString == null) {
setInternal AppNativeLibraryPath(pkg, pkgSetting);
} else {
pkg.applicationInfo.nativeLibraryDir = pkgSetting.nativeLibraryPathString;

}

if (pkg.applicationInfo.nativeLibraryDir != null) {

try {
File nativeLibraryDir = new File(pkg.applicationInfo.nativeLibraryDir);

try {
if (copyNativeLibrariesForlnternal App(scanFile, nativeLibraryDir) != PackageManager.

INSTALL_SUCCEEDED) {
Slog.e(TAG, "Unable to copy native libraries");
mLastScanError = PackageManager INSTALL FAILED INTERNAL ERROR;

return null;

IR T copyNativeLibrariesForInternal App() %L,  Hifi%2% 1 H] NativeLibraryHelper.
copyNativeBinariesIfNeededLI() 8 £ 4% APK L [¥) i A= 22 gt I tH 5K it 1] /data/app-1ib [¥1 5% 1 H
SIS

Tk PMS 1 H performDexOptLI)LAL Java [~ 1565, B dex SC#F.

if ((scanMode&SCAN _NO_DEX) ==0) {
if (performDexOptLI(pkg, forceDex, (scanMode&SCAN_DEFER DEX) != 0, false)
==DEX_OPT FAILED) {
mLastScanError = PackageManager.INSTALL_FAILED DEXOPT;

return null;
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HAEM e TR AL G 6 installd ZEREP5E/E  installd ) dexopt() B E o i HE 41
iT

FEIEAT dalvik I& /& ART JERINIKIEFE A run_dexopt()E run_dex2oat().

if (strncmp(persist sys dalvik vm_lib, "libdvm", 6) == 0) {
run_dexopt(zip_fd, out fd, apk path, out path, dexopt flags);
} else if (strncmp(persist_sys dalvik vm_lib, "libart", 6) == 0) {
run_dex2oat(zip_fd, out_fd, apk path, out path, dexopt flags);
} else {
exit(69);
}

W TG H] T Dalvik P55, K dex HUALIL odex SCfF. J#IGHI T ART PR5E, # dex Fi#%
LRI TR oat UM (AL PTHATAUD) T T N E&IT T /system/bin/dexopt BY
/system/bin/dex20at 3L, FTLA dexoptO¥ < iR it RE BT, B COAE N CHFESERE 45 R .
7E ART 50T, /system/bin/dex2oat #¢1AH] (SN T-/art/dex2o0at/dex2o0at.cc). it ] elf 3C
1} 18U /data/dalvik-cache/data@app@<package-name>@classes.dex . & fEMTF 2R, X T
Dalvik #ll ART, 3XANSCARA4FRAH [FEPE BT AR AN A o 7 Dalvik F85N, &S0 ARG 1)+
R, TMAE ART FREE T, IXANUR nT AT S0 T

WA H AT APP, EL ActivityManager i killApplication() PR EFE A Hi . 4
APP #EHT G, E R OR B AE NAF IS T A I .

killApplication(pkg.applicationInfo.packageName,
pkg.applicationInfo.uid, "update pkg");

SR JE 225 1K) APP 7121 2] PMS 1) mPackages H' . mPackges &7 Hash &, 347 T M
4 %] PackageParser.Package MWL} . 7E Settings A4 —> mPackages, 7EHIHIPRAFIIEE 4
#I| PackageSetting FIHLT o Hi8 F20E APP L& LA IR, TG & 2 et #E b s B
LIS B — DM RFRSE R, — RIS ER.

mSettings.insertPackageSettingL Pw(pkgSetting, pkg);
addPackageSettingLPw(p, pkg.packageName, p.sharedUser)
mPackages.put(name, p);
// Add the new setting to mPackages
mPackages.put(pkg.applicationInfo.packageName, pkg);

B ROk APP HH414415 & (content provider. service. receiver. activity) itk E| R4
H, SIAMRAEHT T APP AC & SO A SRR AT W AR A 4

int N = pkg.providers.size();
StringBuilder r = null;
int i;
for (i=0; i<N; i++) {
PackageParser.Provider p = pkg.providers.get(i);
p.info.processName = fixProcessName(pkg.applicationInfo.processName,
p.info.processName, pkg.applicationInfo.uid);
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mProviders.addProvider(p);
N = pkg.services.size();
N = pkg.receivers.size();
N = pkg.activities.size();
N = pkg.permissionGroups.size();

N = pkg.permissions.size();

IR [H] 21 PMS F3d s E P A TIOR TAF, FEAFEEHIL=REGEE, FEIRER, Lk
Bl 5 B Hra e fa, BWE A LG RSO, T mataT Lo
updateAllSharedLibrariesLPw() b8 %5 4y JIS L6487 H] 2 & B 1) APP 98 € B A8 EAE B T T
updatePermissionsLPw() B ZUH T T APP AH M AR

private void updatePermissionsLPw(String changingPkg,
PackageParser.Package pkglnfo, int flags) {

if ((flags&UPDATE_PERMISSIONS ALL) !=0) {
for (PackageParser.Package pkg : mPackages.values()) {
if (pkg != pkglnfo) {
grantPermissionsLPw(pkg, (flags& UPDATE PERMISSIONS REPLACE ALL) !=0);
}

}

LE3CAF AndroidManifest.xml 7 APP £ HUE—SA R, Ehine BT BIE B, IR A,
PRI 3L%% . 0F AndroidManifest.xml H RS T .

<uses-permission android:name="permission_name">

1X HLHY permission name #%Jil % requestedPermission "', Fni% APP HITHIZAUR . £l
grantPermissionsLPw() B ZK HI W RETT 25 T AH AR, i S eV 2 TR CRIFEA BR XS R 1)
GID 115 APP f) GID %), KAUBRAE Linux How Nk & Group (41), H GID £7R),
FAEZA R N2 grantedPermissions H1, 83K CU% T %A MK .

private void grantPermissionsLPw(PackageParser.Package pkg, boolean replace) {

final int N = pkg.requestedPermissions.size();
for (int i=0; i<N; i++) {
if (!gp.grantedPermissions.contains(perm)) {
changedPermission = true;
gp.grantedPermissions.add(perm);
gp.gids = appendInts(gp.gids, bp.gids);
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} else if (!ps.haveGids) {
gp.gids = appendInts(gp.gids, bp.gids);
}

e, BREL writeLPr()F 23645 A 5 [H] 21 packages.xml SCHF, IX 2 —TF4A readLPw()pfi
FOSRIRAN SO, XA R U S n] DL X BLA R BB e T .

void writeLPr() {
serializer.startTag(null, "permission-trees");
for (BasePermission bp : mPermissionTrees.values()) {
writePermissionL Pr(serializer, bp);

}

serializer.endTag(null, "permission-trees");

serializer.startTag(null, "permissions");

for (BasePermission bp : mPermissions.values()) {
writePermissionLPr(serializer, bp);

}

serializer.endTag(null, "permissions");
for (final PackageSetting pkg : mPackages.values()) {
writePackagel Pr(serializer, pkg);

}

LR ab, AN E B e APP I R R e Ee, AT EEHB T T
2.
PackageManagerService: APK {05 PSS .
Settings: T H APP [ 4% (5 B
PackageSetting: APP M3 %3(5 5
SharedUserSetting: $L= Linux H /.
PackageParser.Package: APP [ AAC B (5 &
Pm: pm iy & SLIK.
Installer: installd daemon f{FES,
HandlerThread: PMS TAFZEFE.

ooO0do0oouUOoo

14.3 ART 223

7t Android RZiH, PMS 157 APK (1 HE DL N R 7 (1) e s 2k, A4t APK
FARAE A MDA, dex 2 oat [ FEml 2 7E PMS 58, PMS [ SystemServer
(JEN5 4 1% Ay frameworks/base/services/java/com/android/server/SystemServer.java) i, 154X
(YIRS

1. public void initAndLoop() {

2. ..

3. Slog.i(TAG, "Waiting for installd to be ready.");
4. installer = new Installer();
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5. installer.ping();

6. ......

7. pm = PackageManagerService.main(context, installer,

8. actoryTest != SystemServer. FACTORY_TEST_OFF, onlyCore);
9. o

Ej:ﬁﬁﬁ%qj 2 4 4701 Installer 5245, Installer 2 E 241 571 installd R4S IT socket
BATIE

AN

Ge BT ﬁﬁﬁﬁ PackageManagerService.main pA%L, HAAARLWIT .,

1. public static final [PackageManager main(Context context, Installer installer,
2. boolean factoryTest, boolean onlyCore) {

3. PackageManagerService m = new PackageManagerService(context, installer,
4. factoryTest, onlyCore);

5. ServiceManager.addService("package", m);

6. return m;

7.}

IR T RS2 A PMS 521, FEIEA] ServiceManager. addService BRECEFHN N
#l| ServiceManager A LERIT . PMS HIRIIE pAEGT LW .

1. public PackageManagerService(Context context, Installer installer,
2. boolean factoryTest, boolean onlyCore) {

3.

4. mInstaller = installer;

S5e

6. if (mSharedLibraries.size() > 0) {

7. Iterator<SharedLibraryEntry> libs = mSharedLibraries.values().iterator();
8. while (libs.hasNext()) {

9. String lib = libs.next().path;

10. ......

11. try {

12. if (dalvik.system.DexFile.isDexOptNeeded(lib)) {
13. alreadyDexOpted.add(lib);

14. mInstaller.dexopt(lib, Process.SYSTEM_UID, true);
15. didDexOpt = true;

16. }

17.}

18.}

19.}

20. ......

21.}

TR FEE T dex B oat A& UK AL RE, X EIRACRS I HAR UL T
Q % 417: K% installer I{{H %5 minstaller, installer 7E SystemServer "1 58 A 44K o
Q 2% 617 : mSharedLibraries s&—1> HashMap 54, f- f¢ T /system/etc/permissions/platform.
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xml CAER ARG EERE R, 7E platformxml L5 T RS EG R, %
RS RSO AR R A

Q 5 9 47 IREUESCAFMERAE.

Q 28 1247: ¥H] DexFile.isDexOptNeeded PRECHIWT APK B jar A2 5 Fr LA T AL AL,
ZEREACHEIN, PO A% Ay libeore/dalvik/sre/main/java/dalvik/system/DexFile.java.

1. native public static boolean isDexOptNeeded(String fileName)
2. throws FileNotFoundException, IOException;

A W,  isDexOptNeeded A% &4~ Native PREL, {H 21X Native pRELF @ I
HWA, 7 BAEAE T 30 /dalvik/vm/native/dalvik_system DexFile.cpp A3 ff/art/runtime/native/
dalvik_system_DexFile.cc . MUEIDERATKE, A& ZEA Dalvik BATIRELN], )52
ART IZATIRELM). 7E ART 85, SCfF/art/runtime/native/dalvik_system DexFile.cc 1 Native
PR IEFE VT LS 2% ART Runtime ] Native

TE3C system_DexFile.cc H4f Y isDexOptNeeded 1 Native PR DexFile  isDexOptNeeded,
ARSI, LD RE AL AR — LSRN W7 & A 5 EEEAT dex SCIFIIARAL 54

1. static jboolean DexFile isDexOptNeeded(JNIEnv* env, jclass, jstring javaFilename)

{

2. ...

3. ScopedUtfChars filename(env, javaFilename);

4. ...

5. Runtime* runtime = Runtime::Current();

6. ClassLinker* class_linker = runtime->GetClassLinker();

7. const std::vector<const DexFile*>& boot class path = class_linker ->
GetBootClassPath();

8. for (size ti=0;1<boot class path.size(); i++) {

9. if (boot_class_path[i]->GetLocation()== filename.c_str()) {

10. return NI FALSE;

11.}

12.}

13. ...

14. std::string cache location(GetDalvikCacheFilenameOrDie(filename.c_str()));
15. oat_file.reset(OatFile::Open(cache _location, filename.c_str(), NULL, false));
16. if (oat_file.get()== NULL) {

17. LOG(INFO) << "DexFile isDexOptNeeded cache file " << cache location
18. <<" does not exist for " << filename.c_str();

19. return JNI_ TRUE;

20. }

21. ...

X EIRAH ) B AR BRAE LR
Q 5 5-11 17: AW 2B AAAET bootclasspath B2 H, XTI & XAE bootclasspath
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SO D 2ol TALAREE, DRIt [H] falses
Q % 14-19 17: FIWifE cache H3X T (/data/dalvik-cache/ H3%) A AFAE DAL 1)
dex U, EEAWIEFTE log {5 BRI trues
F34b, PR DexFile_isDexOptNeeded 1A —LEHARE I BRI, 451 Wik 25 & 75 A7 A XS R
ff) odex A classes.dex SCAFIIARIAE S T A
[1]3]] PackageManagerService [JRAERRAL, 7255 12 17 58 MU AT 77 EEUEAT dex PRAb 1]
Ja, W ST dex AL, WIS Jek iz A AR I 2144 ) alreadyDexOpted (1) HashSet 1,
SRJGTESS 14 4TV H Installer 28/ dexopt AL, 1ZeRE LIS o

1. public int dexopt(String apkPath, int uid, boolean isPublic) {
2. StringBuilder builder = new StringBuilder("dexopt");

3. builder.append(' ");

4. builder.append(apkPath);

5. builder.append(' ");

6. builder.append(uid);

7. builder.append(isPublic ? " 1" : " 0");

8. return execute(builder.toString());

9.}

e BIRRAS Y, 28 2-7 AT H TR — BT H, LLR S /system/framework/javax.obex jar
J9f1, W apkPath {H J/system/framework/javax.obex jar; UID {E A Process.SYSTEM_UID, KJ!
1000; isPublic FI{EA true. PRIILAJIETER TN “dexopt /system/framework/javax.obex.jar
1000 17 2 8 AT execute PATIRAII A4, PREL execute IRACESAIT

1. private int execute(String cmd) {

2. String res = transaction(cmd);

3.try {

4. return Integer.parselnt(res);

5. } catch (NumberFormatException ex) {
6. return -1;

7.}

8.}

FE B, 25 2 47U T transaction PR, MLEREUIAZ O TR .

1. private synchronized String transaction(String cmd) {
2.if (!connect()) {

3. Slog.e(TAG, "connection failed");

4. return "-1";

5.}

6. if (!writeCommand(cmd)) {

7. Slog.e(TAG, "write command failed? reconnect!");

8. if (Iconnect() || !writeCommand(cmd)) {

9. return "-1";

10. }

HE 423



Android ZEMLANEHEBR

76 LIRS, KR 2K Installer 22471 5T installd AR 55 3E1T socket T, FTLASE 2 171
SEURH connect B%L 5 socket ZE/IEHE, #6171 H writeCommand PR %5 7] socket A% % -

B FRIFLEHT installd ARG, FLSZIRYRARHS AL T S/ frameworks/native/cmds/installd/
installd.c #1, P&%L main B ARASUWTT o

1. int main(const int argc, const char *argv[]) {
2.

3. for (;;) {

4. alen = sizeof(addr);

5. s = accept(lsocket, &addr, &alen);

6. ......

7. ALOGI("new connection\n");

8. for (5) {

9. unsigned short count;

10. if (readx(s, &count, sizeof(count))) {
11. ALOGE("failed to read size\n");

12. break;

13.}

14. if ((count < 1) || (count >= BUFFER_MAX)) {
15. ALOGE("invalid size %d\n", count);
16. break;

17.}

18. if (readx(s, buf, count)) {

19. ALOGE("failed to read command\n");
20. break;

21.}

22. buf[count] = 0;

23. if (execute(s, buf)) break;

24. }

25. ALOGI("closing connection\n");

26. close(s);

27.}

28.

29. return 0;

30. }

76 LIRS, Y installd BUE]—A socket TERJG, B AIWHAE NIHE BRI
KBE B 10-17 475 B K0 B R BN B buf 2041 b (58 18-22 47); It VA HI MR 4K execute
PATIT Lo PREL execute SEMTAT L FATH, JFRMAAHN K BREEAT, AT “dexopt/system/
framework/javax.obex.jar1000 1”7 #74%, 2 SO installd.c H11 do_dexopt BRZEL, 1Mi%
PREUUE LA dexopt BREL, FARRIS T .
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1. static int do_dexopt(char **arg, char reply[REPLY MAX])
2.4

3.return dexopt(arg[0], atoi(arg[1]), atoi(arg[2]));

4.}

76 FRARRS T, dexopt & A =ANZHUE 51 ) K /system/framework/javax.obex.jar. 1000
1, ZREUT T /frameworks/native/cmds/installd/commands.c Y5 3C/EH, EARCILR,

. int dexopt(const char *apk path, uid tuid, int is_public)

{

. struct utimbuf ut;

. struct stat apk_stat, dex_stat;

. char out_path[PKG PATH MAX];

. char dexopt_flagsflPROPERTY VALUE MAX];

. char persist_sys dalvik vm_libfPROPERTY VALUE MAX];
. char *end;

© © N L AW~

.int res, zip_fd=-1, out fd=-1;

10. if (strlen(apk_path) >= (PKG_PATH MAX - 8)) {

11. return -1;

12.}

13. property_get("persist.sys.dalvik.vm.lib", persist _sys dalvik vm_lib,
"libdvm.so");

14. sprintf(out_path, "%s%s", apk path, ".odex");

15. if (stat(out_path, &dex_stat) == 0) {

16. return 0;

17.}

18. if (create_cache path(out path, apk path)) {

19. return -1;

20. }

21. ......

22. pid_t pid;

23. pid = fork();

24. if (pid == 0) {

25. ...

26. if (strncmp(persist_sys dalvik vm_lib, "libdvm", 6) == 0) {
27. run_dexopt(zip_fd, out fd, apk path, out path, dexopt flags);
28. } else if (strncmp(persist_sys _dalvik vm_lib, "libart", 6) == 0) {
29. run_dex2oat(zip_fd, out fd, apk path, out path, dexopt flags);
30. } else {

31. exit(69); /* Unexpected persist.sys.dalvik.vm.lib value */

32.}

33. exit(68); /* only get here on exec failure */

34.}

35. ...

Xt ERACH B AR T .
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Q 28 10-12 17 A EIHAT AL ST AR BEREAT FI 0T

Q %5 13 17: 3KELA A persist.sys.dalvik.vm.lib [ JEYE(E, BRIME A libdvm.so, 48R%T
ART IZATHEE, %{H0 libart.so.

Q 5 14-1717: HWHE T CAAFAEN N1 .odex SCPF, WHRAT U] O Ll HisbHE, n] LA
HH AN, out path #4154 /system/framework/javax.obex jar.odex .

Q %5 18 17: JMH create_cache path PREX) out path AbHE 5 HAH £ 2 Jy/data/dalvik-cache/
system@framerok@javax.obex.jar.odex.

Q 28 2347 fork —/NFREFERTER dex SCAFITEAL

Q 2 26-29 17: MARIZATIABTI AR K e HORAT dex SCIFIALEE, #72 Dalvik, Wi
H run_dexopt BA%; #5752 ART, WA run dex2oat %Y.

B2 HT run_dex2oat AL, HHEARMUIEIIT .

. static void run_dex2oat(int zip fd, int oat fd, const char* input file name,
. const char* output_file name, const char* dexopt_flags)

{

. static const char* DEX20AT BIN = "/system/bin/dex2oat";

. static const int MAX INT LEN = 12;

. char zip _fd arg[strlen("--zip-fd=") + MAX INT LENT];

. char zip location_arg[strlen("--zip-location=") + PKG PATH MAX];

. char oat_fd arg[strlen("--oat-fd=") + MAX INT LEN];

. char oat_location_arg[strlen("--oat-name=") + PKG_PATH MAX];

© ® NN LA WD —

—_ =
= =

. sprintf(zip_fd arg, "--zip-fd=%d", zip_fd);

. sprintf(zip_location_arg, "--zip-location=%s", input_file name);
. sprintf(oat_fd_arg, "--oat-fd=%d", oat_fd);

. sprintf(oat_location_arg, "--oat-location=%s", output_file name);
15. exec(DEX20AT BIN, DEX20AT BIN,

16. zip_fd arg, zip location_arg,

—_
F VSN )

17. oat fd arg, oat location arg,
18. (char*) NULL);
19.}

# ik ACiSH, DEX20AT BIN $5 [ dex2oat 47 SCHE 4%, Ell/system/bin/dex2oat,
dex FI| oat SCAFHS e 4t 4 F5 B I i W PAT SCAF S8 G B 6-14 AT 58S EUN ML,
“zip-fd” FKIRAF G I SO R SRR T, “ --zip-location” KRRy FE ¥ SCAE RIS AR, (E N
“/system/framework/javax.obex.jar”, “--oat-fd” N4 LI SCAFRIRST, “--oat-location”
F TR e e o L B th SO AR BR A, (O /data/dalvik-cache/system@framerok@javax.obex.
jarodex”; % 15 17JHH execl $14T dex2oat 4.

14.4  3CI dex2oat Bl
/system/bin/dex2o0at X W ({55 SCAFAL T SCA/art/dex2oat/dex2oat.ce, BRIEL main ) SEHAR

ERITA
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1. int main(int argc, char** argv) {
2. return art::dex2oat(arge, argv);
3.}

i LR R, EHRGAA ART fiy42 2500 MK dex2oat pREL, BARZPAAUT R, H
SR KL AR H AR T B2

1441 SRR

L ZHRHTANSC ARSI R, RS ASH LR, O s BT Sk ] TR 2 AR 5
FEA IR T AT 3B 2 (VAR B AE s O SR WY, 1y FLIX AR B R R e 28 A1 A 3 R
SRR o

1. static int dex2oat(int argc, char** argv) {
2. ...

. CompilerBackend compiler backend = kPortable;
. #else

. #endif

. #if defined(__arm_ )

. InstructionSet instruction_set = kThumb2;
10. #elif defined(_ i386_ )
11. InstructionSet instruction_set = kX86;
12. #elif defined(_ mips_ )
13. InstructionSet instruction_set = kMips;
14. #else
15. #error "Unsupported architecture"
16. #endif
17. ...
18. for (int 1= 0; i < argc; i++) {

3
4
5
6. CompilerBackend compiler_backend = kQuick;
7
8
9

19. const StringPiece option(argv[i]);
20. ......
21. else if (option.starts with("--zip-fd=")) {
22. const char* zip fd_str = option.substr(strlen("--zip-fd=")).data();
23. if (!Parselnt(zip_fd_str, &zip_fd)) {
24. Usage("Failed to parse --zip-fd argument '%s' as an integer", zip fd_str);
25.}
26. } else if (option.starts with("--zip-location=")) {
27. zip_location = option.substr(strlen("--zip-location=")).data();
28. }
29. ...
30. } else if (option.starts_with("--oat-fd=")) {
31. const char* oat_fd str = option.substr(strlen("--oat-fd=")).data();
32. if (!Parselnt(oat_fd str, &oat fd)) {
33. Usage("Failed to parse --oat-fd argument '%s' as an integer", oat_fd_str);
34.}
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36. ......

37. } else if (option.starts with("--oat-location=")) {

38. oat_location = option.substr(strlen("--oat-location=")).data();
39.}

40. ......

41.}

42. if (oat_filename.empty() && oat fd ==-1) {

43. Usage("Output must be supplied with either --oat-file or --oat-fd");
44}

45. if (loat_filename.empty() && oat_fd !=-1) {

46. Usage("--oat-file should not be used with --oat-fd");

47.}

48. ......

49. if (oat_fd !=-1 && !image filename.empty()) {

50. Usage("--oat-fd should not be used with --image");

51.}

52. if (host_prefix.get()== NULL) {

53. const char* android product_out = getenv("ANDROID PRODUCT_OUT");
54. if (android product out != NULL) {

55. host_prefix.reset(new std::string(android product out));

56. }

57.}

58. if (android_root.empty()) {

59. const char* android root env_var = getenv("ANDROID ROOT");
60. if (android root env_var ==NULL) {

61. Usage("--android-root unspecified and ANDROID ROOT not set");
62. }

63. android root += android root _env_var;

64. }

65. bool image = (limage_filename.empty());

66. if (limage && boot_image filename.empty()) {

67. if (host prefix.get()== NULL) {

68. boot image filename += GetAndroidRoot();

69. } else {

70. boot_image_filename += *host_prefix.get();

71. boot_image filename += "/system";

72.}

73. boot image filename += "/framework/boot.art";

74. }

75. std::string boot_image option;

76. if (boot_image _filename.empty()) {

77.boot_image option += "-Ximage:";

78. boot_image option +=boot_image filename;

79. }

80. ......
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81. if (dex_locations.empty()) {

82. for (size ti=0;1i<dex filenames.size(); i++) {

83. dex_locations.push_back(dex filenames[i]);

84.}

85. } else if (dex_locations.size() != dex_filenames.size()) {

86. Usage("--dex-location arguments do not match --dex-file arguments");
87.}

88. ......

X IR R H ARG R

Q %5 3-717: 3 ART USE PORTABLE COMPILER “ZMEKHE ART REIUNLIKSY
AT

Q % 8-1617: M E AN PRk Efa 2%, AH ARM. 386 LU MIPS.

5 21-251T: RN “--zip-fd” SHOFFHEANHREIR(ELS “zip fd7 .

Q % 26-3917: 2 lf#HT k45 zip_location. oat_fd PAK oat_location. 3RIFZHUE E 5,
S0 — L HIAT HI T .

Q % 4546 17: KW “--oat-file” LLK “-oat-fd” ZHUEA IR BPLE, X T—LARIE
SN G, <M Usage PREETED dex2oat IMHH LI .

Q 25 5247: FIWr host prefix ZAA, KEAKAMH] “--host-prefix” 2%k, Kbk
if 7y iEA), 3KEL ANDROID PRODUCT OUT #5745 8 3 S B 45 host prefix 7%
. I8 B ANDROID_PRODUCT _OUT #3154 k4T Android 5S4 eI 15
— A “<ANDROID BASEDIR>/out/target/product/generic/” » F Android FHLik 7% I
AAFAEILIA AR B, host_prefix {EHI4 & NULL.

Q % 58-64 17: 3KHL ANDROID_ROOT IEiArt, iZ{EH A “/system” , tH5i/E Android
ZAY N system H k4%,

Q 25 6517: HIT image filename %%, KA /RE image 4 false, <SG 66 1711
if 733

Q %5 66 17: 7T host_prefix 4y NULL, boot_image _filename {i 4 “/system” (GetAndroidRoot
PRI HCJ Y 1 /art/runtime/utils.cc SCAFH, T38RI H] getenv ¢ “ANDROID_ROOT” ) ,
Ak in/system H R AEAEIINT , $ATH 73 17, % boot_iamge_filename
{4 “/system/framework/boot.art” .

Q % 76 17: &3 Fid#4ESS, boot image filename AN h%%, RIHEN if 4 iEf], boot
image option HZH A “-Ximage:/system/framework/boot.art” .

QO £ 81 1T: dex_locations A7, #EN if 4732, T dex_filenames {15847, FiLAAS
HAT for B3

1442 €I3E oal LIRS

A 5E IS BET I AR R B —NE I oat_location FISCIFFEER, BN BCA IR M)
BN oat HA MO L, BARUSLE.

O
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. UniquePtr<File> oat file;

. bool create file = !oat_unstripped.empty();

. if (create_file) {

. oat_file.reset(OS::CreateEmptyFile(oat unstripped.c_str()));

. if (oat_location.empty()) {

. oat_location = oat_filename;

}

.} else {

. oat_file.reset(new File(oat fd, oat location));

10. oat_file->DisableAutoClose();

11.}

12. if (oat_file.get()==NULL) {

13. PLOG(ERROR) << "Failed to create oat file: " << oat_location;
14. return EXIT FAILURE,;

15.}

16. if (create file && fchmod(oat file->Fd(), 0644) !=0) {

17. PLOG(ERROR) << "Failed to make oat file world readable: " << oat_location;
18. return EXIT FAILURE,;

14.}

© © N LA W~

e IR, 55 1 ATH BT File $8%H742 1 oat_file; 2 2 174 oat_unstripped 47,
FTLL create file £ii/R{EH N flase; 25 3 A7 HIWT create file {E, HEA else 435; 9 {TARYE oat fd
PLJ% oat_location fil## File SEIJFMR{ESS oat file; 25 10 1794 DisableAutoClose PR%(ZE
AFABNRA; 5 12-18 AT iHT —LE AW R, RS HUR B T AN File 564, &%
HEIE B NMEATER

144.3 dex2oat & T1E
R ARTFIARTER dex 1] oat SCAFAR A IHAR TAE, HARRSLIT .

I ...

2. Runtime::Options options;

3. options.push_back(std::make pair("compiler", reinterpret cast<void*>(NULL)));
4. std::vector<const DexFile*> boot_class_path
5. if (boot_image option.empty()) {

8. options.push_back(std::make pair(boot image option.c_str(),
reinterpret _cast<void*>(NULL)));

9.}

10. ......

76 LR, 55 2 47 ] T Runtime::Options 28148 5 options, [fi Runtime::Options
SRR b — AN E pair Chttp://www.cplusplus.com/reference/utility/pair/) 2R [K] (vector) 254,
73 3 A/art/runtime/runtime.h H5E X, ARG WTF .

1. class Runtime {
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2. public:

3. typedef std::vector<std::pair<std::string, const void*> > Options;
4. ...

5.}

15 RS, pair ISP EEE — SRR, SN ATRER, RLT HashMap 228
458 . 25 3 4T7E options ZZ & N II—> pair 2dls; 25 4 17758 T 652K DexFile [fJ vector
AP boot_class path, 28 DexFile £k f4/art/runtime/dex_file.h H5& X, HSZHEAE Dalvik
EIEFXT dex SCAFE I E s 5 5 AT H T boot_image option AN A7, BT LAFAT else 433215
f), BRI 8 1T, HKSIAE options NN pair £, boot image option {H 4 “-Ximage:/
system/framework/boot.art”. It LA #% options "1 4075 compiler ”F1-Ximage:/system/framework/
boot.art” I,

14.4.4 12EY classes.dex sz
B FoRIGIEN oat SCAFRIBIEEFNF M TAE, SRS,

1. Dex20Oat* p_dex2oat;

2. if (!Dex20at::Create(&p_dex2oat, options, compiler backend, instruction_set,
thread count)) {

3. LOG(ERROR) << "Failed to create dex2oat";

4. return EXIT FAILURE;

5.}

6. UniquePtr<Dex2Oat> dex2oat(p_dex2oat);

7. Thread* self = Thread::Current();

8. self->TransitionFromRunnableToSuspended(kNative);

9. WellKnownClasses::Init(self->GetJniEnv());

10. ......

11. std::vector<const DexFile*> dex_files;

12. if (boot _image option.empty()) {

13. dex_files = Runtime::Current()->GetClassLinker()->GetBootClassPath();
14. } else {

15. if (dex_filenames.empty()) {

16. UniquePtr<ZipArchive> zip_archive(ZipArchive::OpenFromFd(zip_fd));
17. if (zip_archive.get()== NULL) {

18. LOG(ERROR) << "Failed to open zip from file descriptor for " << zip location;
19. return EXIT FAILURE;

20. }

21. const DexFile* dex_file = DexFile::Open(*zip_archive.get(), zip_location);
22. if (dex_file==NULL) {

23. ...

24. return EXIT _FAILURE;

25.}

26. dex_files.push_back(dex _file);

27. } else {

28. ...
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29.}

30. for (const auto& dex_file : dex_files) {
31.if (!dex_file->EnableWrite()) {

32. ...

X EIRAAS ) H AR R

Q 2 147: 745 Dex20at KB HIFEEl, 28 Dex20at & X fE/art/dex20at/dex20at.cc
fEr.

Q % 217: A Dex20at [NF#A 7% Create, HH options S CVATE “dex2oat 5
TAE” #5381 T, compiler backend 7E A 45 “--compiler-backend” Z4i 117
', 2H#i5 ART USE PORTABLE COMPILER % 5E X MG MY, #i%EEXT,
Mk kPortable, 7524 kQuick; instruction set AEMSARHE I w45 & i H AR 164
AN FIFe 24 . BB BRTKERS> Android W& ARM, JITLL instruction_set
fH% kThumb2. thread_count B {EERIAYE#L Nilid sysconf( SC_NPROCESSORS_
CONF)MAGRI, Wite CPU AN S, PA% Dex20at::Create [JSKEARIL IR,

. static bool Create(Dex2Oat** p_dex2oat,Runtime::Options& options,

. CompilerBackend compiler backend, InstructionSet instruction_set,

. size_t thread count)

. SHARED TRYLOCK FUNCTION(true, Locks::mutator lock ) {

. if (!CreateRuntime(options, instruction_set)) {

. *p_dex2o0at = NULL;

7. return false;

8.}

9. *p_dex2o0at = new Dex2Oat(Runtime::Current(), compiler_backend, instruction_set,

AN L A W N =

thread count);
10. return true;
11.}

fE_BRARIS 2 5 AT H B CreateRuntime 3KH{ Runtime (/art/runtime/runtime.cc)
RKISE), FFATAHCM % E . KA Runtime Z8FH 414K, BT LSRN Runtime S5 2 A
SR, WS 4 ATHR, 5T Runtime ZESE00 I SREN LLAS AT BRL, 2 — AN IR (1) BRG] e v
Bix; 28 9 1780 Dex20at ZKHSEMH], Dex20at RIS pAELLAR i o, FUE— Sl i i
fH#AE, BARAAEUTS, B TAEAN—S25008, Iidsx 7 SEBILIR N TR ORAEAE start_ns JiK

AR,

1. explicit Dex2Oat(Runtime* runtime,

2. CompilerBackend compiler_backend,

3. InstructionSet instruction_set,

4. size tthread count)

5. : compiler backend (compiler backend),
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6. instruction_set_(instruction_set),
7. runtime_(runtime),

8. thread count (thread count),

9. start ns (NanoTime()) {

10. }

L3 dex2oat PAEL, 55 6 170 p_dex2oat FLHIMR(EZS dex2oat AFE; 2 7 1TIHH
Thread::Current BR324 HIZkRE, Thread 53¢ X fE/art/runtime/thread.h k3 2 8 4T
PR Runnable P43 Suspend, Fifd 2 FI7EHAH Dex20at::Create "1 3RHX 181,
PR% TransitionFromRunnableToSuspend 7E/art/runtime/thread-inl.h Sk3CPF e X, S —ASWEE
PR 55 9 17U WellKnownClasses::Init PRELGER—LE INT 28, pRELLL A BT GR AL 3
1, FEIEM INLIBITHEE P Ak — 2828 S5 B IFIR L, self->GetIniEnv() i] LAIRAT 2L
FEORIEM) INI 3AEE, Init PR EUARASAE SCfF/art/runtime/well_known_classes.cc o€ S5 2 11 47
44 dex_files [ vector B 25 12 1T H1 T boot_image option JEZ%, [KIUILIEN else 7335
%5 15 417 dex_filenames A%, BEN if 4737, &5 16 471§ ZipArchive::OpenFromFd p& %814
ZipArchive 2R, FETERL zip STAF RN AF S5 RIS

FE L JE TT 73 Hr 2K ZipArchive 1 28 78 3C 4 /art/runtime/zip_archive.h F1 /art/runtime/zip_
archive.cc 1S, PR%L OpenFromFd ) BEARSZIARAS 4 T .

1. ZipArchive* ZipArchive::OpenFromFd(int fd) {
2. ...

3. UniquePtr<ZipArchive> zip_archive(new ZipArchive(fd));
4. ...

5. if (!zip_archive->MapCentralDirectory()) {

6. zip_archive->Close();

7. return NULL;

8.}

9. if (!zip_archive->Parse()) {

10. zip_archive->Close();

11. return NULL;

12.}

13. return zip_archive.release();

14.}

7E R, 5 3 AT ZipArchive S HMRESY zip_archive A8, 2K ZipArchive
(PRE) I R A LT 5, BB T A AR B A AR, FUARRI k.

explicit ZipArchive(int fd) : fd (fd), num_entries (0), dir_offset (0) {}

ax’

% 5 478 H MapCentralDirectory 52/ Central Directory Header ¥4k L ACKS BT
CentralDirectory Header WU 2 ALE, 1ZpRE T2 SLHASaTT

1. bool ZipArchive::MapCentralDirectory() {
2. off64 t file length = Iseek64(fd , 0, SEEK END);
3
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4. size_t read_amount = kMaxEOCDSearch;

5. if (file length < off64 t(read amount)) {

6. read_amount = file_length;

7.}

8. UniquePtr<uint8 t[]> scan_buf(new uint8 t[read amount]);

9. o

10. if (Iseek64(fd_, 0, SEEK_SET) !=0) {

11. return false;

12. }

13. ssize tactual = TEMP FAILURE RETRY (read(fd , scan buf.get(), sizeof(int32 _t)));

14. ...

15. unsigned int header = Le32ToHost(scan_buf.get());

16. if (header != kLFHSignature) {

17. return false;

18. }

19. oft64 t search start = file length - read amount;

20. if (Iseek64(fd _, search_start, SEEK SET) !=search_start) {

21. return false;

22.}

23. actual = TEMP_FAILURE RETRY((read(fd , scan buf.get(), read amount));

24. ...

25. int i;

26. for (i=read amount - KEOCDLen; i >= 0; i--) {

27. if (scan_buf.get()[i] == 0x50 && Le32ToHost(&(scan_buf.get())[i]) ==
kEOCDSignature) {

28. break;

29.}

30. }

31. ...

32. off64 teocd offset = search_start + i;

33. const byte* eocd ptr = scan_buf.get() + i;

34. DCHECK (eocd offset < file length);

35. uintl6_t disk number = Lel6ToHost(eocd ptr + KEOCDDiskNumber);

36. uintl6 t disk with central dir=Lel6ToHost(eocd ptr + kEOCDDiskNumberForCD);

37.uintl6_t num_entries = Lel6ToHost(eocd ptr + KEOCDNumEntries);

38. uint16_t total num_entries = Lel6ToHost(eocd ptr + kKEOCDTotalNumEntries);

39. uint32_t dir_size = Le32ToHost(eocd ptr + kKEOCDSize);

40. uint32 tdir offset = Le32ToHost(eocd ptr + KEOCDFileOffset);

41. uint16_t comment_size = Lel6ToHost(eocd_ptr + kKEOCDCommentSize);

42. ...

43. dir map_.reset(MemMap::MapFile(dir_size, PROT READ, MAP SHARED, fd ,

dir_offset));

44. ...

45. num_entries = num_entries;

46. dir_offset =dir offset;

47. return true;
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48.}

X EIRAAS ) H AR R

Q %6 147: il Iseek64 PRECK SCAFIATT E AL R zip STIF45 R AT 2SI

Q %5 317: ¥ kMaxEOCDSearch I{{E%45 read amount, “kMaxEOCDSearch=(kMaxCommentLen
+kEOCDLen) =65535 +22”, 13t/ End of Central Directory M N, B4 Zip file
comment (R4 SCAFRIARS) AN 64KB, JITLL kMaxEOCDSearch fi KK B2
“65535+22”7

Q % 517: FIWEEEEA zip SCIFKSE /N T read amount, WHE read amount B ik &
Jy file length HIH.

Q % 847: AW scan_buf FEEHHIKRAFME LU STAF N2

Q %610 17 KRR FT EALE] zip KTk, BRUNAESRBOCCA K B I i HE Ar 31 T
AREs AL, BRSO UAT E AL .

Q 21347 MICHFIFIRALIESEELEL sizeof(int32_t) 711 N 2% scan buf H1,

Q 55 15-18 ATHAWTCAIT L 4 AT TN 0x04034b50, i/t Local File Header ff]
B4, A, UK zip SCHAS A IE

Q %19 17: U5 search_start {E, tHA/E/54E End of Central Directory 8% f 2 4f Hiik
CRHXS T3k .

Q 2820 17: KSCAHARRTEAL R search_start Ao

Q %23 17: 1 search start 2 JEMIFTH N E] scan_buf.

Q % 26-30 17: JF4{¥R End of Central Directory [

Q % 3217: 4 eocd offset IA{H.

Q % 3317: K145 EOCD bl rfa%t .

Q % 35-41 17: 3KELEOCD H 1 BHfE, Hr dir_size £7/8TH Central Directory Header

HIR/N, dir offset F/RE—A Central Directory Header AHX SCAFIFUAAL A% bl
Q %5 4317: FFrf Central Directory Header N Z8HLSS 21 N A7
Q 5 45-46 1T AN SRS B, PRAFAENT RN Central Directory Header /MK
kst
&L OpenFromFd pR%L, 55 9 171 H BA%L Parse ¥ Central Directory Header {RA7%
%M dir_entries_[f25 SafeMap (/art/runtime/safe_map.h) H1, H:H' Key 4 StringPiece 54 (38
StringPiece 73k 3 f/art/runtime/base/stringpiece.h H'E X ), Value A XJ/% Central Directory
Header WSS A7 R 4G AL
SHT5¢ ZipArchive::OpenFromFd 5, 4k4E[M| 2] dex2oat 1, 7E 21 1TIH DexFile::Open
PREL, 1% PREE S /art/runtime/dex_file.ce e X, HEH M DexFile::Open PREL, — M
constDexFile* DexFile::Open(const std::string& filename, const std::string& location), 7 —~j&
constDexFile* DexFile::Open(const ZipArchive& zip_archive, const std::string& location), 1XH 2

R JE A, AT .

1. const DexFile* DexFile::Open(const ZipArchive& zip_archive, const std::string&
location) {
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2. CHECK(!location.empty());

3. UniquePtr<ZipEntry> zip_entry(zip_archive.Find(kClassesDex));

4. ...

5. UniquePtr<MemMap> map(zip_entry->ExtractToMemMap(kClassesDex));
6. ......

7. UniquePtr<const DexFile> dex_file(OpenMemory(location, zip_entry->GetCrc32(),
map.release()));

8

9. if (!DexFileVerifier::Verify(dex file.get(), dex_file->Begin(),
dex_file->Size())) {

10. LOG(ERROR) << "Failed to verify dex file " <<location <<""';

11. return NULL;

12.}

13. if (!dex_file->DisableWrite()) {

14. LOG(ERROR) << "Failed to make dex file read only "' << location <<""';
15. return NULL;

16. }

17. CHECK(dex_file->IsReadOnly()) << location;

18. return dex_file.release();

19.}

7 BRARES T, 28 3 AT T 2K ZipArchive HHIR %L Find, LLSCHE4 Key $RENSY
zip AR SO IR P] ZipEntry £, 1% ZipEntry SE AN 254 Central Directory
Header, i kClasssesDex {E X dex_file.cc "HIZE 208 477€ X, {H M classes.dex”, ik
5 M A /system/framework/javax.obex jar(jar SCAFSEFR_EABIE—AS zip SCEF) T4k 3] classes.dex
IS 26 5 4T ZipEntry [ ExtractToMemMap AL, 1ZEREGH 7 LIRS I T .

. MemMap* ZipEntry::ExtractToMemMap(const char* entry filename) {
. std::string name(entry_filename);

.name += " extracted in memory from ";

. UniquePtr<MemMap> map(MemMap::MapAnonymous(name.c_str(),NULL,

1

2

3

4. name += entry _filename;

5

6. GetUncompressedLength(), PROT_READ | PROT_WRITE));

8. bool success = ExtractToMemory(map->Begin(), map->Size());
9. o

10. return map.release();

1.}

TE AR, 5 24 TSI AT B P, AT EMEDN “classes.dex extracted in memory
from classes.dex”; % 5 17 2 MemMap [) MapAnonymous(/art/runtime/ mem_map.cc)f! 4
MemMap #5241, HApE%L GetUncompressedLength 1A Central Directory Header H 3873
uncompressed size R{E, FARASLIT .

1. uint32_t ZipEntry::GetUncompressedLength() {
2. return Le32ToHost(ptr_ + ZipArchive::kCDEUncompLen);
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3.3

IR [A 3] PR %L ExtractToMemMap, 5 8 171 H ExtractToMemory BR#L, 1% 8501 SKIARAY
R

1. bool ZipEntry::ExtractToMemory(uint8 t* begin, size t size) {

2. .

3. oft64 t data offset = GetDataOffset();

4. ...

5. if (Iseek64(zip_archive ->fd , data offset, SEEK SET) !=data offset) {
6. PLOG(WARNING) << "Zip: Iseek to data at " << data_offset << " failed";
7. return false;

8.}

9. switch (GetCompressionMethod()) {

10. case kCompressStored:

11. return CopyFdToMemory(begin, size, zip_archive ->fd ,
GetUncompressedLength());

12. case kCompressDeflated:

13. return InflateToMemory(begin, size, zip_archive ->fd ,

14. GetUncompressedLength(), GetCompressedLength());

15. default:

16. LOG(WARNING) << "Zip: unknown compression method " << std::hex <<
GetCompressionMethod();

17. return false;

18.}

19.}

7 EIRAAS Y, 55 3 47U H GetDataOffset i % M Central Directory Header H' 4% Local File
Header H)fi#% 1, #8)5 M Local File Header &4 3 File Data FIAZ ., 1ZRREHE /ML AT .

1. oft64 t ZipEntry::GetDataOffset() {

2. ...

3.1int64 tlth offset = Le32ToHost(ptr + ZipArchive::kCDELocalOffset);

4. ...

5. if (Iseek64(zip_archive ->fd , Ith offset, SEEK SET) !=1th offset) {

6. PLOG(WARNING) << "Zip: failed seeking to LFH at offset " << Ifh offset;
7. return -1;

8.}

9. uint8 tlth buf[ZipArchive::kLFHLen];

10. ssize_t actual = TEMP_FAILURE RETRY(read(zip_archive ->fd , Ith buf,
sizeof(1th_buf)));

1. ......

12. off64_t data_offset = (Ifh_offset + ZipArchive:kLFHLen

13. + Lel6ToHost(Ith_buf + ZipArchive::kKLFHNameLen)

14. + Lel6ToHost(Ith_buf + ZipArchive::kKLFHExtralen));

15. ...

16. return data_offset;

EE 437



Android ZGRLMAN D E)HE B
17.}

e IR, 28 3 473k151% Central Directory Header X)W [ File Local Header H{#%
5y 5 5ATHG zip_archive ¥ fd JEAI BN MAEAL; S5 10 4T MWL AT AR T A 253 1th_buf
"5 55 12 17 M File Local Header 13k15 File Data ) fhi#% , BRI FEn] LLZ2% Local File Header
&5k, FoRE S 12 4740 B EiR[H] data_offset {H.

IR [F]F] ExtractToMemory FI%L, 2 5 {THRYE File Data M WAs 5K zip SCAISCAFREIB AT
A% File Data #Iff7'E; 2H 9 47HEN switch i5f1], GetCompressionMethod pR%{M Central
Directory Header "33 compression method “FBt{H. [FIt 13 171 InflateToMemory p& £ 23
W, 1R D) RE 2 58 K File Data RIf# s TAF

IR[H2] DexFile::Open FREH, ZRUILCZATEH T classes.dex SCFHIMR K IHBLU 2] T A A7
e 55 7 4T H OpenMemory PR%L, 1% PR F LA W

1. const DexFile* DexFile::OpenMemory(const byte* base,size t size,

2. const std::string& location,uint32_t location_checksum, MemMap* mem_map) {
3. CHECK ALIGNED(base, 4);

4. UniquePtr<DexFile> dex_file(new DexFile(base, size, location, location_checksum,
mem_map));

S.if (dex_file->Init()) {

6. return NULL;

7.} else {

8. return dex_file.release();

9.}

10. }

X EIRAHS ) H AR W R
Q 254 17: QI DexFile KM, 5865 01 AR UG, DexFile (1143 bR %L
A7 T3k A /art/runtime/dex_file.h H7 o
Q % 547: WH Init BKESERAILGE, W dex SCAF Stringld Typeld #1454, Lh K dex
AR — L GV A T AE
Q %5 9 17: PR DexFile::Open i FH PR % DexFileVerifier::Verify % CAF3ET dex &iktE
UaTle
Q 251347 WEMEAIEE.
Q 25 1747 REScfgm R, Wit — PRl E s LS A ).
iz |9 3] dex2o0at 1, 7E5 26 17 H] dex_files.push back(dex_file) KA f¥) DexFile 3£
BIAEN vector Hs 2 30-31 47°Kf dex LA E AT S .
BB IE, FESERC T M javax.obex.jar SCAFHEREL classes.dex FFMLS RN AR LA,
FERI SE R T dex SCHFAETEERUE TAE .

14.4.5 £J% oat 3215
GEEAMHT dexoat IIFRIT, 35 FARTFUAEIEE oat SCHF, FARFRFLUIT .

1. if (limage && (Runtime::Current()->GetCompilerFilter() !=
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Runtime::kInterpretOnly)) {

. size_t num_methods = 0;

. for (size ti=0;1!=dex files.size(); ++i) {

. const DexFile* dex file =dex_files[i];

CHECK(dex_file !=NULL);

.num_methods += dex_file->NumMethodlIds();

}

. if (num_methods <= Runtime::Current()->GetNumDexMethodsThreshold()) {
. Runtime::Current()->SetCompilerFilter(Runtime::kSpeed);

10. VLOG(compiler) << "Below method threshold, compiling anyways";

11.}

12.}

13. UniquePtr<const CompilerDriver>
compiler(dex2oat->CreateOatFile(boot_image option,host prefix.get(),android roo
t,is_host, dex_files,o0at_file.get(), bitcode filename, image, image classes,
dump_stats,timings));

1 BIRARES T, 55 2-10 47 FZEA dex SCAFHSRAF BB BOT WS HIA BB, 26 13
1T H PR 2L CreateOatFile B oat S« 5K oat F 70 I N 2R HKAE elf #% 219 SCAFH 1, Linux
TAEH file iy 4 KK K /system/framework/javax.obex.jar % #t J5 1] 3C 4 /data/dalvik-cache/
system@framework@javax.objex jar@classes.dex . 7 3 ff/art /compiler/elf writer quick.cc "1 (4
A5 L ART_USE_PORTABLE_COMPILER 7% It} £xiE N\ ElfWriterQuick::Create &%) [¥]
ElfWriteQuick::Write PR AH —AN ST 30

FEA Ak, S8R M dex SCHFEI oat SCEEAS U4 TAE, 48R7E dexoat Hib Ay — L6 4
PRI R A7 258 o

145 APK MHHVEEIR

S AR NI, O T T dex2oat %) R 48 SCAF A FE e AR FE . Xt
T— M) APK SCAFK UG, dex2oat HATHIVLFE AT LA PMS 1158, T [l Lh/system/app H
Sk N APK H 84k 6], 76 S PackageManagerService.java H 4SS U1 T .

1. File systemAppDir = new File(Environment.getRootDirectory(), "app");
2. mSystemlInstallObserver = new AppDirObserver(

3. systemAppDir.getPath(), OBSERVER _EVENTS, true, false);

4. mSystemInstallObserver.startWatching();

5. scanDirLI(systemAppDir, PackageParser.PARSE IS SYSTEM

6. | PackageParser.PARSE IS SYSTEM DIR, scanMode, 0);

X FRACH ) HAR B T

Q % 117: QRS APP [ H X142, Hl/system/app.

Q % 2-417: SCHURE SO H 3.

Q % 517: U scanDirLI()pRi%k, I pR 2 Dl B8 A2 1 PR 2 scanPackageLl X H 3% K
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HIE&EAS APK SCAF#EATF14# o scanPackageLl 2 performDexOptLl p&%(. 7E
performDexOptLI 1)U H Installer.dexopt PR#L, J&%: TAERFT ST “/system/
framework/javax.obex.jar” (W HLFE5E 42— 4, (EICREAS FEVE40 U1 o

IXFEY system_server JH3))J5, &1L log iR “art” IXANHEFRE, Wit dex2o0at T HAIH T

—ANECRI) “BB” SCfF. AR AT SEIS AL T IR B A

Q BN — LI T 24

Q BB REAR LA dex SCAF.

Q b rEgR 4.

Q fi i oat X4

Q —ME N PR MR jar SCAF

Q Mk TURLE Sk 5 jar SCPFRIZRN %8 A8 30

TEGVE BRI, I O S AEN I dex SCIFdm i, 4.

W/dex2oat ( 397): Verification of void org.ccil.cowan.tagsoup. HTMLSchema.<init>() took 187.968ms

HH LT W, , 7F Dalvik B8] Zygote BEFE IF A HUAR, "EMKARAFAE T ART Hbig,
BATIAT LA PR Dalvik —#E10 5 Aok HE S . ZEE R sl fEd, R ERS — 10w
BN H HI24T dexopt iFE. (HAEFRILZ A, dex2oat gwikas S — AT~ 4AN dex
SCAG E K oat SCHE. ART A T Zygote, BUBREA —HE, 25 FFARIAT SEBR IR R 7
[ E AR EAT T RS M g 3 LA, ERRHERR M e, X ks N7 BE, M&
FASNH) Android BN RGEH AL T o ART AMUALE —A “HAF ) Dalvik”, Jf HIE &0k
FHupl B —N g,

7E Android 241, ART B 1A% 02 IS Instalerl (195 53 B %L dexoptOXF APK B
(1) dex TP EATOLAARER, BT DA T 50 i (1) A 3 A0 38 T L R FH P AR5
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REMMWERIERG R (RER) MARE, BERHE G HsHE by
AR . R T H Fr 2R 0T Bk D T AL HAT I HERE . o TAERE S B A
VB R WAL IS AT I R, AR B A R S AR, S E 2 R G R
BEFH PSS, AR AN D I RGN AR A A BT, AR B — e RS T R
W R G Aee M, (HEEAX BT . dEARF M AT, KiEglvE#E Adroid RGELAL I IE
AHH

151 EBEERRGK

HEr & RETFHLTT I 2 PR RS, 4092 i0S Fl Android, Ff H.ELE R T BB H XS 37
BEE . 75 10S F R, Android JES LT ATV —A “ K7 2%, H5L Android /™
THH4 10S T Z AW A%, HAT Android 280 TRRAII TR AL, TEAEKF
Caf TR, ML Hr R4 8 S04k, Android “ K7 WSS CEH TRA
FREEIIZERE . HATIIRUZA UL E ook, e Byl “R7, WieFh ROM (A
B S AR R T o 2L Android (1R, wf LAS SIAN R IR, X5 R E] T Android
AP A il 7L

A1 RINER

XJE Android H /7 () — KA, &85 H P RIBLE o 743 208 4000 2 - P, Eetn/ vk
() MIUI ROM, HE&F56 B AR B, WAHE LSS5 WA doe . AT
18K PEREI I ACK B, MIUL LA E AR KA T2 18], A4y 4y ik #% 7 4T ROM 1
A HE N 4 ) CyanogenMod (4= Ek#x K Android 55 = /5 gm v HIBN, T&iFR CM) 1E Akl
BUR S — 2+ .

CyanogenMod %) H i =471 ROM 5 CM10 (Android 4.1). CM10.1 (Android 4.2).
CM10.2 (Android 4.3). CM11 (Android 4.4). CM12 (Android 5.0). CM12.1 (Android 5.1),
ForP s 5 AR MY Android FRAS 5

CM %741 ROM 52F Android JFAEARASITH  (Android Open-Source Project, AOSP),
TEIR)ZIRBNTT A TIRZ %5 ), WIAZ i & Folmy 12, [FESCR T3 2 10F
LA E X IR, teann] DOSFHL RSN s T 40 30 4%, A HG 8L T 3 15 B 9
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EREB P REESE, IXFE ] LAAE AU 45 F P iy R 500 LI [R115i44 58, 7 CM ROM
AR Z R BOE -

H A 25 1) ROM #B 2 A8 F CM b AT 32 il 1, 3 3070 20 B 77 B hit ROM iEA T2 04,
AR5 ROM 2B AOSP RS, 1X4E ROM fi [n] #4381 Nexus RAUMHLEL, L
W GALAXY Nexus fl Nexus S ] Codename 1 AOKP, e XML TR 2 &0k, 1EFHL
AT MG o

1512 RIA%

SAUBITFHLE ROM A, BHRZ TIRZ A2 XMIhEE, L cs s T
ROM, (ELEARIHAAR KR T ] o I BA Tl 5 2 il A AR BE— DAk, A% P
RETF R AP THE A WL R0, (EE X TR K SKE e EEH

Tl ARZATELR] ROM, 2 MR/NRI RS, BATRTHA LS Wipe (KB BEE )
BAE, RS RARIMER THLAN RS, Bl T Rat L s sk, BrUR A A I,
REREan UL N WZE, BTN, BEWBANWRZEES H . R NN 3K
SRR, AR A O THURAS, X H CPTRK ROM, A5 W2 i i FHLICTE 3
%, WMAERICEREELIE, PRl T R AR .

TN LA 2RI ? 50, K> WA BOASR LR i, IR 2 Fh
FEARIRNGS, R ORAEESANI TS D0 N A e HOR, IR OLE 2%,  LEWn A A7 B INLIK KA,
PO S, FEAE AP DUELEE 255 Linux (K48 17, HGAI5aBi Linux 3.3 A4 L1
CPU M4k T 45

F b, BT ROM BB T FHL WA, B2 T HERENH 1, {2 ROM 1)
Tl R e LA B N AZ KA, AT I ROM IEHI M AZAE R Z AR REZ ICE
B, FTASRATAT LA B A%, B R ENTREBAUE A S Be4 JA T R Pk e IR Tt
FEANEREE A L, FEANE REIE DS (0 U B L B ATIAE 2 SR (1 0 T 5

1513 HBEHNEMNH

S AR 15.1.1 A 15.1.2 /NITI2% ], Android FH P T f# T AN (¥ 5 45 ROM ALl Py 4% n]
DT RGTMAER T Kk WRie e Amia, ATEAHARR B TE, B F R EHE I
R TR P4 N A — AN T UK B B T B 1) 325 140 Google SR Il 25 ih A2 K38 40
SR T IR 5 o

Android A4 1i0S. Windows Phone &4t ANA], Android Z&GHHA HIEK )G GI121THES),
ST AR F IR TFHR A A RSN HZHT Android MFEFLEHIFAH 10S Al
Windows Phone JISFE, & T il il Yy A A st sede, PFrl 52203 Android FHLS &
HANLEERE, XA DR SR P RE . RG] St i Wi 15-1 .
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LARIF 201110180718

. i &

L% 6 2011-10-18 07:06

B 15-1 RSy A s
ISR a7 PN SR FH AR AR GF ik B, BRUAZERRA T AE L FE T, 142 Android PSRN
FRE P A LI, 1 X R P S ERA T R T T R &, XS FRATT Al i
oM. FERS TR 75 2 H 2 root XA HESS, RN FF B AAEFHLE LT root BUR . @1l 15-2
iR

i © £ ol @ FHI12:12
/

1970

cache

1970-01-29 18:17:00

config
1970-01-30 09

15-2  root A B4 S

SXHHEA “system/app” LT AT REIET4RAE T, JRAT 753590 root 45 B M0 24 iR PR 15
S, BT BRI AU, I HLAT TR AT R OB, 30T LARNBR Py B A T
TER R AT, FB AT %0, B #0280 ROM. W A IORE s RGR T, WAk
SHERTEE TN, X FZER ROM A, FrUAZERENEs, S &a T
Ui ROM RIS, LBzt .

HE 443



Android ZEMLANEHEBR

1514 BEAXRFRUDE

%I T Android REEKUL, WA T 10S RGe AMIGE k. 92 Android FRIAHSS>
FHEEM L L R, R RIS AR M, HEEA) #HE Android FHLH
RIS TFHLE HI ROM FHE8cA IR BIAL A SOR, 52 s b T3 T 28 1)

T LA AT LR B 7 20 FALEA TR Z G, AN ROM JFG1ETF-HLAETS1Y)
JEIMAEL R . E T BRI S A R P A

(1) — @ LR S R4 1) Android MUY, JUFHRAEEAMA SRS KX BE, BASHIT) Nexus
FRANVFHL, R e T T IS, TN EE =77 ROM H&kIFIEHi%, Nexus 51T
LIRS AL T .

(2) BRT ROM i, FRAMBZZERILMGEIE, LnNiE. & KTFHU B IR LA
WAZ RIS A —RE, RIS P RARTF, BTG K nl il A%, TE] T )5 kAR
FEBRHURARE P, aTRI P AZ IR 4 BE >, BLAR ROM 1RZ, (HASKIRI/NT, RIFLI SR
BN X LAY HR 1) Nexus BRI — UMM TR%E . 534, Android 195 J7 5l i AL B n]
PLEERAEH, il 15-3 fios.

€ source android. com/soures/index. hinl [+] ¢ \@. BE Tl 2| X e e
Home Compatibility ~ Tech Info Community About
Getting Started Get Involved

Initializing the Build Environment
Downloading the Source
Building and Running

Building for Devices

Building Kemels

Known Issues

Navigating the Source
Platform Overview
Branches & Releases
Build Numbers

Contributing
Life of a Patch
Submitting Patches
view Patches
Life of a Bug
Reporting Bugs

Reference
Version Control
Repo Commands
GitResources
Using Eclipse
Code Style Guidelines
FAQs

Frivacy & Terms

152 #HIZEE
EtAk Android %
7E Android A&, BRERFREPEMMEIG. BT HRRAERGH,
BLHEANTE J5 & T ffinfr «
B, WA CAEEBIT T, BRE R IE1T8HE G & M firzslT.

Thanks for your interest in Android! Here are some ways you can get involved and help us improve Android. For background on the Android project and our goals, check out the
Project Philosophy page.

Report Bugs

One of the easiest and most effective ways you can help improve Android is to file bugs. For more information, visit the Reporting Bugs page.

Please note that we can't guarantee that any particular bug will be fixed in any particular release. To see what happens to your bug once you report it, read Life of 2 Bug.
Develop Apps

We created Android so that all developers can distribute their applications to users on an open platform. One of the best ways you can help Android is to wite cool apps that
users love!

To get started, visit developerandroid.com. This site provides the information and tools you need to write applications for compatible Android devices, using the SDK.
Contribute to the Code

Cade is King. We'd love to review any changes you submit, so please check out the source, pick a bug or feature, and get coding. Mote that the smaller and more targetted
your patch submissions, the easier it will be for us to review them

‘You can get started with Android by leaming about the Life of 2 Patch, and by leamning about git, repo, and other tools using the links to the left. You can also view the
activity on all contributions on our Gerrit server. If you need help along the way, you can join our discussion groups.

K 15-3  Android JF& % Y5 S I

g RE T, B H VR SR SE A . R
Brgan] UAEAT
IZ1T7), BEW MR R RANERAT AT RGBS R — e T3

B1T),

FRfazAT, Ul S XA e R R T
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15.2.1 Android F#2 R Windows iH#i2 2 EI=

BAMFEHAMAL, Android HIZ& RAM 4887, HAPEREATGEER Windows
AU x86 HMAM L. 7E Android R4, KT RAM UM 1F b 2 v DL T JF 2 Wi
FIF A, Pkl 2] 2 5i A7 s . Android RG-SR A RAM, RZ H A 3
HOH RAM W 1, sty e 7 AT AR EATE AL . mskhs B, CPU, A 2filgF
BLI 2

TE 242 T 1 AT AR 2 BERE A H AR A v DAREJBOR 4% AT, AH IR FHBAT . 3T IFIX
SEERAERS, SRR “IBAT7 MERAERURIEARATI T, eT AR “RSs” HLINAE 22 R
JPRRLE e “IsAT”, W T 2 NAE, BIRZDNALE. (RIS R AT 15 R RiX L
TP B EIHAE T 2/ CPU I8, AN & YRR BERS I /D W AF o FRAT 175 2 5 =& CPU,
XA & EAEAETHLIE A A IR “ouX .

DRI, FH R B AR R P R A2 VAT A 1) G EH “autokill” 75 R FET ).
FEHEMERE, XA A AHES IR FHLRE D AT i bR . ANE S Tl Rl E &
HEN RS, I EFFFT I — MR, LB EAGELEH CPU Bk S .

b, IR R R RE T R 1 H, XS S L R AL AR
i EL-B ) R g S U Nk . ik e LA, X e R BRAR AR 2 ) 3
AR EZ . Wl LLIbE H, BN PRI &3 Windows #4520 T, 71 Windows
RS A B T FAL B, X AMH I —A S, R AT REEA
— Task Killer.

1522 EFLAIAGHEESITHER
RV SRR SR K TUE R (BB ONRE 01, It wy B R TF A RE I FH AR 5C 0 0
Wo AR RRIINAS, SEUMBIT AR AT RS IEAES TR s L R

245 1
WA Jedfh: daima\20\jincheng
e PH ARG AT F

TEARSI PR T — M, il e 2 B i RE P IEEBAT Y . a7
FE/7 il il ActivityManager.getRunningTasks J7iESRHLAT, SR AL ListView K 3R
FRERE K. Yyl )h, R ListView 1 LAE C & 45 R syl 3 4E R g,
e ASTRIBATHNERMN . o, WERA B AU HARIZ AT R P AR, A2 BoRfE
ListView #J3& 4. 4 7 ORIUE Android 34T, PRI T 3RBURE P i #ie, A AS SEA) v B
T2 3RHC 30 N HERE .

A S B HAR S IR AR T

(1) 45 3CF R example.java, HEARSZHLRAE T

Q WE AR RE R 30 MRS R, HARRIS IR,

NN 445
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7* SRR BB IR PR 2 (M R AR ¢/

private int intGetTastCounter=30;

Q WESE ActivityManager [RIXT S, 4 il fll 5 iU IEAE A G s AT I ARy . A
AR .

/* % ActivityManager X% */
private ActivityManager mActivityManager;
/** Called when the activity is first created. */
@Override
public void onCreate(Bundle savedInstanceState)
{
super.onCreate(savedInstanceState);
setContentView(R.layout.main);
mButton01 = (Button)findViewById(R.id.myButton1);
mListView01 = (ListView)findViewByld(R.id.myListView1);
M ARG IEAE S G817 LAEREF */
mButton01.setOnClickListener(new Button.OnClickListener()
{
@Override
public void onClick(View v)
{
// TODO Auto-generated method stub
try
{
/* ActivityManager %§ % [n] R4 1S ACTIVITY SERVICE */
mActivityManager = (ActivityManager)
example.this.getSystemService(ACTIVITY_ SERVICE);
arylistTask = new ArrayList<String>();
/% L getRunningTasks J5VHX A IEAEIZAT 1 [ F2)F TaskInfo */
List<ActivityManager.RunningTaskInfo> mRunningTasks =
mActivityManager.getRunningTasks(intGetTastCounter);
inti=1;
/% DIEIR K& baseActivity 77 S TAEAFRS ID */
for (ActivityManager.RunningTaskInfo amTask : mRunningTasks)
{
/* baseActivity.getClassName H{H ST TAERFK */
arylistTask.add("" + (i++) +": "+
amTask.baseActivity.getClassName()+
"(ID="+ amTask.id +")");
}
aryAdapter] = new ArrayAdapter<String>
(examplel7.this, R.layout.simple list item 1, arylistTask);

if(aryAdapterl.getCount()==0)
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{
% BAAEBATI AR, WA ER */
mMakeTextToast
(
getResources().getText
(R.string.str_err_no_running_task).toString(),
true
)i
}
else
{
M RBUGGIBITIN LAERERF, Ll ListView Widget 4551 281 */
mListViewO0l1.setAdapter(aryAdapterl);

}
catch(SecurityException e)
{
/* 2475 GET_TASKS X [R I (SecurityException 4 )7~ E & */
mMakeTextToast
(
getResources().getText
(R.string.str_err_permission).toString(),
true

Q WU, R NIRRT RN M, HARAGS R

mListView01.setOnltemSelectedListener
(new ListView.OnltemSelectedListener()
{
@Override
public void onltemSelected
(AdapterView<?> parent, View v, int id, long arg3)
{
// TODO Auto-generated method stub
M TR AT TAE LA, i id B B s R A0 */
mMakeTextToast(arylistTask.get(id).toString(),false);
}
@Override
public void onNothingSelected(AdapterView<?> arg0)

{
// TODO Auto-generated method stub
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}
D

Q WESIH, EFE D EA RN A, BT .

/* 4 User {E384T LAE b giai i SR Ab B +/
mListView01.setOnltemClickListener
(new ListView.OnltemClickListener()
{
@Override
public void onltemClick
(AdapterView<?> parent, View v, int id, long arg3)
{
// TODO Auto-generated method stub
7 TR AT LA A, L id BB TR AR+
mMakeTextToast(arylistTask.get(id).toString(), false);
}
1
}

Q & X 77k mMakeTextToast(String str, boolean isLong), SZEL—/MNEEERCE, HARRHY
wr.

public void mMakeTextToast(String str, boolean isLong)

{
if(isLong==true)

{
Toast.makeText(examplel7.this, str, Toast LENGTH LONG).show();

}

else

{
Toast.makeText(examplel7.this, str, Toast LENGTH SHORT).show();

}
}
}

(2) 955 X AF AndroidManifest.xml, 7FHCHFH 7 B GET TASKS BUFKR, H ARG
R

<uses-permission android:name="android.permission.GET TASKS">

</uses-permission>

PATIE, FERRRE s AL W 154 Pros. Sy “IRBUSAT IR $2HLR 51IR
AN IEAEEAT IR, W 15-5 .

448 EN



#1588 F & 1t

105

tirdc.examplel 05.example105(1D=38)
irdc.example1 04.example104{ID=36)
irdc.example1 03.example103(ID=35)
irdc.example1 02.example102{ID=34)
irdc.example101.example101{ID=31)
irdc.example1 00.example100{ID=30)
irdc.example039.example093{ID=29)
irdc.example038.exampleD98(ID=28)
tirdc.example036.example096(1D=22)
10: com.android browser. BrowserActivity(ID=21)
11:irdc.example035.example095(1D=20)
12:irdc.zhutio94.zhutio94(10=19)
13:irdcxuanze093.xuanze093(10=16)
14:irdc.dengdai092.dengdai092(ID=14)
15: irdc.guanyu091.guanyul91(ID=13)
16: irdc.jisuangi.jisuangi{ID=12)
NG ITHIIER 17: irdc.texiao089.texiao089(ID=10)

18! irdc.zitiD88.ziti088(1D=9)

19: irdc.wenyan087 wenyan087(ID=8)
20: irdc.qgian.gian{ID=7)
21:irdc.butong.butong(ID=4)

22: irdc.dengdai.dengdai(ID=6)

- s
K 15-4  HIARCR K 15-5 MEnsiTiey

HEREREEEEE

)

ra

15.2.3 #rzt Android 2 HYHIZ. (FEFREBHER

R ROk A, BPEAVHRMES Android RGMBERE. AR5 FIHRSS (015 B 5 ik
e H IR EPY AT IEAEIZ AT AT 53R (E5 22— AN NSNS, X LR LAk T
TEGBATAE—MESS ) LML — KIS AT AT S HA AT 25 F1 im0 77 2, 4an i 7 10
5%

RBFATR B B AR A=A Tab 5ORI M R #ERE B AESHE R ARG E R,
£~ Tab JUPHSZE —A> ListActivity, KAFIE R 77 2T o  PUYISCR 200l &l 15-6. &l 15-7
FE 15-8 B

12:34
System Assist

n Task Service

android.inputmethod.pinyin

‘System Assist

Process l! Service

android.launcher

android.quick:

547 |
1447 |
E3
‘o

15-6  FUYI R GRS BACR 15-7  THARGALS (5 BBCR
EE 449
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a inputmethod.
PinyinIME}
1

ComponentInfo{android/com.
android.internal.se
wallpaper.ImageWallpaper}

1

Comnonentinfofcom.android

K 15-8 TR GRS AR R AR B

A IR BCR T RE, e F ORI IR B R H ARSI R

(1) B3I ActivityManager [f%f %5241, it getSystemService(ACTIVITY
SERVICE)IR[H]— ActivityManager 155451 . 7E 3R 451 f , Y HL getRunning AppProcesses()
7R Al—A List, 7Ei% List FAAIEHE ST N ActivityManager. Running AppProcessInfo
SR JE X% List BE473 77, A List 77 #4525 RunningAppProcessInfo H1a] DLSRHUL SR ISR S o
BlanfE R RIS, A T4 ListAdapter K9858 £ ListView 24T 2.

/**

* ActivityManager.RunningAppProcessInfo {

< public int importance /] HFEAE RGP T

& public int importanceReasonCode /1 R ) R PR 4 A

@ public ComponentName importanceReasonComponent  // SHEEF A FIHIAE S
@ public int importanceReasonPid Il AR T3 ID

* public int Iru /1 FERI—ASEEZZZ 5 A 1) B ke
* public int pid /I MR ID

< public String[] pkgList A &= YNl gl ()i SR A

& public String processName VYT i BT 7S

* public int uid J/A==Ti i = [ 0) 2 Rl D)

*

&

package crazypebble.sysassist.procmgr;

import crazypebble.sysassist.R;

import java.util. ArrayList;

import java.util. HashMap;

import java.util.Iterator;

import java.util.List;

import android.app.ActivityManager;

import android.app.ActivityManager.Running AppProcessInfo;
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import android.app.ListActivity;
import android.os.Bundle;
import android.widget.SimpleAdapter;
public class ProcMgrActivity extends ListActivity {
private static List<RunningAppProcessInfo> procList = null;
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.proc_list);
procList = new ArrayList<RunningAppProcessInfo>();
getProcessInfo();
showProcessInfo();

}

public void showProcessInfo() {

I SEHTHERRS IR

List<HashMap<String,String>> infoList = new ArrayList<HashMap<String,String>>();

for (Iterator<RunningAppProcessInfo> iterator = procList.iterator(); iterator.hasNext();) {
RunningAppProcessInfo proclnfo = iterator.next();
HashMap<String, String> map = new HashMap<String, String>();
map.put("proc_name", procInfo.processName);
map.put("proc_id", procInfo.pid+"");

infoList.add(map);
}
SimpleAdapter simpleAdapter = new SimpleAdapter(
this,
infoList,

R.layout.proc_list item,

non

new String[]{"proc_name", "proc_id"},
new int[]{R.id.proc_name, R.id.proc_id} );
setListAdapter(simpleAdapter);
}

public int getProcessInfo() {
ActivityManager activityManager = (ActivityManager) getSystemService(ACTIVITY _
SERVICE);
procList = activityManager.getRunning AppProcesses();
return procList.size();

}

(2) IR ARGATSE B SRR WA S5 BRI SR U R A A2,
RN AEAS 2] ActivityManager 115245 2 J5, Y H 1152 getRunningTasks(maxTaskNum) /5%, 2
44 maxTaskNum PR5E T P2 I KRS0, W RS0 BAE 55 S A L IX AN Db,
BATT USRI R G A SRR AZ R RGNS DA LIX AN S HEE R, 5t
HBESAF IR B e AR5 B, SR BeqG B (P E 555 R A — e P i ki3 2lis
ITHMES, HHEPAE getRunningTasks() /7 A BT IR [P F) R 1KLL B . WS B, BEEIT

EE 451
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RIS, WIRAMEASAETTURISAT I AR IS 0] 2 2 I AE YIS T 0BT o 45102 T R s A

452 EN

s

* SRIMARMESE R, T AR android.permission.GET_TASKS

*

* ActivityManager.RunningTaskInfo {
@ public ComponentName baseActivity — // AE& NS —ANESIALEE R

& public CharSequence description I ATSS Z PR I HE IS

& public int id /I AE55 1] ID

* public int numActivities I ARSI RS B 2 H

< public int numRunning 1] AFSS AL T ATIRAS I E S H

* public Bitmap thumbnail I RS MAPIRA A B R, HATA NULL
@ public ComponentName topActivity 1] BTSRRI AR T )35 2 20 A

*

&

package crazypebble.sysassist.taskmgr;

import crazypebble.sysassist.R;

import java.util. ArrayList;

import java.util. HashMap;

import java.util.Iterator;

import java.util.List;

import android.app.ActivityManager;

import android.app.ListActivity;

import android.app.ActivityManager.RunningTaskInfo;
import android.os.Bundle;

import android.widget.Simple Adapter;

public class TaskMgrActivity extends ListActivity {

private static List<RunningTaskInfo> taskList = null;
private static final int maxTaskNum = 100;
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.task list);
taskList = new ArrayList<RunningTaskInfo>();
getTaskInfo();
showTaskInfo();
¥
public void showTaskInfo() {
I SOTERES IR
List<HashMap<String,String>> infoList = new ArrayList<HashMap<String,String>>();
for (Iterator<RunningTaskInfo> iterator = taskList.iterator(); iterator.hasNext();) {
RunningTaskInfo taskInfo = iterator.next();
HashMap<String, String> map = new HashMap<String, String>();
map.put("task name", taskInfo.baseActivity.toString());
map.put("task id", taskInfo.topActivity.toString());
infoList.add(map);
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}

SimpleAdapter simpleAdapter = new SimpleAdapter(
this,
infoList,

R.layout.task list item,

new String[]{"task name", "task id"},

new int[]{R.id.task name, R.id.task id} );
setListAdapter(simpleAdapter);

¥
public int getTaskInfo() {

ActivityManager activityManager = (ActivityManager) getSystemService(ACTIVITY
SERVICE);

taskList = activityManager.getRunningTasks(maxTaskNum);

return taskList.size();

}

(3) AR AR G P A RS 1S S . BARSEIU R b, FFZEH ActivityManager.
getRunningServices(maxServiceNum), Z:%{ maxServiceNum [#) 7% S5 3R 5545 S 75 3ot —
FEIRT, AN AN TR 2 F P A AT A PR T 2o 4810 it T PR 7 A XA «

/**

* ActivityManager.RunningServiceInfo {

& public long activeSince 11 WRES SR — IR B WG BT TR) (J8 s AN e 77 2X)
& public int clientCount I AR RS s i 4 F

@ public int clientLabel I LRSS R uid P e T U5 i brs
< public String clientPackage // [RZARS 1 465E 2% %S4

% public int crashCount Il R5iaAT A, B crash FRIXCEL

@ public int flags /] MRS IBAT AR SR &

@ public boolean foreground /' R4 & B HAMCAHET & BFEHAT

* public long lastActivityTime // 1k K15 5 — NG Bl K 1)

* public int pid I AEO0AME, RIS E R 1d

& public String process 1] MRS BAE MR B

& public long restarting ~ // WIRAE 0, FRIRSEAHIAT, BHAESEL E NI R fUE R RS
* public ComponentName service  // R4 414445 &

@ public boolean started 11 BRRIRSS R 7R 15 3l
* public int uid 1 EZMRS AP 1d

5

e

package crazypebble.sysassist.servicemgr;
import crazypebble.sysassist.R;

import java.util. ArrayList;

import java.util. HashMap;

import java.util.Iterator;

import java.util.List;

import android.app.ActivityManager;
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import android.app.ListActivity;
import android.app.ActivityManager.RunningServicelnfo;
import android.os.Bundle;
import android.widget.SimpleAdapter;
public class ServiceMgrActivity extends ListActivity {
private static List<RunningServiceInfo> serviceList = null;
private static final int maxServiceNum = 100;
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.service list);
serviceList = new ArrayList<RunningServicelnfo>();

getServicelnfo();

showServicelnfo();

}

public void showServicelnfo() {
/I SRS IR
List<HashMap<String,String>> infoList = new ArrayList<HashMap<String,String>>();
for (Iterator<RunningServicelnfo> iterator = serviceList.iterator(); iterator.hasNext();) {
RunningServicelnfo servicelnfo = iterator.next();
HashMap<String, String> map = new HashMap<String, String>();
map.put("service_ name", servicelnfo.service.toString());

map.put("service_id", servicelnfo.clientCount+"");

infoList.add(map);
}
SimpleAdapter simpleAdapter = new SimpleAdapter(
this,
infoList,

R.layout.service list_item,
new String[]{"service_name", "service id"},
new int[]{R.id.service name, R.id.service id} );
setListAdapter(simpleAdapter);
}
public int getServicelnfo() {
ActivityManager activityManager = (ActivityManager) getSystemService (ACTIVITY
SERVICE);
serviceList = activityManager.getRunningServices(maxServiceNum);

return serviceList.size();

}

RSO T AT MM T BE, ARAREF ARG 2 & B, {2
MIREFPI 7, IR EAE B R K, M RRITEN R T 2R Ll Bsos R H
(R ) e MR IO %, B ] LALL BB AR G SEREREA TP R, SEBLE A 2K DI fE .
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15.2.4 75 Android HiEEIRZRHISLEL

FEATE b= 15.2.4 A4 T HESIERER 575, URE 7 SEBLPUNACR I 8 AL R . A5
FTORMTNAT, Rk LU A TUPRCR L], 2 Se Bl — DR PGS A

(1) B eSS A ), AEMCR IR A1 J), - main.xml (7R ARG LTT

<?xml version=" 1.0" encoding=" utf-8” ?>
<TabHost xmlns:android="http://schemas.android.com/apk/res/android”
android:id="@android:id/tabhost”

android:layout width="fill parent”
android:layout_height="fill parent”>
<LinearLayout android:orientation="vertical
android:layout width="fill_parent”
android:layout_height="fill parent”
android:padding="2dp”>

<TabWidget android:id="@android:id/tabs”
android:layout width="fill parent”
android:layout_height="wrap content” />
<FrameLayout android:id="(@android:id/tabcontent”
android:layout width="fill_parent”

android:layout height="fill parent”
android:padding="5dp” />

</LinearLayout>

</TabHost>

75 LR, A MEIR A REGE—ADIIR ListView, 705 T - RGN

R ARG FIK

(2) TEHEREMTERG T, AT SN TextView VR4 — /MR IFRE, XFEL A

MUBE_E AN PR T K )2 . EREVERS SO proc_detail xml fREZRACRS TR«

<?xml version=" 1.0" encoding=" utf-8” ?>
<ScrollView
xmlns:android="http://schemas.android.com/apk/res/android”
android:layout_height="wrap content”

android:layout width="match_parent”
android:scrollbars="none”>

<LinearLayout

android:id=" @-+id/linearlayoutl "

android:layout width="fill parent”
android:layout_height="fill parent”
android:orientation="vertical”
android:paddingLeft="3dip”
android:paddingRight="3dip”
android:paddingTop="1dip”
android:paddingBottom="1dip”>

<RelativeLayout android:layout width="match parent”

EE 455



Android ZEMLANEHEBR

android:layout_height="27dip”
android:background="" #555555"
android:id=" @+id/relativeLayoutl " >
<TextView android:textSize="7pt”
android:layout_alignParentLeft="true”
android:id=" @+id/textView1"
android:layout width="wrap_ content”
android:layout height="fill parent”
android:gravity="center vertical”
android:text="@string/detail process name”></TextView>
<Button android:id="@-+id/btn_kill process”
android:textSize="6pt”
android:layout_alignParentRight="true”
android:layout width="wrap content”
android:layout height="fill parent”
android:paddingTop="0dip”
android:paddingBottom="0dip”
android:paddingRight="10dip”
android:paddingLeft="10dip”
android:layout marginTop="2dip”
android:textStyle="bold”
android:text="@string/kill process”
android:textColor="#5555EE”></Button>
</RelativeLayout>

<TextView

android:id="@-+id/detail process name”
android:layout height="wrap content”
android:layout width="fill parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:text="@string/detail process_copyright”
android:textSize="7pt”

android:layout alignParentLeft="true”
android:layout width="fill parent”
android:layout_height="25dip”
android:gravity="center_vertical”
android:background="" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="(@+id/detail process_ copyright”
android:layout_height="wrap content”
android:layout width="fill_parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
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android:text="@string/detail process_install dir”
android:textSize="7pt”

android:layout alignParentLeft="true”
android:layout width="fill parent”
android:layout_height="25dip”
android:gravity="center_vertical”
android:background="" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="@+id/detail process_install dir”
android:layout_height="wrap content”
android:layout width="fill_parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:text="@string/detail process data dir”
android:textSize=""7pt”
android:layout_alignParentLeft="true”
android:layout width="fill parent”
android:layout height="25dip”
android:gravity="center_vertical”
android:background="" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView
android:id="@-+id/detail_process_data_dir”
android:layout_height="wrap content”
android:layout width="fill_parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:text="@string/detail process package size”
android:textSize="7pt”
android:layout_alignParentLeft="true”
android:layout width="fill_parent”
android:layout height="25dip”
android:gravity="center vertical”
android:background=" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="@-+id/detail process package size”
android:layout height="wrap content”
android:layout width="fill parent”

F15% & X
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android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:text="@string/detail process permission”
android:textSize="7pt”
android:layout_alignParentLeft="true”
android:layout width="fill_parent”
android:layout height="25dip”
android:gravity="center vertical”
android:background=" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="(@+id/detail process permission”
android:layout height="wrap content”
android:layout width="fill parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView
android:text="@string/detail_process_service”
android:textSize="7pt”

android:layout alignParentLeft="true”
android:layout width="fill parent”
android:layout_height="25dip”
android:gravity="center_vertical”
android:background="" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="(@+id/detail process_service”
android:layout_height="wrap content”
android:layout width="fill_parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView
android:text="@string/detail_process_activity”
android:textSize=""7pt”
android:layout_alignParentLeft="true”
android:layout width="fill parent”
android:layout height="25dip”
android:gravity="center_vertical”
android:background="" #555555"
android:paddingTop="3dip”
android:paddingBottom="3dip” />
<TextView

android:id="@-+id/detail process_activity”
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android:layout_height="wrap content”
android:layout width="fill_parent”
android:paddingTop="3dip”
android:paddingBottom="3dip” />
</LinearLayout>

</ScrollView>

IR IRACHE P AN RS S A ScrollView, 7E55—47 1 # A\ T Button, HAth
AT Es 2R A LU 1 B

(3) JFURSRECEFE R B b . EFE4 . APP Z LA CPU WA E B . FEE /R SO
BasicProgramUTtil java "', f#H T 2 BasicProgramUtil KA7 EFES) 2R P o B 245 S .

s
* N AR LI T2 R
)

package crazypebble.sysassist.procmgr;
import android.graphics.drawable.Drawable;
public class BasicProgramUtil {

/%
* 5 SO R IR (T 2245 L 40

&l

private Drawable icon; /| L B b
private String programName; /I FEFF A FR

private String processName;

private String cpuMemString;

public BasicProgramULtil() {
icon = null;

o,

programName =

@,

processName =
cpuMemString = “;
}
public Drawable getlcon() {
return icon;
}
public void setlcon(Drawable icon) {
this.icon = icon;
}
public String getProgramName() {
return programName;
}
public void setProgramName(String programName) {
this.programName = programName;
}
public String getCpuMemString() {
return cpuMemString;
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public void setCpuMemString(String cpuMemString) {
this.cpuMemString = cpuMemString;

}

153 %% Android RN FHABFREZEIFEF

Android 40 BEH A AT WL AR AL, AAKA K FHLAAE BAFHEEE WL
SCFHLR AR o iR BENLAE % (RAMD FIEEAAER (ROMD. HAPFHL ROM
AT AL RS, TR TFIURAE RGNEAE, WY Flash ROM, YU FHIAFM#
[EEIR/ N FHL RAM M T RN N AR, HOR/ D oE FHLRIS AT . FRAT 1584 m] LK
Android BAFNFHLNAFERE 2L, X DUARI RGEDAE H Y. ZARH Android R4
WA 22253 SD R b, KRR EART A =28 TAERIA]

1531 ¥—5. HE&ITE

FEATHRS TAEZ A, %%E&?E%UEEJ—TIZ/\EJ?I% ST LLERS . BIanAE R RIS AR, i
PackageManager f42INZREFHIRR Y2, AR JFIE AR 44 F- A2 ZAL R Y] PermissionInfo.

private void getPermisson(Context context) {
try {

PackageManager pm = context.getPackageManager();

Packagelnfo pi = pm.getPackageInfo(context.getPackageName(), 0);

7 BEHCREA

String pkgName = pi.packageName;

Packagelnfo pkglnfo = pm.getPackagelnfo(pkgName,

PackageManager.GET PERMISSIONS);/iliit 44, iR [F4L(5 &S

String sharedPkgList[] = pkgInfo.requestedPermissions;//{5 2 [R 51| 2%

for (int i = 0; 1 < sharedPkgList.length; i++) {
String permName = sharedPkgList[i];
PermissionInfo tmpPermInfo = pm.getPermissionInfo(permName, 0);//3# 1k

//permName 3 ZZAL R FEA 15 2
PermissionGrouplInfo pgi = pm.getPermissionGroupInfo(
tmpPermlInfo.group, 0);/AL MR 4> AANRIMFFA, WIEARS, FAIE3]
IZABR & TAT AR BLFR -

tv.append(i + "-" + permName + "\n");
tv.append(i + "-" + pgi.loadLabel(pm).toString() + "\n");
tv.append(i + "-" + tmpPermInfo.loadLabel(pm).toString()+ "\n");
tv.append(i + "-" + tmpPermInfo.loadDescription(pm).toString()+ "\n");
tv.append(mDivider + "\n");

}

} catch (NameNotFoundException e) {
Log.e("##ddd", "Could'nt retrieve permissions for package");

}
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THRE FIRARAT, I IWT T ] DO AN RS 50 2] SD K . (HREIS R H W R
AN A)

(1) §e85h3 SD I IFLF A 1E Android 2.2 DL APL A SZEFHIThES, W IZRET 1
FFRRAIE T A& 2.2 83 2.2 LA IR RICAS 5wl il BLAIR S 3R Ak n #5021 SD K hRE .

(2) BaBsh? Mt “Android RGN E” —> “NHFEF” —> “EBN LT 1
KT, FIH T RGO 2NN R R — AR, WEEA “ N RS B (Application
Info)” FUil. XA R AR TRIFAFR. A el SUORE(E R, JEAEIE. ik, Ek
CEAFEY o ARG SAH SRR CEL U4 B gs ) m] LR IR /MR . B4 tifa] S B 2

TE Android SDK 2.3 (AP19) DA LA, $4E T 40 F SCRY AR 4L 1

docs/reference/android/provider

e rl W, HZELL android.provider.Settings. ACTION_APPLICATION DETAILS SETTINGS
1E8 Action, LA “package N HIFEF A4 " 14 URL ] LA startActivity #6402 H
FERAE B T o AR

Intent intent = new Intent(Settings. ACTION_APPLICATION DETAILS SETTINGS);
Uri uri = Uri.fromParts(SCHEME, packageName, null);

intent.setData(uri);

startActivity(intent);

fH&, {E Android 2.3 ZHIHIIRAS, FFEA ATHAHKIE N Wl AE RS HE platform/
packages/apps/Settings.git #2/7 [F1J5A5, AT LU FFE 75 S5 A Installed AppDetails .

FE R K51 LA Android 2.1 F11 Android 2.2 4], BFFUEA N FHEEERE Y (ManageApplications.
java) J& U1 5 3)) Installed AppDetails .

/I BT B3 Activity (R
private void startApplicationDetailsActivity() {
1 RS B)
Intent intent = new Intent(Intent. ACTION VIEW);
intent.setClass(this, Installed AppDetails.class);
intent.putExtra(APP_PKG_NAME, mCurrentPkgName);
I UHT RS SR A5
startActivityForResult(intent, INSTALLED APP DETAILS);
}

{HJE 7 5 APP_PKG NAME )52 XA A
£ Android 22 W& XA “pkg”, £ Android 2.1 HE XN “ com.android.settings.
ApplicationPkgName”. A% 77 Android 2.1 LA FIRAS, FATTATLUX A H] InstalledAppDetails.

Intent i = new Intent(Intent. ACTION_VIEW);
1.setClassName("com.android.settings","com.android.settings.Installed AppDetails");
i.putExtra(""com.android.settings.ApplicationPkgName", packageName);
startActivity(i);
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XFF7E Android 2.2 fiAS, e L Ti0 putExtra 25— NSE0N “pkg”. LTI, Gl
MM <N HFERE R BT

private static final String SCHEME = "package";
/**
* i H R4 InstalledAppDetails ST 75 1) Extra ZFR(H T Android 2.1 2 FIHRAY)
=
private static final String APP PKG NAME 21 = "com.android.settings. ApplicationPkgName";
/**
* i ] R4t InstalledAppDetails F [ T ] Extra £ #%(F T Android 2.2)
&
private static final String APP_ PKG NAME 22 = "pkg";
/**
* InstalledAppDetails FT 744
&
BAHTAST- T4 APP_DETAILS PACKAGE NAME = "com.android.settings";
/**
* InstalledAppDetails 2544
=
private static final String APP DETAILS CLASS NAME = "com.android.settings.Installed AppDetails";
/**
* I ZR 4 InstalledAppDetails SIS O 228N RIS B X T Android 2.3 (Api Level
*9) DAL, 1 SDK $#ftiizl; 2.3 LUF, FHEAEATFIHED (B Installed AppDetails i) .

*

* (@param context
*

* @param packageName
* NHARER A
&
public static void showlInstalledAppDetails(Context context, String packageName) {
Intent intent = new Intent();
final int apiLevel = Build. VERSION.SDK INT;
if (apiLevel >=9) { //2.3 (ApiLevel 9 L I, {#] SDK 24t
intent.setAction(Settings. ACTION_APPLICATION DETAILS SETTINGS);
Uri uri = Uri.fromParts(SCHEME, packageName, null);
intent.setData(uri);
Yelse { /23 LL'R, HAEATFRIHED (#7% InstalledAppDetails J5H5)
/I#£2.2 F12.1 H, InstalledAppDetails 14 /| ['] APP._ PKG NAME A A,
final String appPkgName = (apiLevel == 8 ? APP PKG NAME 22
: APP_PKG NAME 21);
intent.setAction(Intent. ACTION VIEW);
intent.setClassName(APP_DETAILS PACKAGE NAME,
APP DETAILS CLASS NAME);
intent.putExtra(appPkgName, packageName);
¥

context.startActivity(intent);
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15632 FEZ¥: FHEFIEX

T AERATTEXNTFHL SD RIATH X, 43— FAT32 43X Ffl—> EXT3 43X, FAT32 4}
XHFIEWAAAEER . &5 PR, 1 Linux #2000 EXT3 20 Dol H T4 2 e 4k
PRI . LA 1) 2G SD < #il, FAT32 431X 1.35GB, EXT3 73X 494MB. &I 3h
T4 X3 Acronis Disk Director Suite. B F-H1 SD 32 NI K8 HEHL N, SR JFIZ1T Acronis
Disk Director Suite /4.

(1) FAT32 5 [X

KRB SD R X, i, E8 MR md, MBRCA X UEC “R
SIC” Ay, PR, R OV IX 7, FEH A URHES, SO RGUERE “FAT327,
RIS “E0R7, BCE X A/NA 1.35GB, Hili “Hfie” &l

(2) EXT3 73X

FERIA 494MB 431X b, s g, R O IX 7, R IEHES, SCERSE
EF “EXT37, ERFAIEA “F 07, WEHX K/ 494MB, il “Hfie” 124,

(3) NI IX

IR X BE SRS, A RUR ISR T A R ERAE, A EIELE SD K BT IX .
BB T RRE AR i, BIAAT o K ERAE, PR CERAER e BB A X
BT .

1533 F=%: BRHBxE D+

AL R X TAEE R, il EIE R G BRIA R 222 H sx/data/app #e#2 %) SD R
EXT3 73X b, SRJ5H0 In fir & @ 8CREHE, fTRG AZ0H2443] SD |k b, B34 T
LA AEZE ) H

(D) ARG RERITFHL, EHEsh, RGNS EXT3 48X . fEFHL S8 H &,
WRUARN LU iy 2SR BIE R G2 3 R T EXT3 43X :

Q su: SRR, B “RREFE” .

Q busybox df - h: 41 W52 45 /dev/block/mmeblk0p2 ()45 Bk B 22 48 CU B iR

ST EXT3 43X, Wil 15-9 fios.

ORI & F49:08

Size Used Available Use% M
48.0M 0 45 . 0M
4.0M 0 4.0M

0.0M 80.6M
9.8M 1.9
1.1M
8.0M

233.24

K 15-9 51T EXT3 7+ IX
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(2) ARKUHMANLLT fir 4Kt /data/app H X FeFH] SD R #J EXT3 731X
Q cp - a/data/app /system/sd/: ¥f/data/app H & il 2/system/sd/ o
Q rm - r /data/app: MF%/data/app H 3%

Q In - s /system/sd/app /data/app: R EERL .

Q reboot: FJHTHL.

Wk 15-10 FizRs

D E NS\ FFo:34

-a fdatafapp /system/sd/
-r /fdatafapp
-5 [system/sd/fapp /data/app

K 15-10 X Fm

(3 WINEFZ G, FHL BN TE R AR SR T SD R b, nfLIEEFHLA
R MRAGEIG R T o UG P23 A2 e ®) SD < b, AL A AN 2 1) )
T, 1 HIX PO — N ik, Rl#T ROM Ja, DART e AR -3 s b, I RA7AE
SD Kk, BN Al AWK, A — 23T, dER 5 EsiH.

Q su: R
cd /data: If A\/data H3x.
cp - a app /system/sd/app: HF app H &1 2 i Bl /system/sd/app H 3%
rm - rapp: M app H%-.
In - s /system/sd/app /data/app: 3B .
reboot: HHTH ).
mE 15-11 fizs.

$ su
cd /data
cp -a app /system/sd/app
rm -r app

OO0 00OD

QD M8 rF1012

1In -s /system/sd/app /data/app
reboot

K 1s-11  BRERmE

YR )G, Hid HENEHT TS IR ROM JG R ZHATFHRA:, FHLnT
HZ3E) R 8TMB. ety THAF G, w2 N 73MB. Rtk H X7 %) SD K s,
AR AR 8OMB. WIREA ML E A SR, N ABKES] 8TMB We? X A FATTH
MRS R] T SD R b, MR A E AR 2 5 - FHLNAE, T TN 22
TR MR BT LI s 3 SD K b, (HIXAE SR K FE T, BT UAAHE
TERFKAH

HE: W43 SD k LE, AR RIS E R 2w, MRfE, &
BN SHEIEIAT . 534k, SD R EXT3 20 X il LI R FHUELF (10— 5, #Fk SD RJE, %
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PR TERIE T, #A SD ., TR THLI Al I H A

154 EHENARZNKLIA
LES R T, CZEE T RS REAL T L Fofi I ARS8 = e T, AT LI
BRI Android B8, EAT I A, F4 B A A1 T b P F R A AL T AL,

1541 HULXB

Pl K2 — 3k D ae i KIS FHLR G, et T A i R L (8 22 4 ) F LAk
Krv JENUDE . HEE AL SOUFE ED R D) et S50 B i) TR Ao A 22 Aok
Ui, feREE GBI TR A G TGS SRTEFNUTYLERES; Hia faR
PFs AEP TFHLIE R85 . Android PLAC KIS AT S @&l 15-12 Fis.

‘Al BH@&Q 1s:05

Oy

FHAE WERE FTUILE

® 0

HIEEE R

¢ 8

X ORERE FNER

15-12  Android {4k KM

Android P04 KT F 2D REUWTT

Q FHURE:: ABATTFHLEAT 21 ) AR R

Q g HIAPREET IR AR B, R TS O,

Q HEhgih: FHLHEM. CPU. MZH2. GPS fii 2. (L. Wi-Fi SEFHURE
[PATH 50 AT o

Q BAFo A SRS T A AT 08, SEAF A BT LA R A

Q FHUINIE: HRFHLTH L A3 E ST, YT I E

Q FPE: JERENE BT OB R G .

Q R EHERGETIER, TR RFERAEM RS

Q HEEEI: Pt S E AT AR B KA, IR

Q ST NSO, TG RO b s AT
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| Android REGIMAAOTIEE
O PRI RIS BRI, SRR IR K.
O FHU M LB B

15.4.2 360 {1t

360 Pt KIS — LML) 2 s AR TR, Ui g BT, femistrid)e,
BE TR, DhRg e i K. FHimBeR WA 15-13 Pios.

g ORIAR

m

00000000

Bi| by A S

> 360EMS I

[++}

o

. aum 365HA+
| 365 pgam=: 12

o /N :
GHy dente

e & NFMEF
THE Wit XirEE Q¥ ir ks 283 IMB
91FEHENF
& hRAE: 2.0.79 415KB
O — m
= -@ 5 Adobe AIR
BRI BRSO BN Adobe Flash Player 10.3
RS 10.3.186 1.23MB

15-13 360 AL KT

Android iz 360 PRALKIT ¥ 3= Z D) Bl R -

(1D FHLImE

360 ALK, “TFHLINE” BOsE TR BIRMM & . difE, 360 fifb KIiss
BTG . P R EoR, TR B AR e AR A 100M, £ B0k A TR e
MUC F#idx.

(2) it

L ISR ) — B AN, TR s P KT R, 360 ARk KT AT H
AL FUE 7 BoR T Rt R A R RMERSIR L, RO SRR R “ ABhRD T W
NFEHFET, AT LA kB 0C 1o B8 2 0, R8T A o] BV AR FL S IR 45, Ll Wi-Fi
W GPS. Bi%Fsi s, nLAZ% 360 M7 LR UIAT WA

(3) U

Android FHLAGEAT AT, iU &8 AR i /& 00k, A~
()22 Re R 25 TR L . 360 DLAb KU F 7 1A “SCHFEPER” Thfig, mTLMRE . &5 P,
SRS RAREL RN EE SO, AT . IBR . B AEERAE, IESCRRIE R
MRS R A Ay 2. TR, 84 B A7 24 mi i A 2= )
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(4) PRIERE

BT S0 Android, ‘B AR F? BARE LN? BAHHEMNEIK? XHE2H
fRG . “PRAEBRE” IR S A TFALR R RS 38 IR T A ThRE, nbl—
PEWCE M,

(5) RGekail

bR TR BEE 2 AN, 360 ARALKIT “ RGN IR LAKLH: Android THLREMFACE,
FF R RGURCA. THLH S CPU. N7 BESE RS E SR, 1 HIERERE I SD
RABIRSE, WA BE G R R )
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RFEMI
MAITZIRSE
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: JJ)‘

Android 24T RAHNEEFIRERG > —, BER
BEEFVIREREE B, KBXBAERES LB E,
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